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Effects of Intravitreal Injection of Bevacizumab or Ranibizumab
on Systemic Circulation

UE - 014% - 0128 - A
0

o
Young Lee, BD, Kang Won Lee, MD, Hee Seung Chin, MD, PhD

Ho

gah.Jl

o
Myung Hun Yoon, MD, Young Jun Kim, MD, S

rio
lon

IA

ISITYSIT B3t s

ol

Department of Ophthalmology, Inha University School of Medicine, Incheon, Korea

Purpose: The purpose of this study was to evaluate the systemic effects of ranibizumab and bevacizumab by examining the
plasma levels of anti-vascular endothelial growth factor (anti-VEGF) and VEGF before and after a single intravitreal injection.
Methods: Twenty-eight eyes of 28 patients with various retinal diseases were enrolled. Seventeen eyes received an injection of
intravitreal bevacizumab, and 11 eyes received an injection of ranibizumab. Blood samples were collected just before and 1 day,
1 week, and 1 month after injection. Concentrations of anti-VEGF and VEGF in plasma were measured using enzyme-linked im-
munosorbent assay (ELISA).

Results: In the bevacizumab group, anti-VEGF concentration before the injection was 91.0 ng/mL, while those at 1 day, 1 week,
and 1 month post-injection increased to 153.6, 196.3, and 140.3 ng/mL, respectively (p < 0.05 for all). VEGF concentration be-
fore the injection was 93.9 pg/mL, while those 1 day, 1 week, and 1 month post-injection were reduced to 40.1, 24.7, and 33.5
pg/mL, respectively (p < 0.05 for all). However, in the ranibizumab group, no significant reductions in anti-VEGF concentration
were observed. The anti-VEGF concentration before the injection was 177.6 ng/mL, while those at 1 day, 1 week, and 1 month
post-injection were 177.5, 160.7, 175.3 ng/mL, respectively (p > 0.05 for all). VEGF level also showed no significant change.
VEGF concentration before the injection was 80.9 pg/mL, while those at 1 day, 1 week and 1 month post-injection were 96.7,
106.3, 106.1 pg/mL, respectively (p > 0.05 for all).

Conclusions: Contrary to ranibizumab, intravitreal bevacizumab significantly lowers plasma VEGF level in patients with various
retinal diseases. The study suggests the consideration of the systemic effects of intravitreal bevacizumab injection.
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JeBuR o]t VEGFeF Il ¥ hdekse digh A=
= bevacizumab (Avastin®, Genetech Inc., San Francisco,
CA, USA)O|L} ranibizumab (Lucentis”, Novartis Pharma
AG, Basel, Switzerland and Genetech Inc.)¥} 22 383
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(Food and Drug Administration, FDA)2.
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 3}A] 9t ranibizumab?] 7Sl = e ¢
ot S TA}Ql Hof glo] HAIHQl ot Fakgof
gt 2tmE vt Aot

Anti-VEGF A& FE|AHR Fodt= 2R oA
o] A Fo-rut o] oFA| o] HAIHRl F4E 1
ojZofl HAAQ FaFo] A4S AR A=A FEF
s} AFollA FAlEC] AoME AEH HF7t 37
23l P wiAIE == glth. 199

7S o2 FEAIY anti-VEGF Fof & Ho

oA 2% VEGFUY anti-VEGFE ERIgH 94 of2] @A
SFoba] HAIHRID Fddol dhgh A2 WelelA AHEA
oFortt Aa=o] AYS o R AW anti-VEGF 44

Az} HoWof| A VEGF =TS Z4% A7t 2 7 9l
Wo]| 7 SaAY =ojF bevacizumabT} ranibizumab
HIof thgte] QI7ke] W oA anti-VEGFe} VEGF H%
£ Aol S435to] %5 anti-VEGF w1 W#3tel 1of up
VEGF 5% Rs}E Hla 248 9= o] 29
Fod Rt s e R gk JRe] =Ro] Bl
Qg Wolck?! uhelA obz] 27t ATES B3 o5 2
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2} 2 QJA}A o2 9@ A|Y anti-VEGF 329]4:9] Z
= 3 9

12 =3
ol SFha a2 AR gk, 22 670 diofl f2lA
Y anti-VEGF F=as 7Y W44l anti-VEGFE
Sils Aag 2 2,

= ©t+T
1 olofl AAIAQl VEGF sEo] dFS & & e o
Agh-oby AR, WA, A4 5 7H B o

ol A Al efskalet

SE|AMW anti-VEGF s HH

Anti-VEGF ¢FA|9l bevacizumabI} ranibizumab3 52
AWz Fsh= 71 dAolA dRbd o= ARESh= W
He ARl 1hes] aofshd, 2e fEAW i
= Qlstistu g ot o H-8o) aAoA Tt
2 A=k HA tjArerS proparacaine hydrochloride
0.5% (Alcaine®, Alcon Laboratories Inc., Fort Worth, TX,
USA)Z Aot 3t §] 10% povidone-iodine &2 &+ 9]
£ A= 72 wAES HY =31 5% povidone-
iodineo = ZAuf 4l AuhdS 455tka A4 Yem AlA
3Tk 1 mL FEAF7]9) 1.25 mg (0.05 mL)2] bevacizumab
(Avastin® 100 mg/4 mL) T 0.5 mg (0.05 mL)<] ranibi-
zumab (Lucentis® 3 mg/0.3 mL)S Fo} W= 304014
FAPIES olgalo] §4g Ak Zhuk SR04 3.5 mm,
Q1 SAAGHE 24U £304 3.0 mm HolHl HA 7
W B fAE AAs) FUskith T4 Fol
=
- =)

APFS-S 2AASA WY1 HaE HES o]gate] =

=



AL Q15 A FEfFeo] oY o
th F<& Fof= levofloxacin 0.5% (Cravit“‘
Osaka, Japan)E 3}F0] 49, 39 S0 Y& A3 e

ol HetsHA sk

®

Santen,

= "1 [
HN MEZ O 1xo] Hwox S2]A Y bevacizumab E
ranibizumab Y& A} e F T 1Y T,

e g Fo AstAch AT Be) =S EDTA
s gl 2 24 W mHsl ol A we
AIZE Well ¥44£21(3,000 rpm, 202)E Ff EaBEHE
A(platelet-poor plasma)S E2|dlo] -80CE WZ =3}
pip

Anti—VEGF assay
A7t Az VEGFY] 165 ©]& ofu|=AKthe 165 amino

Table 1. Demographic data

acid of variant human recombinant VEGF; R&D Systems,
Minneapolis, MN, USA)<Z 1xphosphate buffered saline
(PBS)9]| 1.0 pg/mL =2 3435} Immuno 96 MicroWell
Solid Plate (Nunc, Wiesbaden, Germany)o]] Z} welld 100 pL
R Bzslo] 1AL} o] 4 Col|A 1647} incubationdh
T plateE 1xPBS=Z 11 A& 35}l 10% fetal bovine serum
(HyClone, Logan, UT, USA) in 1xPBSE 4CojA 47k
59 blockingdl gt 1 & 1xPBSE 3 A|Z3t & plate
2 4CoA Bpsi] AzA 7

A MEL 10% fetal bovine serum (FBS), 1xPBSZ=
100v] 2]Asto] ARgslich FHjE 84 MES o A&
g 3709 wello] 100 pLA EF35F6] Al&(room temper-
ature, 25C)ollA] 3AIZF WRGAIF T ZH2e] i assayol|
3 4] standard curvei= bevacizumab E= ranibizumab-3-
10% FBS, IxPBSZ 3l4sto] 7a14 =g o] gsto]
bevacizumab-> 0.0625 ng/mL-4 ng/mL2] H |2, ranibizu-

Case Sex Age (years) Retinopathy VEGF Drug Laterality
1 M 60 CNV d/t AMD 46.5 Ranibizumab oS
2 M 75 CNV d/t AMD 27.1 Ranibizumab OD
3 M 74 CNV d/t AMD 30.5 Ranibizumab oD
4 M 67 CNV d/t AMD 97.1 Ranibizumab OD
5 M 61 CNV d/t AMD 72.4 Ranibizumab OD
6 M 62 CNV d/t AMD 59.2 Ranibizumab oS
7 F 71 DR 127.4 Bevacizumab oS
8 M 88 CNV d/t AMD 38.3 Ranibizumab (O
9 F 56 DR 17.8 Bevacizumab oS

10 M 37 CRVO 174.6 Bevacizumab OD

11 M 71 CNV d/t AMD 22.0 Ranibizumab OD

12 F 77 DR 240.6 Bevacizumab (O

13 F 55 DR 57.7 Bevacizumab (N

14 F 34 Myopic CNV 27.3 Bevacizumab oD

15 F 57 Myopic CNV 154.3 Bevacizumab oD

16 F 31 Myopic CNV 121.8 Bevacizumab oS

17 F 24 Myopic CNV 27.7 Bevacizumab 0OS

18 F 39 Myopic CNV 17.0 Bevacizumab OD

19 M 45 BRVO 34.8 Bevacizumab OD

20 M 45 DR 280.1 Bevacizumab OD

21 M 62 BRVO 54.7 Bevacizumab OD

22 M 84 CNV d/t AMD 39.2 Ranibizumab oS

23 M 63 BRVO 70.0 Bevacizumab (N

24 M 50 DR 32.0 Bevacizumab oS

25 F 73 CNV d/t AMD 221.0 Ranibizumab (6N

26 F 62 CNV d/t AMD 236.9 Ranibizumab (0N

27 F 43 PDR 44.0 Bevacizumab OD

28 F 49 BRVO 116.0 Bevacizumab OS

Concentrations of VEGF are in picograms of VEGF per milliliter (pg/mL).
VEGF = vascular endothelial growth factor; M = male; F = female; CNV = choroidal neovascularization; d/t = due to; AMD = age-related
macular degeneration; OS = oculus sinister; OD = oculus dexter; DR = diabetic retinopathy; CRVO = central retinal vein occlusion; BRVO
= branch retinal vein occlusion; PDR = proliferative diabetic retinopathy.
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mab-2 0.3125 ng/mL-20 ng/mL2] HYZ A3}t A
incubation - 0.05% Tween-20" (Sigma-Aldrich corporation,
St. Louis, MO, USA), 1xPBSZ 3W¥ A|Z3}3c}.

H2E bevacizumab W= ranibizumab2 peroxidase =
#A)% F(ab’)2 Fragment7} $-Z¥ anti-human IgG anti-
body (R&D Systems, Minneapolis, MN, USA)E ©]-8-3}¢]
A&3 Tt A% anti-human IgGE 10% FBS, 1xPBS9]|
2,0008) 345} 7t wello]] 100 pLA B8} ARLo) 4] |
Al7E BReA1 T 1 5 0.05% Tween-20®, 1xPBSE 31 A
HAsigc.

©]3 Tetramethylbenzidine (TMB) substrate solution (R&D
Systems, Minneapolis, MN, USA)-& Z+ wello] 50 uL& £
FolTh AR2of| A 30 Y3 & stop solution© 2 Sulfuric
acid 1 M (Sigma, St. Louis, MO, USA)E- Z} wellof 50 uLA
E5R3ATE o] 7t wellof A A/d ¥ SFehd=d(chemilumin-
escence)< ELISA reader® 450 nm, reference 540-570 nm
o sgolA 255

VEGF assay
= VEGF9 T+ ELISA Kit (Quantikine VEGF
ELISA Kit, R&D Systems, Minneapolis, MN, USA)E A}
B5to] A=AR] MR Adsto] SRk o] assay
IS k2] sandwich enzyme immunoassay technique2
ARG VEGFQ] %= 450 nmoj|4] ELISA reader= &
=5 Sk SAUS FF 34 &Yl S4E @

3} wlwsto] Lk

o

i ot

s 24
EA= A2 A4 AZEo] SPSS version 19 (IBM

Corporation, Armonk, NY, USA)E Al&-3lo] AT

HE5e] EE T e Alo]o] H|il: Mann-Whitney
U-testE ARE-SHRIAL B EA4Ql g5 = et Abo]9) Bl
= Wilcoxon Signed Ranks TestS AME3lAth SA414 &
o2 pitol 0.05 Hwtd wj= A ojstqict.

2 at

Ol E7| XtZ(demographic data)

i A= QI SA AR v ZtiTable 1).
2874 9] Fkto] 28%to] A oz AR o] F 5
4 AR kg e 119, G RS ke
77, A W ST ks 5T, e | 2
A= 5Holqdtt 1% 17 #xke] 172t F-2|AU bev-
acizumab %S AT 117 SHAk9] 11¢ke] T3l
A G-2AY ranibizumab FY&ES APt

Bevacizumab #o}<29] VEGF 7|4 st Bt 93.9 =
80.0 pg/mL, Z$}4= 57.7 pg/mLO| 3L ranibizumab Fo]-2]
VEGF 7|4 %% & 80.9 + 76.4 pg/mL, F)4> 46.5
pg/mLo|] £ 3+ AtoJo]] VEGF 7|4 %wo] Bl £
Aoz FOgt Aol= gllthp=0.724).

Bevacizumab £

L2 A bevacizumab ¢ A = anti-VEGF &=
91.0 + 67.3 ng/mL QT o= 9] = 120]| 153.6 + 94.4 ng/mL
(p=0.001), 2] 3 120] 1963 + 89.7 ng/mL (p<0.001)Z
FARoR felsl Frlsigon, £ ¥ 1S
140.3 + 82.8 ng/mL (p=0.001)2 ¢ o] u]a} EA A0
2 golsl 2 $AE fA5AT WF VEGE SEs
AU bevacizumab Q] Ao 93.9 + 80.0 pg/mLoj|A]
Z9] 191 3 40.1 + 39.6 pg/mLE Z015¢]11(p=0.006), 3=

Table 2. Plasma concentrations of anti-VEGF and VEGF in the bevacizumab group

Percentile
N Mean SD 75t 7sth p-value*

Anti-VEGF

Before 17 91.0 67.3 40.2 107.6

After 1 day 17 153.6 94 .4 82.0 221.6 0.001

After 1 week 17 196.3 89.7 127.1 249.1 0.000

After 1 month 17 140.3 82.8 93.5 159.7 0.001
VEGF

Before 17 93.9 80.0 29.8 140.8

After 1 day 17 40.1 39.6 13.4 57.2 0.006

After 1 week 17 24.7 12.4 13.4 314 0.001

After 1 month 17 33.5 31.9 10.6 38.8 0.002

Concentrations of anti-VEGF are in nanograms of anti-VEGF per milliliter (ng/mL). Concentrations of VEGF are in picograms of VEGF per

milliliter (pg/mL).

VEGF = vascular endothelial growth factor; N = number; SD = standard deviation.
*Wilcoxon’s Signed Ranks Test. p-values are for comparisons of values before versus after injection.
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Figure 1. Plasma levels of anti-vascular endothelial growth factor (VEGF) and VEGF before and after an intravitreal injection of
bevacizumab. (A) Anti-VEGF concentrations before and 1 day, 1 week, and 1 month after injection were; 91.0, 153.6, 196.3, and
140.3 ng/mL (p = 0.001, 0.000, 0.001, respectively).(B) VEGF concentrations before and 1 day, 1 week, and 1 month after in-

jection were 93.9, 40.1, 24.7, 33.5 pg/mL (p = 0.006, 0.001, 0.002, respectively). p < 0.05.

Table 3. Plasma concentrations of anti-VEGF and VEGF in the ranibizumab group

Percentile

N Mean SD 25t 7sth p-value*

Anti-VEGF

Before 11 177.6 76.5 129.1 220.8

After 1 day 11 177.5 73.6 139.8 205.4 0.646

After 1 week 11 160.7 82.5 97.6 225.5 0.110

After 1 month 11 175.3 62.2 139.2 207.4 0.477
VEGF

Before 11 80.9 76.4 30.5 97.1

After 1 day 11 96.7 137.6 21.0 102.2 0.504

After 1 week 11 106.3 82.1 28.4 131.9 0.328

After 1 month 11 106.1 89.0 27.1 190.7 0.203

Concentrations of anti-VEGF are in nanograms of ranibizumab per milliliter. Concentrations of VEGF are in picograms of VEGF per milliliter.
VEGF = vascular endothelial growth factor; N = number; SD = standard deviation.
"Wilcoxon’s Signed Ranks Test. p-values are for comparisons of values before versus after injection.
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Figure 2. Schematic graphs of plasma levels of anti-vascular
endothelial growth factor (VEGF) and VEGF before and over
1 month after an intravitreal injection of bevacizumab. As an-
ti-VEGF level increased, VEGF level decreased.

Q] 3 1Z20)= 247 + 12.4 pg/mL (p=0.00D)Z A| S-o]5}
29 T 197M%E 33.5 + 31.9 pg/mL

(p=0.002)2 ] Anc RelshA gaH 2 fA5
% THTable 2, Fig. 1, 2).

Ranibizumab £z

AU ranibizumab ¢ A % anti-VEGF =
177.6 £ 76.5 ng/mL3, FY = 1¥of 177.5 £ 73.6
ng/mL (p=0.646)= =%} A7} o3t Aol7h giglen +
Q] & 1579 160.7 + 82.5 ng/mL (p=0.110)% 11 F¢ 1
Fofl= 1753 + 62.2 ng/mL (p=0477)2 A 7|7t AA F
o A} Fo3t Aol7t YiSith EF VEGF s+ -84
U ranibizumab 59 Zof 80.9 + 76.4 pg/mLoj|A £ 1Y
3967 + 137.6 pg/mL (p=0.504), 2¢] 1% & 1063 +
82.1 pg/mL (p=0.328), 12]1 =9 3 & o= 106.1 =
89.0 pg/mL (p=0.203)% A A 7|7t Fet SAACZ
o3t #M3l7} ¢lgithTable 3, Fig. 3, 4).

ini =

Bevacizumab-2& Ex}2F oF 149 kD] A|%3t Q17F ¢
22 IgGl &H|(recombinant humanized monoclonal IgG1l
antibody) = AJ&E8124 S-S 28 QIXF VEGF-Ac| Agst
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Figure 3. Plasma levels of anti-vascular endothelial growth factor (VEGF) and VEGF before and after an intravitreal injection of
ranibizumab. (A) Anti-VEGF concentrations before injection and 1 day, 1 week, and 1 month after injection were 177.6, 177.5,
160.7, and 175.3 ng/mL (p = 0.646, 0.110, 0.477, respectively). (B) VEGF concentrations before injection and 1 day, 1 week, and
1 month after injection were 80.9, 96.7, 106.3, and 106.1 pg/mL (p = 0.504, 0.328, 0.203, respectively).
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Figure 4. Schematic graphs of plasma levels of anti-vascular
endothelial growth factor (VEGF) and VEGF before and for
one month after an intravitreal injection of ranibizumab. No
significant change is observed in anti-VEGF or VEGF levels.
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acizumab©] 4l &ghol] G2 m|Rtk= AE2S AN
t}. Carneiro et al”’2] QT A= AFysl A A2
o2 S AW bevacizumab ¥ ranibizumab3 1€ 7+
Aom 38 Folg 5| A A% AT 30A FU& 19
$of % VEGF 5%=E H|ugt 23} bevacizumab Foj-
< % VEGF =7} FosHA Hdashale
Fol-e W% VEGFS) $93 5= WS} 22 gop
ranibizumab©] bevacizumab}X T} A A% 0] oJgko] ¢ AL
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