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Significance of Early Visual Responses to Bevacizumab for
Macular Edema in Branch Retinal Vein Occlusion
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Purpose: To determine whether early visual acuity response to intravitreal bevacizumab in macular edema (ME) secondary to
branch retinal vein occlusion (BRVO) is associated with 12-month follow-up outcome.

Methods: Sixty treatment-naive patients (60 eyes) with ME secondary to BRVO treated with intravitreal bevacizumab (1.25 mg)
were retrospectively included. Initially, all patients were injected monthly to achieve fluid resolution and followed up with a pro re
nata regimen for at least 12 months. The relationship between early (month 1) and late (month 12) visual acuity response (mean
change from baseline in best-corrected visual acuity [BCVA]; categorized improvement [<1, 1-3, or 23 logMAR lines in BCVA])

was explored.

Results: The proportions of eyes with <1, 1-<3, and =3-line improvements at 1 month were 19 eyes (31.7%), 17 eyes (28.3%),
and 24 eyes (40%), respectively. Within each of the three response categories, the mean BCVA change from baseline at 12
months and onward did not vary by more than 1 line from the observed mean BCVA improvement at 1 month. Inter-cohort differ-
ences across the three response categories in mean BCVA change from baseline were statistically significant at each time point.
Early BCVA response at 1 month showed significant associations with =3 line improvement and BCVA response at 12 months in

multiple logistic and linear regression analyses.

Conclusions: Early BCVA responses to bevacizumab are associated with subsequent responses over the entire 12-month dura-

tion of treatment.
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oFe] A ek ol& AR slo] Aol &
l & T 1] ) EEAJ Q1 A (anti-vascular - endothelial
growth factor, anti-VEGF) o] W-EX| g2
RLESEE CEEERERTERRIES
2 chope PaRtEld A & 27] whge] mE
47 Y djele] BagS Avet wuso] gk o
FAOF etz JRE2 tAFO 2 SF Protocol 19]
AFBELA o) 4] g B]Z=4H(Ranibizumab, Lucentis”, Novartis
Pharmaceuticals Corporation, East Hanover, NJ, USA) Z=Af
A% 271 A2 vl A7) A8 ATE A5 4 9
oo wastgch” WutRA g uny 35S o
31 9Lof| A &= H|u}A]Z T (Bevacizumab, Avastin®, Genentech,
South San Francisco, CA, USA) FAF A& & Z|F AlY 9
Foll AL nlAE 27] AP WSS T ke g
o= BAT 77 QAeleh! sAw oy 2
A0 @ken, ol o A
2lo] 9l Bkso] mebEela, Lol U
(Time domain optical coherence tomography)
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AT 7)7k0] 12749 mlukel 3ha), o] A ThE A2 AW
o QAL AT F17t F T2 AnE YT IHI4L
gojAA 7, FeAW FEehfu 2R 52 2|
2ol FY, MU Sl SR 2 o
2 o o 57 A2 Ao] i A9, A} b
Aol 8 12 4 9l F7bAel A4 % e A
71 SRk AlLJsteleh 221 Algo] 2 eA=9] 75
¥ 23 g ARses deiA St A3
(ceiling effect)= Hﬂxﬂé‘}ﬂ Q& =2 A|& 9] Snellen /\] e
o2 2040 ZT}el A9 ThAelA xﬂww Wz, 2
2 Asto] 1 BASE 24 T A8 51 Fo) 3
7} = % Sloll 270 AJlo] 20200 Rkl AL Tl
A 25kgick B At dAl7]) Al ¢l(Declaration of Helsinki)S:
rstalon Jetiehry el o elae] 91 (Institutional

review board, IRB)9] 491-& ¥Qich

oiofg =%

22 A, J8aL A F 1, 3, 6, 127194 Hg A

7} 24137 (central macular thickness), W83 €l
A< (ellipsoid zone) %! )73 Al =(external hmltmg mem-
brane) A<&:A), IHEAPE(Hyper-reflective foci) @] 74E &
Aol AL A oIS R olgeto] 24
stelom FAREAS f1ste] =auk Al (logarithm of the
minimal angle of resolution, logMAR) 2.2 &3}t A~
HEH IS W7 HEE(spectral domain optical coher-
ence tomography, Spectralis oCT": Heidelberg engineering,
v o 2 Agsbe T2 IS A
£-5}o)(Heidelbeg Eye, version 1.7.0.0; Heidelberg engineer-
ing, Heidelberg, Germany) %419} 9] 217 1 mm 9]

Heidelberg, Germany)=-
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27] A Wk 1270eA A 7He] S doti o] AFAJsE FHtete Bf- 7 FAE Al
7] 9Jsto] 21 A FozRe FA S 171LA HH YAl
g H3l7h logMAR Al 15 \|UE A A5 &, 15 ol Hole &4
3Z Tk A AS I 3E ol Al A o R BRSt golEle] EAEAL 93] SPSS Statistics 20 (IBM,
et Corp., Armonk, NY, USA) £ZEo|5 o] 833t 27] Al
2 ukSof wef Lrolzl Al & Alole] uliE 913 One way
dopetat 4 X2 Z2EZE analysis of variance (ANOVA) test '== Pearson’s chi-squared
A FA B 167097 A = i AaEsigial 11 o)% test, Kruskal-Wallis testE ARE-SFATE ARSEAL Tukey
A7 = EAHe] wetol wet 171Y E= 270 114 WS o &5H3ieh 471 Al ool FaF vAlE A
o2 AiEe AlFslith A FAF & dzbTEE B A2 913 Logistic regression analysis?} Linear regression
A A wastelojut Wi oljo] ol A9 viE & analysisE- ©]-85}31th. & A= p-valueZ} 0.05 w[gHQl
& FAE Al @] EE Sole WikddSE BE FATH LR o Aow stk

Table 1. Demographic and baseline characteristics of pooled study eyes, categorized by BCVA response at 1 month after the first
bevacizumab injection

BCVA changes from baseline at 1 month

<1 line improvement  1-<3 lines improvement >3 lines improvement p-value
(n = 19) (n = 17) (n = 24)
Age (years) 62.3 + 8.8 60.8 + 10.7 61.8 + 11.1 0.900"
Male:Female 8:11 7:10 13:11 0.640"
Hypertension 6 7 8 0.877"
Lens status (phakic:pseudophakic) 16:3 12:5 22:2 0.202°
Symptom duration (months) 3.8+2.1 43+29 1.6 +04 0.872}
Baseline BCVA (IogMAR) 0.45 + 0.05 0.52 + 0.07 0.68 + 0.06 0.004%
Baseline CMT (um) 3522 +£47.3 475.7 + 44.9 449.5 + 25.0 0.061*
Foveal ischemia 1 4 3 0.274"
Hyper-reflective foci
Intra-retinal 3.6 +4.9 29450 1L1+16 0.259"
Outer-retinal 2.6 +3.6 42 +5.5 23 +3.0 0.477
Sub-retinal 0.2 +£0.7 1.1 £2.0 03 +09 0.226"

Values are presented as mean + SD unless otherwise indicate.

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; CMT = central macular thickness.

*One way analysis of variance (ANOVA) test; Pearson’s chi-square test; *Kruskal-Wallis Test; "Post-hoc test (Tukey method) between group
comparison. <1 line improvement vs. >3 lines Improvement, p = 0.013. 1-<3 line improvement vs. >3 lines Improvement, p = 0.011.

0.4 - o— <1 line improvement
~ =& == 1-<3 lines improvement

cordliere : p . . .
1= =< M= Iprovement Figure 1. Mean best-corrected visual acuity

(BCVA) changes from baseline over time,
categorized by BCVA response at 1 month
after the first bevacizumab injection. Within
the groups, the mean BCVA changes from
baseline did not vary by more than 1 line af-
ter 1 month over the entire period. Inter-co-
hort differences were significant at each

-
w.
)}
I
N

Mean BCVA change from baseline (logMAR)

-0.6 - i time point. Post-hoc test (Tukey method)

i between group comparison. <1 line im-

0.8 provement vs. >3 lines Improvement, p <

. -0.004 -0.096 -0.106 -0.103 0.001, at each time point. 1-<3 line im-
- 0175 0.225 0224 -0.243 provement vs. >3 lines Improvement, p <
coflbee 20437 -0.439 -0.448 -0.495 0.001, p = 0.016, p = 0.022, p = 0.011.
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o 24 607 ] ot AR 61.7 £ 101493 FA7F
28%5(46.7%), oAAb= 32%9(53.3%)0] itk A A Bt 2
G A Z(logMAR)-2 0.31 = 0.14, Bt FAZHFAl=
428.7 + 144.6 pmP o1, Hi A 7| 7HS 3.4 + 8.27)
Hol it

& ol Hlsh 27 Al Hg Aol [-ofsHA Hekrh
(p<0.001, at each time point, 1= 1|9t A|

Z oA} AJE BRA} 2 p<0.001, p=0.016, p=0.022, p=0.011,
at each time point, 15 o4} 3 u|uk Al SFAF + vs. 35
o Al A ). 1 9] o], A, It o7, A
A, ST 2 A AR PAE, SR,

RS E of i, ANRARY A= 2F 2 k] AfolE HolA|

<1 line improvement of BCVA at 1 month

OFQITHTable 1).

A 170 o] 59 Aupkzh Feb Al o B 27 i
A e ATt fAEReH, ALAQ AmoE 5
7HA QL AT Aol 152 9A @sdth 1, 3, 6, 127114
Bt Al HSk= 1I71DA 35 ol Al Aol IE +
oAl thE F ol Hlal] =A e Thp<0.001, at each
time point, 15 "|¥E AJ2] 4 7 vs. 35 o4 Al FA
o p<0.001, p=0.016, p=0.022, p=0.011, at each time
point, 15 o] 3& vt AJE] 3 & vs. 35 o4 AlY
) (Fig. 1). 3 28 A= 3, 6, 1271€7) A2 w3t
A= HWSS o, 17HEA 15 nute] Al s 1
ol 2b Fol M 173 vjgke] Exlel Mt 3% ol4ke] A2
S HATH21.1%, 21.1%, 31.6% at each time point).
olef w2 149 3% ol4re] A2l Bl AT A%
S8 7} A7|ue g 3% olate] Al wAol Sl3e
H(75%, 75%, 87.5%, at each time point), 10% UjLJof|A] 1
= H|Tke] Al o] Sl Al YERITRB8.3%, 12.5%,
8.3%, at each time point) (Fig. 2). 1342 7]17F S<F A

A
e smm emm
80% ) -
60% - 8 (42.1%) 8 (42.1%)
0% 7 (36.8%)
-
20% 7 (36.8%) 7 (36.8%) 6 (31.6%)
0% -
3 months 6 months 12 months
B 1-<3 lines improvement of BCVA at 1 month
100% -
80% | -
60% - Figure 2. Frequency distribution of
0% best-corrected visual acuity (BCVA)
0 9 (529%) 5 (29.4%) 8 (47.1%) improvement, categorized by BCVA
20% . response at 1 month. (A) Within the
0% - 2 (UL, 3 (L7.6%) 0% subset of eyes with < 1 line BCVA
3 months 6 months 12 months improvement at 1 month, approx-
imately one-third of eyes continued
C 23 lines improvement of BCVA at 1 month to show < 1 line BCVA improve-
100% ment at each time point. (B) Within
80‘; the subset of eyes with 1 -< 3 lines
60‘; BCVA improvement at 1 month,
400° most eyes showed > 1 line BCVA
f improvement at each time point. (C)
28;’ 4 (16.7%) Within the subset of eyes with a pro-
A 23%

3 months 6 months

M <1 line improvement 1-<3 lines improvement

940

M =3 lines improvement

nounced initial BCVA response (> 3
lines improvement) at 1 month, most
eyes maintained this response over
the entire period.

12 months
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700 o <1line improvement
600 - =4 -- 1-<3 lines improvement
. +++ - >3 fines improvement

Mean central macular thickness (um)

100

0 1 3 6
Month
. 3522 2970 3104 315.2 2734
===+ 4757 3116 3439 2757
cooofihee 4495 2998 305.3 305.2 281.8

Figure 3. Mean central macular thickness
12 (CMT) over time, categorized by best-cor-
rected visual acuity response at 1 month after
the first bevacizumab injection. There were no
inter-cohort differences in mean CMT at each
2638 time point (p = 0.061, p = 0.651, p = 0.600, p
= (.420, p = 0.353, at each time point).

Table 2. Logistic regression analysis of 3 lines or more visual improvement at 12 months

Logistic regression of >3 lines improvement in BCVA at 12 months

Univariated Multivariated

Odds ratio p-value Odds ratio p-value
Age (years) 0.976 0.366
Male:Female 0.832 0.726
Baseline BCVA (logMAR) 44.992 0.006 11.179 0.097
Baseline CMT (um) 1.003 0.289
BCVA change > 3 lines at 1 month 11.000 0.001 7.568 0.006
Absence of fluid at 1 month 1.800 0.352
Cumulative number of bevacizumab injection 0.848 0.356
Symptom duration 0.892 0.146

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; CMT = central macular thickness.

SH02 12 nlge AlY P4 1Ql A9 6Folgls
Y 7 A1 B HGES W Fkige] A Ee A4
H 97k 49(66.7%), PG o] BEEA ke
797} 33(50%), FHsI o] FHHE Z97h 18(16.7%)0]
ik

e

Bt SATAE Al & 2% A 1A 7P 54
Sqlon], DAYATIA T2 gaste e 1
oL, 7k 3 7ke] folgt AolS Holx] UekTHp=0.061,
p=0.651, p=0.600, p=0.420, p=0.353, at each time point)
(Fig. 3). 341 & 9580 AJejg 45| gef 2t A
718 WA AN T L A S vl B
HobE w, A 15 nivke] Al 2ol o Al
HEIEE RIS BE P S D BRI ERRE
TAEE S B, LA 15 vuke] Al
HOl o A= 3MEA7IA] Bl Eo] A E= e
tHSupplementary Fig. 1). SFATF Yl=8A|EfAA -] A
AR E Al Al o 2E ofn) Q= Aol il
(ellipsoid zone, p=0.810, p=0.455, p=0.184, p=0.039, p=0.273,

W
ol
T
al

at each time point; external limiting membrane, p=0.752,
p=0.211, p=0.929, p=0.104, p=0.769, at each time point).

AT 710 % AlEE F A ek ) 3
F= UNEA 15 vk Al S 2l oflAf 2.68 +
1.343], 15 o|4 3& m|The] A s Hel wHoflA] 3.94
+ 1.683], 35 oF] Al e Hel woflA] 2.96 £ 1.30
S| Al 2 ZFe] Rt ApolE HolA| FUTHp=0.053).

o 2AAE SAEAS Tl 127194 35 ol Al
2 s dao] e AE dokEsith 24 Ao UE
TE(p=0.006), FAF T I7]EA] 3= ol AlY o] =
8-Hp=0.001)7} A¥de HAth B Ho](p=0.366), 43
W(p=0.726), 27 Al FAIEAP-0.289), FA+ F 1]
D7 U 24 0] (p=0352), % WHPA|FER FA4} 5]
S(p=0.356), ZAPEE717Hp=0.146)2 °u] Sl= ABA o]
Holz] oFgtrh. whwf ZAAE IFRAA dABde
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Hel W4 kg 2AAY HALLS ARt
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Table 3. Linear regression analysis of change from baseline in BCVA at 12 months

Linear regression of BCVA response at 12 months

Univariated

Estimate p-value Estimate p-value
Age -0.001 0.813 0.002 0.682
Male:Female -0.003 0.966 0.050 0.632
Baseline BCVA (logMAR) 0.300 0.077 0.089 0.739
Baseline CMT (um) 0.001 0.120 0.001 0.858
BCVA change > 3 lines at 1 month 0.325 <0.001 0.234 0.046
Absence of fluid at 1 month -0.025 0.788 -0.089 0.388
Cumulative number of bevacizumab injection 0.001 0.997 0.015 0.680
Symptom duration -0.009 0.084 -0.003 0.831

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimal angle of resolution; CMT = central macular thickness.
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ol QL Ol SOlT MR elgron], g

AR EA ol = e S HAF=ITHp<0.001, uni-
variated linear regression; p=0.046, multivariated linear re-

gression) (Table 3).
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Supplementary Figure 1. Structural changes of external limiting membrane (ELM) and ellipsoid zone (EZ) integrity over time, cate-
gorized by best-corrected visual acuity (BCVA) response at 1 month. No significant difference in distribution of ELM and EZ re-
storation amongh three groups at each time point. (A) ELM integrity over time in <1 line BCVA improvement group. (B) EZ in-
tegrity over time in <1 line BCVA improvement group. (C) ELM integrity over time in 1-< 3 lines BCVA improvement group.
(D) EZ integrity over time in 1-< 3 lines BCVA improvement group. (E) ELM integrity over time in >3 lines BCVA improvement
group. (F) EZ integrity over time in >3 lines BCVA improvement group.
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