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	qRT PCR
	Quantative Real Time Polymerase Chain Reaction

	BAK
	Benzalkonium chloride

	PQ
	Polyquad

	PF
	Preservative Free

	OS
	Ocular Surface

	OH
	Ocular Hypertension

	IOP
	Intra Ocular Pressure

	IL
	Interleukin

	IC
	Impression Cytology

	OSDI
	Ocular Surface Disease Index

	CBA
	Cytometric Bead Array

	TMW
	Trabecular Meshwork
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	Human Leucocyte Antigen

	
	

	
	

	
	



				





Summary of Study

TITLE:	Evaluation of inflammatory markers in patients on topical anti-glaucoma drop therapy; a comparative trial of preserved and non-preserved primary medical treatment (eye drops) in patients with glaucoma and ocular hypertension – a pilot study.

DESIGN	prospective randomised trial.

AIMS	Evaluation of changes in ocular surface inflammation when using topical glaucoma drops

OUTCOME MEASURES	Biomarkers for ocular surface inflammation

POPULATION	Newly diagnosed patients with glaucoma and ocular hypertension

ELIGIBILITY	Newly diagnosed patients with glaucoma and ocular hypertension over 18 years and with no ongoing ocular surface disease
DURATION     36 months
METHOD       The degree of ocular surface inflammation associated with preservatives in glaucoma drops is dose related and differs between different types of currently available preservatives
Tear samples will be studied for expression of pro-inflammatory cytokines – TNF alpha, Interleukin 1 alpha and 1 beta, Interleukin 6, IFN gamma, IL 11, IL12, IL 17 and IL18 using the cytometric bead array.
Impression cytology specimen will be used for mRNA extraction to study gene expression of the above cytokines by RT PCR.
Tenon’s fibroblasts cultured from biopsies will be expanded in vitro to confluence and assayed by RT PCR for gene expression of pro-inflammatory cytokines and effect on collagen contracture. Effect of anti-glaucoma drops on cultured fibroblasts from patients will also be examined.



INVITATION TO PARTICIPATE   Potential trial participants with ocular hypertension or glaucoma requiring drop treatment will be recruited from the glaucoma service at Nottingham University Hospital.  In order to provide potential trial participants adequate time to consider participation in the study all those attending the referral refinement service over a 12 month period will be sent a letter prior to their clinic appointment which will contain a patient information sheet to allow them to consider participation before attending  their clinic appointment.  Invitation letters will no longer be sent once recruitment targets have been achieved.
For the control group potential participants will be recruited from the cataract clinic at Nottingham University Hospital.  In order to provide potential trial participants adequate time to consider participation in the study all those attending the cataract service over a 3 month period will be sent a letter prior to their clinic appointment which will contain a patient information sheet to allow them to consider participation before attending their clinic appointment. Invitation letters will no longer be sent once recruitment targets have been achieved.

Objectives
Primary Outcome:    The expression of inflammatory markers in the tear film, on the ocular surface and on the conjunctiva and Tenons’ tissue of patients undergoing treatment for glaucoma using drops containing different types of preservative or no preservative.
Secondary Outcome: TMW endothelium cell health following exposure to different preservative regimes
Clinical Outcomes:   Ocular surface disease index (OSDI) assessment
Biomarker Outcomes: Identification of tear, ocular surface and tissue expression of biomarkers of inflammation between patients undergoing primary surgery or medical treatment and the control participants
Quantification of changes in biomarker expression between different treatment modalities
Quantification and identification of profile changes in inflammatory biomarker expression over time and with different drop regimes
Evaluation of TMW cells from the TMW samples

Review of Objectives
Primary outcomes, Clinical outcomes and Biomarker outcomes were all met with the exception of TMW cell sampling these were not obtained as none of the participants underwent glaucoma surgery. No new objectives were added to this study.

Ethical Review

The research was approved by the Nottingham Research Ethics Committee-1 (Ref: 13/EM/0225), the Research and Innovation unit of the Nottingham University Hospitals, National Health Service Trust (Ref: 12OY006) and the Medicine and Health Regulatory Authority (EudraCT number: 2013-000581-10), UK. All research was conducted in accordance with the tenets of the Declaration of Helsinki. Patients who met the inclusion and exclusion criteria were enrolled (Suppl. Table 1). Informed consent was obtained from each patient prior to enrolment.
Investigational Plan 
 
A single-center, pragmatic randomized controlled study design was adopted to explore the effect of preserved (bimatoprost 0.001%, travaprost 0.04%, timolol 0.5%,) and non-preserved (latanoprost 0.005%, timolol 0.5%, dorzolamide 2%) anti-glaucoma medications on expression of cytokines at the OS. Treatment-naïve glaucoma patients requiring topical hypotensive medication were enrolled and randomized into three groups each receiving benzalkonium chloride (BAK), polyquad (PQ) or preservative free (PF) drops, using a computer-based randomization process provided by the Clinical Trials Unit of the University of Nottingham. Study visits were scheduled at baseline (prior to commencement of medication), 1-, 3-, 6-, 12- and 24-months following therapy initiation. There are no published longitudinal studies that demonstrated inflammatory effects of the preserved and PF drops on the patient OS. Therefore, as a guide to estimate the sample size, we utilised the outcomes of our previous impression cytology studies11-13 that were unrelated to glaucoma drops. It was estimated that n=8 samples/group will have 85% power at alpha=0.05 to detect 2-fold difference (standard deviation = 0.5) in cytokine levels between the groups. As a precautionary step and considering the possibility of attrition of samples during the study period, we collected samples from total 36 patient with n=12 in each treatment group. 
[bookmark: _Toc35170885][bookmark: _Toc35170981][bookmark: _Toc202331011]At each visit, impression cytology and tear samples were taken, and patients completed the OS disease index (OSDI) questionnaire. Where monotherapy was insufficient to control IOP, drops with the same class of preservative were added for further IOP lowering.  For PQ allocated patients only 2 PQ-preserved options exist (travaprost 0.004% monotherapy or travaprost 0.004%/timolol 0.5% combined therapy) if dual therapy was insufficient then the third medication added was PF. 
OSDI assessment:
The standard OSDI questionnaire consisting of 12 questions for assessment of symptoms, functional limitations and discomfort related to dry-eye was used (see Appendix 1). In this questionnaire each question is graded on a scale of 0 to 4, with 0 indicating ‘none of the time’ and 4 indicating ‘all the time’. OSDI was calculated as: (sum of scores x 25) / (total number of questions answered). An OSDI score between 0 and 100 was obtained. Scores below 12 reflected normal OS health and above 33 indicated severe dry-eye condition. 
Selection of Study Population
INCLUSION CRITERIA
· Presentation with glaucoma in at least one eye. (not for control group)
· Willingness to have tear samples and impression cytology performed
· Willingness to have Tenons and conjunctival biopsy performed if glaucoma or cataract surgery performed.
· Willingness to have trabecular meshwork and iris samples evaluated if undergoing glaucoma surgery
· No other known ocular surface disease (apart from dry eye or blepharitis).
· Age over 18 years
· Baseline: Negative urine pregnancy test for females of childbearing potential prior to randomisation
· Female participants of child bearing potential and male participants whose partner is of child bearing potential must be willing to ensure that they or their partner use effective contraception during the study and for 3 months thereafter.

EXCLUSION CRITERIA
· Unable or ineligible to provide informed consent
· History of ocular surface disease (apart from dry eye or blepharitis)
· Active use of topical eye drops apart from ocular lubricants
· Females who are pregnant, nursing, or planning a pregnancy or females of childbearing potential not using a reliable method of contraception.  A female is considered to be of childbearing potential unless she is without a uterus or is post-menopausal and has been amenorrheic for at least 12 consecutive months.

WITHDRAWAL CRITERIA
· Unable to tolerate glaucoma drops
· Unwillingness to continue in study

Interventions 
Sample collection: 
Samples were collected using a microcapillary glass tube (5 L, Drummond Scientific Co., PA) from canthal and inferior fornixes14 and stored at -80oC. Conjunctival epithelium was collected using impression cytology (IC) as previously reported11. Briefly, cellulose-ester discs of pore-size 0.45m (Millipore Corporation, MA) and diameter of 13mm were cut into halves and applied to the upper and lower bulbar conjunctiva under topical anaesthesia (proxymetacaine hydrochloride 0.5%) for 10 to 15 seconds. The discs were gently peeled off and transferred into RNA lysis buffer (buffer RLT; Qiagen, UK). 
Total RNA isolation and cDNA synthesis: 
Total RNA was isolated from the IC samples using RNeasy mini kit (Qiagen, UK) as per manufacturer’s instructions. 150ng of total RNA was then reverse transcribed into cDNA using QuantiTect RT kit (Qiagen, UK). 
QPCR was performed to measure the relative fold-change of gene of interest using TaqMan probe assays (Suppl. Table 2; Applied Biosystems, UK). Each reaction was prepared to 20L final volume containing 5L of diluted cDNA (1 in 5 with nuclease-free (NF) water), 10L of TaqMan gene expression master mix, 1L of gene-of-interest, 1L of endogenous gene (hypoxanthineguanine phosphoribosyltransferase-1 (HPRT1)) and 3L of NF water. Data was acquired on Mx3005p real-time PCR instrument (Stratagene/Agilent Technologies, UK) and analysed using delta-delta CT method as previously described15. 

Cytokine measurement: 
Tear cytokines were measured using BD-cytometric bead array (CBA) human inflammatory cytokines kit (BD Biosciences, UK) as previously reported16. The tear samples were diluted 1 in 25 to a final volume of 50L and mixed with 50L of each capture beads (phycoerythrin (PE) conjugated) and PE-detection reagents. The mixture (150L) was incubated for 3 hours in dark followed by washing step. The pellet was re-suspended in 300L of wash buffer for acquisition using BD-LSR II flow cytometer (BD Biosciences, UK). Data was acquired and analysed using FCAP array software version 3.0 (BD Biosciences, UK). 

Statistical analysis:
QPCR and CBA data were statistically analysed using Prism 7.0 (GraphPad software Inc. CA). Two-way ANOVA with appropriate post-hoc test was performed to evaluate the statistical differences between PF vs PQ and PF vs BAK, respectively. 

Masking:
Masking of patients or clinicians to treatment was not possible.  However, IC and tear samples were masked to group allocation and the analysis of biomarkers was undertaken in a masked fashion.

Changes in the Protocol from Initial Approval

No Protocol changes were identified.

Protocol Deviations

One patient was started on a BAK containing drop at 11 months the OSDI and Ocular surface sampling data was excluded from the 12 and 24 month data analysis for this participant. 





Patient Information & Consent
Demographics and patient samples:
A total of 36 patients were recruited based on the study criteria (table 1) and randomized in to three groups: 12 in each of the preservative-free (PF), polyquad (PQ) group and benzalkonium chloride (BAK) group. One dropped out voluntarily after baseline sample collection from the BAK group. Impression cytology: 11 of 35 IC samples could not be used due to low RNA quantity and/or RNA quality. Tear samples: 8 of 35 tear samples were not usable due to low volume (samples < 2 L were not used). QPCR and BD-CBA assay was only performed on complete patient samples in following groups ( n=7 in PF; n=8 in PQ and n=9 in BAK). The demographic information of patients whose samples were used in this study has been provided in table 1. 

Supplementary table 3 depicts the intra-ocular pressure (IOP; in mm Hg), visual acuity (VA) and mean deviation (MD) between three patients’ groups at baseline and 24-month.  We have noted a reduction in mean IOP at 24-month in all groups compared to baseline. As shown in supplementary table 3, all patients in three groups were started on single drop treatment (latanoprost in PF, travaprost in PQ and bimatoprost in BAK). In PF group, 7/7 patients were on single drop throughout the study with 1/7 was added an ocular lubricant (OL) at 12-month. In PQ group, 4/8 patients were moved to dual drop therapy (travaprost + timolol) starting at 3-month. 

From 12-month onwards, 2/8 patients were on three drops with third drop (dorzolamide) being a PF formulation. One patient was started on a BAK containing drop at 11 months (protocol deviation), this patient’s OSDI and ocular surface sample data was excluded from the 12 and 24 month analysis. In addition, 4/8 patients that were on single drop in PQ group received an OL. In BAK group, 2/9 patients were moved to dual drop (latanoprost + timolol) starting 12-month. Moreover, none of the patients in BAK group were on OL throughout the study.  

Safety Reporting
Please see Appendix 1 Development Safety Report #5





Statistical Analysis
Cytokine gene expression in conjunctival impression cytology samples: 
All IC samples showed constitutive gene expression for IL-1, TNF-, IL-6, IL-8, IL-10 and IL-12a but not IL-12b and IL-17a. Three of the 6 cytokines namely IL-1, IL-8 and IL-6 showed increased expression in BAK group (figure 1). IL-6 mRNA showed increased expression in 7/9 samples in the BAK group but did not reach statistical significance. In PF and PQ groups, mean expression of IL-6 mRNA was modestly increased at all time-points compared to baseline.. IL-8 mRNA (9/9 samples) was increased more than 4-fold starting 1-month with significant elevated levels noted at 3-month (4.76-fold increase, p=0.0380) and 6-month (5.18-fold increase, p=0.0445) in BAK group compared to PF group. Upon reaching 12-month, IL-8 slightly reduced but still remained elevated (9/9 samples) compared to PF and PQ groups.  IL-1  mRNA increased in a time-dependent manner from 3-month point onwards with significantly increased level noted at 6-month (6.03-fold increase, p=0.0023; 9/9 samples) and remained at a similar level until 24-month in the BAK group. There was no change noted in the PF group but at 24 months there was a 2.92-fold increase in IL-1  mRNA levels in the PQ group. IL-10 mRNA expression demonstrated a 1.5-fold increase in PF group starting 1-month and remained unchanged until 24-month (4/7 samples). In PQ group IL-10 showed reduced expression until 12-month with slight elevation noted by 24-month (in 7/8 samples). In BAK group, IL-10 mRNA (in 5/9 samples) modestly increased in a linear fashion starting 3-month but failed to show statistical significance. TNF- and IL-12a mRNA did not change significantly in either of the treatment groups. 

Level of cytokines in tear samples:
The baseline level of IL-6, IL-8, and IL-1 (83.34 ± 55.63 pg/mL, 1119.40 ± 674.68 pg/mL and 2.06 ± 5.65 pg/mL, respectively) in all patients randomized into three groups was not significantly different (figure 2). Number of patients that showed cytokines level above detection limit of BD-CBA assay kit has been detailed in supplementary table 4. For IL-6 the BAK group showed elevated levels starting at 6-month, with significantly increased levels noted at 24-month (161.06 ± 73.91 pg/mL; p=0.0368; 9/9 samples) when compared to PF group (41.69 ± 36.12 pg/mL; 5/7 samples). There was also a mild non-significant elevation in the PQ group levels beginning at 6 months which sustained until 24 months. For IL-8, the BAK group showed significant elevated levels beginning at 3-month (2770.51 ± 1016.05 pg/mL; p=0.0244; 9/9 samples) which remained elevated until 24 months albeit at lower levels than 3 months (1827.54 ± 1038.21 pg/mL; p=0.0388; 9/9 samples) when compared to PF group (328.42 ± 186.45 pg/mL; 6/8 samples).  For IL-1, similarly the BAK group showed significant elevated levels starting at 3-month (11.79 ± 8.18 pg/mL; p=0.0243; 6/9 samples) with elevated levels noted at 24-month (17.09 ± 9.74 pg/mL; p=0.0187; 6/9 samples) compared to PF group (1.58 ± 3.54 pg/mL; 2/7 samples). A mild elevation of IL-1 levels was also noted for the PQ group. IL-10 and IL-12p40 showed inconsistent pattern in 2 of 8 tear samples in each group. TNF- only detected at low-levels in BAK group (2/8 samples). 

OSDI evaluation:
All patients randomized to the PF, PQ and BAK groups showed similar OSDI scores at baseline with no significant difference between the groups (figure 3). Patients on PF drops (6/7) had mean OSDI score less than 12 at all time-points. The mean OSDI score for PQ group (4/8 patients) was more than 12 starting 6-month, with 1 of 8 patients had score more than 20 at 24-month. For BAK group, mean OSDI score was more than 20 at 12-month (5/9 patients; p<0.0001), with 3 of 9 patients had score more than 30 at 24-month (p<0.0001). Pearson correlation between OSDI vs IC-cytokines and OSDI vs tear-cytokines was also determined for BAK group. As shown in table 2, a significant correlation between OSDI and IC/IL-1 (r=0.832, R squared=0.692 and p=0.040), OSDI and IC/IL-10 (r=0.925, R squared=0.856 and p=0.008) and OSDI and tear/IL-1 (r=0.899, R squared=0.808 and p=0.014) was observed. The correlation between OSDI and tear level for TNF-, IL-10 and IL-12p40 was not determined since these were only detected in 2/8 samples of BAK group. 

Discussion and Results
Topical drops are the primary treatment for patients with glaucoma.  Evidence suggests that the presence of BAK preservative in drops may lead to ocular irritation, tear-film instability, chronic inflammation, subconjunctival fibrosis and increase the risk for failure of glaucoma filtration surgery5 6 17. Subclinical inflammation in glaucoma patients receiving BAK-preserved drops have been implicated to the increased levels of inflammatory mediators18-20. Unlike previous reports, in this study we undertook a three-way evaluation of different preservative effects on treatment-naïve patients and profiled the temporal effect of these on cytokines in IC and tear samples. 

Cytokines and chemokines have been known to be secreted from a variety of cell types in response to infectious or inflammatory stimuli. The secreted proteins may then trigger activation of intracellular signalling, enhancing cell proliferation/differentiation or lead to programmed cell death21. IL-1 and TNF- are known to induce other cytokines/chemokines and profibrotic growth factors leading to sterile inflammation22 and tissue fibrosis23. IL-6 and IL-8 (CXCL8) are pro-inflammatory cytokine with ability to amplify autoimmune responses via activation of neutrophils and T-cells21. 

Impression cytology provides an alternative to biopsy or scraping to obtain conjunctival cells for cell-surface markers analysis using flow cytometry19 and gene expression studies of host defense genes24. Normal conjunctival epithelium collected using IC technique has been shown to express constitutive mRNA levels of IL-1, IL-6, IL-8, TNF-25. In response to inflammatory stimuli, these have been overtly produced both at mRNA and protein level25. Elevated expression of IL-1, IL-6 and IL-8 have been reported in conjunctival IC samples of patients with Sjogren’s syndrome keratoconjunctivitis sicca26 and dry-eye condition27. Conjunctival IC from patients on BAK-preserved anti-glaucoma drops show elevated expression of human leucocyte antigen (HLA)-DR, IgE, IL-8 and two chemokine receptors (CCR4 and CCR5)18-20 and increased levels of T helper (Th)-1 inflammatory cytokines have been demonstrated in tear samples of patients receiving preserved anti-glaucoma medications for more than 6-months duration28. BAK also induces cytokine production from trabecular meshwork cells in laboratory studies29. 

Our study demonstrates that mRNA for cytokines are constitutively expressed in conjunctival epithelium samples at baseline. An explanation for increased levels of IL-6, IL-8 and IL-1 in IC and tear samples of patients randomised to BAK group could be that these cytokines are sensitive to any inflammatory stimuli and their homeostatic balance is key for maintenance of immune-privilege status of OS30. Although we have demonstrated the matching trend of both mRNA and protein expression of cytokines in samples from BAK group, it is likely that conjunctival epithelium may not be the only source for tear cytokines. Other possible sites for cytokine secretion in response to BAK may include corneal epithelium31, tenon’s fibroblast32 and limbal-resident immune cells33. A previous study has demonstrated that the levels of tear IL-1 and TNF- increased in patients on multiple BAK-containing drops compared to those on single drop therapy i.e. concentrating effect of BAK on ocular inflammation28. Here, all our patients randomized to the BAK group were not specifically on monotherapy and have shown time-dependent increase in IL-6, IL-8 and IL-1 levels. 

The advantages of PF over preserved medication for glaucoma treatment has been widely reported4 34 35. Similarly, as evident from OSDI scoring, our patient group on PF and PQ containing drops have not complained of OS discomfort which can be correlated with reduced levels of inflammatory cytokines. On the other hand, those randomized to BAK-preserved drops had high OSDI score, which strongly correlated to elevated levels of IL-1. Recent phase III-b clinical trials have demonstrated that switching patients from BAK-preserved latanoprost to PF-tafluprost have improved OS tolerability and patient compliance within 12-weeks35. 
PQ has been previously shown to be safe and did not induce cytotoxic/inflammatory effects on OS epithelium in in-vitro or in-vivo studies9 10. Samples from our patient cohort on PQ-preserved drops have shown moderately high levels of IL-1 and IL-6 from 12-month onwards. This suggests that PQ containing topical medication could also induce subclinical inflammation on OS if used for more than 24 months. 
While there is a clear difference between cytokine expression between the PF and BAK group for several cytokines there is a suggestion that there is also an increase in the expression in the PQ group which is delayed in time and is less marked – this is also mimicked in the trends noted in the OSDI results. It is possible that OS inflammation follows a slower course requiring more exposure in the PQ preserved patients. 
The weakness is that we have recruited relatively small numbers (due to poor sample quality and/or quantity). Although even with these we have demonstrated a clear effect on inflammatory markers in IC and tear samples. 

Conclusions 
In conclusion our results have clearly demonstrated that BAK preparations induce more OS inflammation compared to PF and PQ-preserved preparations.  It appears that this effect is detectable starting 3 months and sustained for the duration of the 24-month follow-up in this study. The strong correlation seen between OSDI scores and increased levels of cytokines in BAK group supports the conclusion that BAK induces ocular discomfort in patients. There is a suggestion that PQ produces a delayed OS inflammatory response which may also generate some ocular surface discomfort. 

Future Research
There are currently no plans for future research – however our cohort study does provide an effect size not previously present in the literature to estimate sample size for future ocular surface inflammatory marker studies



Arrangements for Disseminating Findings
Dissemination of findings will be conducted through Group presentation for colleagues and peers, by publication of the study findings in the British Journal of Ophthalmology which would be readily available for public viewing and by report in the IGA News and support group publications for patient access.

Tables:

Table.1 Demographic of patients’ whose samples were evaluated for cytokines profiling


	
	Preservative - free
	Polyquad
	Benzalkonium chloride

	Gender
(male/female)
	3/4
	2/6
	6/3

	Age in years
mean (SD)
	67.9 (5.0)
	70.3 (12.7)
	63.9 (10.9)








Table.2 Pearson correlation of OSDI with cytokines level in conjunctival impression cytology (IC) and tear samples of patients in benzalkonium chloride (BAK) group
	
	IC
(mRNA)
	Tears
(protein)

	
IL-6
r 
95% CI
R squared
p value
	

0.687
-0.280 to 0.962
0.473
0.131
	

0.794
-0.048 to 0.976
0.630
0.059

	
IL-8
r 
95% CI
R squared
p value
	

0.295
-0.679 to 0.892
0.087
0.570
	

0.245
-0.706 to 0.881
0.060
0.639

	
IL-1
r
95% CI
R squared
p value
	

0.832
0.062 to 0.981
0.692
0.040
	

0.899
0.324 to 0.989
0.808
0.014

	
TNF-
r 
95% CI
R squared
p value
	

0.757
0.053 to 0.995
0.516
0.067
	


N.D. 

	
IL-10
r 
95% CI
R squared
p value
	

0.925
0.458 to 0.992
0.856
0.018
	


N.D. 

	
IL-12
r 
95% CI
R squared
p value
	

0.286
-0.684 to 0.890
0.081
0.582
	


N.D. 



N.D. - Not determined    CI – Confidence interval
Table 3 



Appendices 
Appendix 1
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		Patient Study Number		Allocation		Index Eye		Baseline Date		24 month date		IOP				Visual acuity				Mean deviation				ONE MONTH 				3 MONTH						6 MONTHS						12 MONTHS 						24 MONTHS						Ocular Lubricants

												Baseline		24-month		Baseline		24-month		Baseline		24-month		Drop 1 		Drop 2 		Drop 1 		Drop 2 		Drop 3		Drop 1 		Drop 2 		Drop 3		Drop 1 		Drop 2 		Drop 3		Drop 1 		Drop 2 		Drop 3 

		01007		Polyquad		L						26		19		0.00		0.00		-1.66

Cammack Renee (Radiology): Cammack Renee (Radiology):
VF for baseline 03/10/2014		-3.32

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF taken 30/09/2016		Travaprost		None		Travaprost		None		None		Travaprost		None		None		Travaprost		None		None		Travaprost		Duotrav		None		No Lubrication

		01010		Polyquad		R						39		19		-0.18		-0.06		-0.35

Cammack Renee (Radiology): Cammack Renee (Radiology):
VF baseline results taken 12/12/2014		-5.10

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 18/10/2016		Travaprost		None		Travaprost		Duotrav 		None		Travaprost		Duotrav		None		Travaprost		Duotrav		Brinzolamide		Travaprost		Duotrav		Brinzolamide		No lubrication

		01015		Polyquad		R						18.5		15		0.08		0.00		-2.48		-4.19

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 14/11/2016		Travaprost		None		Travaprost		None		None						None		Travaprost		None		None		Travaprost		None		None		Celluvisc 0.5% at 12 months

		01018		Polyquad		R						21		17		0.28		0.20		-5.69		-1.86

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 04/01/2017		Travaprost		None		Travaprost		Duotrav 		None		Travaprost		Duotrav		None		Travaprost		Duotrav		None		Travaprost		Duotrav		None		No Lubrication

		01026		Polyquad		L						38		15		0.20		0.12		-6.64				Travaprost		None		Travaprost		Duotrav 		None		Travaprost		Duotrav		Dorzolamide PF		Travaprost		Duotrav		Dorzolamide PF		Travaprost		Timolol		Dorzolamide PF		No Lubrication

		01027		Polyquad		R						29		16		0.20		0.30		0.38

Cammack Renee (Radiology): Cammack Renee (Radiology):
Baseline VF taken 18/03/2010 no other VF available.				Travaprost		None		Travaprost		None		None		Travaprost		None		None		Travaprost		None		None		Travaprost		None		None		Dropodex at 6 months , no lubricants 

		01030		Polyquad		L						28		23		-0.10		0.08		-0.86

Cammack Renee (Radiology): Cammack Renee (Radiology):
VF baseline taken 08/12/2015		0.84		Travaprost		None		Travaprost		Duotrav 		None		Travaprost		Duotrav		None		Travaprost		Duotrav		None		Travaprost		Duotrav		None		Celluvisc 0.5% added at 3 months 

		01034		Polyquad		R						30		22		0.14		0.08		-1.13		-4.97

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 23/02/2017		Travaprost		None		Travaprost		None		None		Travaprost		None		None		Travaprost		None		None		Travaprost		None		None		Hyloforte added at 24 months

												28.7		18.3

												7.23		3.06

		01008		Benzalkonium		R						31		16		0.00		0.00		-8.75		-4.92

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 28/09/2016		Bimatoprost		None		Bimatoprost		None		None		Bimatoprost		None		None								Bimatoprost		None		None		No lubrication



		01013		Benzalkonium		R						26		11		0.12		0.06		-5.16

Cammack Renee (Radiology): Cammack Renee (Radiology):
Baseline VF taken 12/01/2015				Latanoprost		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		Latanoprost		Timolol		Latanoprost		Latanoprost		Timolol		No lubrication

		01014		Benzalkonium		L						28		15		0.00		0.08		-0.60		-2.61

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 13/10/2016		Bimatoprost		None														Bimatoprost		None		None		Bimatoprost		Brinzolamide		None		No lubrication

		01024		Benzalkonium		L						20		14		-0.08		0.04		-0.51		0.23

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 19/07/2016		Bimatoprost		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		None		None		No lubrication

		01025		Benzalkonium		L						32		14		-0.08		0.04		0.12		12.13

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 23/06/2017		Bimatoprost		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		Travaprost		None

		01032		Benzalkonium		R						31		15		0.00		-0.10		1.19

Cammack Renee (Radiology): Cammack Renee (Radiology):
Baseline VF taken 02/12/2015		-0.99

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 28/11/2017		Bimatoprost		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		None		None		No lubrication

												28.0		14.2

												4.52		1.72

		01009		Preservative free		R						21		12		0.20		0.06		-1.75

Cammack Renee (Radiology): Cammack Renee (Radiology):
Baseline VF taken 21/11/2014		-5.32

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 29/09/2016		Latanoprost		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		No lubrication

		01012		Preservative free		L						29.5		14		0.16		0.12		-2.90

Cammack Renee (Radiology): Cammack Renee (Radiology):
Baseline VF taken 12/01/2015		-2.49

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 01/12/2016		Latanoprost		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		No lubrication

		01016		Preservative free		R						26		18		-0.10		0.02		1.20

Cammack Renee (Radiology): Cammack Renee (Radiology):
Baseline VF taken 16/12/2014				Latanoprost		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		No lubrication

		01017		Preservative free		R						27		18		0.20		0.10		-7.23		-15.61

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 12/07/2016		Latanoprost		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		No lubrication

		01023		Preservative free?		R						26		14		0.02		0.04		-0.15

Cammack Renee (Radiology): Cammack Renee (Radiology):
Baseline VF taken 04/06/2015		-0.55

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 08/08/2017		Latanoprost		None		Latanoprost		Latanoprost		Timolol								Latanoprost		Latanoprost		Timolol		Latanoprost		Latanoprost		Timolol		No lubrication

		01028		Preservative free		L						24		26		0.00		0.08		-0.19		-2.64		Latanoprost		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		No lubrication

		01029		Preservative free		R						29		22		0.30		0.42		-0.96				Latanoprost		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		Celluvisc 0.5% added at 12 months

		01033		Preservative free		L						25		20		0.12		0.08		0.61		0.54

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 07/07/2017		Latanoprost		None								Latanoprost		None		None		Latanoprost		None		None		Latanoprost		None		None		No lubrication

												25.9		18.0

												2.73		4.66

		01011		Benzalkonium		L						24		17		0.02		0.10		-1.54		-1.84

Cammack Renee (Radiology): Cammack Renee (Radiology):
24 month VF 31/10/2016		Bimatoprost		None								Bimatoprost		None				Bimatoprost		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		None		None		Bimatoprost		None		None

																																						Red bold letter drug stopped

																																						Yellow highlight 2nd drug

																																						Orange highlight 3rd drug
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OSDI Questionnaire.pdf
Ocular Surface Disease Index® (OSDI®)?
Ask your patier;ts the following 12 quesl:ic;ns, and circle the number in the box that best repres;ents each
answer. Then, fill in boxes A, B, C, D, and E according to the instructions beside each.

: : All Most Half Some None
Have YO £ape rienced any of the of the of the of the of the of the
following during the last week? time time time time time
1, Eyes that are sensitive to light? .. 4 3 2 1 0
2. Eyes that feel gritty? ........... 4 3 2 1 0
3. Painful or. sore eyes? .......... 4 3 2 1 0
4. Blurred vision? . ... A 3 - 2 1 -0
5. Poorvision? ......coiiiininns 4 3 2 1 0
Subtotal score for answers 1 to 5 (A)
Have problems with your eyes All Most Half ~ Some  None
limited you in performing any of of the of the of the ofthe  ofthe
the following during the last week?  time time time time time N/A
6. Beading? c soommmnmmmnnma s 4 3 2 1 0 N/A
7. Driving atnight? .............. 4 3 2 o 1) N/A
8. Working with a computer or 4 3 P ’ 0
bank machine (ATM)?.......... N/A
9. Watching TV? .. coceiiiinannnn 4 3 2 i 0 N/A
" Subtotal score for answers 6 to 9 (B)
Have your eyes felt uncomfortable All Most Half Some None
in any of the following situations of the of the of the of the of the
during the last week? time time time time time N/A
10. Windy conditions?............. 4 3 2 1 0 N/A
11. Places or areas with low
humidity (very dry)? ........... 4 3 2 L 0 N/A
12. Areas that are air conditioned?. .. 4 3 2 1 0 N/A
Subtotal score for answers 10 to 12 (C)

Add subtotals A, B, and C to obtain D (I"}‘
(D = sum of scores for all questions answered) )

Total number of questions answered [- (}
{do not include questions answered N/A)

Please turn over the questionnaire to calculate the patient’s final OSDI° score.






Evalt_lating the OSDI® _Sco!'e‘

The OSDI® is assessed on a scale of 0 to 100, with higher scores representing greater disability. The index
demonstrates sensitivity and specificity in distinguishing between normal subjects and patients with dry eye
disease. The OSDI® is a valid and reliable instrument for measuring dry eye disease (normal, mild to moderate,
and severe) and effect on vision-related function.

Assessing Your Patient’s Dry Eye Disease™?

Use your answers D and E from side 1 to compare the sum of scores for all questions answered (D) and the
number of questions answered (E) with the chart below.* Find where your patient’s score would fall. Match

the, corresponding shade of red to the key below to determine whether your patient’s score indicates normal,
mild, moderate, or severe dry eye disease.

12( 104 208 313 17, 1 62 729 938 1000
- M| 14 227 31 45 ‘682 7o, 100.0
§ 10| 125 250 : |
i 9| 139 27.8
< = LEEi
w'e 8| 158 1.
E e
-% w7
2E ¢}
S = :
BWw 5
= 3 *Values to determine dry eye severity calculated using the OSDI® formula.
= . : |

2 0SDI*=__(sum of scores) x 25

1 (# of questions answered)

5 10 15 20 25 30 35 40 45 48
Sum of Scores for All Questions Answered
(D from Side 1)
Normal Mild Moderate Severe

----------------------------------------------------------------------------------------------------------------------------------

Patient's Name: ' Date:

How long has the patient experienced dry éye disease?

Eye Care Professional’s Comments:

1. Data on file, Allergan, Inc. .
2. Schiffman RM, Christianson MD, Jacobsen G, Hirsch JD, Reis BL. Reliability and validity of the Ocular Surface Disease
Index. Arch Ophthalmol. 2000;118:615-621

Copyright © 1995, Allergan
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Queens Medical Centre Campus

Department of Ophthalmology

Eye and Ear Building

Derby Road 

Nottingham

NG7 2UH



Tel: 0115 924 9924 ext 64247

Email: anthony.king@nuh.nhs.uk





Dear





Re: Evaluation of ocular surface inflammation with glaucoma drops.



You are due to have an appointment soon at the glaucoma service of Nottingham University Hospital. The glaucoma team will be assessing you to determine whether you have a condition called glaucoma which is associated with elevated pressure in the eye (intraocular pressure). If you are diagnosed with raised intraocular pressure requiring treatment with drops we will ask you if you will be willing to participate in a clinical trial to evaluate the amount of irritation (inflammation) caused by different types of currently used glaucoma drops.

Eye drops to lower the pressure is the standard treatment for patients diagnosed with glaucoma. All eye drops cause some irritation on the surface of the eye and we wish to determine which type of drops cause the most irritation and how much difference there is between the different types of eye drops we currently use.

We are asking all patients who require eye drops for the control of their glaucoma to consider participating in this study.

It is important to emphasise that participation in the study is voluntary, however in order to ensure that all patients who may consider participation have adequate time to consider the study and formulate any questions about the study, we are sending study information out in advance of your clinic appointment.



Glaucoma patient invitation letter V2 04.07.13
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Patient Consent Form V3 10-07-2013.pdf
Nottingham University Hospitals m

NHS Trust

Participant Consent Form - glaucoma patient
Version: 3 Date: 10/07/2013

Evaluation of ocular surface inflammation with glaucoma drops.

Principal Investigator: Mr A King

Patient Study 1D} s {11111 - —
Patient initial each box

1. | confirm that | have read and understand the information sheet dated 04-07-2013
(Version 2 ) for the above study and have had the opportunity to ask questions.

2. | understand that my participation is voluntary and that | am free to withdraw at any
time without my medical care or legal rights being affected.

3. | understand that my medical records may be looked at by authorised individuals from
the Sponsor for the study, the UK Regulatory Authority or the Independent Ethics
Committee in order to check that the study is being carried out correctly.

4, | understand that even if | withdraw from the above study, the data and samples
collected from me will be used in analysing the results of the trial, unless | specifically
withdraw consent for this.

5. | consent to the storage including electronic, of personal information for the purposes
of this study. | understand that any information that could identify me will be kept
strictly confidential and that no personal information will be included in the study report
or other publication.

6. | agree that my GP, will be notified of my participation in this study.

7. | agree to take part in the study.

Name of the patient (Print) date Patient's signature

Name of person taking consent (Print) date Signature

Original to be retained and filed in the site file. 1 copy to patient, 1 copy to be filed in patient’s notes,

/:]n A v ,An'v'n .f:\.-'w-:u'\r!
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Patient Information Sheet V3 04-07-2013.pdf
Nottingham University Hospitals INHS'|

NHS Trust

Participant Information Sheet — glaucoma patient
Version: 3 Date:  04/07/2013

Evaluation of ocular surface inflammation with glaucoma drops

Principal Investigator: Anthony J King

PART 1
1. Invitation

You are being invited to take part in a research study. Before you decide whether or not to take part, it is
important for you to understand why the research is being done and what it will involve. Please take time
to read the following information carefully, and discuss it with others if you wish.

PART 1 tells you the purpose of this study and what will happen to you if you take part.
PART 2 gives you more detailed information about the conduct of the study.

Ask us if there is anything that is not clear, or if you would like more information. Take time to decide
whether or not you wish to take part.

2. What is the purpose of the study?

The commonest form of treatment for glaucoma are drops which are instilled into the eye. In order to
prevent the drops becoming infected after they are opened most drops contain a “preservative” which
kills bacteria and other harmful organs that can infect the bottle and harm the eye if they infect the eye
drops. However some of these preservatives are very irritable to the surface of the eye and cause
discomfort, irritation and redness in some people. In those patients who require surgery for their
glaucoma the irritation caused by the use of drops may reduce the chance of their surgery being a
success.

We want to determine if using a new type of preservative in glaucoma drops or no preservative at all is
better for patients and determine if these drops produce less discomfort, irritation and redness. We also
want to determine if the preservatives have affected the inside of the eye by taking a sample of tissue
from the iris (coloured part of the eye) and trabecular meshwork (this is the part of the eye through which
fluid drains out of the eye) which are routinely removed from the eye during glaucoma surgery. (This will
only be undertaken in a small number of patients who require glaucoma surgery for treatment of their
glaucoma)

3. Why have | been chosen?

1. Because you are a patient with newly diagnosed glaucoma or ocular hypertension: We would like to
recruit patients from the glaucoma clinic who have been newly diagnosed with glaucoma or ocular
hypertension and have had no treatment with glaucoma drops before. Therefore the surface of the eye
has not been affected by any drop treatment. This will allow us to determine the amount of inflammation
that is present on the surface of the eye before drops start and after they have been used for some time

We are here for you





Nottingham University Hospitals EﬂB

NHS Trust

4. Do | have to take part?

No. It is up to you to decide whether or not to take part. If you decide to take part you will be given this
information sheet to keep and be asked to sign a consent form to confirm that you understand what is
involved when taking part in this study. If you decide to take part you are free to leave the study at any
time without giving a reason. If you withdraw, unless you object, we will still keep records relating to the
treatment given to you, as this is valuable to the study. A decision to withdraw at any time, or a decision
not to take part, will not affect the quality of care you receive

5. What will happen to me if | take part?

Patients with ocular hypertension or glaucoma who agree to participate in the study will be randomly
allocated to one of three groups. One group will use glaucoma drops with the preservative benzalkonium
chloride, one group will use medications with the preservative polyquad and the third group will use
medications with no preservative. The need for drops will follow the recommendations laid out by the
NICE guidelines for glaucoma, these are guidelines produced by the department of health to ensure
patients with elevated intraocular pressure receive the correct treatment.

To determine if the drops or preservatives in the drops are causing inflammation on the surface of the
eye we will take samples of your tears and samples of the cells on the surface of the eye with special St
blotting paper. These samples will be taken before you start treatment and at 1 month, 3 months, 6
months, 12 months and 24 months. All samples will be taken during routine clinic visits and no
additional clinic visits will be required to participate in the study. In addition a short questionnaire (6
questions) about symptoms of eye discomfort will be completed at each of these visits. The patients
who require glaucoma surgery will have a small sample of tissue (conjunctiva and tenons tissue) taken
from the surface of their eye and two small samples from within their eye (iris and trabecular meshwork)
during their glaucoma surgery. Removal of this tissue is a normal part of the surgery. This will be
painless and there are no specific risks associated with this beyond those that already exist for standard
glaucoma surgery.

Taking samples of cells from the surface the eye, tear and Tenons tissue samples are not part of normal
care for patients with glaucoma and taking these samples will be for study purposes only.

6. What is being tested?

The effect of the preservatives contained in glaucoma drops on the surface of the eye. All commonly
used glaucoma drops contain preservatives to prevent the drops becoming contaminated once opened.
However the preservatives irritate the surface of the eye and cause irritation and redness and
inflammation of the eye surface. This study will help to identify which type of preservative are least
irritable to the surface of the eye and we will compare this irritation.

7. What are the alternatives for diagnosis or treatment?

Patients who elect not to take part in the study will be treated and reviewed at the clinic according to the
needs of their glaucoma and other ocular conditions.

8. What are the side effects of any treatment received when taking part?

Glaucoma drops:

All glaucoma drops may cause some local irritation, stinging and blurring of vision on instillation which
may last for a few seconds. Occasionally drops may cause redness of the eye. Rarely drops may cause
an allergic response which will make the eye red and uncomfortable. One type of drop (beta-blockers)
can cause shortness of breath. This is more likely to occur in people who suffer from lung or heart
disease.

We are here for you
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Risk of additional interventions:

Impressions cytology — this involves taking a sample of the surface cells from the eye — afterwards the
eye may feel a bit gritty for a few hours. Occasionally the surface of the eye may be scratched which will
be uncomfortable and will take about 24 hours to return to normal.

Tear sampling — this is undertaken with a small tube or blotting paper strip. There are usually no effects
from this but occasionally the surface of the eye may be scratched which will be uncomfortable and will
take about 24 hours to return to normal.

Tenons tissue sample — this is performed during either cataract or glaucoma surgery it involves taking a
small piece of the tissue covering the surface of the eye (about 1 mm) during routine surgery, this will
have no adverse effects as disturbing and dissecting tissue on the surface of the eye is normal for these
operations.

Trabecular meshwork and iris sample - this is routinely performed during glaucoma surgery. It involves
taking a small piece of the tissue when creating a small hole in the eye (about 1 mm) during routine
surgery, this will have no adverse effects as removing this tissue is a routine part of the surgery — the
pieces of tissue are normally discarded but will be retained for analysis for this study.

If you do decide to take part in the study, you must report any problems you have to your study nurse or
doctor. There is also a contact number given at the end of this information sheet for you to phone if you
become worried at any time. In the unlikely event of an emergency occurring during the conduct of the
study, we may contact your nominated next of Kin.

9. What are other possible disadvantages and_risks of taking part?

Risk of drops:

There are no identified risks other than the usual risks associated with the standard use of glaucoma
drops.

Risk of additional interventions:

There is a small chance that the interventions described above may make the eye uncomfortable for a
short period of time and a very small chance that a a corneal abrasion (scratch) may occur which would
involve treatment with an eye patch for 24 hours

10. What are the possible benefits of taking part?

We cannot promise the study will help you but the information we get might help improve the treatment
of people with glaucoma

11. What happens when the research study stops?

We will continue to care for your glaucoma in accordance with NICE guidelines.

12.  What if there is a problem?

If you have a concern about any aspect of this study, you should ask to speak with the researchers who
will do their best to answer your question. If you remain unhappy and wish to complain formally, you can

do this through the NHS Complaints Procedure. Details can be obtained from the hospital. Further
advice may be obtained from the Patient Advice and Liaison

'''''''''''

— We are here for you






Nottingham University Hospitals NHS'

NHS Trust

Service (PALS). The details for the Patient Advice and Liaison Service (PALS) are available at
the end of this document.

In the event that something does go wrong and you are harmed during the research study there are no
special compensation arrangements. If you are harmed and this is due to someone’s negligence then
you may have grounds for legal action for compensation but you may have to pay your legal costs. The
normal National Health Service complaints mechanisms will still be available to you.

13.  Will my taking part in this study be kept confidential?

Yes. All the information about your participation in this study will be kept confidential. Details are
included in Part 2.

14, Contact Details

Doctor

Name: Anthony King Tel. Number: 0115 9249924 x 64247

This completes Part 1 of the Information Sheet.
If the information in Part 1 has interested you and you are considering participation, please continue to
read the additional information in Part 2 before making any decision.

PART 2

15, What if new information becomes available?

Sometimes during the course of a clinical trial, new information becomes available on the drugs that are
being studied. If this happens, we will tell you about it and discuss with you whether you want to or
should continue in the study. If you decide to withdraw, we will make arrangements for your care to
continue. If you decide to continue in the study you will be asked to sign an updated consent form.

On receiving new information, we might consider it to be in your best interests to withdraw you from the
study. If so, we will explain the reasons and arrange for your care to continue.

If the study is stopped for any other reason, you will be told why and your continuing care will be
arranged.

16.  What will happen if | don’t want to carry on with the study?

You are free to with draw from the study at any time. If you decide not to continue your routine care will
continue in the eye clinic in line with standard practice for your condition.

17. Will my part in this study be kept confidential?

If you consent to take part in this study, the records obtained while you are in this study as well as
related health records will remain strictly confidential at all times. The information will be held securely on
paper and electronically at your treating hospital under the provisions of the 1988 Data Protection Act.
Your name will not be passed to anyone else outside the

I T
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research team or the sponsor, who is not involved in the trial. You will be allocated a trial number,
which will be used as a code to identify you on all trial forms.

Your records will be available to people authorised to work on the trial but may also need to be made
available to people authorised by the Research Sponsor, which is the organisation responsible for
ensuring that the study is carried out correctly. A copy of your consent form may be sent to the Research
Sponsor during the course of the study. By signing the consent form you agree to this access for the
current study and any further research that may be conducted in relation to it, even if you withdraw from
the current study.

The information collected about you may also be shown to authorised people from the UK
Regulatory Authority and Independent Ethics Committee; this is to ensure that the study is

carried out to the highest possible scientific standards. All will have a duty of confidentiality to
you as a research participant.

If you withdraw consent from further study treatment, unless you object, your data and samples will
remain on file and will be included in the final study analysis.
~In line with Good Clinical Practice guidelines, at the end of the study, your data will be securely archived
[ for a minimum of 15 years. Arrangements for confidential destruction will then be made.

18. Informing your General Practitioner (GP)

With your permission, your GP, and other doctors who may be treating you, will be notified that you are
taking part in this study.

19. What will happen to any samples | give?

Any samples taken before you decide to leave the study will be analysed as intended unless you inform
the study team that you do not wish for this to happen.

20.  Will any Genetic testing be done?

No

21. What will happen to the results of this clinical trial?

The results of the study will be available after it finishes and will usually be published in a medical journal
or be presented at a scientific conference. The data will be anonymous and none of the patients involved
in the trial will be identified in any report or publication.

Should you wish to see the results, or the publication, please ask your study doctor.

22. Who is organizing and funding this clinical trial?

The Nottingham University Hospitals NHS Trust will act as sponsor for the research. The International
Glaucoma Association (IGA) will fund the research.

23. Who has reviewed the study?

All research in the NHS is looked at by an independent group of people called a Research Ethics
Committee, to protect your safety, rights, well-being and

B B
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dignity. This study has been reviewed and given a favourable opinion by the NHS by The
Northampton Research Ethics Committee.

The study has also been reviewed and approved by the Research & Innovation department of
Nottingham University Hospitals NHS Trust.

In addition the research has been reviewed by glaucoma experts and patient representatives of the
International Glaucoma Association who are funding the research. Two independent consultant
ophthalmologists have also reviewed and approved the study

24. Contact for further information

You are encouraged to ask any questions you wish, before, during or after your treatment. If you have
any questions about the study, please speak to your study nurse or doctor, who will be able to provide
you with up to date information about the drug(s)/procedure(s) involved. If you wish to read the research
on which this study is based, please ask your study nurse or doctor. If you require any further
information or have any concerns while taking part in the study please contact one of the following
people;

If you decide you would like to take part then please read and sign the consent form. You will be given a
copy of this information sheet and the consent form to keep. A copy of the consent form will be filed in
your patient notes, one will be filed with the study records and one may be sent to the Research
Sponsor. :
You can have more time to think this over if you are at all unsure.

Thank you for taking the time to read this information sheet and to consider this study.

Anthony King

Consultant Ophthalmic Surgeon

Honorary Associate Professor of Ophthalmology
Andrew Hopkinson

Associate Professor of Ophthalmology
Harminder Dua

Professor of Ophthalmology

Steven Vernon

Consultant Ophthalmic Surgeon

Honorary Professor of Ophthalmology
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Patient Advice and Liaison Service

E-mail: pals@nuh.nhs.uk

NUH NHS Trust

c/o PALS

Freepost

NEA 14614

Nottingham

NG7 1BR

Fax: 0115 875 4655

Freephone QMC campus: 0800 183 0204
QMC: 0115 924 9924 ext 65412 or 62301
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EXECUTIVE SUMMARY

Introduction: The first patient was recruited on 16 October 2014. To date 38 patients have been
recruited. Recruitment has ended, however, patients are still in follow up. No serious adverse events
reported.

Investigational drugs: No new drugs have been added to those initially listed in the application

PR1 latanoprost

PR2 travaprost

PR3 bimatoprost

PR4 tafluprost

PR35 Timolol maleate

PR6 Brimonidine tartrate

PR7 Brinzolamide

PR8 Dorzolamide hydrochloride
PR9 pilocarpine hydrochloride
PR10 Pilocarpine nitrate

Estimated cumulative exposure of clinical trial subjects: 72 months

Marketing approval(s)? (yes/no): marketing approval were all in place before application submitted and

approved. There has been no change in status.

Summary of overall safety assessment (based on section 18 of the DSUR): No safety issues

identified

Summary of important risks (based on Section 19 of the DUSR): No risks identified

Actions taken for safety reasons including significant changes to the IB: No changes

This Development Safety Update Report contains confidential information and unblinded adverse event
data
It should not be distributed without consent from the Sponsor
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Conclusions: No concerns.
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1. Introduction

This is the fifth Development Safety Update Report for Evaluation of inflammatory markers in patients
on topical anti-glaucoma drop therapy; a comparative trial of preserved and non-preserved primary
medical treatment (eye drops) in patients with glaucoma and ocular hypertension

A copy of this report is provided to the manufacturer(s) and supplier(s) of:

s Lumigan 0.1 mg/ml

e Latanoprost 0.005% w/v eye drops

e Travatan 0.004%

o Tafluprost

e Timolol Maleate

e Brimonidine 0.2mg/ml

¢ Brinzolamide

¢ Dorzolamide

¢ Minims Pilocarpine Nitrate 2% w/v eye drops solution

¢ Pilocarpine hydrochloride

Glaucoma drops are the primary method of controlling elevated intraocular pressure (IOP) in patients with
glaucoma. Most patients with glaucoma require lifelong drop treatment and some require surgical intervention
when maximum tolerated medical treatment is no longer effective at controlling IOP adequately. In patients
presenting with advanced glaucoma the proportion requiring surgery is high'.

The majority of glaucoma drops currently used, contain a preservative, primarily benzalkonium chloride although

other alternatives exist.

The prolonged use of glaucoma medications can through a variety of mechanisms®* have toxic effects on the cells

35678

of the ocular surface which may lead to a low grade subclinical inflammation®® and ultimately in those patients

subsequently requiring surgery for control of their glaucoma, result in failure of this surgery'®',

It has been demonstrated that the use of glaucoma drops excite a subclinical low grade inflammatory response in

the conjunctiva® ®° of many patients and this may give rise to local symptoms of irritation or redness. The
This Development Safety Update Report contains confidential information and unblinded adverse event

data
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magnitude of conjunctival inflammation increases with an increasing number of glaucoma drops and prolonged
usage”. This reflects increased exposure to both drop and preservative in this group of patients. These changes
are characterised in the conjunctiva by changes in the inflammatory markers. Recently in recognition of this
conjunctival inflammation an effort has been made to develop alternative non-inflammatory preservatives or use
preservative free medications. Minimising the degree and length of conjunctival inflammation is likely to produce
less local side effects and drop intolerance and also reduce the risk of compromising surgical outcomes in those

patients in whom medication is insufficient to control IOP' '°

In addition to the ocular surface inflammation®* associated with drop and preservative use, recent evidence has
suggested that one commonly used preservative benzalkonium chloride has a detrimental effect of the health of
the endothelium cells of the trabecular meshwork'® . Loss of these cells increases outflow facility and increases
intraocular pressure thus increasing the risk of further optic nerve damage. In essence it is possible that the use of
topical drops may be damaging the TMW and thus worsening disease. To date such investigations have only

been undertaken in in-vitro conditions.

Treatment of patients will be undertaken in accordance with current NICE guidelines. Patients with advanced
disease at presentation will be offered primary surgery with holding medical treatment until surgery has been
undertaken. Otherwise patients will be treated with drops and offered surgery when 2 drop treatment is no longer

sufficient to control intraccular pressure effectively.

Glaucoma surgery (trabeculectomy) will afford an opportunity to obtain trabecular meshwork tissue to establish the
effects of different types of drops or preservative on TMW endothelium health.

1.1 RATIONALE FOR CURRENT STUDY

The degree of ocular surface inflammation associated with preservatives in glaucoma drops is dose related and

differs between different types of currently available preservatives

This Development Safety Update Report contains confidential information and unblinded adverse event
data
It should not be distributed without consent from the Sponsor
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2. Worldwide Marketing Authorisation Status

All medications had an MA prior to commencement of the study

» Lumigan 0.1 mg/ml EU/1/02/205/003-004

s Latanoprost 0.005% w/v eye drops PL 17780/0529

» Travatan EU/1/01/189/001-002
e Tafluprost PL 00025/0529

e Timolol Eye Drops 2.5% 15872/0001

e Alphagan PL 00426/0088

e Brimonidine EU/1/00/129/001-3

e Dorzolamide PL 17277/0128

¢ Minims Pilocarpine Nitrate 2% PL 0033/5014R

» Pilocarpine hydrochloride PL 0156/0080

3. Actions Taken in the Reporting Period for Safety Reasons

None

4. Amendments to the trial have been made during the reported period for safety

reasons.

None

5. Changes to Reference Safety Information
No changes to reference safety information have been made during the reported period.
The SmPC versions used are the MHRA approved versions; Section 4. 8 is the Reference Safety

Information for all IMPs.

This Development Safety Update Report contains confidential information and unblinded adverse event
data
It should not be distributed without consent from the Sponsor





Nottingham University Hospitals NHS

MHS Ti
Development Safety Update Report: 01 May 2016 to 01 May 2017 ot

EudraCT Number: 2013-000581-10
Page 8 of 12

6. Inventory of Clinical Trials Ongoing and Completed during the Reporting Period

This DSUR covers a single trial: Evaluation of inflammatory markers in patients on topical anti-
glaucoma drop therapy; a comparative trial of preserved and non-preserved primary medical treatment
(eye drops) in patients with glaucoma and ocular hypertension

The primary objective of this trial is to assess the expression of inflammatory markers in the tear film,
on the ocular surface and on the conjunctiva and tenons’ tissue of patients undergoing treatment for

glaucoma using drops containing different types of preservatives or no preservatives

The secondary objective is the assess TMW endothelium cell health following exposure to different

preservative regimes

This trial is being conducted at 1 site, as listed below:
¢ Nottingham University Hospitals NHS Trust, Queens Medical Centre, Derby Road, Nottingham, NG7

2UH

This trial plans to enrol 90 adult patients to receive primary medical treatment for their glaucoma
according to one of three escalating regimes of topical glaucoma medication. 10 control patients will
be recruited, these will be 10 patients assessed for cataract surgery with no known ocular surface

disease.

Study status:
Recruitment stands at 38 patients
Nottingham University Hospitals does not sponsor any other clinical trials with the same IMP

This Development Safety Update Report contains confidential information and unblinded adverse event
data
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7. Estimated Cumulative Exposure

6.1 Cumulative Subject Exposure in the Development Program

72 months

6.2 Patient Exposure from Marketing Experience

Not applicable. This trial is Investigator-led; please refer to MA holder's PSURs.

7. Data in Line Listings and Summary Tabulations

7.1 Reference Information

No adverse events have been reported

7.2 Line Listing of Serious Adverse Reactions (SARs) during the Reporting Period

No adverse events have been reported

7.3 Cumulative Line Listings of Serious Adverse Events (SAEs)

No adverse events have been reported

8. Significant Findings from Clinical Trials during Reporting Period

Still recruiting — no analysis yet undertaken -

8.1 Completed Clinical Trials

Not applicable. This DSUR applies to this trial only and it is ongoing

This Development Safety Update Report contains confidential information and unblinded adverse event
data
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8.2 Ongoing Clinical Trials

There are no significant findings to date.

8.3 Long Term Follow-up

Not applicable.

8.4 Other Therapeutic Use of IMP

Not applicable.

8.5 New Safety Data Related to Combination Therapies
Not applicable, this DSUR applies to this trial only.

9. Safety Findings from Non-Interventional Trials

Not applicable.

10. Other Clinical Trial/Trial Safety Information
Not applicable.

11. Safety Findings from Marketing Experience

Not applicable.

This Development Safety Update Report contains confidential information and unblinded adverse event
data
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12. Non-Clinical Data
Not applicable.

13. Literature

No publications

14. Other DSURs

Nottingham University Hospital does not sponsor any ather clinical trials with these IMPs.
15. Lack of Efficacy

Not applicable.

16. Region Specific Information

Not applicable. Not required by UK regulations.

17. Late Breaking Information

No relevant information was received subsequently to the data-lock for this DSUR.

This Development Safety Update Report contains confidential information and unblinded adverse event
data
It should not be distributed without consent from the Sponsor





Development Safety Update Report: 01 May 2016 to 01 May 2017

EudraCT Number: 2013-000581-10
Page 12 of 12

18. Overall Safety Assessment

18.1 Evaluation of the Risks

Not changed since original application.

18.2 Benefit-Risk Considerations

Not changed since original application.

19. Summary of important risks

No risks have been identified

20. Conclusions

Nottingham University Hospitals INHS

NHS Trust

The risks remain consistent with the experience described in the original application, and we conclude

that the information obtained in this reporting period justifies continuation of the trial.

Appendices

Not applicable.

This Development Safety Update Report contains confidential information and unblinded adverse event

data
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Inclusion Exclusion Criteria worksheet.pdf
Evaluation of inflammatory markers in patients on topical anti-glaucoma drop

therapy; a comparative trial of preserved and non-preserved primary medical

treatment (eye drops) in patients with glaucoma and ocular hypertension — a pilot

study.

4.2 INCLUSION CRITERIA

Willingness to have tear samples and impression cytology
performed

Presentation with glaucoma in at least one eye. (not for control
group)

Willingness to have Tenons and conjunctival biopsy performed if
glaucoma or cataract surgery performed.

Willingness to have trabecular meshwork and iris samples
evaluated if undergoing glaucoma surgery

No other known ocular surface disease (apart from dry eye or
blepharitis).

Age over 18 years

Baseline: Negative urine pregnancy test for females of
childbearing potential prior to randomisation

Tick to confirm

Baseline: Negative urine pregnancy test for females of
childbearing potential prior to randomisation

4.3 EXCLUSION CRITERIA

Unable or ineligible to provide informed consent

History of ocular surface disease (apart from dry eye or
blepharitis)

Active use of topical eye drops apart from ocular lubricants

Females who are pregnant, nursing, or planning a pregnancy or
females of childbearing potential not using a reliable method of
contraception. A female is considered to be of childbearing
potential unless she is without a uterus or is post-menopausal

and has been amenorrheic for at least 12 consecutive months.
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Evaluation of inflammatory markers in patients on topical anti-glaucoma
drop therapy; a comparative trial of preserved and non-preserved primary
medical treatment (eye drops) in patients with glaucoma and ocular
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Baseline Evaluations

Study number

Date of Baseline Assessment

Date of Diagnosis of glaucoma

CONSULTANT DETAILS
Initials Surname
GP DETAILS
Initials Surname
Address

Yes No
Inclusion criteria met O N
Exclusion criteria met D |:|
Negative Urine Test (if appropriate) D D
Glaucoma Diagnosis
Right Left
Primary Open Angle Glaucoma (including NTG, PxF, PDS) |:| D
Angle Closure (PAC; PACG) El D
OHT |:| ]
Other: - D D
Cataract Control |:| D
DIAGNOSIS for RIGHT eye O glaucoma O OHT O  Neither
DIAGNOSIS for LEFT eye O glaucoma O OHT O  Neither

Effect of preservatives on ocular surface in glaucoma CRF V2 08-08-2014 Page 2





RANDOMISATION INFORMATION

Web Address https://ctud.nottingham.ac.uk/1415/login.as
Are both eyes eligible? Yes No
Which is the nominated index eye Right Left

*If both eyes are eligible the participant will receive the allocated intervention to both eyes. The eye with
the higher IOP will be the index eye. If both eyes are equivalent in terms of disease severity or IOP
then the participant will nominate the index eye. If only one eye is eligible this is the index eye the
fellow eye is treated as indicated clinically.

Patient Study Number l | ‘ l ‘ \

Randomisation allocation Preservative Free Polyquad Benzalkonium

Section 1 - Medical History

Is the patient on any ophthalmic medication (/f Yes,
please indicate medication and frequency of dose) D Yes D No

Right Eye Left Eye

Drop 1 o [ felef-To 8- 0 F LD 01 J-F [ F 3]

Name:

Drop 2 NN N G U N T I (N (O

Name:

Drop 3 I rrrrrr e PPl

Name:

Co-morbidity Right Left

Blepharitis O |

Effect of preservatives on ocular surface in glaucoma CRF V2 08-08-2014 Page 3





Dry eye D ]
Abnormal TBUT | O
Yes No
Diabetic | |
Hypertension I:I |:|
Smoker D D
Auto-immune disease W H
Yes No
Tear Samples taken D D
Right Eye O O
Left Eye ] O
Taken by:
If not taken — why?:
Yes No
Impression Cytology performed |:| |:|
Right Eye N D
Left Eye O D
Taken by:
If not taken — why?:
Yes ' No
OSDI completed O |

If not completed — why?:

Effect of preservatives on ocular surface in glaucoma CRF V2 08-08-2014 Page 4





I0P
Right Eye Left Eye
1% reading (Goldmann Applanation): mm Hg mm Hg
2" reading (Goldmann Applanation): mm Hg mm Hg
Mean mm Hg mm Hg
Date of Next Study Visit

Signature:

Date:
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1 Month Evaluation

Date of Assessment

Current Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced

Drop 1 e Twl= -0 -1 [4 felfed | L[]

Name:

Drop 2 foadclafoals bofief ] Jofofull 0 1 1 [ |

Name:

Drop 3 N N e N D I O O

Name:

Change in drops since last study visit

Yes No
Any drops discontinued since previous evaluations | ]
Right Eye Left Eye
Drop stopped e lwlolel = T 11 T T=lefl T 1 1~T7 1
Name: Reason:
propstopped [ [ [ [ [ [ [ [ | [ [ [ | [ [ [ [ |
Name: Reason:
Dropstopped | [ [ [ [ [ [ | | [ | | [ [ [ | | |
Niiia: Reason:

S
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Current Non-Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced
Drop 1 o [ fedle] f J-] LR Befued e[ | ]
Name:
Drop 2 [ fe [ e lefied s I =0 | Jo Wwilow] e G
Name:
Drop 3 N A N N e AN (N T A O I I
Name:
Yes No
Tear Samples taken | H
Right Eye O O
Left Eye O D
Taken by:
If not taken — why?:
Yes No
Impression Cytology performed O [
Right Eye O O
Left Eye D D
Taken by:
If not taken — why?:
Yes No
0SDI completed | ]
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If not completed — why?:

IOP

Right Eye Left Eye
1% reading (Goldmann Applanation): mm Hg mm Hg
g reading (Goldmann Applanation): mm Hg mm Hg
Mean mm Hg mm Hg

Adverse events since baseline visit

Please indicate adverse events reported since baseline visit

Averse event 1:

Averse event 2:

Date of Next Study Visit

Signature:

Date:
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3 Month Evaluation

Date of Assessment

Current Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced

Drop 1 F T =1 T T -0 [el=foTelal-Fsl |

Name:

Drop 2 AN N I O s B B B B e

Name:

Drop 3 S N N N N N N N I (I

Name:

Change in drops since last study visit

Yes No
Any drops discontinued since previous evaluations |:| |:|
Right Eye Left Eye

Dropstopped || | | | [ [ | | [ [ [ [ | [ [ [ |

Name: Reason:
Dropstopped || | [ [ | [ [ ] L[ [ [ [ [ [ []
Name: Reason:
Dropstopped | | | | [ | [ [ | L[ [ [ [ [ [ ]|
O — Reason:

e N A e e e e S E I R et
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Current Non-Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced
Drop 1 Llelel L0 L] | Lolofulel Jo ] F |
Name:
Drop 2 | ol | F 1 | [ lelo@ 1 [ .1 ]
Name:
Drop 3 =TT 7T 1T 1 1 L. [ 4.0 -1 []
Name:
Yes No
Tear Samples taken I:l D
Right Eye O ]
Left Eye O O
Taken by:
If not taken — why?:
Yes No
Impression Cytology performed |:| |:|
Right Eye O H
Left Eye O D
Taken by:
If not taken — why?:
Yes No
OSDI completed O O
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If not completed — why?:

IOP

Right Eye Left Eye
1% reading (Goldmann Applanation): mm Hg mm Hg
2" reading (Goldmann Applanation): mm Hg mm Hg
Mean mm Hg mm Hg

Adverse events since 1 month visit

Please indicate adverse events reported since baseline visit

Averse event 1;

Averse event 2:

Date of Next Study Visit

Signature:

Date:

m
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6 Month Evaluation

Date of Assessment

Current Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced

Drop 1 N I N e Y O O

Name:

Drop 2 S IR N S I I T O

Name:

Drop 3 N N N s D N D I B R B B

Name:

Change in drops since last study visit

Yes No
Any drops discontinued since previous evaluations O O
Right Eye Left Eye
Dropstopped || [ [ [ [ [ [ | [ [ [ [ [ [ | [ |
Name: Reason:
propstopped [ [ [ [ [ [ [ [ | [ [ [ [ [ [ [ [ |
Name: Reason:
Drop stopped C et L et gy
— Reason:
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Current Non-Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced

Drop 1 L L T T T T T T T T T[]

Name:

Drop 2 | fee Fo0 1T | Dlalefwl =]

Name:

Drop 3 L T T T T T BT T T T 7T

Name:

Yes No

Tear Samples taken
Right Eye
Left Eye

OO0
0o

Taken by:

If not taken — why?:

Yes No

Impression Cytology performed
Right Eye
Left Eye

HEEEN
0o

Taken by:

If not taken — why?:

Yes No

OSDI completed I:| |:|
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If not completed — why?:

IOP

Right Eye Left Eye
1% reading (Goldmann Applanation): mm Hg mm Hg
2" reading (Goldmann Applanation): mm Hg mm Hg
Mean mm Hg mm Hg

Adverse events since 3 month visit

Please indicate adverse events reported since baseline visit

Averse event 1:

Averse event 2:

Date of Next Study Visit

Signature:

Date:
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12 Month Evaluation

Date of Assessment

Current Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced

Drop 1 N I I O O s B B B B B e

Name:

Drop 2 O N N I I I S

Name:

Drop 3 S O N ‘A IS I O A W

Name:

Change in drops since last study visit

Yes No

Any drops discontinued since previous evaluations |:'| D
Right Eye Left Eye

Dropstopped | | | | | [ [ | | | [ [ [ [ [ | [ |
Name: Reason:
Dropstopped | | | | [ [ [ | | [ I [ [ [ [ [ ]]
Name: Reason:
Dropstopped || | | | [ [ [ | L[ [ [ [ | | []
Nattie: Reason:

. ]
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Current Non-Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced
Drop 1 L rrrrrf et
Name:
Drop 2 -1 Bul-1 Clefisl 111 1
Name:
Drop 3 LTl 0 ) LD Qe § F | |
Name:
Yes No
Tear Samples taken |:| D
Right Eye O ]
Left Eye El El
Taken by:
If not taken — why?:
Yes No
Impression Cytoloqy performed (| ]
Right Eye O ]
Left Eye I:l |:|
Taken by:
If not taken — why?:
Yes No
OSDI completed d ]
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If not completed — why?:

IOP

Right Eye Left Eye
1% reading (Goldmann Applanation): mm Hg mm Hg
2" reading (Goldmann Applanation): mm Hg mm Hg
Mean mm Hg mm Hg

Adverse events since 6 month visit

Please indicate adverse events reported since baseline visit

Averse event 1;

Averse event 2:

Date of Next Study Visit

Signature:

Date:

m
I S ———— ——— e ]
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24 Month Evaluation

Date of Assessment

Current Glaucoma Topical Treatment

Right Eye Left Eye
Date Commenced Date Commenced

Drop 1 N N N N s O N D O B B B B

Name:

Drop 2 N N e O N I O O

Name:

Drop 3 fel Jwfebo Lol la] Juduball-] § f-1 |

Name:

Change in drops since last study visit

Yes No
Any drops discontinued since previous evaluations D |:|
Right Eye Left Eye
propstopped || [ [ [ [ [ [ | | | | | [ [ [ | |
Name: Reason:
Drop stopped Lodnd sl fejodled 1 fofeled 1T 1 1
Name: Reason:
propstopped [ | [ [ [ [ [ [ } [ [ [ [ | [ [ |
Name: Reason:
Current Non-Glaucoma Topical Treatment
Right Eye Left Eye
Date Commenced Date Commenced
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Drop 1 | [ Pl Jo0-0 | [elelolwl«f«f  [~]

Name:

Drop 2 N N I e A N O BN B

Name:

Drop 3 N I N I o B B B B B B B

Name:

Yes No
Tear Samples taken |:| |:|
Right Eye O [
Left Eye D D
Taken by:
If not taken — why?:
Yes No
Impression Cytology performed O O
Right Eye O ]
Left Eye ] ]
Taken by:
If not taken — why?:
Yes No
OSDI completed M| ]

If not completed — why?:
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|OP

Right Eye Left Eye
1! reading (Goldmann Applanation): mm Hg mm Hg
2" reading (Goldmann Applanation): mm Hg mm Hg
Mean mm Hg mm Hg

Adverse events since 12 month visit

Please indicate adverse events reported since baseline visit

Averse event 1:

Averse event 2:

Date of Next Visit

Signature:

Date:
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Investigation

Baseline | Month 1

Month 3 Month 6

Month 12

Month 24

osDI

Tear sample

Impression
cytology

Evaluation of inflammatory markers in patients on topical anti-glaucoma drop therapy; a comparative trial of

preserved and non-preserved primary medical treatment (eye drops) in patients with glaucoma and ocular

hypertension (OHT) - a pilot study.

!

!

l

Medical treatment Medical treatment Medical treatment
(benzalkonium (polyquad) (preservative free)
chloride) (N=30) (N=30) (N=30)
l ‘ l
L ]
24 months
(end of study)
(N=81)

R e e e B e T A T T A e LT T e D e T T T Wy
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Impression Cytology Sampling

Wearing a pair of gloves to minimise contamination

Prepare blotting paper discs - 2 hemi-discs for each eye

Instil a drop of proxymethocaine into both eyes

Always sample right eye first

Ask the patient to open their eye wide and look down

Maintain this downward gaze for about 20 seconds to allow drying

Apply the semicircle of blotting paper to the surface of the eye above the 12 o’'clock position —
straight edge of paper hemi-disc nearest the limbus

Press the blotting paper gently against the surface of the eyeball with the flat end of a sterile
tonometer head.

Peel the paper gently away from the surface of the eye and place in the waiting holding
solution.

Repeat for inferior conjunctiva

Repeat whole procedure on other eye

Tear Meniscus Sampling

Wearing a pair of gloves to minimise contamination
Prepare the collection micotubules 2 for each eye

Instil a drop of proxymethocaine into both eyes

Ask the patient to open their eye wide and look laterally

Gently dip the end of the microtubule into the tear meniscus near to the caruncle and at least
half fill with tears.

Place tubule in the waiting holding container
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Precis

A two-year randomised evaluation study involving treatment-naive glaucomatous patients
demonstrated the proinflammatory responses on ocular surface to benzalkonium-chloride
preserved topical medications. Polyquad-preserved drops although produced delayed
inflammatory response, it could still be considered as an alternative if preservation is

preferred.
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Abstract

Background: Long-term use of topical glaucoma medications have been shown to cause
ocular discomfort and adversely affect the outcomes from glaucoma surgery. The aim of the
study was to profile the inflammatory cytokines induced at the OS in response to preserved
and non-preserved drops in parallel with OS symptom measurement.

Methods: Thirty-six treatment naive patients requiring ocular hypotensive drops were
prospectively recruited and randomized into three groups receiving: Preservative-free (PF),
Polyquad (PQ) or Benzalkonium chloride (BAK) preserved drops. Study participants at
baseline and then at 1, 3, 6, 12 and 24 months completed the OS disease index (OSDI)
questionnaire, had basal tear sampling and impression cytology (IC) of the conjunctival
epithelium. Quantitative polymerase chain reaction was performed to measure the relative
gene expression of eight cytokines in the IC samples. Corresponding protein expression of

cytokines in tear samples was assessed by the Becton-Dickinson cytometric bead arrays.

Results: Compared to PF and PQ groups, mRNA and protein expression of IL-6, IL-8, and
IL-1p increased in samples from the BAK group in a time-dependent fashion, whereas all
other cytokines showed the insignificant increase. In BAK group, there was a strong
correlation between OSDI and the levels of IC/IL-1B (r=0.832, R squared=0.692 and
p=0.040), OSDI and IC/IL-10 (r=0.925, R squared=0.856 and p=0.008) and OSDI and

tear/IL-1B (r=0.899, R squared=0.808 and p=0.074).

Conclusion: In treatment-naive patients, BAK-preserved topical drops stimulate a sterile
inflammatory response on OS within 3-months which is maintained thereafter. Whereas PF-

drops and PQ-preserved drops showed no significant OS inflammation or discomfort.
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Introduction

Primary open-angle glaucoma (POAG) is the leading cause of irreversible blindness
worldwide. It affects approximately 73.6 million people globally including 3.7% of UK
population aged between 48-92 years'. Anti-glaucoma topical medications are widely used
to control intra-ocular pressure (IOP) in POAG patients and are usually the first line
treatment recommended" 2. Evidence suggests that patients receiving long-term topical anti-
glaucoma drops may develop ocular surface (OS) disease (conjunctival hyperaemia, dry-eye

like syndrome and irritability) or experience aggravation of pre-existing OS disease?“.

Preservatives are used to prolong the shelf-life of glaucoma medications and some evidence
suggested that their detergent properties increased the penetration of the active ingredients
of the glaucoma drops*. Benzalkonium chloride (BAK) is a quaternary ammonium compound
that is the most widely used preservative in topical ophthalmic medication*. It has been
shown to have toxic effects on OS epithelia, inducing low-grade inflammation®® and may
pose a risk for failure of glaucoma surgery’ 8. Polyquad (PQ) is polyquaternium-1 belonging
to the family of polycationic polymers and is commonly used in contact-lens solution and
topical ophthalmic medications*. Experimental studies have demonstrated that PQ does not
induce cytotoxic effects on the OS° 19, However, the long-term effects of PQ-preserved

topical glaucoma medications on OS epithelia and patient experience remains unknown.

The aim of this study was to evaluate the inflammatory effect of three different preserved
glaucoma drop preparations on the OS of treatment naive patients. This involved profiling of
cytokines over a 24-month period and to correlate this with OS comfort over the same

period.

https://mc.manuscriptcentral.com/bjo





Page 5 of 44

oNOYTULT D WN =

British Journal of Ophthalmology

Materials and methods

Study design:

The research was approved by the Nottingham Research Ethics Committee-1 (Ref:
13/EM/0225), the Research and Innovation unit of the Nottingham University Hospitals,
National Health Service Trust (Ref: 120Y006) and the Medicine and Health Regulatory
Authority (EudraCT number: 2013-000581-10), UK. All research was conducted in
accordance with the tenets of the Declaration of Helsinki. Patients who met the inclusion and
exclusion criteria were enrolled (Suppl. Table 1). Informed consent was obtained from each

patient prior to enrolment.

A single-center, pragmatic randomized controlled study design was adopted to explore the
effect of preserved (bimatoprost 0.001%, travaprost 0.04%, timolol 0.5%,) and non-
preserved (latanoprost 0.005%, timolol 0.5%, dorzolamide 2%) anti-glaucoma medications
on expression of cytokines at the OS. Treatment-naive glaucoma patients requiring topical
hypotensive medication were enrolled and randomized into three groups each receiving
benzalkonium chloride (BAK), polyquad (PQ) or preservative free (PF) drops, using a
computer-based randomization process provided by the Clinical Trials Unit of the University
of Nottingham. Study visits were scheduled at baseline (prior to commencement of
medication), 1-, 3-, 6-, 12- and 24-months following therapy initiation. There are no
published longitudinal studies that demonstrated inflammatory effects of the preserved and
PF drops on the patient OS. Therefore, as a guide to estimate the sample size, we utilised
the outcomes of our previous impression cytology studies'!-'3 that were unrelated to
glaucoma drops. It was estimated that n=8 samples/group will have 85% power at
alpha=0.05 to detect 2-fold difference (standard deviation = 0.5) in cytokine levels between
the groups. As a precautionary step and considering the possibility of attrition of samples
during the study period, we collected samples from total 36 patient with n=12 in each

treatment group.
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At each visit, impression cytology and tear samples were taken, and patients completed the
OS disease index (OSDI) questionnaire. Where monotherapy was insufficient to control I0P,
drops with the same class of preservative were added for further IOP lowering. For PQ
allocated patients only 2 PQ-preserved options exist (travaprost 0.004% monotherapy or
travaprost 0.004%/timolol 0.5% combined therapy) if dual therapy was insufficient then the

third medication added was PF.

OSDI assessment:

The standard OSDI questionnaire consisting of 12 questions for assessment of symptoms,
functional limitations and discomfort related to dry-eye was used. In this questionnaire each
question is graded on a scale of 0 to 4, with 0 indicating ‘none of the time’ and 4 indicating
‘all the time’. OSDI was calculated as: (sum of scores x 25) / (total number of questions
answered). An OSDI score between 0 and 100 was obtained. Scores below 12 reflected

normal OS health and above 33 indicated severe dry-eye condition.

Sample collection:

Samples were collected using a microcapillary glass tube (5 uL, Drummond Scientific Co.,
PA) from canthal and inferior fornixes' and stored at -80°C. Conjunctival epithelium was
collected using impression cytology (IC) as previously reported’. Briefly, cellulose-ester
discs of pore-size 0.45um (Millipore Corporation, MA) and diameter of 13mm were cut into
halves and applied to the upper and lower bulbar conjunctiva under topical anaesthesia
(proxymetacaine hydrochloride 0.5%) for 10 to 15 seconds. The discs were gently peeled off

and transferred into RNA lysis buffer (buffer RLT; Qiagen, UK).
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Total RNA isolation and cDNA synthesis:

Total RNA was isolated from the IC samples using RNeasy mini kit (Qiagen, UK) as per
manufacturer’s instructions. 150ng of total RNA was then reverse transcribed into cDNA

using QuantiTect RT kit (Qiagen, UK).

Quantitative real-time polymerase chain reaction (QPCR):

QPCR was performed to measure the relative fold-change of gene of interest using TagMan
probe assays (Suppl. Table 2; Applied Biosystems, UK). Each reaction was prepared to
20ul final volume containing 5ul of diluted cDNA (1 in 5 with nuclease-free (NF) water),
10uL of TagMan gene expression master mix, 1uL of gene-of-interest, 1uL of endogenous
gene (hypoxanthineguanine phosphoribosyltransferase-1 (HPRT1)) and 3uL of NF water.
Data was acquired on Mx3005p real-time PCR instrument (Stratagene/Agilent Technologies,

UK) and analysed using delta-delta CT method as previously described’®.

Cytokine measurement:

Tear cytokines were measured using BD-cytometric bead array (CBA) human inflammatory
cytokines kit (BD Biosciences, UK) as previously reported’. The tear samples were diluted 1
in 25 to a final volume of 50uL and mixed with 50uL of each capture beads (phycoerythrin
(PE) conjugated) and PE-detection reagents. The mixture (150uL) was incubated for 3 hours
in dark followed by washing step. The pellet was re-suspended in 300uL of wash buffer for
acquisition using BD-LSR Il flow cytometer (BD Biosciences, UK). Data was acquired and

analysed using FCAP array software version 3.0 (BD Biosciences, UK).

Statistical analysis:

QPCR and CBA data were statistically analysed using Prism 7.0 (GraphPad software Inc.
CA). Two-way ANOVA with appropriate post-hoc test was performed to evaluate the

statistical differences between PF vs PQ and PF vs BAK, respectively.
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Masking:

Masking of patients or clinicians to treatment was not possible. However, IC and tear
samples were masked to group allocation and the analysis of biomarkers was undertaken in

a masked fashion.
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1

2

" Results

5

6 Demographics and patient samples:

7

8 A total of 36 patients were recruited based on the study criteria (table 1) and randomized in
9

10 to three groups: 12 in each of the preservative-free (PF), polyquad (PQ) group and

11

g benzalkonium chloride (BAK) group. One dropped out voluntarily after baseline sample

1;' collection from the BAK group. Impression cytology: 11 of 35 IC samples could not be used
1? due to low RNA quantity and/or RNA quality. Tear samples: 8 of 35 tear samples were not
18

19 usable due to low volume (samples < 2 uL were not used). QPCR and BD-CBA assay was
20

21 only performed on complete patient samples in following groups ( n=7 in PF; n=8 in PQ and
22

23 n=9 in BAK). Demographic information of patients whose samples that were used in this study has
24

25 been provided in table 1.

26

27 Supplementary table 3 depicts the intra-ocular pressure (IOP; in mm Hg), visual acuity (VA)
28

;g and mean deviation (MD) between three patients’ groups at baseline and 24-month. We
g; have noted a reduction in mean IOP at 24-month in all groups compared to baseline.. As
gi shown in supplementary table 3, all patients in three groups were started on single drop

22 treatment (latanoprost in PF, travaprost in PQ and bimatoprost in BAK). In PF group, 7/7
37

38 patients were on single drop throughout the study with 1/7 was added an ocular lubricant
39

40 (OL) at 12-month. In PQ group, 4/8 patients were moved to dual drop therapy (travaprost +
41

42 timolol) starting at 3-month. From 12-month onwards, 2/8 patients were on three drops with
43

44 third drop (dorzolamide) being a PF formulation. One patient was started on a BAK

45

46 containing drop at 11 months (protocol deviation), this patient’s OSDI and ocular surface
47

jg sample data was excluded from the 12 and 24 month analysis. In addition, 4/8 patients that
g? were on single drop in PQ group received an OL. In BAK group, 2/9 patients were moved to
gg dual drop (latanoprost + timolol) starting 12-month. Moreover, none of the patients in BAK
gg group were on OL throughout the study.

56

57

58

59

60
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Cytokine gene expression in conjunctival impression cytology samples:

All IC samples showed constitutive gene expression for IL-15, TNF-«, IL-6, IL-8, IL-10 and
IL-12a but not IL-12b and IL-17a. Three of the 6 cytokines namely /L-14, IL-8 and IL-6
showed increased expression in BAK group (figure 1). /L-6 mRNA showed increased
expression in 7/9 samples in the BAK group but did not reach statistical significance. In PF
and PQ groups, mean expression of /L-6 mRNA was modestly increased at all time-points
compared to baseline.. IL-8 mMRNA (9/9 samples) was increased more than 4-fold starting 1-
month with significant elevated levels noted at 3-month (4.76-fold increase, p=0.0380) and
6-month (5.18-fold increase, p=0.0445) in BAK group compared to PF group. Upon reaching
12-month, /L-8 slightly reduced but still remained elevated (9/9 samples) compared to PF
and PQ groups. IL-18 mRNA increased in a time-dependent manner from 3-month point
onwards with significantly increased level noted at 6-month (6.03-fold increase, p=0.0023;
9/9 samples) and remained at a similar level until 24-month in the BAK group. There was no
change noted in the PF group but at 24 months there was a 2.92-fold increase in IL-1/
MRNA levels in the PQ group. IL-10 mRNA expression demonstrated a 1.5-fold increase in
PF group starting 1-month and remained unchanged until 24-month (4/7 samples). In PQ
group /L-10 showed reduced expression until 12-month with slight elevation notedby 24-
month (in 7/8 samples). In BAK group, /L-10 mRNA (in 5/9 samples) modestly increased in
a linear fashion starting 3-month but failed to show statistical significance. TNF-« and IL-

12a mRNA did not change significantly in either of the treatment groups.

Level of cytokines in tear samples:

The baseline level of IL-6, IL-8, and IL-1p (83.34 + 55.63 pg/mL, 1119.40 + 674.68 pg/mL

and 2.06 + 5.65 pg/mL, respectively) in all patients randomized into three groups was not
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significantly different (figure 2). Number of patients that showed cytokines level above
detection limit of BD-CBA assay kit has been detailed in supplementary table 4. For IL-6 the
BAK group showed elevated levels starting at 6-month, with significantly increased levels
noted at 24-month (161.06 + 73.91 pg/mL; p=0.0368; 9/9 samples) when compared to PF
group (41.69 * 36.12 pg/mL; 5/7 samples). There was also a mild non-significant elevation in
the PQ group levels beginning at 6 months which sustained until 24 months. For IL-8, the
BAK group showed significant elevated levels beginning at 3-month (2770.51 + 1016.05
pg/mL; p=0.0244; 9/9 samples) which remained elevated until 24 months albeit at lower
levels than 3 months (1827.54 + 1038.21 pg/mL; p=0.0388; 9/9 samples) when compared to
PF group (328.42 + 186.45 pg/mL; 6/8 samples). For IL-1p, similarly the BAK group showed
significant elevated levels starting at 3-month (11.79 + 8.18 pg/mL; p=0.0243; 6/9 samples)
with elevated levels noted at 24-month (17.09 £ 9.74 pg/mL; p=0.0187; 6/9 samples)
compared to PF group (1.58 + 3.54 pg/mL; 2/7 samples). A mild elevation of IL-1p levels
was also noted for the PQ group. IL-10 and IL-12p40 showed inconsistent pattern in 2 of 8
tear samples in each group. TNF-o only detected at low-levels in BAK group (2/8 samples).

OSDI evaluation:

All patients randomized to the PF, PQ and BAK groups showed similar OSDI scores at
baseline with no significant difference between the groups (figure 3). Patients on PF drops
(6/7) had mean OSDI score less than 12 at all time-points. The mean OSDI score for PQ
group (4/8 patients) was more than 12 starting 6-month, with 1 of 8 patients had score more
than 20 at 24-month. For BAK group, mean OSDI score was more than 20 at 12-month (5/9
patients; p<0.0007), with 3 of 9 patients had score more than 30 at 24-month (p<0.0007).
Pearson correlation between OSDI vs IC-cytokines and OSDI vs tear-cytokines was also
determined for BAK group. As shown in table 2, a significant correlation between OSDI and

IC/IL-1B (r=0.832, R squared=0.692 and p=0.040), OSDI and IC/IL-10 (r=0.925, R

squared=0.856 and p=0.008) and OSDI and tear/IL-1p (r=0.899, R squared=0.808 and
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p=0.014) was observed. The correlation between OSDI and tear level for TNF-q, IL-10 and

IL-12p40 was not determined since these were only detected in 2/8 samples of BAK group.
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Discussion

Topical drops are the primary treatment for patients with glaucoma. Evidence suggests that
the presence of BAK preservative in drops may lead to ocular irritation, tear-film instability,
chronic inflammation, subconjunctival fibrosis and increase the risk for failure of glaucoma
filtration surgery®©'7. Subclinical inflammation in glaucoma patients receiving BAK-preserved
drops have been implicated to the increased levels of inflammatory mediators'8-20. Unlike
previous reports, in this study we undertook a three-way evaluation of different preservative
effects on treatment-naive patients and profiled the temporal effect of these on cytokines in

IC and tear samples.

Cytokines and chemokines have been known to be secreted from a variety of cell types in
response to infectious or inflammatory stimuli. The secreted proteins may then trigger
activation of intracellular signalling, enhancing cell proliferation/differentiation or lead to
programmed cell death?'. IL-1B and TNF-a are known to induce other cytokines/chemokines
and profibrotic growth factors leading to sterile inflammation?? and tissue fibrosis?3. IL-6 and
IL-8 (CXCLS8) are proinflammatory cytokine with ability to amplify autoimmune responses via

activation of neutrophils and T-cells?.

Impression cytology provides an alternative to biopsy or scraping to obtain conjunctival cells
for cell-surface markers analysis using flow cytometry'® and gene expression studies of host
defense genes?*. Normal conjunctival epithelium collected using IC technique has been
shown to express constitutive mRNA levels of IL-1, IL-6, IL-8, TNF-c?5. In response to
inflammatory stimuli, these have been overtly produced both at mMRNA and protein level?®.
Elevated expression of IL-1p, IL-6 and IL-8 have been reported in conjunctival IC samples of
patients with Sjogren’s syndrome keratoconjunctivitis sicca?® and dry-eye condition?”.
Conjunctival IC from patients on BAK-preserved anti-glaucoma drops show elevated

expression of human leucocyte antigen (HLA)-DR, IgE, IL-8 and two chemokine receptors
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(CCR4 and CCR5)'820 and increased levels of T helper (Th)-1 inflammatory cytokines have
been demonstrated in tear samples of patients receiving preserved anti-glaucoma
medications for more than 6-months duration?®. BAK also induces cytokine production from

trabecular meshwork cells in laboratory studies?®.

Our study demonstrates that mRNA for cytokines are constitutively expressed in conjunctival
epithelium samples at baseline. An explanation for increased levels of IL-6, IL-8 and IL-1 in
IC and tear samples of patients randomised to BAK group could be that these cytokines are
sensitive to any inflammatory stimuli and their homeostatic balance is key for maintenance
of immune-privilege status of OS°. Although we have demonstrated the matching trend of
both mRNA and protein expression of cytokines in samples from BAK group, it is likely that
conjunctival epithelium may not be the only source for tear cytokines. Other possible sites
for cytokine secretion in response to BAK may include corneal epithelium?3!, tenon’s
fibroblast®? and limbal-resident immune cells33. A previous study has demonstrated that the
levels of tear IL-13 and TNF-a increased in patients on multiple BAK-containing drops
compared to those on single drop therapy i.e. concentrating effect of BAK on ocular
inflammation?8. Here, all our patients randomized to the BAK group were not specifically on

monotherapy and have shown time-dependent increase in IL-6, IL-8 and IL-13 levels.

The advantages of PF over preserved medication for glaucoma treatment has been widely
reported* 3435, Similarly, as evident from OSDI scoring, our patient group on PF and PQ
containing drops have not complained of OS discomfort which can be correlated with
reduced levels of inflammatory cytokines. On the other hand, those randomized to BAK-
preserved drops had high OSDI score, which strongly correlated to elevated levels of IL-1.
Recent phase llI-b clinical trials have demonstrated that switching patients from BAK-
preserved latanoprost to PF-tafluprost have improved OS tolerability and patient compliance

within 12-weeks?3*.
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PQ has been previously shown to be safe and did not induce cytotoxic/inflammatory effects
on OS epithelium in in-vitro or in-vivo studies® '°. Samples from our patient cohort on PQ-
preserved drops have shown moderately high levels of IL-1p and IL-6 from 12-month
onwards. This suggests that PQ containing topical medication could also induce subclinical

inflammation on OS if used for more than 24 months.

While there is a clear difference between cytokine expression between the PF and BAK
group for several cytokines there is a suggestion that there is also an increase in the
expression in the PQ group which is delayed in time and is less marked — this is also
mimicked in the trends noted in the OSDI results. It is possible that OS inflammation follows

a slower course requiring more exposure in the PQ preserved patients.

One criticism could be that some of the effects are related to other non-preservative
components of the drops. However, our study has also demonstrated that addition of PF-
timolol between 12- and 24-month duration as a second active drug has no significant effect
on the cytokine levels; even in PF-latanoprost group. This is consistent with previous studies
that demonstrated no toxic effects of PF-timolol and PF-latanoprost on OS epithelium
compared to BAK-preserved timolol and latanoprost drops, respectively?s34. It is therefore
likely that the elevated levels of cytokines seen in our BAK group compared to PF group are
not triggered as a result of undesirable effect of active drug or other excipients but merely

related to preservative.

The strengths of this study are following:
1. A prospective randomised evaluation of the changes in ocular surface markers of
inflammation in the three preserved options currently available for glaucoma drops

in-vivo.
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2. Treatment-naive patients allows an evaluation against no treatment (baseline) at
which no differences existed between groups and have successfully profiled changes
over a 24-month period using the patients as their own baseline control.

3. We have demonstrated a correlation between the ocular surface inflammatory

changes measured and clinical symptoms as measured by the OSDI tool.

Weaknesses are that
1. we have recruited relatively small numbers (due to poor sample quality and/or
quantity). Although even with these we have demonstrated a clear effect on
inflammatory markers in IC and tear samples.

2. patients were unmasked to their treatment allocations. Although there is a strong
correlation between OSDI values and ocular surface inflammatory markers associated
with the different preservative groups there is a possibility that as patients were
unmasked to their treatment that may have allowed this to inadvertently affect their

responses to the OSDI tool.

In conclusion our results have clearly demonstrated that BAK preparations induce more OS
inflammation compared to PF and PQ-preserved preparations. It appears that this effect is

detectable starting 3 months and sustained for the duration of the 24-month follow-up in this
study. The strong correlation seen between OSDI scores and increased levels of cytokines

in BAK group supports the conclusion that BAK induces ocular discomfort in patients. There
is a suggestion that PQ produces a delayed OS inflammatory response which may also

generate some ocular surface discomfort.
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Tables:

Table.1 Demographic of patients’ whose samples were evaluated for cytokines profiling

oNOYTULT D WN =

Preservative - free | Polyquad | Benzalkonium chloride

15 Gender

16 (male/female) 3/4 2/6 6/3

Age in years

mean (SD) 67.9 (5.0) 70.3 (12.7) 63.9 (10.9)
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(IC) and tear samples of patients in benzalkonium chloride (BAK) group

IC Tears

(mRNA) (protein)
IL-6
r 0.687 0.794
95% CI -0.280 to 0.962 -0.048 to 0.976
R squared 0.473 0.630
p value 0.131 0.059
IL-8
r 0.295 0.245
95% CI -0.679 to 0.892 -0.706 to 0.881
R squared 0.087 0.060
p value 0.570 0.639
IL-1B
r 0.832 0.899
95% CI 0.062 to 0.981 0.324 t0 0.989
R squared 0.692 0.808
p value 0.040 0.014
TNF-a
r 0.757
95% CI 0.053 to 0.995 N.D.
R squared 0.516
p value 0.067
IL-10
r 0.925
95% CI 0.458 to 0.992 N.D.
R squared 0.856
p value 0.018
IL-12
r 0.286
95% CI -0.684 to 0.890 N.D.
R squared 0.081
p value 0.582

N.D. - Not determined
Cl — Confidence interval
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Figure legends:

Figure 1. Gene expression analysis of cytokines in conjunctival impression cytology (IC)

samples. Based on 24 patients with complete data collection. Relative fold change (RFC) of
IL-6, IL-8, IL-15, TNF-a, IL-10 and IL-12a in IC samples that are collected at different durations
(in months) from patients on anti-glaucoma medications that are preservative-free (PF) and
preserved with polyquad (PQ) and benzalkonium chloride (BAK), respectively. RFC is
represented as mean t standard deviation. Two-way ANOVA was performed to assess the
statistical significance between PF vs PQ and PF vs BAK groups with alpha level set at

p=0.05,

Figure 2. Quantification of inflammatory cytokines in tear samples. Based on 24 patients with

complete data collection. Cytokines such as IL-6, IL-8, IL-1B, TNF-a, IL-10 and IL-12p40 in
tear samples that are collected at different durations (in months) from patients on anti-
glaucoma medications that are preservative-free (PF) and preserved with polyquad (PQ) and
benzalkonium chloride (BAK), respectively. Quantity of cytokines (in pg/mL) is represented as
mean * standard deviation. Two-way ANOVA was performed to assess the statistical

significance between PF vs PQ and PF vs BAK groups with alpha level set at p=0.05.

Figure 3. Ocular surface disease index (OSDI). Box plot represents the OSDI score for

n=24 patients with complete data collection. OSDI was calculated based on questionnaire
completed by patients, randomised to preservative-free (PF) and preserved (polyquad (PQ)
and benzalkonium chloride (BAK)) anti-glaucoma medications, at baseline (BL) and at each
subsequent visit (1, 3, 6, 12 and 24 months). Data is represented as mean (solid line in the
box) with minimum and maximum OSDI values indicated as vertical bars. Two-way ANOVA
was performed to assess the statistical significance between PF vs PQ and PF vs BAK

groups with alpha level set at p=0.05. * denotes p<0.05 and *** denotes p<0.001.
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Suppl. Table.1 Study criteria for patient enrolment in the study

Inclusion criteria

Exclusion criteria

Withdrawal criteria

Presentation with
glaucoma or ocular
hypertension in at least
one eye.

Willingness to have tear
samples and impression
cytology performed

No other known ocular
surface disease (apart
from dry eye or
blepharitis).

Age over 18 years
Baseline: Negative urine
pregnancy test for
females of childbearing
potential prior to
randomisation

Female participants of
child bearing potential
and male participants
whose partner is of child
bearing potential must
be willing to ensure that
they or their partner use
effective contraception
during the study and for

3 months thereafter.

Unable or ineligible to
provide informed
consent

History of ocular surface
disease (apart from dry
eye or blepharitis)
Active use of topical eye
drops apart from ocular
lubricants

Females who are
pregnant, nursing, or
planning a pregnancy or
females of childbearing
potential not using a
reliable method of
contraception. A female
is considered to be of
childbearing potential
unless she is without a
uterus or is post-
menopausal and has
been amenorrhoeic for
at least 12 consecutive

months.

Unable to tolerate
glaucoma drops
Unwillingness to

continue in study
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Suppl. Table.2 List of TagMan probes

Gene name Assay ID
IL-1p Hs01555410_m1
TNF-« Hs00174128_m1
IL-6 Hs00174131_m1
IL-8 Hs00174103_m1
IL-10 Hs00961622_m1
IL-12a Hs01073447_m1
IL-12b Hs01011518_m1
IL-17A Hs00174383_m1
HPRT1 Hs99999909 m1
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Supplementary Table.2 List of TagMan probes

Gene name Assay ID
IL-1p Hs01555410_m1
TNF-« Hs00174128_m1
IL-6 Hs00174131_m1
IL-8 Hs00174103_m1
IL-10 Hs00961622_m1
IL-12a Hs01073447_m1
IL-12b Hs01011518_m1
IL-17A Hs00174383_m1
HPRT1 Hs99999909 m1
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Patient IOP Visual acuit
Study Allocation InEt;eex ¢
AL Baseline|24-month|Baseline|24-month

01007 Polyquad L 26 19 0.00 0.00
01010 Polyquad R 39 19 -0.18 -0.06
01015 Polyquad R 18.5 15 0.08 0.00
01018 Polyquad R 21 17 0.28 0.20
01026 Polyquad L 38 15 0.20 0.12
01027 Polyquad R 29 16 0.20 0.30
01030 Polyquad L 28 23 -0.10 0.08
01034 Polyquad R 30 22 0.14 0.08
Mean| 28.7 18.3 0.08 0.09

SD 7.23 3.06 0.16 0.12

01008 | Benzalkonium R 31 16 0.00 0.00
01011 Benzalkonium L 24 17 0.02 0.10
01013 | Benzalkonium R 26 11 0.12 0.06
01023 | Benzalkonium R 26 14 0.02 0.04
01014 | Benzalkonium L 28 15 0.00 0.08
01020 | Benzalkonium R 26 22 0.26 0.24
01024 | Benzalkonium L 20 14 -0.08 0.04
01025 | Benzalkonium L 32 14 -0.08 0.04
01032 | Benzalkonium R 31 15 0.00 -0.10
Mean| 27.1 15.3 0.03 0.06

SD 3.86 3.00 0.11 0.09

01009 [Preservative free] R 21 12 0.20 0.06
01012 |Preservative free] L 29.5 14 0.16 0.12
01016 |Preservative free] R 26 18 -0.10 0.02
01017 |Preservative free] R 27 18 0.20 0.10
01028 |Preservative freej] L 24 26 0.00 0.08
01029 |Preservative free] R 29 22 0.30 0.42
01033 |Preservative free] L 25 20 0.12 0.08
Mean] 25.2 16.0 0.12 0.12

SD 6.11 4.87 0.13 0.12
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1 MONTH 3 MONTH
Drop1 |Drop 2| Drop 1 |(Drop 2 |Drop 3
-1.66 -3.32 Travaprost | None | Travaprost | None None
-0.35 -5.10 Travaprost | None | Travaprost |[Duotrav | None
-2.48 -4.19 Travaprost | None | Travaprost | None None
-5.69 -1.86 Travaprost | None | Travaprost |[Duotrav | None
-6.64 -3.41 Travaprost | None | Travaprost |[Duotrav | None
0.38 Travaprost | None | Travaprost | None None
-0.86 0.84 Travaprost | None | Travaprost |[Duotrav | None
-1.13 -4.97 Travaprost | None | Travaprost | None None
-8.75 -4.92 Bimatoprost | None |Bimatoprost| None None
-1.54 -1.84 Bimatoprost | None
-5.16 -10.33 | Latanoprost | None |Latanoprost| None None
-0.15 -0.55 Latanoprost | None | Latanoprost |Xalacom| None
-0.60 -2.61 Bimatoprost [ None
-0.32 -2.10 bimatoprost | none | bimatoprost| none none
-0.51 0.23 Bimatoprost | None |Bimatoprost| None None
0.12 12.13 | Bimatoprost | None |Bimatoprost| None None
1.19 -0.99 Bimatoprost | None |Bimatoprost| None None
-1.75 -5.32 Latanoprost | None |[Latanoprost| None None
-2.90 -2.49 Latanoprost | None |[Latanoprost| None None
1.20 -0.22 Latanoprost | None | Latanoprost| None None
-7.23 -15.61 | Latanoprost | None |Latanoprost| None None
-0.19 -2.64 Latanoprost | None |[Latanoprost| None None
-0.96 Latanoprost | None |[Latanoprost| None None
0.61 0.54 Latanoprost | None
- Red bold letter d
Yellow highligh
Orange highligt
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6 MONTHS
Drop 1 |Drop 2 Drop 3
Travaprost | None None Travaprost | None
Travaprost |Duotrav None Travaprost | Duotrav
None Travaprost | None
Travaprost |Duotrav None Travaprost | Duotrav
Travaprost |Duotrav Dorzolamide PF|] Travaprost | Duotrav
Travaprost | None None Travaprost | None
Travaprost |Duotrav None Travaprost | Duotrav
Travaprost | None None Travaprost | None
Bimatoprost | None None
Bimatoprost | None Bimatoprost | None
Latanoprost | None None Latanoprost|Xalacom
Latanoprost | Xalacom
Bimatoprost | None
bimatoprost | none none bimatoprost | none
Bimatoprost | None None Bimatoprost | None
Bimatoprost | None None Bimatoprost | None
Bimatoprost | None None Bimatoprost | None
Latanoprost | None None Latanoprost | None
Latanoprost | None None Latanoprost | None
Latanoprost | None None Latanoprost | None
Latanoprost | None None Latanoprost | None
Latanoprost | None None Latanoprost | None
Latanoprost | None None Latanoprost | None
Latanoprost | None None Latanoprost | None

rug stopped

t 2nd drug

1t 3rd drug
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None Travaprost | Duotrav None
Brinzolamide | Travaprost | Duotrav | Brinzolamide
None Travaprost | None None
None Travaprost | Duotrav None
Dorzolamide PF| Travaprost | Timolol |Dorzolamide PF
None Travaprost | None None
None Travaprost | Duotrav None
None Travaprost | None None

Bimatoprost | None None
Bimatoprost None None Bimatoprost
None Latanoprost|Xalacom None
none Latanoprost | Xalacom none
None Bimatoprost | azarga None
none ganfort none none
None Bimatoprost | None None
None Bimatoprost| None None
None Bimatoprost | None None
None Latanoprost | None None
None Latanoprost | None None
None Latanoprost | None None
None Latanoprost | None None
None Latanoprost | None None
None Latanoprost | None None
None Latanoprost | None None
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Ocular Lubricants

No Lubrication
No lubrication
Celluvisc 0.5% at 12 months
No Lubrication
No Lubrication
Dropodex at 6 months , no lubricants
Celluvisc 0.5% added at 3 months
Hyloforte added at 24 months

No lubrication
No lubrication
No lubrication
No lubrication
No lubrication
No Lubrication
No lubrication
No lubrication
No lubrication

No lubrication
No lubrication
No lubrication
No lubrication
No lubrication
Celluvisc 0.5% added at 12 months
No lubrication
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Supplementary Table 4: Number of patient samples with sufficient quantity of tears that showed above the detection limit of cytokines were

represented in figure 2.

PF PQ BAK
BL 1 3 6 12 24 | BL 1 3 6 12 24 BL 1 3 6 12 24
IL-6 8/8 | 8/8 | 8/8 | 88 | 88 | 88 | 88 | 8/8 | 8/8 | 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8
IL-8 8/8 | 8/8 | 8/8 | 88| 88 | 88 | 88 | 88 | 8/8 | 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8
IL-1beta 8/8 | 8/8 | 8/8 | 88| 88 | 88 | 88 | 88 | 8/8 | 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8 8/8
IL-10 2/8 | 0/8|0/8|0/8 /| 18 | 2/8 | 2/8 |18 | 0/8 | 1/8 0/8 0/8 1/8 0/8 0/8 18 | 2/8 2/8
IL-12p70 2/8 | 0/8|0/8 |28 | 0/8 | 18 | 0/8 |2/8 | 18 | 1/8 1/8 1/8 1/8 2/8 1/8 1/8 1/8 1/8
TNF-alpha 0/8 | 0/8|0/8|0/8 /| 08 | 08 | 0/8|0/8| 0/8 | 0/8 0/8 0/8 0/8 0/8 1/8 0/8 1/8 2/8

Limit of detection

IL-6 — (2.5 pg mL™")
IL-8 — (3.6 pg mL")

IL-1 beta — (7.2 pg mL™")
IL-10 — (3.3 pg mL-
IL-12p70 — (1.9 pg mL-")

")

TNF alpha — (3.7 pg mL")

https://mc.manuscriptcentral.com/bjo

Page 44 of 44






image12.emf
List of Study  Personnel.docx


List of Study Personnel.docx
[image: ]

		Sponsors

		Funders



		Nottingham University Hospitals NHS Trust (NUH)

Maria Koufali 
Research & Development Dept.
Nottingham Integrated Clinical Research Centre
C Floor, South Block
Nottingham University Hospitals NHS Trust

Nottingham
NG7 2UH



		International Glaucoma Association, 

Woodcote House
15 Highpoint Business Village
Henwood
Ashford
Kent
TN24 8DH 
United Kingdom

info@iga.org.uk



		Chief Investigator

		Co-Chief Investigator



		Professor Anthony King 

Nottingham University Hospitals NHS Trust

		Professor Harminder Singh Dua

Academic Ophthalmology Nottingham University



		Sub Investigators

		Sub Investigators



		Dr Bina Kulkarni

Academic Ophthalmology Nottingham University

		Imran Mohammed

Academic Ophthalmology Nottingham University



		Dr Lana Faraj

Nottingham University Hospitals NHS Trust 

		Dr Ali Abbas

Nottingham University Hospital, Division of Ophthalmology and visual sciences 



		Research Support Personnel

		



		Patrick Cox, Research Nurse

Nottingham University Hospitals NHS Trust 

		Laura Anderson, Research Practitioner

Nottingham University Hospitals NHS Trust



		Jade Higson, Research Practitioner

Nottingham University Hospitals NHS Trust

		Renee Cammack, Research Nurse

Nottingham University Hospitals NHS Trust





List of Study Personnel for the Ocular Surface Study





image1.png

Nottingham University Hospitals NHS

NHS Trust







image1.png
Nottingham University Hospitals NHS

NHS Trust




