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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
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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.
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Precis 


A two-year randomised evaluation study involving treatment-naïve 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 naïve 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-1 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-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).


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 years1. Anti-glaucoma topical medications are widely used 


to control intra-ocular pressure (IOP) in POAG patients and are usually the first line 


treatment recommended1 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 disease3 4. 


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 drops4. Benzalkonium chloride (BAK) is a quaternary ammonium compound 


that is the most widely used preservative in topical ophthalmic medication4. It has been 


shown to have toxic effects on OS epithelia, inducing low-grade inflammation5 6 and may 


pose a risk for failure of glaucoma surgery7 8. Polyquad (PQ) is polyquaternium-1 belonging 


to the family of polycationic polymers and is commonly used in contact-lens solution and 


topical ophthalmic medications4. Experimental studies have demonstrated that PQ does not 


induce cytotoxic effects on the OS9 10. 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 naïve patients.  This involved profiling of 


cytokines over a 24-month period and to correlate this with OS comfort over the same 


period.
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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: 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.


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. 
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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 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. 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 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 0.45m (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 TaqMan 


probe assays (Suppl. Table 2; Applied Biosystems, UK). Each reaction was prepared to 


20L final volume containing 5L of diluted cDNA (1 in 5 with nuclease-free (NF) water), 


10L of TaqMan gene expression master mix, 1L of gene-of-interest, 1L of endogenous 


gene (hypoxanthineguanine phosphoribosyltransferase-1 (HPRT1)) and 3L 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 50L and mixed with 50L of each capture beads (phycoerythrin 


(PE) conjugated) and PE-detection reagents. The mixture (150L) was incubated for 3 hours 


in dark followed by washing step. The pellet was re-suspended in 300L 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. 
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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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Results


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). Demographic information of patients whose samples  that 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.  
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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 notedby 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 
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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-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 
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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. 
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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 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 proinflammatory 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 
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(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. 
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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 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.


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, respectively25 34. 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. 


Page 15 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


16


2. Treatment-naïve 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. 


Page 16 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


17


Acknowledgement


Authors contribution: AJK and HSD conceptualised and designed the study. All patients 


were recruited from AJK glaucoma clinic at the Nottingham University Hospital and 


randomised by AJK. AJK, BAK, LF and AA coded the patients to different treatment groups 


and were involved in collection of samples. IM and BAK processed the samples for gene 


expression analysis and analysed OSDI data. IM conducted the experiments on IC and tear 


samples and performed data analysis. IM, AJK and HSD were involved in data interpretation 


and wrote the manuscript. All authors proof-read the manuscript and approved the final 


version before submission. AJK and HSD are regarded as equally contributing 


corresponding authors. 


Financial support: International Glaucoma Association, Kent, UK; IGA research award. The 


funding organization had no role in the design or conduct of this research. 


Conflict of interests: 


1) HSD receives honoraria and travel expenses from Dompe, Thea, Santen, Allergan and 


Croma. Shares in GlaxoSmithKline and NuVision. 


2) AJK receives honoraria for lectures from Allergan and Thea, UK.


3) No conflicting relationship exists for other authors


Page 17 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


18


References


1. Chan MPY, Broadway DC, Khawaja AP, et al. Glaucoma and intraocular pressure in 


EPIC-Norfolk Eye Study: cross sectional study. BMJ 2017;358:j3889. doi: 


10.1136/bmj.j3889 [published Online First: 2017/09/15]


2. Society EG. Terminology and Guidelines for Glaucoma. 4th ed. Italy: Publicomm 2014.


3. Baudouin C, Labbe A, Liang H, et al. Preservatives in eyedrops: the good, the bad and 


the ugly. Prog Retin Eye Res 2010;29(4):312-34. doi: 


10.1016/j.preteyeres.2010.03.001 [published Online First: 2010/03/23]


4. Steven DW, Alaghband P, Lim KS. Preservatives in glaucoma medication. Br J 


Ophthalmol 2018 doi: 10.1136/bjophthalmol-2017-311544 [published Online First: 


2018/07/06]


5. Baudouin C. Detrimental effect of preservatives in eyedrops: implications for the treatment 


of glaucoma. Acta Ophthalmol 2008;86(7):716-26. doi: 10.1111/j.1755-


3768.2008.01250.x [published Online First: 2008/06/10]


6. Baudouin C, Pisella PJ, Fillacier K, et al. Ocular surface inflammatory changes induced by 


topical antiglaucoma drugs: human and animal studies. Ophthalmology 


1999;106(3):556-63. doi: 10.1016/S0161-6420(99)90116-1 [published Online First: 


1999/03/18]


7. Broadway DC, Grierson I, O'Brien C, et al. Adverse effects of topical antiglaucoma 


medication. II. The outcome of filtration surgery. Arch Ophthalmol 


1994;112(11):1446-54. [published Online First: 1994/11/01]


Page 18 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


19


8. Broadway DC, Chang LP. Trabeculectomy, risk factors for failure and the preoperative 


state of the conjunctiva. J Glaucoma 2001;10(3):237-49. [published Online First: 


2001/07/10]


9. Labbe A, Pauly A, Liang H, et al. Comparison of toxicological profiles of benzalkonium 


chloride and polyquaternium-1: an experimental study. J Ocul Pharmacol Ther 


2006;22(4):267-78. doi: 10.1089/jop.2006.22.267 [published Online First: 


2006/08/17]


10. Liang H, Brignole-Baudouin F, Riancho L, et al. Reduced in vivo ocular surface toxicity 


with polyquad-preserved travoprost versus benzalkonium-preserved travoprost or 


latanoprost ophthalmic solutions. Ophthalmic Res 2012;48(2):89-101. doi: 


10.1159/000335984 [published Online First: 2012/04/05]


11. Abedin A, Mohammed I, Hopkinson A, et al. A novel antimicrobial peptide on the ocular 


surface shows decreased expression in inflammation and infection. Invest 


Ophthalmol Vis Sci 2008;49(1):28-33. doi: 10.1167/iovs.07-0645


12. Otri AM, Mohammed I, Al-Aqaba MA, et al. Variable expression of human Beta 


defensins 3 and 9 at the human ocular surface in infectious keratitis. Invest 


Ophthalmol Vis Sci 2012;53(2):757-61. doi: 10.1167/iovs.11-8467 [published Online 


First: 2012/01/11]


13. Mohammed I, Abedin A, Tsintzas K, et al. Increased expression of hepcidin and toll-like 


receptors 8 and 10 in viral keratitis. Cornea 2011;30(8):899-904. doi: 


10.1097/ICO.0b013e31820126e5 [published Online First: 2011/04/19]


14. Sonoda S, Uchino E, Nakao K, et al. Inflammatory cytokine of basal and reflex tears 


analysed by multicytokine assay. Br J Ophthalmol 2006;90(1):120-2. doi: 


10.1136/bjo.2005.076737 [published Online First: 2005/12/20]


15. Dua HS, Otri AM, Hopkinson A, et al. In vitro studies on the antimicrobial peptide human 


beta-defensin 9 (HBD9): signalling pathways and pathogen-related response (an 


American Ophthalmological Society thesis). Trans Am Ophthalmol Soc 2014;112:50-


73. [published Online First: 2015/02/04]


Page 19 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


20


16. Mohammed I, Yeung A, Abedin A, et al. Signalling pathways involved in ribonuclease-7 


expression. Cell Mol Life Sci 2011;68(11):1941-52. doi: 10.1007/s00018-010-0540-2 


[published Online First: 2010/10/23]


17. Olthoff CM, Schouten JS, van de Borne BW, et al. Noncompliance with ocular 


hypotensive treatment in patients with glaucoma or ocular hypertension an evidence-


based review. Ophthalmology 2005;112(6):953-61. doi: 


10.1016/j.ophtha.2004.12.035


18. Baudouin C, Garcher C, Haouat N, et al. Expression of inflammatory membrane markers 


by conjunctival cells in chronically treated patients with glaucoma. Ophthalmology 


1994;101(3):454-60. [published Online First: 1994/03/01]


19. Baudouin C, Hamard P, Liang H, et al. Conjunctival epithelial cell expression of 


interleukins and inflammatory markers in glaucoma patients treated over the long 


term. Ophthalmology 2004;111(12):2186-92. doi: 10.1016/j.ophtha.2004.06.023 


[published Online First: 2004/12/08]


20. Baudouin C, Liang H, Hamard P, et al. The ocular surface of glaucoma patients treated 


over the long term expresses inflammatory markers related to both T-helper 1 and T-


helper 2 pathways. Ophthalmology 2008;115(1):109-15. doi: 


10.1016/j.ophtha.2007.01.036 [published Online First: 2007/05/29]


21. Turner MD, Nedjai B, Hurst T, et al. Cytokines and chemokines: At the crossroads of cell 


signalling and inflammatory disease. Biochim Biophys Acta 2014;1843(11):2563-82. 


doi: 10.1016/j.bbamcr.2014.05.014 [published Online First: 2014/06/04]


22. Lukens JR, Gross JM, Kanneganti TD. IL-1 family cytokines trigger sterile inflammatory 


disease. Front Immunol 2012;3:315. doi: 10.3389/fimmu.2012.00315 [published 


Online First: 2012/10/23]


23. Borthwick LA. The IL-1 cytokine family and its role in inflammation and fibrosis in the 


lung. Semin Immunopathol 2016;38(4):517-34. doi: 10.1007/s00281-016-0559-z 


[published Online First: 2016/03/24]


Page 20 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


21


24. Mohammed I, Said DG, Dua HS. Human antimicrobial peptides in ocular surface 


defense. Prog Retin Eye Res 2017;61:1-22. doi: 10.1016/j.preteyeres.2017.03.004 


[published Online First: 2017/06/08]


25. Pisella PJ, Debbasch C, Hamard P, et al. Conjunctival proinflammatory and proapoptotic 


effects of latanoprost and preserved and unpreserved timolol: an ex vivo and in vitro 


study. Invest Ophthalmol Vis Sci 2004;45(5):1360-8. [published Online First: 


2004/04/28]


26. Pflugfelder SC, Jones D, Ji Z, et al. Altered cytokine balance in the tear fluid and 


conjunctiva of patients with Sjogren's syndrome keratoconjunctivitis sicca. Curr Eye 


Res 1999;19(3):201-11. [published Online First: 1999/09/17]


27. Massingale ML, Li X, Vallabhajosyula M, et al. Analysis of inflammatory cytokines in the 


tears of dry eye patients. Cornea 2009;28(9):1023-7. doi: 


10.1097/ICO.0b013e3181a16578 [published Online First: 2009/09/03]


28. Malvitte L, Montange T, Vejux A, et al. Measurement of inflammatory cytokines by 


multicytokine assay in tears of patients with glaucoma topically treated with chronic 


drugs. Br J Ophthalmol 2007;91(1):29-32. doi: 10.1136/bjo.2006.101485 [published 


Online First: 2006/09/01]


29. Baudouin C, Denoyer A, Desbenoit N, et al. In vitro and in vivo experimental studies on 


trabecular meshwork degeneration induced by benzalkonium chloride (an American 


Ophthalmological Society thesis). Trans Am Ophthalmol Soc 2012;110:40-63. 


[published Online First: 2013/07/03]


30. Mochizuki M, Sugita S, Kamoi K. Immunological homeostasis of the eye. Prog Retin Eye 


Res 2013;33:10-27. doi: 10.1016/j.preteyeres.2012.10.002 [published Online First: 


2012/10/31]


31. Ishibashi T, Yokoi N, Kinoshita S. Comparison of the short-term effects on the human 


corneal surface of topical timolol maleate with and without benzalkonium chloride. J 


Glaucoma 2003;12(6):486-90. [published Online First: 2003/12/04]


Page 21 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


22


32. Williams DE, Nguyen KD, Shapourifar-Tehrani S, et al. Effects of timolol, betaxolol, and 


levobunolol on human tenon's fibroblasts in tissue culture. Invest Ophthalmol Vis Sci 


1992;33(7):2233-41. [published Online First: 1992/06/01]


33. Yang Q, Zhang Y, Liu X, et al. A Comparison of the Effects of Benzalkonium Chloride on 


Ocular Surfaces between C57BL/6 and BALB/c Mice. Int J Mol Sci 2017;18(3) doi: 


10.3390/ijms18030509 [published Online First: 2017/03/02]


34. Rouland JF, Traverso CE, Stalmans I, et al. Efficacy and safety of preservative-free 


latanoprost eyedrops, compared with BAK-preserved latanoprost in patients with 


ocular hypertension or glaucoma. Br J Ophthalmol 2013;97(2):196-200. doi: 


10.1136/bjophthalmol-2012-302121 [published Online First: 2012/12/04]


35. Uusitalo H, Egorov E, Kaarniranta K, et al. Benefits of switching from latanoprost to 


preservative-free tafluprost eye drops: a meta-analysis of two Phase IIIb clinical 


trials. Clin Ophthalmol 2016;10:445-54. doi: 10.2147/OPTH.S91402 [published 


Online First: 2016/04/05]


Page 22 of 44


https://mc.manuscriptcentral.com/bjo


British Journal of Ophthalmology


1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60







Confidential: For Review Only


23


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)
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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
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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-1, TNF-, 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 ± 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-1, TNF-, 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 TaqMan probes 


Gene name Assay ID


IL-1 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 TaqMan probes 


Gene name Assay ID


IL-1 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
Study


Number
Allocation Index


Eye


IOP Visual acuity


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 free 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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Mean deviation 1 MONTH 3 MONTH


Baseline 24-month Drop 1 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
-2.30 -3.14
2.54 2.08
-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
-0.87 -0.76
1.89 6.16
-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
-1.17 -2.80
2.91 6.69 Red bold letter drug stopped


Yellow highlight 2nd drug
Orange highlight 3rd drug
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6 MONTHS 12 MONTHS 


Drop 1 Drop 2 Drop 3 Drop 1 Drop 2 
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


Red bold letter drug stopped
Yellow highlight 2nd drug
Orange highlight 3rd drug
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24 MONTHS


Drop 3 Drop 1 Drop 2 Drop 3 
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


12 MONTHS 
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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.


Limit of detection
IL-6 – (2.5 pg mL-1)
IL-8 – (3.6 pg mL-1)
IL-1 beta – (7.2 pg mL-1)
IL-10 – (3.3 pg mL-1)
IL-12p70 – (1.9 pg mL-1)
TNF alpha – (3.7 pg mL-1)


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 8/8 8/8 8/8 8/8 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 8/8 8/8 8/8 8/8 8/8 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 8/8 8/8 8/8 8/8 8/8 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 1/8 2/8 2/8 1/8 0/8 1/8 0/8 0/8 1/8 0/8 0/8 1/8 2/8 2/8


IL-12p70 2/8 0/8 0/8 2/8 0/8 1/8 0/8 2/8 1/8 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 0/8 0/8 0/8 0/8 0/8 0/8 0/8 0/8 0/8 0/8 1/8 0/8 1/8 2/8
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