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ABSTRACT

Introduction: Clinical trials in neovascular age-
related macular degeneration (nAMD) using
anti-vascular endothelial growth factor (ant-
VEGF) injections use disease activity (DA) cri-
teria to shorten, maintain or increase the
interval between injections. Differences in these
DA criteria may contribute to differences in the
proportions of patients with macular fluid at
key time points or achieving extended dosing
intervals in these trials. We identified, collated
and evaluated DA criteria from pivotal anti-
VEGF nAMD trials to understand how differ-
ences impact on these studies and real-world
visual acuity and extending dosing outcomes.
Methods: This was a systematic review of liter-
ature on Pubmed for randomised clinical trials
in nAMD using a proactive treatment regimen.
We excluded case reports, review articles and
studies on fewer than 50 participants.

Results: Twelve clinical trials (LUCAS, VIEW,
TREX-AMD, FLUID, TREND, RIVAL, ALTAIR,

P. J. Patel (<) - P. Villavicencio

NIHR Biomedical Research Centre at Moorfields Eye
Hospital NHS Foundation Trust, UCL Institute of
Ophthalmology, 162 City Road, London EC1V 2PD,
UK

e-mail: praveen.patell@nhs.net

D. Hanumunthadu
Royal Free London NHS Foundation Trust, London,
UK

CANTREAT, ARIES, TREX-Conbercept, HAWK &
HARRIER, TENAYA & LUCERNE) investigating
anti-VEGF treatment of nAMD were identified
according to our search strategy. Different
studies utilised a different combination of DA
criteria. Specifically, six trials included visual
acuity change; four included macular thickness
change; one included visual acuity change if
associated with macular thickness change; one
with qualitative optical coherence tomography
(OCT) features; four with qualitative OCT fea-
tures if also associated with visual acuity
change; 10 with macular haemorrhage and five
with other fluorescein angiographic features.
Conclusion: Different clinical trials use differ-
ent DA criteria when altering the interval
between anti-VEGF injections. This makes it
difficult to draw meaningful conclusions about
secondary outcomes such as proportion of
patients treated at extended dosing intervals or
proportions of eyes with persistent subretinal or
intraretinal fluid. Standardising DA criteria in
clinical trials and preferentially using those
easily applied in a real-world setting would lead
to results more achievable in real-world settings
and for a meaningful comparison of treatment
durability.

Keywords: Age-related macular degeneration;
Treatment outcomes; Clinical trial
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Key Summary Points

We identified 12 randomised, controlled
clinical trials investigating treatment of
neovascular age-related macular
degeneration with anti-vascular
endothelial growth factor treatments
using a proactive treatment regimen.

Disease activity criteria were visual acuity
change in 6 trials; 4 included macular
thickness change; 1 trial included visual
acuity change if associated with macular
thickness change; 1 with qualitative
optical coherence tomography (OCT)
features; 4 with qualitative OCT features if
also associated with visual acuity change;
10 with macular haemorrhage and 5 with
other fluorescein angiographic features.
Meaningful comparison of secondary
outcomes relating to treatment durability
across clinical trials, such as the
proportion of eyes with macular fluid or
extended treatment intervals at

time points, can therefore not be made.

New approaches to clinical trial disease
activity criteria are needed to help
generalisability of findings to real-world
settings and allow better comparison of
treatment durability outcomes across
clinical trials and real-world settings.

INTRODUCTION

We have witnessed huge strides in the fight
against vision loss caused by neovascular age-
related macular degeneration (nAMD) through
the introduction of agents which target and
block all isoforms of vascular endothelial
growth factor (VEGF). These anti-VEGF agents
delivered by intravitreal injection have been
licensed for use after positive safety and efficacy
data in phase 3 clinical trials. Through reports
of treatment outcomes in clinical practice, over
the past 10-15 years we have learned that real-

world visual acuity outcomes do not reach the
heights seen in clinical trials and that a range of
factors can underlie this “efficacy gap”.
Although some of these factors such as age, a
wider range of lesion and baseline characteris-
tics and less compliance with regular follow-up
are outside the control of ophthalmologists,
one of the biggest factors we can control is the
treatment paradigms used in real-world clinical
settings. Proactive treat and extend paradigms
have become popular in an effort to reduce or
eliminate periods of nAMD disease activity
between injections which could compromise
visual acuity outcomes. Indeed, recent analysis
of treat and extend regimens in nAMD has
suggested similar visual acuity improvement to
fixed dosing regimens and better visual acuity
outcomes than pro re nata (PRN) regimens [1].
The specific disease activity criteria used to
shorten, maintain or extend the interval
between anti-VEGF injections in treat and
extend dosing regimens merit scrutiny. Opti-
mising these criteria and standardising them
within large hospital or clinic providers of
nAMD treatment (e.g. in the UK’s National
Health Service) so that different clinicians
involved in the care of these patients use same
criteria may help us to get closer to the visual
acuity outcomes we see in clinical trials. This in
turn has benefits for patients and payors by
helping to maximize the efficacy and cost-ef-
fectiveness of anti-VEGF agents in real-world
settings.

In this current study we systematically
review the literature describing disease activity
criteria used to alter treatment intervals with
anti-VEGF agents in clinical trials which used a
treat and extend paradigm or modified treat and
extend approach to treatment. The methodol-
ogy and findings of eligible studies are sum-
marised and appraised with a focus on
identifying agreement between studies on
commonly used disease activity criteria and
commenting on potential barriers to clinical
implementation of these criteria in modern,
forward-looking treat and extend retreatment
strategies to optimise treatment outcomes for
patients with nAMD.
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METHODS

Study Design

This systematic review was completed in
accordance with the Preferred Reporting Items
for Systematic review and Meta-Analysis
(PRISMA) guidelines. This article is based on
previously conducted studies and does not
contain any new studies with human partici-
pants or animals performed by any of the
authors.

Systematic Search

Randomised controlled trials reporting treat-
ment of nAMD using anti-VEGF treatment (in-
cluding other isoforms and other mechanisms
of nAMD neoangiogenesis) were identified from
PubMed literature search using the terms “wet
age-related macular degeneration”, “neovascu-
lar age-related macular degeneration”, “anti-
VEGF”, “anti-vascular endothelial growth fac-
tor” and/or “anti-angiogenic”. Literature sear-
ches also included “macular degeneration” and/
or “intravitreal injection”. We excluded review
articles, case studies, diseases other than nAMD,
preclinical/imaging studies and non-GA studies.

Study Selection

The titles and abstracts were fully screened for
relevant articles. We included randomised con-
trolled trials (phase Il or phase IlIb) where at
least one arm of the clinical trial included
treatment delivered using a personalised treat-
ment interval, or capped PRN regimens (with
minimum and maximum treatment intervals)
or treat and extend retreatment strategy.

We excluded studies which only used fixed
dosing throughout the study duration in all
arms of the study (and which by definition
would not have retreatment criteria or disease
activity criteria) or studies where PRN treatment
regimens were used without a cap for a mini-
mum of maximum treatment interval as these
groups of studies are less relevant regarding
proactive treatment regimens in use in clinical
practice today.

Study Assessment

The studies were assessed for study number,
intravitreal agent assessed, history of previous
treatment/treatment naive, treatment criteria
used to inform interval decision (visual acuity,
OCT, fluorescein angiography and fundus
examination), interval extension/reduction
choice and outcome of study.

RESULTS

Studies Selected

The search strategy resulted in 167 studies after
removal of duplicate studies (see PRISMA Fig. 1).
We then identified 12 clinical trials (LUCAS,
VIEW, TREX-AMD, FLUID, TREND, RIVAL,
ALTAIR, CANTREAT, ARIES, TREX-Conbercept,
HAWK & HARRIER, TENAYA & LUCERNE)
investigating anti-VEGF treatment of nAMD
according to our search strategy [2-13]. These
were multicentre phase 3/4 clinical trials in
multiple locations worldwide. Treatment dis-
continuation was possible in the trials e.g. after
adverse event.

Treatment Regimens Utilised

We identified three studies using a proactive
capped PRN or treat and extend regimen
(Table 1). This included VIEW that utilised fixed
dosing in the first year followed by a capped
PRN regimen in the second year of treatment as
well as two studies (HAWK & HARRIER,
TENAYA & LUCERNE) that utilised a fixed
loading regimen of monthly injections for
4 months followed by differing fixed-dose regi-
mens (e.g. at 8-, 12- or 16-week intervals)
depending on disease activity assessment at
specific time points.

We identified nine studies (LUCAS, TREX-
AMD, FLUID, TREND, RIVAL, ALTAIR, CAN-
TREAT, ARIES, TREX-Conbercept) that utilised a
proactive treat and extend to treat patients with
nAMD in at least one study arm (Table 2). These
studies all utilised a fixed loading regimen of
monthly injections (3 or 4 months) followed by
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a treat and extend regimen of varying treatment
extension periods and corresponding criteria to
maintain, extend or reduce the required treat-
ment interval depending on disease assessment
activity.

Treat and Extend Regimen Intervals

ALTAIR, ARIES, TENAYA & LUCERNE and
HAWK & HARRIER had a maximum treatment
interval of 16 weeks. FLUID, LUCAS, RIVAL,
TREND, TREX-AMD, TREX-Conbercept and
CANTREAT had a maximal treatment interval
of 12 weeks.

LUCAS, RIVAL, FLUID, TREND, TREX-AMD
and TREX-Conbercept adjusted treatment
intervals (reduce or extend) by 2 weeks
depending on disease activity. FLUID, RIVAL
and TREND also reduced treatment intervals by
4 weeks if there were several signs of disease
activity. CANTREAT and ARIES reduced treat-
ment intervals by 4 weeks if current treatment
was at a more prolonged treatment interval but
2 weeks at a less prolonged interval. ALTAIR was
randomised to compare 2-week and 4-week
alteration in treatment intervals. TENAYA &
LUCERNE utilised a fixed 8-, 12- or 16-week
dosing regimen up to week 60 after disease
assessment at weeks 20 and 24. HAWK & HAR-
RIER had a fixed 12-weekly dosing regimen that
could be reduced to 8 weeks if signs of disease
activity were noted.

The studies also had different approaches to
treatment intervals in the event of multiple
attempts at treatment interval expansion. In
FLUID, LUCAS, RIVAL and TREND, the treat-
ment interval was maintained at 2 weeks less
than the maximum treatment interval of dis-
ease recurrence for the rest of the study at the
second attempt of treatment interval extension.
In TREX-AMD, if there was a recurrent disease
activity at the same interval three times, treat-
ment was given at the next shorter disease
interval before recommencement of the treat-
ment protocol. In CANTREAT, treatment was
continued at the last stable interval after
attempting to increase the treatment interval a
single previous time only. In TENAYA &
LUCERNE, patients had fixed dosing treatment

for the whole study after 4-monthly treatments
whilst default 12-weekly dosing was used in
HAWK & HARRIER that could be reduced to
fixed 8-weekly treatment if disease activity was
found.

Disease Activity Criteria

Table 3 summarises the different disease activity
criteria used in these studies. We included all
the disease activity criteria used in the studies,
including visual acuity, OCT-derived macular
thickness, OCT qualitative features of disease
activity, macular haemorrhage and angio-
graphic features of disease activity.

(i) Visual Acuity: Seven studies (FLUID, RIVAL,
CANTREAT, ALTAIR, TENAYA & LUCERNE,
HAWK & HARRIER, TREX-Conbercept) uti-
lised visual acuity in their treatment crite-
ria, all using a change (loss) of visual acuity
of at least five ETDRS letters from the last
visit except for TENAYA & LUCERNE which
specified at least five letters lost from the
average of the last two visits or at least 10
letters lost from the highest of the preced-
ing two attendances. Furthermore, HAWK
& HARRIER specified a loss of five letters
compared with baseline as well as a loss of
three letters combined with an increase in
central subfield thickness (CST) of 75 um or
loss of five letters to week 12 attendance
due to nAMD disease activity. Four studies
(LUCAS, TREND, TREX-AMD, ARIES) did
not utilise visual acuity in their treatment
criteria.

(ii) OCT macular thickness: Five studies
(FLUID, ALTAIR, VIEW, ARIES, TENAYA
& LUCERNE) utilised an increase in mac-
ular thickness as a treatment criterion.
TENAYA & LUCERNE specified an increase
of 50 pm compared with the two preceding
visits. ALTAIR and VIEW specified an
increase of 100 um in the central retinal
thickness (central 1 mm) compared with
the lowest previous measurement. The
definition of retinal thickness measure-
ment (internal limiting membrane to
Bruch membrane or retinal pigment
epithelium) was not fully specified. FLUID

I\ Adis



Ophthalmol Ther (2023) 12:2323-2346

2330

A&wv:omm@uéoav
Apmas woiy pasowar ‘uondafur

Tumﬂu uu@m wvﬁooa 14 asuodsar ou MH

20U21IND3X
3SEISIP JO [EAIIUT WNWIXEW I
UBY) SO SYPIM 7 It poureIuTew

‘UoISUIIXd Je 1dwone TQOUUm EEATAY

V( Ou Jlun 1s1A

(qewmziqrues) [oed s[2am 7 Aq 2oNpaT ‘SYoMm I
78 puo4dq UOISUANXD I03Je :a2npay
(qeumzioesdq) SyPam 7] v jo udrs
6L JO WNWIXEW [HUN JISIA YOed I8 St pasn 10U VADY 4N
(s1omay) amoe ssjeom 7 £q puaIxXe ‘Y OU ‘puaxg Vi uowidal pualxd
[EnsIA ur ureny va UO 9ZIS UOISI| PIseIdUl pue 1ean owes Jurs) I = N
(qewmziqrues) 1eak | Lue 31 oseyd Surpeoy 1oaye syeArarur 10 ABeyea] 24 '€ [:] pastwopury sqauow 17
<9 12 famor ApPam-¥ v ONUNUOY) (UvIUIVIN aZeyrrowoey Sw ¢z IOV
(qewnzioeasq) [ensia jo :aseyd Surpeo] wuaastszad 10 MIN 7 qewnzIoeAdq sa 1 oseyd (S107)
0/% Awomour-uoN  A[AUow-¢ I9jE PULIXD puE IBAIT, 1D0 uo pmy Luy ‘1 Sw ¢¢ qewnziqruey anudnMA SvDON1
syauowr 7|
Je pIng Jemoew uwownSorx Juduryesn
ou YIIM 5249 aurod put uonedsrpow
Jo aSeiuadiag -pus Arewrag uonEId[E UIUISII JUSUNEdI, LI Y [eomACTIUY adfy Apmig Apmg

uowidor puaixs pue 1ean aandeord e Suisn s10108) Yamois [erppyropUd
TE[NOSEA-TIUE [E2TIABTIUL (IIM UONLIDUSZOP IE[NOBW Pale[21-98e Ie[MdSLAOSU JO 1uduniesrd SUneSnssAur S[ern pI[[oIIuod Pasiwopuel § pue q¢ aseyJ ¢ S[qeL

A\ Adis



2331

Ophthalmol Ther (2023) 12:2323-2346

[020101d Surwmsax
910J2q SOWI ¢ [EATIUI I2IIOYS
IX2U 1€ JNUNIUOD SOWI 2T

JeAI21UT SWes 18 Y/ (J IU21IN531 JT

uorsuaixs 1e 1dwene Lue d10§oq
ISIA J19YINJ € 10J UTeIUTeW UdY3

mda1 J1 ureSe Joom 1 £q 2onpay -
(puaaxa

pue 1eam) 94¢¢ V oU JI YoM T e IJe puAnxy -
(Aiqpuow 9[qeas [run sypam 7 £q 9onpa1 1y (J |

Paxy) 9<% [ompay
$19319] SPam 7T
01 jo famoe JO WNWIXEW [IUn ISIA YoEd JB

[ensia ur ured sspam 7 Aq puaIxd ‘Y ou ‘puarxyg

d
Y uontodoig va

sqauow 71 Aue J1 aseyd Surpeoy 1oaye syeAralul

surpaseq woly J[2M-§ 38 INUNUOY) UIVIUIVI

PapI0231 30N VADL U A[Jauow-¢ I103je pualxs pue Jedl],

(reunarenur puaixs
10 [eURDIQNS)  PpUE 18I1 sA A[auow

Jeyrrowoey IENORN ' POXY [:] PISIWOpUEY

IS 10 DT Jo ousa1 '] Sw ¢ qewnziqruey

09 =N
syauowr 7|
‘10Y
CRelichjalpiless (S102)
qeceseyd NV-Xd4L

sypuowr 7|
e pmy remoew
ou YIIM $9£5 aurod
Jo aeauadiag -pud Arewrig uonEId[E UIWISII JUSWNEII Y,

uwounSorx judunyesn
pue uonesrpaw
eI Y Jeanaenuy

adfy Apmig Apmig

ponunuod g d[qel.

I\ Adis



Ophthalmol Ther (2023) 12:2323-2346

2332

(Pxep1) 9
(sA18UDIUT) €

(s103397) Lamnode

SY99M ¥, 1® urelurew

U1 901M] SY29M I, O3 PIUINIAT J]
20USIINDII
ISEISIP JO [EAIIUT WNWIXEW
9U3 UBYI SSI SYI9M 7 I UreIUTEW

‘UoISuUdIXd Je 1dwoize VGOUOm EEATAYA

[EAIIUT JPoM-F 01 UINIdI 'Y (J T <
sypam 7 £q 9ompar y g [
J1 SYPoM §
PUOAdq UOTSUIXD 103Je 227py
AppPam-71
JO WNWIXEW [[UN IISIA (OB 1T

s3Pam 7 Aq puaIxs ‘y(J Ou pudrxsg

Aﬁuxﬂuc

COE«UO— ~w0>0mn_3m

3 wil 007 < IS
HO\_UG._W an: mo uuﬁvau&

uonEd0[

[e2a0jqns 1 L[uo
wm 00z < [e2a05qns
lo/pue

IYI jo uonnjosaz
pxepy (1)

pmy [eunal

[ensIA ur urery va (ssuaur) [Te 3o uonmnjosa1 e = N
vz uow o kue g1 aseyd Surpeoy 191y s[eAToIuT 9T 10 gS Jo 2ouasaig *¢  239[dwod :asuduy (1) stuow 7
surpseq woy APpPom-§ 18 onURUOY) umIuIv Iy aZeyrrowoey suswIZar oml IOV
(ssuanur) ¢'g/ J— aseyd Surproy [eunaI MON 7 01 [:] postwopuey] 5 aseyd (9102)
(paxepar) ¢'g/  ur afueyd urdly  A[YIUOW-C I9JE PULIXD pUE JBII] SIND[ G S YA JO ssoT T Sw ) qewnziqruey chalicnlel 1y AINTI
sqauowr 7|
e pmyj Iemnoew wounSorx judunesn
ou YIIM $I4d aurod pue uonesrpowr
Jo aeauadiag -pud Arewrg uonEIdN[E UIWISII JUSWIEI Y, LI Y [eonACIIU] adfy Apmag Apmig

penunuod g Jqe,

A\ Adis



2333

Ophthalmol Ther (2023) 12:2323-2346

Ab&ucoev
%1°09
QEBUG

pue 1eo11) 94¢°79

%douxo

pue 1821) 79
(Arqpuow) 1°8

(s101397) Lamode

[ENSIA UT ureD)

uwwidor
pu21xo

pue 1ean
pue A[qauow
JO VADY Jo

fmromayur-uoN

25UD1INIAX
3SLASIP JO [EATOIUT WNWIXEW
UBY1 $SI[ SIY22M 7 1B paureIuTew
‘uorsuaIxs 1e 1dwone puosss 10y
[eAT2IUT JUdWIET) AP[Pam-1,

01 aonpar 1y A paonpar snid y(q
sspam 7 Aq 2ompar ty( [
2mpayy
syPaMm 7]
JO WNWIXEW [IUN IISTA (DD It
syoom 7 £q puLIxXe Y (J OU [pusxyg
va
Aue y1 oseyd Surpeoy 1oaye syeAraIUl

%EUU?TV e oNUNIUOY) ‘UIVIUIVIA

%ﬁﬂuﬁca -C uuuvwm ﬁﬁuuxu ﬁﬁd Jea1], I 1o IS MO AUISAIJ T

uowidar
PULIXD pUE 18211 SA

%~£uEOE uﬁu@mmeoﬁucwx

Sw ¢¢ qewnziqruey

sypuowr |
e pmy remoew
ou YIIM $9£5
Jo aeauadiag

aurod
-pud Arewrag

UonEId[E UIWISII JUSWIEII Y,

BLILD Y

wounSorx juduryesn
pue uonesrpaw
Jeanaenuy

089 =N
sqauow 7|
‘LOY
q¢ aseyd (L107)
anudIMA ANTIL
adfy Apmag Apmig

penunuod 7 d[qel,

I\ Adis



Ophthalmol Ther (2023) 12:2323-2346

2334

A%Eucoav 9
(puaaxa
pue 1'a1) '8
$101297) Aamoe
(s3019]) A1
[ensia ur uren)

uﬁ:Umdﬁ EO.@

Apnas noySnoryp
[eara1ur o[qeas ase] dasy ua

‘[eAIDIUT OsEASTP Sures e urede [rej J] -
Surpuaixo 210J0q

2ISTA T 10J 9[qels 20UO UTEIUTE]A] -
syoam 71 10 (] JI
SIOOM § JO SYI2M § 10 9 JI SYIM T

£q 2onpax vy jo udis Aue :ampay
SYyooM 7] JO WNWIXEW

[un sypam 7 Aq y(q ou ‘puarxg
vda

£ue j1 oseyd Surpeoy 1oaye syeArorur

APJeom-1, 38 ONUNUOY) (UIwIUIVIN

GOUNmC.ﬂBUmNNVOMvC

Jo uorssardo1 %
aBeyrrowoey mou Luy ‘¢
pmy Luy 'z

SIPIF[ SYA.LH

uowidor pualxs pue

18211 SNSIOA AJyIuour

PoXy [:] pasrwopuey

9¢s = N

1eak | (6107)

PapI0221 10N VADG U A[JIUOW-¢ 101Je PUIXD PUE LI, ¢ S VAJossoT'T Swgpqewnziquey ‘IOY F ostyd LVTILIINVD
syauow 7|
Je pIjy Jemoew wounSox JudUNIEIN)
ou YIm $9£5 jurod pue uonesIpow
Jo aSeyuadiag -pud Axewrg uonEIdN[E UIWISII JUSUNIEd Y, LD Y [eanmenuy adfy Apmig Apmig

panunuod g dqel,

A\ Adis



2335

Ophthalmol Ther (2023) 12:2323-2346

ADUIIINIAT
Uwﬁummﬁ mO ﬁwzuuﬁﬂ wnuwixew Uﬂu
ENLU mmuﬁ wvﬂuua T e TOCMNHG_NE

‘uorsuaIxd 18 3dwanre puodss 1Yy

[eATIUT

jusuneanl %EDUQTV ol Uuﬂﬁuu Vazc

(xdad1aqrpe) 7°¢ syoam 7 Aq 2onpa1 1y (T T

(qewnziqruen) J1syoIm 1
69 puo4>q UOISUNXD I3t :ampay

(s10139]) Kamnode syoom 7]

JO WNWIXEW [IUN JISIA €D JB

[ensia ur ureo)
ssjoom 7 £q puaxe ‘Y Ou ‘puaxg

syiuow 7|

(3dao1oqryyE)

1€ suonds(ur
0%9 Jo 12quInu Lue 31 oseyd Surpeoy 1oaye syeArarur

(qeumziqrues) pUT VADT ApJeom- 18 oNUNUOY) [uwIUIv Iy

yq  ddI70 JdS o dussaig ¢

a3eyrrowoey

Jeunar MoN ¢

Oom ut UWE.N,LU UeIN NﬁﬂuCOQTM uuu.w.m TCUHXU ﬁﬂm Jeal], quuuU~ S > VYA .wO SSOT T

uowidor puanxs
pue 1ean owes Jurs)

[:] postwopuey
Sw 7 1dodroqige sa
Sw ¢ qeumziqruey

I8¢ =N
sqauowr 7|
“LOY ¥ aseyd  (6107) TVAI

sypuowr [
Je pmyy remoew
ou YIIm 5249 aurod
jo aSequadidg  -pud Arewrnrg uoneIde UduISor JudUNed Y,

eLILD Y[

uswiSax JuduneIN
pue uonesIpow
[esnAEIIU]

adfy Apmig Apmg

penunuod g dqel,

I\ Adis



Ophthalmol Ther (2023) 12:2323-2346

2336

(uorsuaixs

Pan-y) 58

(uorsuaixd
Yoam-7) 6

(uorsumxe  (s10339]) Kamoe

Auo sypom 7 £q sem uoISUIXD
auanbasqns ‘dnoid Appom-1

Ul pa1Indd0 uononpal Aue Jy -
vQ Aue ranpay
Appeom-9T jo wnuwrxew
01 pmp ou pue Yy (J OU ‘puxg
21514 sno1aa1d woiy pasea1ddp

ﬁ~5¢ ﬁdﬂm&mo.a ﬁﬁ.m Y{d ou ‘umwiutvj\r

aZeyrrowaey

hmﬁﬂu.me MOIN] G

(SuiSewr

[epowmnnuw pue

UONEBUTWEXd SNpUny)

UONESIIB[NISEAODU
MON ¥

snoradxd 1samof

s paredwod ww T

[eruad ur wil 0O
YD ur aseandu ¢

PIMp 1UDLIMII (I

uondun(uod ur s19119]

SYALT S < JO 80T °C

JISTA JUSWIEIT]

snorsaxd 01 poredwod

UOTSUIXD

Apyoom-3, pue

Yoam-%) [°69  [ensiA Ul uren) sumoa pmy paseasour Ap[Pom-7 puaixa pue €Tl =N
(uorsuaixd surpdseq woiy Spam y 10 7 Ag 10 paSuepun Yum Fean [:] pastopury SYIMm 96 (02027)
Yoam-7) €89 VADG Uy A[jauow-f 101Je pudlxo pue 1ed1],  pmp 1udsisiod 10 moN T Sw 7 wdorqigy  1DY ¥ 2seyq NIV.IIV
sqauow 7|
Je pmyj Jemovur uowSox Judunesn
ou YIm sk yurod pue uwonespow
Jo aSeruadiog -puo Lrewrg uonIEId[E UIUISIT JUdUNEII T, BLIOND Y [eaT31ARIIUY adfy Apmig Apmg

penunuod g d[qe],

A\ Adis



2337

Ophthalmol Ther (2023) 12:2323-2346

ﬁwaoucm jusunean U>_uuwnmu
um&~ (ox] UUBTDH -VvVa %C{ ..MNSNQM%
Vd ON ..NQQM&XM

mvﬁuua 91 e 10 UHOmvﬁ

[earaaur gbz ueyy auanboiy arow

(puarxe paxmbor 1 Apnis woy papnpxg
pue 1eom Spam 9]
2E) ¥'0 — Jo xeur e 01 sydam 7 £q asnlpe ‘77
(puaaxa fquo
pue 1eon syusunsnipe ypam-g Apuanbasqns (ursop
Aped) 1T — udyd (87 JP9M ISIA IXIU) SYDM ¥ wit o¢ < pry Ayauow-1q paxy
(s19139]) Aq papu=axas 2q ued 9 Jyoom [eunDIqng "¢ Teak- 101ye) 3E]
fmoe [ensia 1Y "AP[PoM-9T JO Xewr 01 SYooMm 7 sFeymowoey  1° (dypuow-¢ soyr)
ur aduey)) £q asnlpe ‘91-xoom woyy vy 10 UOMESLIE[NISEAODU Apres pusixa pue ear], 1.2=N
aurpaseq woiy Aqauowr-§ AN T [T POSTOPURY. gyoom 301
PapI0221 10N VADY UedN 101JE UDWISOT PUSIXD PUE 1B, I Jo udsard | Sw z adonqgy  10Y €9seyd  (0202) SATIV
syauowr 7|
Je pmpy xemoewr udurSor yudunesn
ou YIIm 949 aurod pue uvonesrpawr
Jo a8eruadiog -pud Ayeurg UonIEId[E UIUIISII JUIUNEII Y, BLIID V(I [eax31AEIUY adfy Apmag Apmg

penunuod g dqel,

I\ Adis



Ophthalmol Ther (2023) 12:2323-2346

2338

Aymoe [ensia

P/ P [EURDIQNS .S Teld pa[oruod pastwopuel 1)y ‘ereu a1 o1xd A7 “AydeiSowon aduateyod eondo 1Ho ‘pmp [eunarenur ,7yy ‘weidodue urpdsaIoNy
snpuny gy ‘Apmig Ayredounsyy omaqer jo juswnesn ApIeq Sy AIATIOE ISLISIP F(7 SSAUNDIYI PRUQNS [E1IUD 7§7) AINDOE [ensIA PpaiddiIod 1s3q p40Hg

Po3e3s 30U UOISUIIXd

e sadwonre spdnnw 10y uswidoy
(N¥d) T°S a[qe1s [nun syPam 7 4q 2onpa1 :y |
(puono 2mpay

pue 3eam) 0y sYPam 7T

(s10m9]) Kamnoe JO WnuwIXeWw U IISIA Yoed 18

pensia ut ureny,  SPAAC £q puaixs “y( ou ‘puarxg

211U2D [EA0JqNS
e wil Q7 ueyd

aJ0W pIny [eUnLIqNS F

pmy reunarenur Auy ‘¢

uswndor

sqpuow 57 va NYd 0 puamxd
1 famoe Aue g1 oseyd Surpeo] 101ye speAra1uI ofeyrrowey  puE 18211 PISTUIOPUEI ¥ =N (2202)
[ensia Jo ATJeom-¥, 18 ONUNUOY) (UIwIUIV I remoew MON 7 udyd Surpeoy yauow-¢ SPOM 5T 1dod1aquon
poress 0N AIodJU-uoN  AJJauow-¢ I9lJe PUDIXD PUEB 1BII], SINID[ G < YA JO SSOT ‘] idodraquoy ‘1Y ¢ aseyq “XTIL
sqiuows 7|
e pmy Jemoew uownSox JudUnIEIN)
ou M so4d aurod pue uonesIpowr
Jo aSeruadiag -pud Arewrig uoneIdN[E UdUIISII JUIUIEI], eLIID YV [eamIsenIU] adfa Apmig Apmg

ponunuod g dqe],

A\ Adis



2339

Ophthalmol Ther (2023) 12:2323-2346

Ayder3owol 2ousay0d

[eondo 7HO ‘uonerousfop Iemoew pare[dI-ofe IE[NOSELAOdU (JYFY PN [UMLIENUI 7y ‘WeISoidue URISAIONY SNPUY pf] SSIUSPIYI PRYqns [eXudd 7§

UOLINLID
IUDWISSISSE ISBISIP

Jo odfa sty Sursn

I S 4 9 9 o1 oI $OIpMIS JO IoquInN
(z202)
ON ON ON ON SIX SIX S X 1das1oquoy- XY I,
(2207) ANGADNT
ON X $3X ON ON X ON 2 VAVNALL
(6107)
$2X ON s ON X ON 98 WARNIVH X IMAVH
ON $9x ON $2X ON X $2X (0707) SArAV
ON $ax s X ON $ax s (0207) YIV.LIV
ON ON ON X X X 98 (6107) LYTILNVYD
ON ON ON ON 2K 29X 29X (6107) TYAM
ON ON ON ON ON ON s (£L107) ANTYL
ON 9K ON 23X X sax s (9107) AINT1d
ON ON ON ON ON $3X 9% (ST07) AWNV-XTUL
ON $9X S9X $3X $3X $3X ON (2107) MAIA
ON OoN ON X ON X s (S102) SVON'T
Auo uondNpaI Apepowr Auo VU (1 ur aseaxdur
3SBIIOUT SSIUWIIYI aseardur Aymoe Jensia SuiSeun Jeunay  uondNpIX 03 anp .w.uv ozu«u:«:w
J1SD put uomdnpax  SSOWPIY s %wo—o:muoa IYy30 30 Y Uo Aymoe  aSeyuioundey &wo—e:&os
fymoe [ensia rog 100 ur sSueyd JDH(O IZIS WOISI[ UI ISLIIdU] JensIA MIN ur sfueyp 1D0

[EAI2IUT JUDWIEIN] AJIPOW 03 PIsN BLIILID JUIWSSISSe aseastp Jo adAy,

Apmg

uoneIU3p

uﬁ~5UdE .TUu.ﬂOHIUWN uN?UmN\rODE WO mﬁdfu ﬁuzcuuQOu ﬁOmMEOﬁUCNH ur QUE%DM juouneann ®>UUNOHQ ur Tommuﬁuﬁu_ TLI9ILID JUIWISSISSE Dwﬁvmmu WO ENEESW (9 IIqe ],

I\ Adis



2340

Ophthalmol Ther (2023) 12:2323-2346

employed an increase in a fluid compart-
ment (subretinal and/or intraretinal fluid)
of more than 200 um at the subfoveal
location. ARIES utilised an increase in the
subretinal fluid compartment of > 50 um
(location not specified).

(iii) Visual acuity and OCT macular thickness:
HAWK & HARRIER alone utilised a com-
bination of OCT macular thickness as a
single disease criterion, specifically a loss
of three letters combined with an increase
in CST of 75 pm.

(iv) Qualitative biomarkers of nAMD disease
on structural OCT imaging: All the studies
except for VIEW and TENAYA & LUCERNE
utilised a change in nAMD disease
biomarkers on OCT imaging such as the
presence of subretinal or intraretinal fluid
as a criterion for disease activity.

(v) Visual acuity and qualitative OCT nAMD
biomarkers: Two studies (ALTAIR and
VIEW) utilised a combination of visual
acuity and qualitative OCT nAMD
biomarkers as a criterion of disease activity.
Both studies described a loss of more than
five letters in association with presence of
retinal fluid on OCT imaging. Two further
studies (TENAYA & LUCERNE, HAWK &
HARRIER) employed a reduction in visual
acuity due to disease activity.

(vi) Macular haemorrhage: Ten studies
(FLUID, LUCAS, VIEW, RIVAL, TREX-
AMD, TREX-Conbercept, CANTREAT,
ALTAIR, ARIES, TENAYA & LUCERNE)
utilised presence of new macular haemor-
rhage secondary to nAMD as a disease
activity criterion.

(vii) Increase in lesion size on fundus fluores-
cein angiogram: Six studies (LUCAS,
FLUID, CANTREAT, ALTAIR, ARIES,
VIEW) specified a change in lesion size
on fundus fluorescein angiogram (FFA) as
a recommendation for treatment.

DISCUSSION

One of the biggest challenges in the treatment
of nAMD is to achieve treatment outcomes

close to those seen in well-conducted, large-
scale RCTs despite the many and varied factors
in which real-world clinical care differs from
clinical trials. Some of these factors are those we
cannot easily influence relating to patient fac-
tors such as intercurrent illness leading to mis-
sed nAMD treatment and a wider range of
baseline lesion characteristics in real-world
clinics [14]. Other factors are also responsible
for variation in treatment outcomes in these
clinical trials. These factors could include dif-
ferent intravitreal treatment agents, differences
in baseline visual acuity, lesion size and baseline
disease activity. In this systematic review we
identified randomised controlled, clinical trials
of anti-VEGF treatment for nAMD using proac-
tive or treat and extend treatment paradigm,
and listed the disease activity criteria used in
clinical trials to change the interval between
anti-VEGF injections. Our aim was to consider
the similarities and differences in these criteria
which in turn affect key secondary trial out-
comes relating to treatment durability (propor-
tion of eyes treated at q12 or q16 week dosing
intervals) [15]. Also, we consider which of these
disease activity criteria map across well to use in
real-world clinics and could therefore be used in
the next generation of clinical trials to help
make future clinical trial results more general-
isable and achievable in real-world settings so
enabling patients to achieve visual acuity results
closer to those seen in clinical trials with bene-
fits for patients, payors and clinicians.

Visual Acuity Change

Six of the 12 clinical trials we considered used a
reduction in VA as a disease activity criterion.
However, VA measurements are notoriously
subject to measurement variability in clinical
settings, particularly in patients with AMD [16].
Moreover, VA is a lagging indicator of worsen-
ing nAMD compared to morphological changes
seen on structural OCT imaging [17]. It is well
established that there is a ceiling effect in visual
acuity change, in which eyes with worse base-
line visual acuity frequently demonstrate better
visual acuity gain [18].
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OCT Macular Thickness Change

Six of the 12 clinical trials we considered used
an increase in macular thickness as a disease
activity criterion either with or without VA
change. In the presence of nAMD lesion com-
ponents which affect detection of the retinal
pigment epithelium by automated segmenta-
tion algorithms, accurate and repeatable mea-
surement of macular thickness is difficult and
would need manual correction or verification of
boundary detection which is time consuming
and not routinely done in clinic [19, 20].
However, if or when treatment has led to a
stable well-treated lesion there is improved
repeatability of retinal thickness measurement
making macular thickness change a reasonable
criterion to use to help detect reactivation of
nAMD lesions during any maintenance phase of
anti-VEGF treatment [21, 22].

Qualitative Biomarkers of nAMD Disease
on Structural OCT Imaging

Nine of the 12 clinical trials used a change in
macular fluid as a disease activity criterion.
Qualitative interpretation of structural OCT
images for nAMD disease biomarkers is well
established in clinical practice as a way of
determining improvement, stability or worsen-
ing of nAMD disease activity [23]. However, a
recent review identified 11 features or
biomarkers, some with more robust evidence
base to support their use over other less well-
established biomarkers where consensus is still
lacking [23]. Even when considering intraretinal
fluid as an imaging biomarker of nAMD disease
activity, clinicians need to attempt to distin-
guish IRF associated with atrophy and tubula-
tion from IRF associated with worsening
exudative, nAMD.

Macular Haemorrhage

Ten of the 12 clinical trials included presence of
new macular haemorrhage secondary to nAMD
as a disease activity criterion suggesting that
detection of haemorrhage is an important
marker of nAMD disease activity. Macular

haemorrhage can be detected in clinical trials
and clinical practice in real-world settings using
clinical examination, colour fundus photogra-
phy and also OCT imaging (larger haemor-
rhages). This means undertreatment due to
missed macular haemorrhage in real-world set-
tings is unlikely particularly if multimodal
imaging is used in clinical evaluation. Post hoc
analysis of the HARBOR trial assessing macular
haemorrhage suggested that macular haemor-
rhage without OCT detectable intraretinal fluid
did not require treatment, but further ran-
domised trials would be necessary [24].

Increase in Lesion Size

Only 6 out of 12 clinical trials used an increase
in lesion size as a disease activity criterion sug-
gesting there is a spectrum of opinion in the
value of growth of lesion size as a disease
activity criterion independent of other criteria.
Moreover, FFA is not routinely used in clinical
practice to assess response to treatment so the
judgement on lesion size would fall on an
assessment made through analysis of OCT
imaging (e.g. increase in pigment epithelial
detachment (PED) height or lateral growth of
PED). The use of OCT angiography may help to
both detect and quantify lesion size and activity
in the future [25].

Other Disease Activity Considerations

Evidence from post hoc analyses of nAMD
clinical trials and from analysis of real-world
datasets suggests minimising fluctuations in
retinal thickness is associated with better visual
acuity outcomes. Also, results from clinical tri-
als do not show additional benefits of a loading
phase of treatment or extended fixed dosing
when initiating treatment [10, 26]. These find-
ings suggest further individualisation of treat-
ment intervals could be considered on the basis
of an extension in treatment intervals once
maximum improvements in nAMD disease
activity have been reached and to then min-
imise fluctuations in retinal thickness (and by
inference, minimise fluctuation in all imaging
biomarkers of nAMD which contribute to
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[ Identification of studies via databases search
)
5 Records removed before
= Records identified from database screening:
o search Duplicate records removed
= —>
= Databases (n = 167 ) (n=3)
S Records removed for other
= reasons (n = 6)
{ \ "
Records screened » | Records excluded (n =17
(n =158) (other treatments/conditions)
Reports assessed for eligibility -
= (n=141)
= Reports excluded:
§ Not treat-and-extend e.g fixed
3 dosing, non-caped
(n=98)
No treatment arm (n = 6)
Non-RCT, other end-point
eg.macular atrophy (n = 25)
—/
° . . .
= Studies included in review
=) (n=12)
o
=

Fig. 1 PRISMA flowchart for study identification and selection, including exclusion numbers and reasons for exclusion

retinal thickness). Application of different dis-
ease activity criteria depends on multiple fac-
tors, including the experience of treating
clinicians, imaging technology availability and
variation and cost. This arguably suggests that
the most feasible would include visual acuity
(despite its inherent measurement difficulties)
and qualitative OCT biomarkers of disease
activity. The use of emerging disease biomarkers
of nAMD has the potential to improve visual

acuity outcomes and aid treatment decisions by
improved characterisation of disease activity.
Establishing their role in refining treatment
paradigms in the real world is required, partic-
ularly in large volume retinal clinics with mul-
tiple clinicians. Artificial intelligence may have
a role in the detection of disease activity
including in retinal fluid analysis [27].
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CONCLUSIONS

Clinical trials use different sets of disease activ-
ity criteria when altering the interval between
anti-VEGF injections. This makes it difficult to
draw meaningful conclusions about secondary
outcomes relating to structural outcomes (e.g.
proportion of eyes without macular fluid at a
time point or proportion of eyes tolerating a
ql2 or ql6 week dosing regimen). Moreover,
some of these disease activity criteria are less
robust when applied in a clinical setting because
of the variability of clinical measurements, e.g.
visual acuity measurements or retinal thickness
change (due to OCT scan-related segmentation
error affecting macular thickness
measurements).

One way forward to help get closer to
achieving clinical trial outcomes in real-world
settings would be to adopt a treat-to-stability
approach when initiating treatment with
monthly injections until maximum improve-
ment in anatomical signs of disease activity
followed by a gradual extension in treatment
intervals while still maintaining anatomical
stability and minimising fluctuations in macu-
lar thickness, OCT and clinical biomarkers of
nAMD disease activity (e.g. increasing
intraretinal fluid, subretinal fluid, enlargement
of a PED, new or increasing subretinal hyper-
reflective material (SHRM), new retinal or sub-
retinal haemorrhage). When an increase in
macular thickness or disease activity biomarker
is seen, the treatment interval can be shortened
to re-achieve maximal improvement (e.g. a
fluid-free macula or minimal, stable, subretinal
fluid) after which further extensions in treat-
ment interval may be cautiously considered
(Table 4). The added benefit of this approach
would be to reduce fluctuations in retinal
thickness and nAMD disease biomarker thick-
ness or volume through the maintenance phase
of treatment as greater fluctuation in retinal
thickness with follow-up has been associated
with worse visual acuity outcomes in post hoc
analyses of clinical trials and in real-world
patient cohorts [21, 22]. We do note, however,
that these suggested criteria need full evalua-
tion in clinical trials before they can be used

widely. Use of next-generation, proactive treat
and extend paradigms can help bridge the “ef-
ficacy gap” between clinical trials of anti-VEGF
treatment in nAMD and clinical practice. Dis-
ease activity criteria used in clinical trials of new
and existing nAMD treatments need to be easy
to implement allowing widespread uptake in
real-world clinical settings.
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