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Ranibizumab profile was adapted from Gaudreault et al, Invest Ophthalmol Vis Sci. 2005 46(2):726-33
KSI-301 profile was adjusted from 725µg/eye dose to 500µg/eye dose to match that of ranibizumab



Yeung et al 2010 cancer research





Interim data. Includes patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. Each bar represents 

an individual patient. All depicted patients continue to be followed (no discontinuations)
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Investigational Treatments for Exudative Retinal Diseases 

aimed at improving efficacy & durability

RanibizumabAflibercept

Dexamethasone 

Fluocinolone acetonide 

Bevacizumab

Triamcinolone

OPT-302
KSI-301

Abicipar

RGX-314

Brolucizumab

Conbercept

Faricimab

AAV.7m8

ADVM-022

PDS

Sunitinib
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Antibody Biopolymer Conjugates (ABC)
biologics engineered for increased durability and efficacy

=

ANTIBODY BIOPOLYMER

ANTIBODY BIOPOLYMER CONJUGATE
KSI-301 is an intravitreally injected 

anti-VEGF ABC

Stable

(Covalent) 

Linkage

+
Single 

Site-Specific

IgG1 Antibody

Inert Immune 

Effector Function

Branched

High Molecular Weight

Optically Clear

Phosphorylcholine Polymer
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KSI-301 

Antibody Biopolymer

Conjugate (ABC)

950 kDa

5 mg (by weight of antibody)

3.5

3

1,000

Brolucizumab Ranibizumab Bevacizumab Aflibercept

Molecule type

Single-chain 

antibody 

fragment

Antibody 

fragment
Antibody

Recombinant 

fusion protein

Molecular structure

Molecular weight 26 kDa 48 kDa 149 kDa 115 kDa

Clinical dose 6 mg 0.3-0.5 mg 1.25 mg 2 mg

Equivalent molar dose 11 0.5 0.9 1

Equivalent ocular PK < 0.7 0.7 1 1

Equivalent ocular 

concentration at 3 

months 
< 0.1 0.001 NA1 1

Go Bigger to Last Longer
KSI-301: ABC designed to block all VEGF-A Isoforms

Equivalent values are shown as (approximate) fold difference relative to aflibercept. kDa= kilodalton

1. Lower affinity of bevacizumab precludes a useful comparison
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humans that prevents 

disease progression

KSI-301 Properties: Preclinical Data 
Special features from the ultra-hydrophilic phosphorylcholine biopolymer
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KSI-301

Aflibercept

Remarkable Intraocular 

Durability1

Excellent Retinal 

Bioavailability2

Fast Systemic 

Clearance3

Bevacizumab 

t1/2 ~ 11.5 days

1 4 8 1 5 2 2 2 9

1 0

1 0 0

1 0 0 0

1 0 0 0 0

KSI-301 

t1/2 < 1 day
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1. Data from rabbit model. Ranibizumab data: Gaudrealt et al (2007) IOVS 46(2) 726 Gaudrealt et al (2007) Retina 27(9) 1260 Bakri et al (2007) Ophthalmol 114(12) 2179  ||  Aflibercept data: EVER Congress Portoroz Slovenia (2008) Struble (Covance) Koehler-Stec (Regeneron). Aflibercept 

data adjusted arithmetically to reflect 2,000µg dose administered (based on rabbit in vivo dosing of 500 µg)  ||  KSI-301 data on file, adjusted arithmetically to reflect 5,000 µg dose administered (based on rabbit in vivo dosing of 725 µg). Error bars reflects standard error of the mean

2. Covance rabbit ADME (absorption, distribution, metabolism, elimination) model:  Aflibercept data (2008): EVER Congress Portoroz Slovenia Struble (Covance), Koehler-Stec (Regeneron). KSI-301 data (2017): Covance study, data on file. Error bars reflects standard error of the mean

3. KSI-301 data: Non-human primate toxicology study, data on file; Bevacizumab data: Yeung et al 2010 Cancer Research.

KSI-301 half-life (rabbit) 

• 10.5 days retina

• 14.5 days choroid/RPE



KSI-301

Clinical Data

113 patients dosed to date
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KSI-301 Phase 1a 
well-tolerated with rapid anatomic & visual response 

+9

Days

-121-120

Median changes from baseline to week 12

pooled across 3 dose groups (n=9 patients total)
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Do DV, Angiogenesis 2019; Patel et al., ARVO 2019

• Diabetic macular edema (DME) patients with 

severe disease (n=9)

• Incompletely responsive to previous anti-VEGF 

treatment (8/9 previously treated) (median 3, 

range 0-7 in the year prior)

• A single injection of KSI-301 resulted in rapid, 

high-magnitude responses durable to 12 weeks

▪ n=3 patients per dose level (1.25mg, 

2.5mg, 5mg)

• No intraocular inflammation and no drug-related 

adverse events

http://ir.kodiak.com/static-files/10dc8944-64b9-4a7d-b5e4-b34cf48df999
http://ir.kodiak.com/static-files/0ebd6e42-23ce-459e-8e27-5269af392039
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KSI-301 Phase 1b 
insight into durability among treatment naïve subjects 

Randomized, open label study to evaluate 

multidose safety, efficacy & durability (n=105)

wAMD (n=35) DME (n=35) RVO (n=35)

KSI-301 2.5 mg (50 mL) KSI-301 5 mg (100 mL) 

Randomized 1:3

0 4 8 12 16 20 24 28 32 36

Loading Phase Durability Assessment Phase

Weeks:

wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; 

Clinicaltrials.gov ID: NCT03790852

Fixed Treatment

Re-Treatment 

As NeededTreatment Schedule:
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▪ wAMD
– Increase in CST ≥75 µm with a decrease in BCVA of ≥ 5 letters compared to Week 12, OR

– Decrease in BCVA of > 5 letters compared to Day 1, due to worsening wAMD activity, OR

– Decrease in BCVA of ≥ 10 letters compared to the best prior BCVA, due to worsening wAMD activity

▪ DME and RVO
– Increase in CST ≥75 µm with a decrease in BCVA of ≥ 5 letters compared to Week 12 or the prior 

visit, OR

– Decrease in BCVA of ≥ 10 letters compared to the best prior BCVA, due to worsening DME/RVO 

disease activity

wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; CST = central subfield retinal thickness; BCVA = best corrected visual acuity.  

Clinicaltrials.gov ID: NCT03790852

KSI-301 Phase 1b Retreatment Criteria 
prespecified by disease state

For all subjects, investigators can retreat at their 

discretion if significant disease activity is present that 

does not meet the above criteria
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KSI-301 Phase 1b Baseline Characteristics

Variable
wAMD Cohort

(n=35)

DME Cohort 

(n=34)

RVO Cohort

(n=35)

Age, mean (SD), years 77.2 (11.0) 60.7 (10.4) 63.6 (12.6)

Gender, n (%), female 25 (71.4) 13 (38.2) 13 (37.1)

Race, n (%), White 32 (91.4) 28 (82.4) 31 (88.6)

BCVA, mean (SD), ETDRS letters 64.5 (11.1) 66.8 (10.3) 54.9 (15.4)

BCVA, Snellen 20/40 or better, n (%) 14 (40.0) 16 (47.1) 6 (17.1)

OCT CST, mean (SD), microns 426 (176) 449 (109) 675 (237)

Includes all patients randomized as of 10 October 2019. SD= standard deviation; BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness



KSI-301 Phase 1b

First Time Results
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n= 25 Patients reaching Week 16 

visit by data cutoff
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 

2.5 & 5 mg doses pooled. Error bars represent standard error of the mean. OCT CST values are site reported. 

BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness
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KSI-301 

2.5 mg

(n=7)
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KSI-301 

5 mg

(n=20)

Retreatment with KSI-301

Interim data. Includes patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)

1

3

5

7

9

11

13

15

17

19

Continuing follow-up

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase

KSI-301 in wAMD: Durability Assessment 
Emerging data support 3 to 5+ month durability

Durability Phase (months): 1 32 4 5 6

Total

(n=27)
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KSI-301 

2.5 mg

(n=7)

0 4 8 12 16 20 24 28 32 36

1

3

5

7
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5 mg

(n=20)

Retreatment with KSI-301

Interim data. Includes patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)

1

3

5

7

9

11

13

15

17

19
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Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase

KSI-301 in wAMD: Durability Assessment 
Emerging data support 3 to 5+ month durability

Durability Phase (months): 1 32 4 5 6

Total

(n=27)

4% (1/25) retreated before 3 months

10% (2/20) retreated at 3 months
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KSI-301 

2.5 mg

(n=7)
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KSI-301 

5 mg

(n=20)

Retreatment with KSI-301

Interim data. Includes patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)
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KSI-301 in wAMD: Durability Assessment 
Emerging data support 3 to 5+ month durability

Durability Phase (months): 1 32 4 5 6

Total

(n=27)

4% (1/25) retreated before 3 months

10% (2/20) retreated at 3 months

87% (20/23) have gone 

longer than 3 months after 

the last loading dose

80% (12/15) reach 4 months or 

longer until first retreatment
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n= 12 Patients reaching Week 16 

visit by data cutoff
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 

2.5 & 5 mg doses pooled. Error bars represent standard error of the mean. OCT CST values are site reported. 

BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness
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KSI-301 

2.5 mg

(n=4)
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KSI-301 

5 mg

(n=13)

Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)
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KSI-301 in DME: 3 loading doses can provide 

sustained disease control of 3 months or longer

Durability Phase (months): 1 32 4 5 6

Total

(n=17)

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase
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KSI-301 

2.5 mg

(n=4)
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(n=13)

Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)
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Continuing follow-up

KSI-301 in DME: 3 loading doses can provide 

sustained disease control of 3 months or longer

Durability Phase (months): 1 32 4 5 6

Total

(n=17)

18% (2/11) retreated at 3 months

No patient has been retreated 

yet before 3 months

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase



43

KSI-301 

2.5 mg

(n=4)

0 4 8 12 16 20 24 28 32 36

1

2

3

4
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5 mg

(n=13)

Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)
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Continuing follow-up

KSI-301 in DME: 3 loading doses can provide 

sustained disease control of 3 months or longer

Durability Phase (months): 1 32 4 5 6

Total

(n=17)

18% (2/11) retreated at 3 months

No patient has been retreated 

yet before 3 months
82% (9/11) have gone longer 

than 3 months after the last 

loading dose

Some patients reaching 4, 5, even 

6 months without retreatment

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase
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Meaningful DRSS score improvement (PDR to NPDR; 

2-steps) sustained 14 weeks after last loading dose

DAY 1
PDR (DRSS 65)

Includes only randomized patients that reached Week 12 and have gradable color fundus photos by the data cutoff date of 10 Oct 2019 DR= Diabetic Retinopathy; PDR= Proliferative DR; 

NPDR= Non-Proliferative DR; DRSS = DR Severity Scale; DRSS 53 = Severe NPDR; DRSS 65 = Moderate PDR; need for panretinal photocoagulation or vitrectomy

DRSS Score (n=15)
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• All patients have improved (40%) or 

maintained (60%) DR severity level

• No patient developed a PDR event 

WEEK 22
NPDR (DRSS 53)

Case Example

KSI-301

5 mg

3 loading 

doses & no 

re-treatment 

for 14 

weeks

Baseline Week 12

KSI-301 in DR: signs of disease 

modification seen within 12 weeks
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n= 15
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 2.5 & 5 

mg doses pooled. Datapoints include one subject that discontinued after Week 12. Error bars represent standard error of 

the mean. OCT CST values are site reported. BCVA= best corrected visual acuity; OCT= optical coherence tomography; 

CST= central subfield thickness

Patients reaching Week 16 

visit by data cutoff
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KSI-301 

2.5 mg

(n=6)
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Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. Each bar represents an individual patient. 

KSI-301 in RVO: emerging durability data show 

potential for 2 to 3 month or longer dosing

Retreatment
Continuing follow-up

Durability Phase (months): 1 32 4 5 6

Total

(n=24)

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase
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KSI-301 

2.5 mg

(n=6)
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Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. Each bar represents an individual patient. 

KSI-301 in RVO: emerging durability data show 

potential for 2 to 3 month or longer dosing

Retreatment
Continuing follow-up

8% (2/24), 28% (4/14) & 11% (1/9) 

received first retreatment at 1, 2 & 

3 months respectively 

Durability Phase (months): 1 32 4 5 6

Total

(n=24)

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase
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KSI-301 

2.5 mg

(n=6)
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Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. Each bar represents an individual patient. 

KSI-301 in RVO: emerging durability data show 

potential for 2 to 3 month or longer dosing

56% (5/9) have gone longer 

than 3 months after the last 

loading dose
Retreatment
Continuing follow-up

8% (2/24), 28% (4/14) & 11% (1/9) 

received first retreatment at 1, 2 & 

3 months respectively 

Durability Phase (months): 1 32 4 5 6

Only 3 patients have received 

>1 retreatment, each occurring 

at a longer treatment interval
Total

(n=24)

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase
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104 99 86
316

Total doses given

in Phase 1a+1b
Phase 1b subjects with # of loading doses received

113
Subjects dosed 

in Phase 1a+1b

Includes all patients randomized as of 10 Oct 2019, all doses administered across cohorts

Interim safety data as of 10 Oct 2019; AE: adverse event; SAE: serious adverse event

Safety of KSI-301: multiple-dose exposure is 

well-tolerated with no intraocular inflammation

▪ No intraocular inflammation or ocular SAEs in the study eye reported to date

▪ No drug-related AEs or drug-related SAEs reported to date

▪ Most AEs were assessed as mild and are consistent with profile of intravitreal anti-VEGFs

▪ 8 non-ocular SAEs that were not drug-related have been reported in 4 subjects:

– One 92 y/o RVO subject with hospitalization related to a pre-existing condition that resulted in death

– One 66 y/o RVO subject with hospitalization related to dizziness

– One 43 y/o DME subject with hospitalization related to a pre-existing condition

– One 56 y/o DME subject with hospitalization related to a pre-existing condition

At Day 1 At Week 4 At Week 8
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Week 0 4 8 12 16 20 24 28 32 36 40 44 48 52

KSI-301 

5 mg

Aflibercept  

2 mg
Q8W

KSI-301 injection Aflibercept injection Disease Activity Assessment
Dosing Group 

Assignment
Sham injection

Matched Phase
Disease Activity 

Durability Assessments

Primary 

endpoint
• ⁓400 treatment naïve 

wAMD patients

• Randomized study vs 

aflibercept

• US & EU study sites

• KSI-301 dosing: every 

12, 16, or 20 weeks 

depending on pre-

specified disease 

activity assessments* 

Q12W

Q16W

Q12W

Q16W

Now Recruiting: Pivotal Phase 2 DAZZLE Study
Dosing with KSI-301 in wet AMD as infrequently as every 20 weeks 

*After the loading phase

Clinicaltrials.gov ID NCT04049266

Q20W

Q12W

Q16W
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Conclusion: KSI-301 is Demonstrating 

Promising Safety, Efficacy and Durability

▪ Antibody Biopolymer Conjugates (ABCs) are a new design platform for long 

durability intravitreal medicines

▪ KSI-301 (anti-VEGF ABC) has achieved important development milestones

– Excellent Safety: zero cases of intraocular inflammation after 300+ doses

– Strong Efficacy: across 3 major phenotypically variable retinal diseases wet AMD, DME/DR & RVO

– Remarkable Biological Durability: majority of treated eyes extended to 4 months or beyond 

without retreatment after 3 loading doses. Potential is being demonstrated for: 

o 3 to 5+ month interval in wAMD

o 3 to 5+ month interval in DME

o 2 to 3+ month interval in RVO

▪ Next steps

– Phase 1b study has been extended to 18 months to collect additional durability outcomes

– Pivotal ‘DAZZLE’ study of KSI-301 vs aflibercept in treatment-naïve wet AMD now recruiting
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Sham (n=238)
Ranibizumab 0.5 mg (n=240)
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Ranibizumab 0.5 mg (n=139)

ANCHOR

Rosenfeld et al  N Engl J Med 2006;355:1419-1431;  Brown et al  N Engl J Med 2006;355:1432-1444;  Heier et al.  Ophthalmology 2012;119:2537-2548; Schmidt-Erfurth et al. Ophthalmology 2014;121:193-201

VIEW 1 and 2
Aflibercept (A) v. Ranibizumab (R)

*P = 0.0054
†P = NS

vs. Rq4
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Verteporfin PDT (n=143)
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* Rayess et al.  Am J Ophthalmol 2015;159:3-8 
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4 5-6 7-8 9-10 11-12

No. of Injections

Mean* (Range) Median

Monthly 25.5 (22-27) 26.0

TREX* 18.6 (10-25) 17.5

Wykoff et al. Ophthalmology 2015;122(12):2514-2522

Wykoff et al. Ophthalmol Retina 2017;1(4):314-321
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Study 

Population

Injection

Duration, Year

Mean

Injection Rate

Medicare

analysis1 459,237 1 4.3

LUMINOUS2 4,437 1 4.3-5.5

Retrospective 

claims analysis3 11,688 1 4.5-6.8

Retrospective 

claims analysis4 53,621 1 4.6-6.9

1. Lad EM, et al. Am J Ophthalmol. 2014;158(3):537-543.e2.

2. Holz FG, et al. Br J Ophthalmol. 2013;97(9):1161-1167.

3. Kiss S, et al. Ophthalmic Surg Lasers Imaging Retina. 2014;45(4):285-291.

4. Holekamp NM, et al. Am J Ophthalmol. 2014;157(4):825-833.e1.
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-5.3

-2.6

0.

2.6

5.3

7.9

Days

9.0

8.7

5.6

6.3

5.2

*Only countries meeting or exceeding enrollment target (n = 444) were included.

Holz FG, et al. Br J Ophthalmol. 2015;99(2):220-226. 

Year 1



64

•

•
•
•

•

•
•
•

•

•

•

•



65

•

•

•

•

•



66

Drug bevacizumab aflibercept ranibizumab conbercept brolucizumab abicipar pegol KSI-301

Format1-5 Full antibody 

(IgG1)

VEGFR1/2- Fc 

fusion protein
Fab fragment

VEGFR1/2- Fc 

fusion protein

Single-chain 

antibody 

fragment

DARPIN

Antiody  

biopolymer 

conjugate

Molecular 

structure

Molecular weight1-

5 149 kDa 97-115 kDaa 48 kDa 143 kDa 26 kDa 34 kDa 950 kDa

Clinical dose2,3,5-7 1.25 mg 2.0 mg 0.3-0.5 mg 0.5-2.0 mg 6.0 mg 2.0 mg 5.0 mg

Equivalent molar 

dose
0.4 Reference 0.5 1.0 11.2 2.9 14

Dissociation 

Constant
1100 pM 1 pM 192 pM 0.1 pM 104 pM 4 pM 6.75 pM

1. Avastin [package insert]. South San Francisco, CA: Genentech, Inc.; 2016; 2. Eylea [package insert]. Tarrytown, NY: Regeneron Pharmaceuticals, Inc.; 2017; 3. Lucentis [package 
insert]. South San Francisco, CA: Genentech, Inc.; 2017; 4. Holz FG, et al. Ophthalmology. 2016;123(5):1080-1089; 5. Dugel PU, et al. Ophthalmology. 2017;124(9):1296-1304; 6. CATT 
Research Group. N Engl J Med. 2011;364(20):1897-1908; 7. IVAN Study Investigators. Ophthalmology. 2012;119(7):1399-1411
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Week

C
h

an
ge

 f
ro

m
 b

as
el

in
e 

in
 B

C
V

A
,

LS
 m

ea
n

 (
SE

) 
ET

D
R

S 
le

tt
er

s

Matched Phase Maintenance Phase

Primary endpoint

met at Week 48a Study end

Primary endpoint

met at Week 48a Study end

Δ0.3
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KSI-301 Phase 1b 
insight into durability among treatment naïve subjects 

Randomized, open label study to evaluate 

multidose safety, efficacy & durability (n=105)

wAMD (n=35) DME (n=35) RVO (n=35)

KSI-301 2.5 mg (50 mL) KSI-301 5 mg (100 mL) 

Randomized 1:3

0 4 8 12 16 20 24 28 32 36

Loading Phase Durability Assessment Phase

Weeks:

wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; 

Clinicaltrials.gov ID: NCT03790852

Fixed Treatment

Re-Treatment 

As NeededTreatment Schedule:
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KSI-301 Phase 1b Baseline Characteristics

Variable
wAMD Cohort

(n=35)

Age, mean (SD), years 77.2 (11.0)

Gender, n (%), female 25 (71.4)

Race, n (%), White 32 (91.4)

BCVA, mean (SD), ETDRS letters 64.5 (11.1)

BCVA, Snellen 20/40 or better, n (%) 14 (40.0)

OCT CST, mean (SD), microns 426 (176)

Includes all patients randomized as of 10 October 2019. SD= standard deviation; BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness
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-72

n= 25 Patients reaching Week 16 

visit by data cutoff
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 

2.5 & 5 mg doses pooled. Error bars represent standard error of the mean. OCT CST values are site reported. 

BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness
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Visual Acuity Improvements
Impact of Baseline BCVA

Study Arm N Mean 

Baseline 

BCVA

Mean 

ΔBCVA at 

Week 16

KSI-301 Ph1b KSI-301 25 64.5 ± 11.1 5.4

HAWK Brolu 3mg 358 61.0 ± 13.6 5.7

Brolu 6mg 360 60.8 ± 13.7 6.5

Eylea 2mg 360 60.0 ± 13.9 6

HARRIER Brolu 6mg 370 61.5 ± 12.6 5.4

Eylea 2mg 370 60.8 ± 12.9 6.3

Tufail et al, BJO 2019
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Efficacy of KSI-301 in Wet AMD in 23/25 subjects without high PEDs
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n= 23
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 

2.5 & 5 mg doses pooled. Error bars represent standard error of the mean. OCT CST values are site reported. 

BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness. 

High PED defined as presence of a PED with baseline CST ≥500 microns.

-66

Patients without high PEDs reaching 

Week 16 visit by data cutoff
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n= 23 Patients without high PEDs reaching 

Week 16 visit by data cutoff
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 

2.5 & 5 mg doses pooled. Error bars represent standard error of the mean. OCT CST values are site reported. 

BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness

0 4 8 12 16 20 24 28 32 36

1

11

The two subjects with high PEDs 

received retreatment 20 and 12 

weeks after the last loading 

dose, respectively

KSI-301 2.5 mg

Subject 1

KSI-301 5 mg

Subject 11
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KSI-301 

2.5 mg

(n=7)

0 4 8 12 16 20 24 28 32 36

1

3

5

7

KSI-301 

5 mg

(n=20)

Retreatment with KSI-301

Interim data. Includes patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)

1

3

5

7

9

11

13

15

17

19

Continuing follow-up

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase

KSI-301 in wAMD: Durability Assessment 
Emerging data support 3 to 5+ month durability

Durability Phase (months): 1 32 4 5 6

Total

(n=27)

4% (1/25) retreated before 3 months

10% (2/20) retreated at 3 months

87% (20/23) have gone 

longer than 3 months after 

the last loading dose

80% (12/15) reach 4 months or 

longer until first retreatment
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DAY 1

WEEK 1

MONTH 3

Is it realistic to dose KSI-301 every 5 months after 

the loading phase in wAMD?

Case Example of 
KSI-301 5 mg in the 

Phase 1b Study

MONTH 7
No retreatment required 

for 5 months

1 month after 3 

loading doses

After 1 dose
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Brolucizumab2Aflibercept1
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Week 0 4 8 12 16 20 24 28 32 36 40 44 48 52

KSI-301 

5 mg

Aflibercept  

2 mg
Q8W

KSI-301 injection Aflibercept injection Disease Activity Assessment
Dosing Group 

Assignment
Sham injection

Matched Phase
Disease Activity 

Durability Assessments

Primary 

endpoint• ⁓400 treatment naïve 

wAMD patients

• Randomized study vs 

aflibercept

• US & EU study sites

• KSI-301 dosing: every 

12, 16, or 20 weeks 

depending on pre-

specified disease 

activity assessments* 

Q16W

Q12W

Now Recruiting: Pivotal DAZZLE wAMD Study
Dosing with KSI-301 as infrequently as every 20 weeks 

*After the loading phase

Clinicaltrials.gov ID NCT04049266

Q20W

Q16W

Q12W Q12W

Q16W
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wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; CST = central subfield retinal thickness; BCVA = best corrected visual acuity.  

Clinicaltrials.gov ID: NCT03790852

How do DAZZLE Study Disease Activity 

Assessment Criteria Compare to Phase 1b?

Parameters Phase 1b Study DAZZLE study Change

Visual and

anatomical

Increase in CST ≥75 µm with a 

decrease in BCVA of ≥ 5 letters 

compared to Week 12, OR

Increase in CST ≥50 µm with a 

decrease in BCVA of ≥ 5 letters 

compared to Week 12, OR

Tighter CST 

control 

(25 microns)

Visual only

Decrease in BCVA of ≥ 10 letters 

compared to the best prior BCVA, 

due to worsening wAMD activity, OR

Decrease in BCVA of ≥ 10 letters 

compared to the best prior BCVA, due 

to worsening wAMD activity, OR

No change

Decrease in BCVA of > 5 letters 

compared to Day 1, due to 

worsening wAMD activity

N/A

Eliminated for 

simplicity (not 

needed) 

Anatomical 

only

N/A
Increase of ≥ 75 microns compared to 

Week 12, OR
Added two 

anatomical-

only criteriaN/A New Macular Hemorrhage
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KSI-301 

2.5 mg

(n=7)
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KSI-301 

5 mg

(n=20)

Retreatment criteria met
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Continuing follow-up

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase

KSI-301 in wAMD: Durability Assessment 
Ph1b patient hypothetical retreatments based on DAZZLE criteria

Total

(n=27)

20-week maximum interval dosing
12-week minimum interval dosing

Durability Phase (months): 1 32 4 5 6





Retinal Vascular Diseases



Scope of the Problem 



Note:  Numbers may be rounded; Source: epidemiology data based on multiple literature sources, diagnosis rates based on Datamonitor Report, DRG Market Forecast Assumptions; other sources: Regeneron 
USA: 230k anti-VEGF treated patients, Roche USA: 200k patients under ophtha care https://www.gene.com/stories/retinal-diseases-fact-sheet and DRG Market Forecast Assumptions
*US, EU5, Japan

Exudative Retinal Diseases

Wet AMD

Diabetic 
Macular 
Edema

Retinal Vein 
Occlusion

Diabetic 
Retinopathy

w/o DME

70 yrs

60 yrs

55 yrs

45-50 yrs

Avg age of 
onset

Prevalence* 
(MM)

1.9

1.9

2.5

5.1

Disease overview

A leading cause of blindness in the elderly

Most frequent cause of blindness in 
middle aged adults

Second most common cause of vision loss 
due to vascular disease

Common cause of vision loss among 
diabetics classified as NPDR vs PDR

wAMD = wet AMD; DME = Diabetic Macular Edema; BRVO = Branch Retinal Vein Occlusion; CRVO = Central Retinal Vein Occlusion; NPDR = Non-Proliferative Diabetic Retinopathy; PDR = Proliferative Diabetic 

Retinopathy

https://www.gene.com/stories/retinal-diseases-fact-sheet


World Health Organization

Global Report on Diabetes (2016) 

1990s

2.8%
2010

5.0%
2016

8.0%79% 60%



DR = When Not If





Treatment Options 



InjectionsLaser



RanibizumabAflibercept

Dexamethasone 

Fluocinolone acetonide 

Bevacizumab

Triamcinolone
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RIDE/RISE Phase 3 Trials



Boyer et al. Ophthalmology 2015
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25%

23%
27%
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8%
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Number of PRN Injections

Year 1 Weighted Mean = 4.5

Year 2 Weighted Mean = 3.4

Cumulative Weighted Mean = 7.7
75%

Long-Term Management of DME & DR
Treatment Burden in Years 4-5 of Management

BJO 2017



Long-Term DR Outcomes
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Sun et al. Ophthalmology 2019Wykoff et al. BJO 2018

DR Changes During OLE
DR Changes During ENDURANCE

20-40% = DRSS 
Worsening

PDR  22% → 35%



64yo WM

20/20

3 years 
Q4-12 Week 
Anti-VEGF 

Dosing

20/100



20/20 Month 6 20/20No Tx
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Month 6 Month 12No Tx 6 Shots
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PRP Arm
- 49% = single PRP session
- Years 3-5: 11% additional PRP
- Mean 5.4 ranibizumab injections
- Median visits = 21

Anti-VEGF Arm 
- 19.2 mean injections through 5-years

- Year (mean # IVI) 
- 1 (7.1)  2 (3.3)  3 (3.0)  4 (2.9)  5(2.9)

- Years 3-5: 63-73% required injections 
- Median visits = 43

Protocol S 5-Year Data. JAMA Ophthalmology. 2018

Patients with active NV at year 5 = 
identical in both arms

Protocol S 



Shift Towards DR
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DRSS Improvements with Anti-VEGF Dosing

Protocol T VISTA/VIVIDRIDE/RISE

N = 
170

N = 
166

N = 
180

N = 
255

N = 
234

N = 
234

N = 
154

N = 
154

N = 
151

≈1/3rd Improve ≥2 Steps

A = aflibercept
B = bevacizumab
R = ranibizumab 
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Sham
N = 133

2q16
IAI 2 mg every 16 weeks**

N = 135

2q8
IAI 2 mg every 8 weeks***

N = 134

Phase 3, double-masked, randomized study of efficacy & safety of IAI in 

patients with moderately severe to severe NPDR (DRSS level 47 and 53) 

N = 402*

Week 52
Primary endpoint: Proportion of patients improving ≥2 steps on DRSS

2q16 and 2q8 individually versus sham

*Patients were stratified by baseline DRSS level; **After 3 initial monthly doses and 1 q8 interval; ***After 5 initial monthly doses, flexible treatment schedule after week 52.

2q8, 2 mg every 8 weeks; 2q16, 2 mg every 16 weeks; q8, every 8 weeks; ASNV, anterior segment neovascularization; CI-DME, center-involved diabetic macular edema; DRSS, Diabetic Retinopathy 

Severity Score; IAI, intravitreal aflibercept injection; NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.

Follow-up through Week 100

109

Study Design

Key secondary endpoints 

• % developing PDR/ASNV

• % developing CI-DME 

Week 24
Primary endpoint: Proportion of patients improving ≥2 steps on DRSS 

All IAI combined versus sham
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Improvement from Baseline in DRSS
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LOCF; Sham n=133, 2q16 n=135, 2q8 n=134
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Intravitreal Aflibercept for Moderately Severe to Severe Non-Proliferative Diabetic 
Retinopathy: The Phase 3 PANORAMA Study. Wykoff et al. Angiogenesis 2019. 



111VTC = Vision threatening complication, PDR/ASNV;
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*p < 0.0003

vs. sham

Proportion of Patients Developing a 
Vision Threatening Complication (VTC) or 
Center Involved (CI)-DME through Week 52

FAS; Sham n=133, 2q16 n=135, 2q8 n=134

*

* *
*

*

*

81.8% 85.3% 73.9% 67.9%

Reduction vs Sham

VTC 

(PDR/ASNV)

76.3% 72.4%

Number needed to treat = 3 patients in order to prevent 1 prespecified VTC or CI-DME event

Intravitreal Aflibercept for Moderately Severe to Severe Non-Proliferative Diabetic 
Retinopathy: The Phase 3 PANORAMA Study. Wykoff et al. Angiogenesis 2019. 



Frequent Visits
Multiple Injections

Destructive Laser

Forward



New Targets

Drug Delivery Approaches

Ang-2
IL-6
PIGF

Integrins 
VEGF-C & D

Plasma 
kallikrein

Micochondria

Brolucizumab
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KSI-301 Phase 1b 
insight into durability among treatment naïve subjects 

Randomized, open label study to evaluate 

multidose safety, efficacy & durability (n=105)

wAMD (n=35) DME (n=35) RVO (n=35)

KSI-301 2.5 mg (50 mL) KSI-301 5 mg (100 mL) 

Randomized 1:3

0 4 8 12 16 20 24 28 32 36

Loading Phase Durability Assessment Phase

Weeks:

wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; 

Clinicaltrials.gov ID: NCT03790852

Fixed Treatment

Re-Treatment 

As NeededTreatment Schedule:
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▪ DME and RVO
– Increase in CST ≥75 µm with a decrease in BCVA of ≥ 5 letters compared to 

Week 12 or the prior visit, OR

– Decrease in BCVA of ≥ 10 letters compared to the best prior BCVA, due to 

worsening DME/RVO disease activity

wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; CST = central subfield retinal thickness; BCVA = best corrected visual acuity.  

Clinicaltrials.gov ID: NCT03790852

KSI-301 Phase 1b Retreatment Criteria 
prespecified by disease state

Investigators can retreat at their discretion if 

significant disease activity is present that does not 

meet the above criteria
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KSI-301 Phase 1b Baseline Characteristics

Includes all patients randomized as of 10 October 2019. SD= standard deviation; BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness

Variable DME Cohort (n=34)

Age, mean (SD), years 60.7 (10.4)

Gender, n (%), female 13 (38.2)

Race, n (%), White 28 (82.4)

BCVA, mean (SD), ETDRS letters 66.8 (10.3)

BCVA, Snellen 20/40 or better, n (%) 16 (47.1)

OCT CST, mean (SD), microns 449 (109)

DRSS Score

35 (Mild NPDR), n (%) 2 (6)

47 (Moderate NPDR), n (%) 23 (70)

53 (Severe NPDR), n (%) 5 (15)

65 (Moderate PDR), n(%) 3 (9)
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n= 12 Patients reaching Week 16 

visit by data cutoff
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 

2.5 & 5 mg doses pooled. Error bars represent standard error of the mean. OCT CST values are site reported. 

BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness
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KSI-301 

2.5 mg

(n=4)

0 4 8 12 16 20 24 28 32 36

1

2

3

4

KSI-301 

5 mg

(n=13)

Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. 

Each bar represents an individual patient. All depicted patients continue to be followed (no discontinuations)
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Retreatment with KSI-301
Continuing follow-up

KSI-301 in DME: 3 loading doses can provide 

sustained disease control of 3 months or longer

Durability Phase (months): 1 32 4 5 6

Total

(n=17)

18% (2/11) retreated at 3 months

No patient has been retreated 

yet before 3 months
82% (9/11) have gone longer 

than 3 months after the last 

loading dose

Some patients reaching 4, 5, even 

6 months without retreatment

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase
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Healthcare burden to diabetic patients is increased 

significantly because of DME treatment
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Reducing treatment burden should start with fewer 

injections during the loading phase
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A next-generation DME medicine should also provide disease control 

for a longer time during the maintenance phase
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• Randomized study vs 

aflibercept

• Only 3 loading doses

• KSI-301 dosing: every 

12, 16, 20 or 24 weeks 

depending on pre-

specified disease 

activity assessments* 

KSI-301 Potential Study Design in DME
Dosing with KSI-301 as infrequently as every 6 months

*After the loading phase

Week 0 4 8 12 16 20 24 28 32 36 40 44 48 52

KSI-301 

5 mg

Aflibercept  

2 mg
Q8W

KSI-301 injection Aflibercept injection Disease Activity AssessmentSham injection

Matched Phase
Disease Activity 

Durability Assessments

Primary 

endpoint

Q16W

Q12W

Q24W

Q20W

Q16W

Q20W

Q12W

Q16W

Q12W

Q20W

Dosing Group 

Assignment
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DAY 1

WEEK 1

MONTH 3

Case Example of 
KSI-301 5 mg in the 

Phase 1b Study

MONTH 7
No retreatment required 

for 5 months

1 month after 3 

loading doses

After 1 dose

Is a treatment interval of 5 months possible in DME 

(after only 3 loading injections?)
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Includes only randomized patients that reached Week 12 and have gradable color fundus photos by the data cutoff 

date of 10 Oct 2019 DR= Diabetic Retinopathy; PDR= Proliferative DR; NPDR= Non-Proliferative DR; DRSS = DR 

Severity Scale. Vision-threatening PDR defined as PDR, need for panretinal photocoagulation or vitrectomy

DRSS Score (n=15)
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100
All patients improved or maintained 

their DRSS Score

Baseline Week 12

KSI-301 in DR: signs of disease 

modification are seen within 12 weeks

Moderate

NPDR

Severe

NPDR

Moderate PDR

Moderate

NPDR

Severe NPDR

Mild NPDR Additionally, no patient has developed a 

PDR event

Change from Baseline in 

DRSS at Week 12 (n=15)
N (%)

Maintained 9 (60)

1-step improvement 2 (13)

≥2-step improvement 4 (27)

%
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Conversion from PDR to NPDR
Fast and substantial (2-step) 

improvement, sustained 14 weeks after 

only 3 loading doses with KSI-301 5 mg

WEEK 12
Non-Proliferative DR (DRSS 53)

DAY 1
Proliferative DR (DRSS 65)

The sustained disease control of only 3 loading doses of 

KSI-301 is also seen in proliferative diabetic retinopathy

DR= Diabetic Retinopathy; PDR= Proliferative DR; NPDR= Non-Proliferative DR; DRSS = DR Severity Scale; DRSS 53 = Severe NPDR; DRSS 65 = Moderate PDR

KSI-301

5 mg
3 loading 

doses

WEEK 22
Non-Proliferative DR (DRSS 53)

No 

additional 

doses
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KSI-301

5 mg

14 weeks 

after the 

last loading 

dose

DAY 1
Proliferative DR (DRSS 65)

In addition to the conversion from PDR to NPDR, this 

patient exhibits signs of peripheral vascular reperfusion

DR= Diabetic Retinopathy; PDR= Proliferative DR; NPDR= Non-Proliferative DR; DRSS = DR Severity Scale; DRSS 53 = Severe NPDR; DRSS 65 = Moderate PDR

WEEK 22
Non-Proliferative DR (DRSS 53)

PDR

Peripheral ischemia
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KSI-301

5 mg

14 weeks 

after the 

last loading 

dose

DAY 1
Proliferative DR (DRSS 65)

In addition to the conversion from PDR to NPDR, this 

patient exhibits signs of peripheral vascular reperfusion

PDR= Proliferative DR; NPDR= Non-Proliferative DR; DRSS = DR Severity Scale; DRSS 53 = Severe NPDR; DRSS 65 = Moderate PDR

WEEK 22
Non-Proliferative DR (DRSS 53)

PDR

Peripheral ischemia
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Week 0 4 8 12 16 20 24 28 32 36 40 44 48 52

KSI-301

5 mg

Q16W

Q24W

Sham

KSI-301 injection

Fixed Dosing PE

• Current standard of care 

is close observation

• No loading doses

• Dosing every 4 or 6 

months with KSI-301

KSI-301 Potential Study Design in NPDR
No loading doses and dosing as infrequently as every 6 months

Sham
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Primary 

Endpoint

IAI 2q4 ➔PRN

Week

Sham ➔IAI PRN

COPERNICUS

24 32 40 484436280 4  8 12 16 20

GALILEO

6452 8876 100

60 7668

IAI 2q4 ➔PRN

Sham ➔IAI PRN
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2q4 ➔ IAI PRN

+1.5 
Sham ➔ IAI PRN

*P < 0.001 vs. Sham

+17.3*
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

+16.2*

+3.8 
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0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76

+13.7  
IAI 2q4 ➔ IAI PRN

+6.2 
Sham ➔ IAI PRN

*P < 0.0001 vs. Sham



+16.9*  

+3.8 

+18.0*

+3.3



#Compared to Baseline

 Patients crossed over from Fixed IAI to IAI PRN or from Sham to IAI PRN

LOCF; full analysis set 
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Week

-390.0     

2q4➔PRN

-343.3

Sham➔PRN



-500
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-200

-100

0

0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 60 64 68 72 76

-389.4 

IAI 2q4 ➔IAI PRN

-306.4

Sham ➔IAI PRN





-457.2* 

-144.8

-413.0 

-381.8

*P < 0.001 vs. Sham

*P < 0.001 vs. Sham

-423.5*

-219.3

-448.6*

-169.3

#Compared to Baseline

 Patients crossed over from Fixed IAI to IAI PRN or from Sham to IAI PRN

LOCF; full analysis set 
FOR SPEAKER TRAINING PURPOSES ONLY
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CRUISE BRAVO
GALILEO/ 

COPERNICUS
VIBRANT SCORE2 LEAVO

RAVEN/

RAPTOR

Indication CRVO BRVO CRVO BRVO CRVO CRVO CRVO/BRVO

Drug Ranibizumab Ranibizumab Aflibercept Aflibercept Bevacizumab Bevacizumab Brolucizumab

Loading doses 6 6 6 7 6 4 6

Schedule Monthly PRN Monthly PRN Monthly PRN Q8W
Monthly/T&E or 

switch 

4 to 8 weeks 

PRN

“Individualized” 

(monthly PRN)

Comparator Sham Sham Sham Grid laser Aflibercept
Aflibercept/ 

ranibizumab
Aflibercept

Loading doses - - - - 6 4 6

Schedule
0.5 PRN after 

month 6

Rescue laser 

after month 3
- Baseline +/-

Monthly/T&E or 

Ozurdex
4 to 8 weeks

“Individualized” 

(monthly PRN)

Primary 

Endpoint
BCVA change BCVA change

% 3-line 

gainers

% 3-line 

gainers
BCVA change BCVA change BCVA change

Time Month 6 Month 6 Week 24 Week 24 Month 6 Week 100 Week 24

End of Study Month 12 Month 12 Week 76/100 Week 52 Month 12 Week 100 72 Weeks
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CRUISE BRAVO
GALILEO/ 

COPERNICUS
VIBRANT SCORE2 LEAVO

RAVEN/

RAPTOR

Indication CRVO BRVO CRVO BRVO CRVO CRVO CRVO/BRVO

Sample Size 392 (1:1:1) 397 (1:1:1)
177 (3:2)/

189 (3:2)
18 (1:1) 362 (1:1) 459 (1:1:1) 750/500

VA Score 70-25 letters 70-20 letters 73-24 letters 73-24 letters 73-19 letters 73-19 letters 78-23 letters

Previously 

Treated
No No No No

Yes (60d 

washout)

Yes (90d 

washout)
No

Diagnosis < 12 months < 12 months < 12 months No limit < 12 months < 6 months

Study Design Superiority Superiority Superiority Superiority
Non-inferiority (5 

letter margin)

Non-inferiority (5 

letter margin)
?
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KSI-301 Phase 1b 
insight into durability among treatment naïve subjects 

Randomized, open label study to evaluate 

multidose safety, efficacy & durability (n=105)

wAMD (n=35) DME (n=35) RVO (n=35)

KSI-301 2.5 mg (50 mL) KSI-301 5 mg (100 mL) 

Randomized 1:3

0 4 8 12 16 20 24 28 32 36

Loading Phase Durability Assessment Phase

Weeks:

wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; 

Clinicaltrials.gov ID: NCT03790852

Fixed Treatment

Re-Treatment 

As NeededTreatment Schedule:
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▪ DME and RVO
– Increase in CST ≥75 µm with a decrease in BCVA of ≥ 5 letters compared to 

Week 12 or the prior visit, OR

– Decrease in BCVA of ≥ 10 letters compared to the best prior BCVA, due to 

worsening DME/RVO disease activity

wAMD = wet age-related macular degeneration; DME = diabetic macular edema; RVO = retinal vein occlusion; CST = central subfield retinal thickness; BCVA = best corrected visual acuity.  

Clinicaltrials.gov ID: NCT03790852

KSI-301 Phase 1b Retreatment Criteria 
prespecified by disease state

Investigators can retreat at their discretion if 

significant disease activity is present that does not 

meet the above criteria
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KSI-301 Phase 1b Baseline Characteristics

Variable RVO Cohort (n=35)

Age, mean (SD), years 63.6 (12.6)

Gender, n (%), female 13 (37.1)

Race, n (%), White 31 (88.6)

BCVA, mean (SD), ETDRS letters 54.9 (15.4)

BCVA, Snellen 20/40 or better, n (%) 6 (17.1)

OCT CST, mean (SD), microns 675 (237)

RVO subtype, n (%)

Branch RVO 19 (54)

Central RVO 15 (43)

Hemi RVO 1 (3)

Includes all patients randomized as of 10 October 2019. SD= standard deviation; BCVA= best corrected visual acuity; OCT= optical coherence tomography; CST= central subfield thickness
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n= 15
Interim data. Includes only randomized patients that reached Week 16 visit by the data cutoff date of 10 Oct 2019; 2.5 & 5 

mg doses pooled. Datapoints include one subject that discontinued after Week 12. Error bars represent standard error of 

the mean. OCT CST values are site reported. BCVA= best corrected visual acuity; OCT= optical coherence tomography; 

CST= central subfield thickness

Patients reaching Week 16 

visit by data cutoff
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KSI-301 

2.5 mg

(n=6)

0 4 8 12 16 20 24 28 32 36

1
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KSI-301 

5 mg

(n=18)

1

3

5

7

9

11

13

15

17

Discontinuation

Interim data. Includes only randomized patients that reached the first retreatment opportunity (Week 12 visit) by the data cutoff date of 10 Oct 2019. Each bar represents an individual patient. 

KSI-301 in RVO: emerging durability data show 

potential for 2 to 3 month or longer dosing

56% (5/9) have gone longer 

than 3 months after the last 

loading dose
Retreatment
Continuing follow-up

8% (2/24), 28% (4/14) & 11% (1/9) 

received first retreatment at 1, 2 & 

3 months respectively 

Durability Phase (months): 1 32 4 5 6

Only 3 patients have received 

>1 retreatment, each occurring 

at a longer treatment interval
Total

(n=24)

Overall Time on Study (weeks)

Loading Phase Durability Assessment Phase



152

DAY 1

WEEK 1

MONTH 3

Case Example of 
KSI-301 5 mg in the 

Phase 1b Study

MONTH 7
No retreatment 

required for 5 months

1 month after 3 

loading doses

After 1 dose

Is it possible to get a fast AND lasting effect of up to 

5 months without retreatment after only 3 loading injections in RVO?
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*According to dosing used on the Phase 3 RVO trials for aflibercept and brolucizumab.
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*According to dosing used on the Phase 3 RVO trials for aflibercept and brolucizumab.
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*According to dosing used on the Phase 3 RVO trials for aflibercept and brolucizumab.
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Week 0 4 8 12 16 20 24 28 32 36 40 44 48

KSI-301

5 mg
Q20W

Aflibercept

2 mg
Q8W

KSI-301 injection Aflibercept injection

Fixed Dosing PE
Disease Activity

Durability Assessments
SE

• Current standard of care 

(per label) is aflibercept 

monthly

• Overall RVO data from 

existing anti-VEGFs 

show that less than 

monthly dosing in first 6 

months is associated with 

worse outcomes

• Brolucizumab Phase 3 is 

studying 6 monthly 

doses, then disease 

activity-based 

retreatments

KSI-301 individualized 

treatment/sham

Aflibercept individualized 

treatment/sham

KSI-301 Proposed Phase 3 Design in RVO
Reduced loading doses with fixed Q8W dosing in the first 6 months 

The second half of Year 1 

patients would receive 

personalized treatment

Sham
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Agenda

⚫ Project background

⚫ KSI-301 opportunity summary presentation

⚫ Supporting materials
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The global branded anti-VEGF market exceeded $10B in 2018; analysts 

expect the market to grow ~7% p.a. driven by further penetration into DME

Source: L.E.K. interviews and analysis of company filings and analyst reports

Lucentis 

launch
Eylea 

launch

⚫ Anti-VEGFs are widely used to treat numerous 

“back-of-the-eye” indications, including:

‒ Wet age-related macular degeneration

‒ Retinal vein occlusion

‒ Diabetic retinopathy with or without 

diabetic macular edema

⚫ Retina specialists (RS) in the U.S. frequently 

use Avastin off-label over branded anti-VEGFs 

given significant cost savings (~$55 per dose 

compared to ~$2K per dose) :

‒ Lucentis and Avastin are perceived to 

have equivalent clinical performance 

(similar efficacy, safety, and durability)

‒ Eylea is perceived to have slightly 

improved binding affinity and extended 

dosing intervals

‒ Beovu (brolucizumab) was just approved 

for wAMD and will likely take share from 

the above

⚫ Novartis is developing a novel anti-VEGF that 

is likely to launch in 2019 and may 

incrementally improve upon Eylea’s anatomic 

performance (e.g., retinal drying), but does not 

demonstrate BCVA gain over Eylea
Market is expected to grow at ~7% 

p.a., driven by further penetration 

into DME; penetration into DR is not 

currently included in forecast

Lucentis

Eylea

Forecast
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Retina specialists administer anti-VEGF therapies and are the primary stakeholders influencing 

which anti-VEGF therapy may be prescribed

Source: L.E.K. interviews and analysis

Anti-VEGF therapy stakeholders and level of influence

Stakeholder Institutional Individual Description
Level of 

influence

Retina 

specialist (RS)

✓ ✓

⚫ Retina specialists aim to improve or maintain their patients’ 

vision 

⚫ RS also seek to reduce the number of IVT injections 

administered and may be influenced by practice economics

High

Patients

✓

⚫ Patients seek to improve or maintain their vision and 

reduce the number of intravitreal (IVT) injections received

⚫ Patients aim to reduce out-of-pocket expenses

Moderate / 

High

Diabetologist

✓
⚫ Endocrinologists and PCPs seek to prevent vision loss in 

diabetic patients due to concomitant DME / NPDR
Low

Practice 

administrators

✓

⚫ Practice administrators seek to optimize practice 

economics through optimized reimbursement and 

favorable drug purchase arrangements

Moderate

Ophth. Practice 

networks

✓

⚫ Opthalmology systems seek to optimize practice 

economics through optimized reimbursement and volume 

of patients managed

Moderate

Payers

✓
⚫ Payers are incentivized to reduce the total cost of care and 

improve patient outcomes
Moderate

Dependent on practice setting
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Clinical performance factors are the most influential incentives for physicians when selecting anti-

VEGF therapies for wAMD

Source: L.E.K. interviews and analysis

Incentive Definition

Improved efficacy
⚫ Improved visual acuity and / or morphologic outcomes as demonstrated in clinical 

trials

Improved safety ⚫ Improved safety / tolerability profile as demonstrated in clinical trials

Improved dosing 

intervals
⚫ Less frequent injections as demonstrated in clinical trials

Superior outcomes 

through durability

⚫ Improved patient visual acuity and / or morphologic outcomes as demonstrated in 

clinical trials or real-world experience

Improved convenience ⚫ Reduction in the burden associated with receiving anti-VEGF injections

Maximized

reimbursement

⚫ Maximization of the reimbursement recognized per injection (injection and buy-and-

bill drug reimbursement)

Optimal drug inventory 

benefits

⚫ Optimization of the rebates and programs supporting RS practices purchasing drug 

inventory

Reimbursement burden

on practice

⚫ Burden of fulfilling payer access controls in order to administer banded anti-VEGF 

therapies

Practice productivity
⚫ Improvement in patient throughput and / or optimization of RS administered 

procedure mix

Lower total cost of care ⚫ Reduction in the annual cost to maintain patient’s vision and overall health

Lower patient OOP ⚫ Reduction in patient out-of-pocket costs

Clinical 

performanc

e

Practice 

economics

Patient 

economics

Health 

economics

Anti-VEGF selection incentives

Influential incentives

Practice 

workflow
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Current anti-VEGF therapies are minimally differentiated and do not adequately address key unmet 

needs

Note: * Based on U.S. label ; EU labels may indicate a dose and extend approach ; Dosages delivered in 0.05 mL

^ Patients in Brolucizumab’s Hawk and Harrrier study were interval adjusted to Q8W if disease was present at Q12W

Source: Company websites, National Eye Institute, Package inserts, Cowen Therapeutic Categories Outlook 2019, Klufas et. al (2018), Dugel et. al (2019), 

Clinicaltrials.gov

Approved

Current anti-VEGF therapies

Off-label use

Favorable
Less 

favorable

Physician perception of 

performance:

Approved 

indications

Off-label use in wAMD, 

RVO, and DME

wAMD

RVO

PDR & NPDR

DME

wAMD

RVO

NPDR

DME

wAMD (10/19)

RVO (2021E)

DME (2022E)

Efficacy Perceived to be broadly equivalent

Perceived to have 

improved durability vs 

Lucentis and Avastin, and 

improved efficacy 

particularly in DME

Trial results show superior 

retinal fluid reduction 

compared to Eylea

(changes in BCVA is 

equivalent)

Safety Broadly equivalent safety profiles

Early safety data indicates 

increased inflammatory 

events

Labeled 

dosing 

intervals*

Q4W across indications

wAMD: 3 monthly loading, 

followed by Q8W or Q4W

RVO: Q4W

DME: 5 monthly loading, 

followed by Q8W

DR: 5 monthly loading, 

followed by Q8W

wAMD: 3 monthly loading, 

followed by Q8W^ or 

Q12W

RVO: 6 monthly loading, 

followed by PRN

DME: 5 monthly loading, 

followed by PRN
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RS consistently cite unmet needs for extended durability, improved outcomes, and reduced patient 

treatment burden

Source: L.E.K. interviews and analysis

Extended 

“on mechanism” 

durability

⚫ Physicians desire improved durability to maintain therapeutic benefit 

through extended dosing intervals seen in real word “treat and extend” and 

PRN anti-VEGF dosing

Improved clinical 

trial outcomes

⚫ Physicians seek more sustained outcomes; some physicians indicate a need 

for faster response time

Reduced patient 

burden

⚫ Physicians and patients want therapies that require less frequent injections 

during anti-VEGF loading and maintenance to promote compliance and 

prevent discontinuation

Key unmet needs in anti-VEGF therapy

Patient selection

NPDR w/out 

DME only

⚫ Physicians need the ability to identify NPDR patients w/out DME that will 

benefit most from anti-VEGF therapy and outweigh the burden of anti-

VEGF treatments

Improved real 

world outcomes

⚫ Physicians seek therapies that offer better vision and outcomes in the real 

world, for instance in the setting of the extended treatment dosing intervals 

most patients experience
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Market overview and unmet needs discussion in RVO, wAMD and DME

Source: L.E.K. interviews and analysis of National Eye Institute, Mayo Clinic

Indication Description

Wet age-related macular 

degeneration (wAMD)

wAMD is characterized by abrupt central vision loss caused by abnormal blood 

vessels that bleed or leak fluid which may swell and damage the macula

Retinal vein occlusion (RVO)

RVO is a blockage of the small veins that carry blood away from the retina and 

may cause sudden blurring or vision loss, and / or temporary loss or disturbance 

of central / peripheral vision

Diabetic macular edema

(DME)

Diabetic macular edema (DME) occurs as a result of diabetic retinopathy and is 

defined by significant swelling of the retinal tissue caused by retinal vessels 

leaking blood and fluid into the macula

Select retinal diseases of interest

1

2

3
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An estimated ~1.5M of the ~2.7M prevalent wAMD patients are treated with anti-VEGFs in 2019

Source: L.E.K. interviews and analysis of BMJ, Cowen, and Journal of Ophthalmology

⚫ The leakage points reducing the anti-VEGF 

treated patient population include:

- Diagnosis rate: ~30% of wAMD 

patients are undiagnosed due to mild, 

unapparent symptomatology

- Treatment rate: ~15% of wAMD 

patients are not treated as their 

disease has progressed too far to 

benefit from treatment or have 

declined treatment

⚫ Patients that decline treatment due to the 

burden associated with frequent injections 

may become addressable as anti-VEGF 

dosing intervals are increased

- Persistence on therapy may increase 

as dosing intervals are increased
0.0

1.5

0.5

3.0

2.0

1.0

2.5

wAMD addressable patients (2019E)

Millions of patients

0.2M

0.4M

0.3M

0.3M

UndiagnosedPrevalent 

patients

1.6M

~30%

~15%

Untreated
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1

An estimated ~60% of patients are treated 

with branded anti-VEGFs (Eylea, Lucentis)
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3rd line

2nd line

1st line

RS currently treat wAMD patients with suboptimal dosing which leads to poorer outcomes in the 

real world

Note: * There is currently no data that switching therapies improves patient vision outcomes

Source: L.E.K. interviews and analysis of American Association of Ophthalmologists, MD Magazine, FDA, company websites, American Society of Retina 

Specialists (PAT) survey

Wet AMD diagnosis

Anti-VEGF

If inadequate response 

after loading phase

Treat and extend if 

adequate response

2nd anti-VEGF

3rd anti-VEGF

Treat and extend if 

adequate response
If inadequate response 

after loading phase

wAMD treatment paradigm

⚫ RS do not typically follow labeled dosing 

intervals

‒ Nearly all retina specialists report using 

treat and extend dosing as opposed to 

labeled dosing

⚫ In real world practice, RS aim to inject anti-

VEGFs on a “treat and extend” basis; however, 

dosing frequency is often suboptimal due to 

patient logistical challenges*

‒ “Treat and extend” dosing necessitates 3 

monthly loading doses before extending 

the interval 2 weeks at a time to a 

maximum of 12 weeks based on patient 

response

‒ If the disease is “re-activated,” dosing 

interval is shortened by 2 weeks

‒ Many patients do not receive 3 monthly 

loading doses and do not strictly adhere 

to “treat and extend” intervals

⚫ Suboptimal dosing with current anti-VEGFs 

leads to no long-term vision gains and often 

results in vision dropping below baseline BCVA

1
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Most RS do not follow the labeled dosing interval and treat wAMD patients on a treat-and-extend 

basis to balance outcomes with patient convenience

Source: L.E.K. interviews, research, and analysis

Loading dose of 3 monthly 

injections over 3 months
Maintenance (Q4 – Q8W) indefinitely

Discontinuation

Labeled treatment

C

⚫ Many patients do not receive 

3 monthly injections during 

the loading phase

⚫ RS dose anti-VEGFs using a 

treat-and-extend approach

and extend the interval as 

possible

⚫ Factors such as disease 

severity, vision preservation, 

and patient burden / logistics 

may require more frequent 

dosing intervals

⚫ Some patients may 

discontinue treatment due 

to limited benefit, suboptimal 

response, or lack of disease 

activity

3 months May be indefinite
Variable 

(typically after 1 – 2 years)

Real-world treatment

Loading dose Treat and extend
BA

1



169

<50% of new wAMD patients receive 3 loading doses due to a variety of patient barriers and 

varying physician perceptions on value

Source: L.E.K. interviews and analysis of Am J Ophthalmol – Clinical utilization of anti-VEGF agents and disease monitoring in nAMD
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~3 injections 

(On label)

44%

Real-world (EHR) loading phase injections 

Percent of patients

≤ 2 injections

56%

More 

compliant

Less 

compliant
⚫ EHR data suggests >50% of patients receive 2 or fewer 

injections within the first 3 months of therapy, likely due 

to patient travel burden and out-of-pocket concerns

⚫ Physicians also have mixed opinions on the perceived 

value of adhering to 3 monthly loading injections

⚫ Patients who receive 2 or fewer loading doses in the first 

3 months may receive a delayed 3rd loading injection or 

begin the treat and extend phase early

Average number of loading doses (EHR)

Avastin 2.1

Lucentis 2.3

Eylea 2.3

1
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As part of the treat-and-extend behavior, RS are injecting anti-VEGFs less frequently (Q6W – Q8W 

dosing schedule) than indicated …

Notes: * Dosing performed by retina specialists; does not include loading period doses (typically administered monthly for first 4 injections)

^ Lucentis label indicates up to Q12W with reduced efficacy

** Eylea label indicates that some patients may need Q4W dosing

Source: L.E.K. interviews and analysis of UBS RS survey and IRIS EHR study data
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Q6-9W

37%

Q10-12W

24%

Q6-9W

45%

Q10-12W

18%

Q4-5W

29%

Physician reported dosing intervals* (N = 7)

% of patients

Avastin

Q4-5W

43%

Lucentis^

Q4-5W

27%

Q6-9W

42%

Q10-12W

29%

Eylea**

⚫ Physicians understand that more frequent 

injections typically lead to better outcomes, 

but note that they balance injection frequency 

with maintaining / improving the patient’s 

quality of life

⚫ Some physicians concede that if treat and 

extend is not managed properly, patient 

outcomes may be suboptimal

Average dosing schedule

Interviewee 

feedback 

(weighted 

avg)

Q6W Q7W Q7-8W

Labeled 

dosing
Q4W Q4W Q8W

Less 

extended 

treatment

More 

extended 

treatment

1
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ls ⚫ A comparison of improvement in BCVA 

across clinical trials indicate that optimal treat 

and extend approaches may yield similar 

outcomes as clinical trials

⚫ However, an IRIS study evaluating real-world 

anti-VEGF outcomes suggests real-world 

visual acuity gains are inferior to trials; 

limiting factors may include:  

- Differences in clinical trial patients and 

real-world patients

- Delays in diagnosis and / or treatment 

approval and initiation

- Individual patient responses to anti-

VEGF therapies

- Lapses in RS regimentation of anti-

VEGF injections and monitoring

- Inadequate patient adherence to 

treatment and monitoring

⚫ A minority of physicians are aware of this

… this translates into inferior patient outcomes in the real-world when compared to clinical trials

Note: * Average change in letters at 2 years

^ Converted logMARS to ETDRS

Source: L.E.K. interviews and analysis of JMCP and clinical trial outcomes data
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Marina

Bevacizumab

Aflibercept 2.0 mg Q8W

Trex-AMD
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Ranibizumab (0.5 mg)

IRIS

Bevacizumab (1.25 mg)

Ranibizumab (0.5 mg) - T&E

Ranibizumab (0.5 mg) - Monthly

Ranibizumab

Aflibercept

1
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RS indicate a portion of patients discontinue treatment; burnout and scarring patients may be 

addressable with more durable treatments

Source: L.E.K. interviews and analysis M.D. Magazine and Am J Ophthalmol

⚫ Wet AMD patients are indicated to be treated 

indefinitely and typically exhibit improved outcomes 

with continuous treatment

⚫ However, some patients discontinue and may not be 

further addressed with anti-VEGFs due to:

- No active disease: Patients may respond 

exceptionally well to therapy and no longer need 

therapy

⚫ Other patients who discontinue treatment may continue 

to be addressed with anti-VEGF therapies

- Burnout: Patients may find the frequency of 

injections too burdensome, which may be 

compounded by a possible fear of injections, high 

out-of-pocket costs, and difficulty traveling to 

injecting clinic
65%
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8%
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Patient treatment discontinuation (N = 3)

Percent of wAMD patients

No active disease
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10%
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indefinitely

Old age
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1
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RS cite a number of unmet needs to improve durability, outcomes and patient convenience

Source: L.E.K. interviews and analysis

Key unmet needs in wAMD

Need for improved safety / tolerability is negligible 

given safety profile of current anti-VEGF therapies

Improved 

durability

Improved 

outcomes

Reduced 

patient 

burden

1

⚫ Physicians desire improved durability and ability to consistently maintain patients at extended 

dosing intervals

⚫ Physicians want more substantial improvements to BCVA and drying of retina in a broader 

portion of patients

⚫ Physicians also seek products that reduce treatment burden including fibrotic scarring that may 

lead to burnout and drop off
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Anti-VEGFs with greater durability may not only improve outcomes, but also improve convenience 

and reduce drop off rates

Source: L.E.K. interviews and analysis

Improved real world efficacy Improved patient quality of life

• RS aim to maximize the real 

world efficacy that they’re 

able achieve with anti-VEGF 

injections

• Improving durability will 

enable patients to stay on 

mechanism for longer and 

potentially improve real world 

efficacy

Improving the durability of an anti-VEGF may enable…

• RS attempt to minimize the 

treatment burden placed on 

a patient by extending dosing 

intervals

• Improved durability enables 

extended dosing intervals

and gives RS more flexibility 

when managing patient’s 

treat and extend dosing

Reduced patient drop off

• RS are concerned with 

patients discontinuing 

therapy

• Improved durability / 

extended dosing also 

address patients that find 

injections too burdensome 

and patients that experience 

scarring

1
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Market overview and unmet needs discussion in RVO, wAMD and DME

Source: L.E.K. interviews and analysis of National Eye Institute, Mayo Clinic

Indication Description

Wet age-related macular 

degeneration (wAMD)

wAMD is characterized by abrupt central vision loss caused by abnormal blood 

vessels that bleed or leak fluid which may swell and damage the macula

Retinal vein occlusion (RVO)

RVO is a blockage of the small veins that carry blood away from the retina and 

may cause sudden blurring or vision loss, and / or temporary loss or disturbance 

of central / peripheral vision

Diabetic macular edema

(DME)

Diabetic macular edema (DME) occurs as a result of diabetic retinopathy and is 

defined by significant swelling of the retinal tissue caused by retinal vessels 

leaking blood and fluid into the macula

Select retinal diseases of interest

1

2

3
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An estimated ~1.2M of the ~1.8M prevalent RVO patients are treated with anti-VEGF therapies in 

2019

Source: L.E.K. interviews and analysis of BMJ, Cowen, and Journal of Ophthalmology

⚫ The leakage points reducing currently anti-VEGF 

treated patients include:

- Diagnosis rate: ~15% of RVO patients are 

estimated to be undiagnosed due to mild 

symptoms not detected by optometrists or 

noticed by patients

- Treatment rate: ~15% of diagnosed do not 

initiate treatment because providers do not 

perceive the symptoms to be severe enough to 

justify the treatment burden

- Laser / steroids2: ~5% of patients will begin 

with steroid or laser treatment without anti-

VEGF treatment, potentially due to severity or 

inflammatory nature of their condition

⚫ Addressable population of ~1.2M includes new 

patients, patients on treat and extend, PRN patients, 

and those that have received anti-VEGFs but have 

become inactive
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1.2
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Untreated Lasers / 

steroids

0.1M
0.1M
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Treated with 

anti-VEGF
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France

2
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3rd line

2nd line

1st line

RVO patients typically do not receive the recommended monthly injections of current anti-VEGFs 

needed to maintain improvement in BCVA, leading to suboptimal outcomes

Note:    * Patients with neovascularization are treated with a combination of laser and anti-VEGF injections

^ Treatment paradigm for ischemic patients corresponds with that for neovascularization patients 

Source: L.E.K. interviews and analysis of American Association of Ophthalmologists, MD Magazine, FDA, and company websites

RVO diagnosis

Anti-VEGF

If inadequate response 

after loading phase

Treat and extend or PRN

if adequate response

2nd anti-VEGF

Steroids

If inadequate response 

after loading phase

RVO treatment paradigm

⚫ RS do not typically follow labeled dosing 

intervals

‒ German and French physicians typically 

do not use Avastin as it is off label

‒ UK physicians decide on treatment based 

on presence or absence of ischemia^

⚫ In real world practice, RS aim to dose anti-

VEGFs on a “treat and extend” or PRN basis; 

however, dosing frequency is often suboptimal 

due to patient logistical challenges

‒ Many patients receive only 2-3 monthly 

loading injections instead of the 6 

recommended by branded anti-VEGF 

labels

‒ Given RS perception that RVO patients 

respond well to anti-VEGFs, patients may 

discontinue therapy at a higher rate than 

other indications

⚫ Recent studies (LEAVO, May 2019) indicate that 

failure to adhere to labeled loading dose 

recommendations leads to poorer outcomes

Macular edema*

Non-anti-VEGF options

⚫ Steroids

⚫ Focal laser 

(for BRVO)

and / or

Treat and extend or PRN

if adequate response

2
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Most RS treat RVO with ME patients on a treat-and-extend or PRN basis to optimize the balance of 

patient outcomes with quality of life

Source: L.E.K. interviews, research, and analysis

Loading dose of 3 monthly 

injections over 3 months
Maintenance (Q4) indefinitely

Discontinuation

Labeled treatment strategy

⚫ Many patients do not receive 

6 monthly injections during 

the loading phase

⚫ RS dose anti-VEGFs using a 

treat-and-extend approach

and extend the interval as 

possible

⚫ Patients respond well to initial 

anti-VEGF injections and 

receive dosing as needed 

(PRN)

⚫ Some patients may 

discontinue treatment due 

to success or limited benefit, 

suboptimal response, or lack 

of disease activity

6 months May be indefinite
Variable 

(typically after 1 – 2 years)

Real-world treatment

Monthly doses Treat and extend

2
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The majority of new RVO patients receive < 3 injections during the first 3 months of treatment

Note: * Based on real-world ex-U.S. studies with limited N

Source: L.E.K. interviews and analysis of Clinical Ophthalmology and Saudi Journal of Ophthalmology
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~3 injections 
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Real-world monthly dose phase injections*

Percent of patients

≤ 2 injections

~45%

More 

compliant

Less 

compliant

Average number of loading doses

2.4

⚫ Physician opinions vary on the optimal dosing 

interval for RVO patients

⚫ Rationale for not receiving on-label dosing varies; 

some reasons include:

- A subset of patients show immediate response 

and RS extend dosing intervals early

- Other retina specialists indicate other non-

clinical factors (e.g., patient convenience) may 

impede RS ability to administer monthly anti-

VEGF injections

2
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RS extend anti-VEGF dosing to Q6-9W (nearly 2x as labeled) in RVO patients

Note: * Dosing performed by retina specialists; does not include loading period doses (typically administered monthly for first 4 injections)

Source: L.E.K. interviews and analysis, UBS
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Q6-9W

41%
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36%

Physician reported dosing intervals*

(N = 7)

% of patients

Q4-5W

35%

Q4-5W
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Q10-12W

19%
Q10-12W

24%

Lucentis

Q10-12W

29%

Q6-9W

40%

Q4-5W

32%

Eylea

Less 

extended 

treatment

More 

extended 

treatment

⚫ RS seek to balance patient outcomes with 

maintenance and / or improvement of the patient’s 

convenience

⚫ RS preferentially treat at Q6-9W as opposed to 

extending beyond, given the likelihood of shifting 

patients to a treat as needed dosing regimen

⚫ Some RS indicate that RVO patients typically 

respond very well to anti-VEGFs and may place the 

patient on PRN during or soon after the loading 

phase

Annual dosing schedule

Interviewee 

feedback 

(weighted avg)

Q6W Q6-7W Q7W

Label dosing Q4W

2
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<20% of patients have sub-optimal responses to 1st line anti-VEGFs and may receive a combination 

of laser, steroid, or  2nd line anti-VEGF

Source: UBS; L.E.K. interviews and analysis
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Patient responsiveness to 1st line anti-VEGF
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Sub-optimal response

<20%

Responsive

~80%

⚫ 10-20% of RVO patients may show sub-optimal response to 

1st line anti-VEGFs and are treated with a 2nd line therapy

- Patients with glaucoma or cataracts are typically 

switched to another anti-VEGF if their response after 3 

– 4 injections of the 1st line anti-VEGF is suboptimal

- Other patients may receive steroids and / or focal laser 

with / without anti-VEGF

2
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Real-world outcomes of anti-VEGF therapies in RVO may be slightly inferior compared to 

outcomes demonstrated in clinical trials

Source: L.E.K. interviews and analysis of Ophthalmology, American Journal of Ophthalmology, British Journal of Ophthalmology, BMJ Open Ophthalmology 
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⚫ A retrospective real-world outcomes study from 

University of Sydney demonstrated inferior 

outcomes compared to clinical trials; limiting 

factors may include:  

- Differences in clinical trials patients and real-

world patients 

- Study subjects are not representative of 

international RVO patients

- Differences in dosing regimen in the real 

world; studies employed monthly dosing 

before extending whereas real world providers 

may switch to PRN

- Real world delays in diagnosis and / or 

treatment approval and initiation

- Differences in standards for data collection by 

real-world providers and clinical trial 

physicians / scientists

Retrospective study did not 

distinguish between anti-VEGF 

therapies

2
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~40% of patients maintain anti-VEGF therapy indefinitely, ~40% discontinue due to 

good response, and ~20% discontinue due to burnout or scarring

Source: L.E.K. interviews and analysis
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⚫ RVO patients are indicated to be treated indefinitely and 

likely exhibit better outcomes with continuous treatment

⚫ However, many patients will discontinue therapy and may 

be difficult to address with anti-VEGFs due to:

- No active disease: Patients typically respond well to 

anti-VEGF therapy and may no longer need injections

⚫ Other patients who discontinue treatment may continue to 

be addressed with anti-VEGF therapies

- Burnout: Patients may find the frequency of 

injections too burdensome, which may be 

compounded by a possible fear of injections, high out-

of-pocket costs, and difficulty traveling to injecting 

clinic

A portion of patients who are 

treated indefinitely may be 

treated with a PRN approach

2
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Novel MoAs for reducing breakdown of blood-retinal barrier are in development, but RS are most 

interested in extended anti-VEGF dosing to reduce under treatment

Source: L.E.K. interviews and analysis of Kodiak management presentation, company websites, PharmaProjects

Drug class Overview Key examples

Novel anti-

VEGFs

Novel, longer-acting anti-VEGFs may improve 

compliance among DME patients

Novartis’s Beovu (RTH258) is an antibody fragment that 

effectively penetrates tissues due to small molecular weight and 

is highly efficacious in drying the retina

Biologics
Non-VEGF biologics provide novel options for 

patients not responsive to anti-VEGFs

Daiichi Sankyo’s DS-7080a is a monoclonal antibody that 

inhibits angiogenesis

VEGF 

biosimilars

Physicians indicate that VEGF biosimilars may 

displace biologics due to lower price

Momenta’s M-710 is an Eylea biosimilar being developed for 

DME

Bispecific 

antibodies

Inhibit multiple targets to theoretically increase 

efficacy

Roche’s Faricimab targets VEGF and ANG2 and demonstrated 

significant visual acuity gains in Phase II trials

Implantable 

devices

Implanted devices that deliver anti-angiogenic 

drugs in a sustained fashion

Aerie’s ENV-1105 is a bioerodible implant that delivers extended 

release version of dexamethasone

Small 

molecules

Small molecules that target non-VEGF factors

that stabilize or prevent DME symptoms

Allegro’s Luminate is an integrin inhibitor that reduces oxidative 

stress upstream of increased vascular permeability, 

angiogenesis, inflammation, and cell death

Steroids
Option for refractory patients due to broad anti-

inflammatory and anti-angiogenic functions

EyeGate Pharma’s EGP-437 utilizes an iontophoresis to deliver 

a high ocular concentration of dexamethasone

Pipeline drugs for DME

2



185

Market overview and unmet needs discussion in RVO, wAMD and DME

Source: L.E.K. interviews and analysis of National Eye Institute, Mayo Clinic

Indication Description

Wet age-related macular 

degeneration (wAMD)

wAMD is characterized by abrupt central vision loss caused by abnormal blood 

vessels that bleed or leak fluid which may swell and damage the macula

Retinal vein occlusion (RVO)

RVO is a blockage of the small veins that carry blood away from the retina and 

may cause sudden blurring or vision loss, and / or temporary loss or disturbance 

of central / peripheral vision

Diabetic macular edema

(DME)

Diabetic macular edema (DME) occurs as a result of diabetic retinopathy and is 

defined by significant swelling of the retinal tissue caused by retinal vessels 

leaking blood and fluid into the macula

Select retinal diseases of interest

1

2

3
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~0.3M / ~1.5M prevalent DME patients are treated with anti-VEGFs as most patients with not center 

involved or mild disease are not currently treated

Notes:   * These patients may have disease localized to periphery or exhibit intraocular inflammation and / or epiretinal membranes

Source: L.E.K. interviews and analysis of Cowen, Regeneron investor presentation, Roche investor presentation, Journal of Diabetes Research, JAMA 

Ophthalmology

⚫ Patient leakage points include:

‒ Diagnosis rate: ~25% of patients 

remain undiagnosed due to mild 

symptomology

‒ Laser / steroids*: ~5% of patients 

begin with steroid or laser treatment 

(e.g. mild symptoms in the periphery) 

and are never treated with an anti-

VEGF

⚫ Not center involved (~40%) and mild 

(~10%) DME patients are typically not 

treated due to current anti-VEGF treatment 

burden and limited visual symptoms

⚫ Addressable population of ~0.3M includes 

patients who will receive at least 1 dose of 

anti-VEGF

Roche and Regeneron estimate 

125-150K DME patients are 

treated in the U.S., difference in 

estimates due to addition of EU3 

and slightly different diagnosis 

rates
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3rd line

2nd line

1st line

DME patients currently receive suboptimal anti-VEGF dosing, leading to poorer real world 

outcomes

Note:    * DRCR’s Protocol T recommends stratifying anti-VEGF selection based on visual acuity, but providers may treat with Avastin if patient insurance is 

prohibitive

Source: L.E.K. interviews and analysis of American Association of Ophthalmologists, MD Magazine, FDA, and company websites

DME diagnosis

Eylea: worse than 20/50

Lucentis / Avastin: better than 20/50

If inadequate response 

after loading phase

PRN if visual acuity 20/20 

and OCT CST is normal

2nd anti-VEGF

Steroids

If inadequate response 

after loading phase

DME treatment paradigm

⚫ RS do not typically follow labeled dosing 

intervals

⚫ In real world practice, RS attempt to adhere to a 

“treat and extend” or PRN regimen

‒ Adherence to Eylea’s label recommended 

loading injections (5 monthly injections) is 

low due to patient treatment burden and 

noncompliance

⚫ Real world outcomes are inferior to those 

demonstrated in clinical trials due to less 

frequent injections

Evaluate visual acuity*

Non-anti-VEGF options

⚫ Steroids

⚫ Laser

and / or

PRN if visual acuity 20/20 

and OCT CST is normal

DRCR Protocol T 

guidelines 

3
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RS administer anti-VEGF therapies 1st line and often use focal lasers 2nd line based on Protocol T; 

however, some physicians may use steroids or another anti-VEGF

Source: L.E.K. interviews and analysis of UBS analyst report
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Eylea
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1st line

⚫ Retina specialists will prescribe Eylea or Lucentis first line in 

accordance with DRCR.net Protocol T guidelines, but may still 

prescribe Avastin first line

⚫ DRCR guidelines recommend laser as second-line treatment, but 

providers may use steroids or another anti-VEGF due to potential 

vision loss caused by lasers

3



189

DME patients are dosed less frequently than drug labels and Protocol T guideline 

recommendations…

Note: * Protocol T recommends PRN treatment after 5 monthly injections

Source: L.E.K. interviews and analysis of Am. Jo. Opthal., Clinical Opthalmology, and PLOS ONE

⚫ Lucentis and Eylea labels recommend 9-12 

injections in the first year of treatment

⚫ DRCR Protocol T recommends 6 monthly injections 

before transitioning responsive patients to PRN

⚫ Some RS may use treat and extend dosing as it 

facilitates practice workflow

Analyses of EHR data demonstrate that DME 

patients receive 3-4 injections on average in the 

first year of treatment
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... which has resulted in real world outcomes that are inferior to those demonstrated in clinical 

trials

Source: L.E.K. interviews and analysis of Ophthalmology, American Journal of Ophthalmology, British Journal of Ophthalmology, BMJ Open Ophthalmology 
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⚫ Retrospective studies on real-world outcomes in 

the U.S., UK, and Sweden demonstrate inferior 

real world outcomes compared to clinical trials 

primarily due to less frequent dosing

⚫ Additional limiting factors may include:  

- Differences in clinical trials patients and real-

world patients 

- Real world delays in diagnosis and / or 

treatment approval and initiation

- Differences in standards for data collection by 

real-world providers and clinical trial 

physicians / scientists

3
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Patients who discontinue anti-VEGFs by switching to 2nd line therapy or due to scarring 

or burnout may be addressable with improved dosing intervals

Source: L.E.K. interviews and analysis
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⚫ DME patients are indicated to be treated indefinitely and 

likely exhibit better outcomes with continuous treatment

⚫ Patients with no active disease will discontinue therapy 

and may be difficult to address with anti-VEGFs 

⚫ Some patients who discontinue treatment may continue 

to be addressed with use of KSI-301: 

- Burnout: Patients may find the frequency of 

injections too burdensome, which may be 

compounded by a possible fear of injections, high 

out-of-pocket costs, and difficulty traveling to 

injecting clinic

- Second line laser / steroid: Patients showing sub-

optimal response to anti-VEGFs may transition to 

laser or steroid treatments second line

Directional – Low N
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Retina specialists identify a number of unmet needs affecting anti-VEGF use in DME patients

Source: L.E.K. interviews and analysis

Improved 

durability

Improved 

outcomes

Reduced patient 

burden

⚫ Physicians desire improved durability and ability to consistently maintain patients at extended 

dosing intervals

⚫ Physicians want more substantial improvements to BCVA and drying of retina in a broader 

portion of patients

⚫ Physicians also seek products that reduce the burden associated with frequent intravitreal 

injections to encourage compliance in diabetic patients and reduce treatment discontinuation

Key unmet needs in DME

Reduced 

loading doses

⚫ Physicians seek fewer loading doses without sacrificing efficacy because in real-world practice, 

patients are unlikely to comply to 5 injections due to low compliance
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Study 

Population

Injection

Duration, Y

Mean

Injection Rate

Medicare

analysis1 459,237 1 4.3

LUMINOUS2 4,437 1 4.3-5.5

Retrospective 

claims analysis3 11,688 1 4.5-6.8

Retrospective 

claims analysis4 53,621 1 4.6-6.9

1. Lad EM et al. Am J Ophthalmol. 2014;158(3):537-543.e2, 2. Holz FG et al. Br J Ophthalmol. 2013;97(9):1161-1167, 3. Kiss S et al. Ophthalmic Surg Lasers 
Imaging Retina. 2014;45(4):285-291, 4. Holekamp NM, et al. Am J Ophthalmol. 2014;157(4):825-833.e1.
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