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Figure 1. Non-responder to intravitreal bevacizumab in Case 1 (Left eye). (A-1) Fundus photograph (FP) before intravitreal bevacizumab
injection. (A-2) Early phase of fundus fluorescein angiography (FAG) before intravitreal bevacizumab injection. (A-3) Late phase
of FAG before intravitreal bevacizumab injection. (A-4) Optical coherence tomography (OCT) scan before intravitreal bevacizumab
injection. (B-1) FP 3 months after intravitreal bevacizumab injection. (B-2) Early phase of FAG 3 months after intravitreal bev-
acizumab injection. (B-3) Late phase of FAG 3 months after intravitreal bevacizumab injection. (B-4) OCT scan 3 months after

intravitreal bevacizumab injection.
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Figure 2. Non-responder to intravitreal bevacizumab in Case 2 (Left eye). (A-1) Fundus photograph (FP) before intravitreal bev-
acizumab injection. (A-2) Early phase of fundus fluorescein angiography (FAG) before intravitreal bevacizumab injection. (A-3)
Late phase of FAG before intravitreal bevacizumab injection. (A-4) Optical coherence tomography (OCT) scan before intravitreal
bevacizumab injection. (B-1) FP 3 months after intravitreal bevacizumab injection. (B-2) Early phase of FAG 3 months after intra-
vitreal bevacizumab injection. (B-3) Late phase of FAG 3 months after intravitreal bevacizumab injection. (B-4) OCT scan 3 months
after intravitreal bevacizumab injection.

Table 1. Comparison of clinical and posterior retinal characteristics between responder and non-responder (Mean+ SD)

Variable Responder (n=38) Non-responder (n=6) P value'
Age (yrs) 71.89 + 8.06 75.17 + 3.66 0.237
Gender (M:F) 25:13 3:3 0.652
Duration of F/U (mon) 13.66 + 11.37 16.17 + 8.66 0.244
OD: OS 14 :24 3:3 0.662
Initial visual acuity 0.27 £0.21 0.30 +0.23 0.744
IOP" (mmHg) 13.79 £3.35 14.67 + 2.94 0.514
SE* (D) 0.38 + 1.43 -0.04 + 1.58 0.595
Number of injection 2.26 +£1.57 3.33 +£1.63 0.081
CNV? lesion size (um) 4668.37 + 1990.80 4613.50 + 2064.80 0.507
Foveal thickness (pm) 272.44 +103.31 254.00 + 167.34 0.328
Macular volume (mm3) 7.27 +1.01 7.87 + 3.56 0.286
Presence of SRD!! (No:Yes) 16 : 22 4:2 0.139
SRD height (um) 160.82 + 112.14 336.36 0.180
CNV lesion type (Predominantly classic : Occult) 17 : 21 1:5 0.375
Presence of PED? (No: Yes) 5:33 1:5 0.609
PED size (mm’) 1.51 +£2.33 4.42 +1.56 0.001
Presence of SMH? (No:Yes) 20: 18 2:4 0.664

"Fisher’s exact test, Mann-Whitney U test .

IOP = intraocular pressure; iISE = spherical equivalent; SCNV = Choroidal neovascularization; NISRD = Serous retinal detachment; *PED

= Pigment epithelial detachment; SMH = Submacular hemorrhage.
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Figure 3. Responder to intravitreal bevacizumab in Case 3 (Left eye). (A-1) Fundus photograph (FP) before intravitreal bev-
acizumab injection. (A-2) Early phase of fundus fluorescein angiography (FAG) before intravitreal bevacizumab injection. (A-3)
Late phase of FAG before intravitreal bevacizumab injection. (A-4) Optical coherence tomography (OCT) scan before intravitreal
bevacizumab injection. (B-1) FP 3 months after intravitreal bevacizumab injection. (B-2) Early phase of FAG 3 months after intra-
vitreal bevacizumab injection. (B-3) Late phase of FAG 3 months after intravitreal bevacizumab injection. (B-4) OCT scan 3 months
after intravitreal bevacizumab injection.

Table 2. Comparison of visual acuity, foveal thickness, macular volume between at baseline and at six months after treatment in each

group (Mean + SD).

Responder (n=38)

Non-responder (n=6)

Baseline At 6 mon P value’ Baseline At 6 mon P value'

Visual acuity 0.27 £0.21 0.39 +0.27 <0.001 0.30 £ 0.23 0.22 +0.23 0.109
Foveal thickness (um) 272.44 +103.31 194.19 + 65.00 0.010 254.00 + 167.34 337.80 +216.31 0.080
Macular volume (mm®) 7.27 £ 1.01 6.41 +0.65 0.002 7.87 +3.56 8.22 +£3.50 0.080
"Paired r-test; "Wilcoxon signed-rank test.
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Bt 2.268], vHReES Bt 3.333] A HEkA o] Ho|z] eIt P=0.109) (Table 2). Hitjoto= &
FHFEdes Ao, At 73t 9k R AT FasiRbago] EAehs v Whtollkl= 19%(51.4%)
Wdlsel whE Az HAA S-S WEEA] gl o7 o] FojA 27| AGWAPNIHAGLS 119, $7]= 8
2rgoll A gardgo] s o] FY oA RS "WYke rgolglen, HlRkg<tol A= 518(100%) =5 Rirhetol =
w1 ool Shlid, ek, Al d S 22 v Aol AL olF 27]= 29, =
ot S WAEHA it 3rgo) et

A ot A WEgtollAl 71.89 £ 8.064(51~87 HEh BHkg<toll A vebd WeheAl g E ] A4
AN, HERSLolA] 75.17 + 3.6641(72~824)) 2 H]Ht o

Sro] Bhgtoll s Hat Aol woy AHCR
9 9)5}A] GG P=0.237, Table 1). AJE-L whSLo] A
A} 258E, of 2} 13%Fo| gl om, HIkg<LofA] EAt 3L, of =}
3erolgiet. Bt A 717k REEEelA 13.66 £
11.37709(6~3771) o] ¢lar, H|wkSolA 16.17 £
8.6670 < (8~2771)egieh. A7 A Al Whg=tollAl
0.27 £0.21, ¥]EHg-o 4] 0.30 +0.230]9101, = 3 7t
of EAZCR {Foldt Aol ¢l oLH(P=0.744, Table
D, A& & HEAHL vhgFoA= 0.39 £0.272 A&
A Aol vla) fo)gt T3 Wl o ¥kl (£<0.001) ]

J [e)
dla) AFolmuiakelzl et wlgo] Hglon
vs. 57.9%), 1% wieheh AgPTRT F wieke A
Fo] ulgo] HTHB3.3% vs. 55.3%). FuleEHol
At Bl 914 HRRSZOIA] 9O LHE6.7%), olt
Jo| =

o] I < Ztoll 2Rk ApolE HolA= RO =0.609),

151 £2.33 mm’ =t} BAHOR fosp o F& 3
& 4 T P=0.001).

vww ophthalmology.org 1467



— CHStotbetg| x| 20108 M 51 H M 11 &-

o & ehulare) X2l AN 0w et aabulutel o] Ha)
A ovu 7 EAE 1 oA fAIEiR) et

77 ol Sa%t TS she T E o] Sl 4l g
of thgh Al ero] dA AFAFHHA ol FHHE Wk A= wif- FA4 2o, ofd %WE V\i vﬂlxﬂ%“H
oA E o] 2| Bof S5 o]fEa ek’ OFA| =2 Z29l<=(intravitreal triamcinolone acetonide
Shafojelol A BTT GRS FEAT AS injection, IVTA)T Wu}AIZY 2148 Waysto] mpapa
o otz} Agte] Amo| AEROIE Bel ofy Az aduutele] 7] A ARE B 4 AUSS HUY
g0l B Sxbsol tigt A+t 22 Holrh Cho o webA, S ARSI SRS 253
et al'"S 27] A BRE F TRt i3k Bk QLo] b A At ate of J—ZHS&} I A7) AU
o] §l= 1279 A& A-IHATHAY 2= gt HRA|E ol tigt WS A= E dISske S8t a4
SHEILE skt o]gh HYRg-o] UQIoR V& & 7HE 5 Q& Aotk
ASFAAU MEA T8 Admd w2 A6 e A9EHAHA A fEAY 3 |y
o}, Aued iy SE AQISRbAG T fARE 4 AR Aol adte] isfixe 1Eet oE A5t
As Holu, BRauto) Heyws), A4 =f4lo] Fhiy 2Uoith. MARINA studyollAe &4 dAgadAgHbd
A = FolA AR EAGNEAG T 2po] & Kl Wt ol A AR M A 2 A WA E o] o
AETEY o= S o2 deA AT T Al eF AW ey REHEdss AlRlske] A mto] 9
B Hol7| = st upaitul o] Mok E9, fldhdt of Fojgtof Hlsl o3k Alg TAE Hlom, A o5
T 5ol TAste] A AlFASHe] glo] H7|= g £ A5 5= Q= Fast SR 27] A, WA
t}. o]¢} -2 Adwerutd mh Fof A HjukA = 24 Fuel A7), A& AF A% A o] 5L 247
Arddes @irES sty ddolu EXEwdel= HO| A 73 T Al & "Nk Al AsE Hol=
& FFo] glo] ALY flddo] USZ AT Hirsol 9l 857t 27 Agol EFstAY, WA E RS 27]7}
ok Jeg B Ao i SRS gigt QlE Ao} AL, Ao s Aol B W Aol Wlthal Halst
HIaddEHEY AL HA| kol Adwud iy 5o Rom, LA WA E TS o2 3 ANCHOR
EAjol| et o 75 s & 4= ll7] wiZel 3 S AT SFA oA A A= FA3 AaE 2
oAl gt ko] olow AduetutdEnhy s oY B Aol E A o4 glglo ks
= A & 4 S Aot o] Whgtol s Wt AEme] 27|17 o Zlom,
2 AFollA= wRbgEol XS] e aAtujdle] =27 A&7 AlAF Ago] § ot o] A9 Axket AR
7h Hkgtoll Hlsf| F-of5HAl B Zith A agRbHA oA 2 Aol A BIREEEE Whgtol| vlsl A WAl Ay
P b e = A At of A Wtk o o] - Go] Hlgol ¥ w3b=dl, Wbl g tigt 3 @
W FYo Fa 9 BEgutyl wetdto] & Ark Tl ddQIA; 2 &7t dete L A E o] 3 of Adtglo]
(hydraulic conductivity) 2] Zr4& Q1sf HAYs}m, daka A7 ae] o3t Apol7h glth= AME oe Ass
agslsh Joo) EASH: @FUA AEERVE 2ujE  Fo) B v grk Azad et a2 Wehob R 3
= SBegeIe AR nterlenkin), BA(complernent)  Eo] WHbAIFRES AHSSE Aol WA B 2
FHARS O3] W aabulel BRI 7%A H  slof webii X2 ffel HolE RAXY f@o] et

a7 odoluy] o] & BomAelA ARel gt = AR Fo] Goleh olS Rolx] Pgkrh B sk

MRSl £ Faheh? Brancato et al’S WSUAMEE  ulEwY Ao wetaragEe] §30) vet -2
of HolARE S F BTl G A 41% o) AR HHE HaHS v fof3t Aol S Holx gk
o WeurgETe] AUE W, Wosagwseh  the BiEe] Yotk B AL uukeRl A
Sl B9 HYTAGHTY 20| 0% BRAL  WLIAYATS A F97t ot 7129 i ATE
T B vt lof PupMAguatele] GRek 1 EH of 3 ARE WS Btk e £ 9T 228 Uus 5
57} 0] o] JaFL BTk SHULk. Ritter et al  Zlofis v Felvh glom, webaaEe] f9o] ue
Yottt 2ASHe ARTUTNAY Bl AR fie] JolE RARL] siH SOR o B 4

1468 www_ophthalmology.org



FAES YO st 7} dvt Bashilc

E3 £ AT MRl FUSHEE Hlgol
9k, o2 S FuskETo] /A Fuet yup
aStere) 7155 Q] WAl e Hgol 4
el AEo B ¥ 4 ok Beloi £
§ A 4Ee ot 9 et mﬂgﬁﬁ]oﬂ

& 3 (blood clot) 9] =

)
jaky
rlo
o
o
2
re
1o
o
N
J
Shs
1%
=
1o
:?—I_i.
B3

2
—
]
2
()
12
_|>i'4
L.
i
o
r-‘l
ﬂSi‘
I 9
pacs
i
6= o
2
== co
»
fr =
Jo =
= b
O ox N
i 4

shIsh dlo] Felt qlgich WA
AFEo] it AEAoPd IR B R
AujeiuE g go) 4o that of
glom, Uk WZHTEE0o) 4

g2 NS 23 A

o 12
>~
>
N
N
i)
)
52
(o]
e

il
of
ooz oy o o

> T
_l \

oI

2

.

(m
ot

M
1
il
T
o
o

l

FE
4Jr &

AEHOR, AN ANES Y AP
AN el uﬂum ; el o ke

nﬂllﬂil“>

= & o
g

u:oim.aal_:‘
NN R

o
e}
W,
]
iz
rE
ox -
r [
ujrt
tlo
N
U
i
2
pacs
2
o
e
_195
P
o
=
T
o ore

o EAe} 1 A7 FEAPEH ekl ol
s AEE d&dhe T8t 84 A28 & 5
o} bl FAIAQ oS Kol ske
o uke o] H]al o] =okT, AHE wEturA S

7 3}# H]go] 1,—_01-1:}' E?l’, ALl A rlal 1;1 H 7 ZA)

=

L

NBLE‘?;O
9
OE»L;F‘.:J
M O ot

rJ
©
Y

H

ol
e
FIF

Lo
ml
S.:
%
T
1..
ﬂod

Aolnz, oz a4 o
o How el SRS T2
olxel A7 AY Sl YL =G E 4 3
RZFEIcE. R, WERAIFre] uhee]

S

el

jgﬁu.u
:(l)g

Z ©] e 2=0] XS Aoz st A
o7t the 72| F Bl o
@A77t Wag Rk

4 jo 2 rﬂ dm i

Z

HuEe
1) KleinR, Klein BE, Linton KL. Prevalence of age-related maculopathy.

~

The Beaver Dam Eye Study. Ophthalmology 1992;99:933-43.

2) Klein R, Davis MD, Magli YL, et al. The Wisconsin age-related
maculopathy grading system. Ophthalmology 1991;98:1128-34.

3) Ferris FL 3rd. Senile macular degeneration: review of epidemio-
logic features. Am J Epidemiol 1983;118:132-51.

4) Ferris FL 3rd, Fine SL, Hyman L. Age-related macular degener-
ation and blindness due to neovascular maculopathy. Arch
Ophthalmol 1984;102:1640-2.

5) Adamis AP, Shima DT. The role of vascular endothelial growth
factor in ocular health and disease. Retina 2005;25:111-8.

6) Ng EW, Adamis AP. Targeting angiogenesis, the underlying dis-
order in neovascular age-related macular degeneration. Can J
Ophthalmol 2005;40:352-68.

7) Kaiser PK, Brown DM, Zhang K, et al. Ranibizumab for predom-
inantly classic neovascular age-related macular degeneration: sub-
group analysis of first-year ANCHOR results. Am J Ophthalmol
2007;144:850-7.

8) Gragoudas ES, Adamis AP, Cunningham ET, et al. Pegaptanib for
neovascular age-related macular degeneration. N Engl J Med
2004;351:2805-16.

9) Cleary CA, Jungkim S, Ravikumar K, et al. Intravitreal bev-
acizumab in the treatment of neovascular age-related macular de-
generation, 6 and 9 month results. Eye 2008;22:82-6.

10) Rosenfeld PJ, Moshfeghi AA, Puliafito CA. Optical coherence to-
mography findings after an intravitreal injection of bevacizumab
(avastin) for neovascular age-related macular degeneration.
Ophthalmic Surg Lasers Imaging 2005;36:331-5.

11) Ferrara N, Damica L, Shams N, et al. Development of ranibizumab,
an anti-vascular endothelial growth factor antigen binding frag-
ment, as therapy for neovascular age-related macular degeneration.
Retina 2006;26:859-70.

12) Lucio-Eterovic AK, Piao Y, de Groot JF. Mediators of glio-
blastoma resistance and invasion during antivascular endothelial
growth factor therapy. Clin Cancer Res 2009;15:4589-99.

13) Cao Y, Zhong W, Sun Y. Improvement of antiangiogenic cancer
therapy by understanding the mechanisms of angiogenic factor in-
terplay and drug resistance. Semin Cancer Biol 2009;19:338-43.

14) Francia G, Emmenegger U, Kerbel RS. Tumor-associated fibro-
blasts as "Trojan Horse" mediators of resistance to anti-VEGF
therapy. Cancer Cell 2009;15:3-5.

15) Crawford Y, Kasman I, Yu L, et al. PDGF-C mediates the angio-
genic and tumorigenic properties of fibroblasts associated with
tumors refractory to anti-VEGF treatment. Cancer Cell 2009;15:
21-34.

16) Ferrara N. Vascular endothelial growth factor: basic science and
clinical progress. Endocr Rev 2004;25:581-611.

17) Cho M, Barbazetto IA, Freund KB. Refractory neovascular age-re-
lated macular degeneration secondary to polypoidal choroidal
vasculopathy. Am J Ophthalmol 2009;148:70-8.

18) Ghajarnia M, Kurup S, Eller A. The Therapeutic effects of in-
travitreal Bevacizumab in a patient with recalcitrant idiopathic pol-
ypoidal choroidal vasculopathy. Semin Ophthalmol 2007;22:
127-31.

19) Gomi F, Sawa M, Sakaguchi H, et al. Efficacy of intravitreal bev-
acizumab for polypoidal choroidal vasculopathy. Br J Ophthalmol
2008;92:70-3.

20) Ritter M, Bolz M, Sacu S, et al. Effect of intravitreal ranibizumab
in avascular pigment epithelial detachment. Eye 2010;24:962-8.

phthalmology.org 1469



- Cisteratets|x| 2010 M 51 E M 11 S -

21) Brancato R, Introini U, Bolognesi G, et al. ICGA-guided laser pho-
tocoagulation of occult choroidal neovascularization in age-related
macular degeneration. Retina 2000;20:134-42.

22) el Matri L, Chebil A, Kort F, et al. Intravitreal injection of tri-
amcinolone combined with bevacizumab for choroidal neo-
vascularization associated with large retinal pigment epithelial de-
tachment in age-related macular degeneration. Graefes Arch Clin
Exp Ophthalmol 2010;248:779-84.

23) Boyer DS, Antoszyk AN, Awh CC, et al. Subgroup analysis of the
MARINA study of ranibizumab in neovascular age-related mac-
ular degeneration. Ophthalmology 2007;114:246-52.

24) Kaiser PK, Brown DM, Zhang K, et al. Ranibizumab for predomi-
nantly classic neovascular age-related macular degeneration: sub-
group analysis of first-year ANCHOR result. Am J Ophthalmol

2007;144:850-7.

25) Azad RV, Khan MA, Chanana B, Azad S. Intravitreal bevacizumab
for subfoveal choroidal neovascularization secondary to age-
related macular degeneration in an Indian population. Jpn J
Ophthalmol 2008;52:52-6.

26) Boyer DS, Antoszyk AN, Awh CC, et al. Subgroup analysis of the
MARINA Study of Ranibizumab in neovascular age-related mac-
ular degeneration. Ophthalmology 2007;114:246-52.

27) Sanders D, Peyman GA, Fishman G, et al. The toxicity of intra-
vitreal whole blood and hemoglobin. Albrecht Von Graefes Arch
Klin Exp Ophthalmol 1975;197:255-67.

28) Toth CA, Morse LS, Hjelmeland LM, Landers MB 3rd. Fibrin di-
rects early retinal damage after experimental subretinal hemorrhage.
Arch Ophthalmol 1991;109:723-9.

=ABSTRACT=

Anatomical Non-Responder to Intravitreal Bevacizumab for
Neovascular Age-Related Macular Degeneration

Sung Woo Cho, MD, Jeong Hun Bae, MD, Su Jeong Song, MD

Department of Ophthalmology, Kangbuk Samsung Hospital, Sungkyunkwan University School of Medicine, Seoul, Korea

Purpose: To analyze the characteristics of anatomical non-response to intravitreal bevacizumab (IVB) in patients with neo-
vascular age-related macular degeneration (AMD).

Methods: Neovascular AMD patients who were treated with IVB were studied. A non-responder was defined as a patient
whose eyes had no change in choroidal neovascularization (CNV) lesion size or fluorescein leakage and no change in fo-
veal thickness (FT) after at least two administrations of IVB. Demographic findings and efficacy outcomes were compared
between responders and non-responders based on patient gender, age, visual acuity (VA), FT, CNV lesion type, CNV le-
sion size, presence of serous retinal detachment (SRD), presence of pigment epithelial detachment (PED), PED size, and
presence of sub-macular hemorrhage (SMH).

Results: Five patients (six eyes; 13.6%) were identified as non-responders to treatment with IVB. The mean age of the
non-responder group (75.17 + 3.66 yers) was greater (p = 0.237) than that of the responder group (71.89 + 8.06 years),
and the proportion of occult CNV (85.7% versus 55.3%, p = 0.375) was higher in the non-responder group, although there
was no significant difference compared with that of the responder group. The PED size of the non-responder group (4.42
+1.56 mm2) was significantly larger than that of the responder group (1.51 £ 2.33 mm?, p = 0.001).

Conclusions: The authors report a group of patients in AMD with poor treatment response to IVB. The PED size of the
non-responder group was confirmed to be significantly larger than that of the responder group.
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