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Ranibizumab versus laser therapy for the treatment of very 
low birthweight infants with retinopathy of prematurity 
(RAINBOW): an open-label randomised controlled trial
Andreas Stahl, Domenico Lepore, Alistair Fielder, Brian Fleck, James D Reynolds, Michael F Chiang, Jun Li, Melissa Liew, Rainer Maier, Qi Zhu, Neil Marlow

Summary
Background Despite increasing worldwide use of anti-vascular endothelial growth factor agents for treatment of 
retinopathy of prematurity (ROP), there are few data on their ocular efficacy, the appropriate drug and dose, the need 
for retreatment, and the possibility of long-term systemic effects. We evaluated the efficacy and safety of intravitreal 
ranibizumab compared with laser therapy in treatment of ROP.

Methods This randomised, open-label, superiority multicentre, three-arm, parallel group trial was done in 87 neonatal 
and ophthalmic centres in 26 countries. We screened infants with birthweight less than 1500 g who met criteria for 
treatment for retinopathy, and randomised patients equally (1:1:1) to receive a single bilateral intravitreal dose of 
ranibizumab 0·2 mg or ranibizumab 0·1 mg, or laser therapy. Individuals were stratified by disease zone and 
geographical region using computer interactive response technology. The primary outcome was survival with no 
active retinopathy, no unfavourable structural outcomes, or need for a different treatment modality at or before 
24 weeks (two-sided α=0·05 for superiority of ranibizumab 0·2 mg against laser therapy). Analysis was by intention 
to treat. This trial is registered with ClinicalTrials.gov, NCT02375971.

Interpretation Between Dec 31, 2015, and June 29, 2017, 225 participants (ranibizumab 0·2 mg n=74, ranibizumab 
0·1 mg n=77, laser therapy n=74) were randomly assigned. Seven were withdrawn before treatment (n=1, n=1, n=5, 
respectively) and 17 did not complete follow-up to 24 weeks, including four deaths in each group. 214 infants were 
assessed for the primary outcome (n=70, n=76, n=68, respectively). Treatment success occurred in 56 (80%) of 
70 infants receiving ranibizumab 0·2 mg compared with 57 (75%) of 76 infants receiving ranibizumab 0·1 mg and 
45 (66%) of 68 infants after laser therapy. Using a hierarchical testing strategy, compared with laser therapy the odds 
ratio (OR) of treatment success following ranibizumab 0·2 mg was 2·19 (95% Cl 0·99−4·82, p=0·051), and following 
ranibizumab 0·1 mg was 1·57 (95% Cl 0·76−3·26); for ranibizumab 0·2 mg compared with 0·1 mg the OR was 
1·35 (95% Cl 0·61−2·98). One infant had an unfavourable structural outcome following ranibizumab 0·2 mg, 
compared with five following ranibizumab 0·1 mg and seven after laser therapy. Death, serious and non-serious 
systemic adverse events, and ocular adverse events were evenly distributed between the three groups.

Findings In the treatment of ROP, ranibizumab 0·2 mg might be superior to laser therapy, with fewer unfavourable 
ocular outcomes than laser therapy and with an acceptable 24-week safety profile.

Funding Novartis.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction
Retinopathy of prematurity (ROP) is a disease of 
the developing retina. Mild forms of ROP resolve 
spontaneously with few sequelae, but severe ROP can 
progress to retinal detachment, vision impairment, 
and blindness. Ablation of the peripheral retina with 
cryotherapy1 or confluent laser photocoagulation2 reduces 
but does not eliminate ocular morbidity. Annually, 
28 300−45 600 infants worldwide are diagnosed with 
irreversible visual impairment from ROP.3

Antivascular endothelial growth factor (anti-VEGF) 
agents injected into the vitreous are widely used for 
vasoproliferative disease and diseases associated with 
hyperpermeabilty in adult ophthalmic practice. They 
present a new opportunity for ROP treatment. To date, 

the largest clinical trial of anti-VEGF in preterm infants 
compared the efficacy of intravitreal bevacizumab with 
laser therapy in a defined US population.4 Fewer 
retreatments occurred in the bevacizumab group, but 
the difference was significant only for ROP located in 
retina zone I (the most posterior region of the retina).4 
This study was preceded and followed by several case 
series,5–7 small trials,8–10 and two small dosing studies.11,12 
Despite the low level of evidence cited in a Cochrane 
review in 2018,13 use of anti-VEGF agents for treatment 
of ROP in clinical practice is increasing worldwide.14,15

Several aspects of anti-VEGF therapy in ROP remain 
unanswered: ocular efficacy, the appropriate drug 
and dose, the need for retreatment, and the possibility 
of long-term systemic effects.13–17 In light of these 
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unanswered questions and the widespread off-label 
use of anti-VEGF treatment in ROP, assessment of 
anti-VEGF agents under defined trial conditions is 
urgently needed, not only in the USA and Europe but 
also in other countries where neonatal care can be more 
variable. The need is especially pressing in low-resource 
settings where an estimated 60% of the world’s ROP 
occurs,3 and anti-VEGF agents are being widely used as 
the primary treatment. This choice of treatment is not 
surprising for several reasons. Compared with laser 
therapy, intravitreal injec tion is relatively simple to 
administer, has substantially shorter administration 
time, requires fewer resources and less user expertise, 
and often no anaesthesia is given. However, intravitreal 
anti-VEGF treatment introduces a risk of intraocular 
infection,18 the need for longer and more frequent 
follow-up,19 retinal abnormalities after treatment,20 and 
potential local and systemic develop mental effects.17

The ranibizumab compared with laser therapy for the 
treatment of infants born prematurely with retinopathy of 
prematurity (RAINBOW) study was designed to evaluate 
the efficacy and safety of two doses of ranibizumab versus 
conventional laser therapy in a randomised open-label 
study that recruited infants worldwide, with a broad scope 
of ROP stages. Here, we report the outcomes of RAINBOW 
from enrolment until 24 weeks after treatment.

Methods
Study design and participants
RAINBOW is a randomised, open-label, superiority trial 
to assess the efficacy and safety of intravitreal ranibizumab 
compared with laser therapy for the treatment of 
ROP  done in 87 neonatal and ophthalmic centres in 
26 countries. Eligible infants had a birthweight less than 
1500 g and a diagnosis of bilateral ROP zone I stage 1+, 2+, 
3, or 3+, or zone II stage 3+, or aggressive posterior ROP 
(AP-ROP).21 Zone II stage 2+ was not included because 
treatment is controversial in some countries.22 Exclusion 
criteria included ocular and neurological comorbidities 
that might result in confounding visual impairment, and 
active ocular infection within 5 days before investigational 
treatment (appendix p 7). Unilateral cases in which only 
one eye met treatment criteria were not included.

The follow-up phase was until day 169 (24 weeks) when 
the infant exited the study and became eligible to join 
the RAINBOW extension study in which long-term 
ophthalmological and paediatric efficacy and safety will 
be studied to 5 years of age. The study was done in 
accordance with the Declaration of Helsinki. The study 
protocol was reviewed and approved by an independent 
ethics committee or institutional review board at each 
contributing centre. Parents or guardians provided 
written informed consent. An independent data and 

Research in context

Evidence before this study
Retinopathy of prematurity (ROP) is the primary cause of 
blindness in 28 300–45 600 premature infants per year 
worldwide. Over the past 25 years, treatment with laser therapy 
has been able to halt the disease and prevent blindness. 
However, this does not eliminate ocular morbidity, which 
remains of concern. Uncontrolled retinal neovascularisation, 
which drives the clinical progression of the disease, is provoked 
by local secretion of vascular endothelial growth factor (VEGF) 
in ischaemic retinal tissue. Anti-VEGF agents could therefore be 
used to target uncontrolled retinal neovascularisation in ROP.

A Cochrane review published in 2018 identified five trials of 
bevacizumab and one trial of pegaptanib, grading the quality of 
the evidence as low or very low over eight outcomes followed 
for up to 55 weeks and mortality at 30 months of age, whether 
alone or in combination with laser and cryotherapy. A further 
search for English language publications between Jan 1, 2011, 
and March 31, 2018, was done using PubMed, MEDLINE, 
and Web of Science using the search terms “anti-VEGF”, 
“individual agents”, and “retinopathy of prematurity”. 
Two small trials of ranibizumab were identified comprising 
50 infants (in progress) and 19 infants (published).

Without research evidence of either long-term benefit or risk, 
and with few attempts at finding the appropriate dose, 
off-label anti-VEGF use has become widespread and is the first 
and sometimes only treatment option in many settings across 

the world. Several aspects of the use of anti-VEGF agents 
remain unanswered: ocular efficacy, the appropriate drug and 
dose, the need for retreatment, and the possibility of 
long-term systemic effects from sustained suppression of VEGF 
in a developing infant.

Added value of this study
RAINBOW shows that ranibizumab, an established anti-VEGF 
agent in adult practice, might be superior to laser therapy in 
infants with ROP. The use of ranibizumab seems to be associated 
with better eye outcomes and it has an acceptable short-term 
safety profile. Follow-up is underway to determine vision 
outcomes to 5 years of age. Systemic VEGF levels appear to be 
unchanged after ranibizumab. RAINBOW investigated 
two ranibizumab doses to collect data on anti-VEGF dose 
finding in ROP.

Implications of all the available evidence
Intravitreal injection of ranibizumab can be considered as a 
novel treatment for ROP. However, disease recurrence must be 
monitored closely because it is common with anti-VEGF agents 
and can occur later compared with laser therapy. No detectable 
effects on systemic VEGF levels seem advantageous for 
ranibizumab over other anti-VEGF agents. It remains too early 
to determine definitive vision outcomes or to confirm long-
term systemic safety. Both will be addressed in the ongoing 
RAINBOW extension trial.

See Online for appendix
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safety monitoring board oversaw the safety of study 
participants.

Randomisation and masking
Eligible infants were randomly assigned 1:1:1 to receive a 
single bilateral intravitreal dose of ranibizumab 0·2 mg, a 
single bilateral intravitreal dose of ranibizumab 0·1 mg, 
or laser therapy at baseline (day 1, treatment phase). 
Random allocation was done by local investigators by 
using web-based interactive response technology, stratified 
by ROP zone of the worst eye, because this characteristic 
might affect treatment outcome, and with blocks pre-
allocated to fixed sections, combined with dynamic block 
allocation for the stratification of geographical region (at 
the level of country or site) to reflect variations in practice. 
Region 1 comprised countries with a neonatal mortality 
of less than five per 1000 livebirths in 2012, and region 2 
countries with neonatal mortality rates five per 1000 or 
greater.23 Neither treatment nor outcomes were masked.

Procedures
The allocated intravitreal treatment was a single dose of 
0·2 mg or 0·1 mg ranibizumab applied to both eyes. 
Signs of disease persistence or recurrence were used by 
investigators to determine whether additional treat-
ment was needed (appendix p 8). Laser treatment was 
administered per local practice (standard treatment). 
Under the protocol, in the laser therapy group sup-
plementary treatment to skip lesions was allowed up to 
day 11. In the ranibizumab groups, up to two additional 
treatments with ranibizumab were allowed in each eye 
at a minimum of 28-day intervals. A switch to a different 
treatment method was considered as treatment failure. 
The retina was assessed at baseline and at each study 
visit up to day 169 (24 weeks). Examinations were done 
using indirect ophthalmoscopy and, where available, by 
wide-field retinal imaging. 75 (86%) of 87 study centres 
did retinal imaging. These images were transmitted to a 
central reading centre for documentation.

Patient data were captured via electronic case report 
forms by the investigation sites. Data validation, handling, 
and management were done on validated systems and 
in compliance with Good Clinical Practice and other 
applicable regulatory and national requirements.

Outcomes
The primary objective was to investigate whether 
intravitreal ranibizumab 0·2 mg had superior efficacy 
to laser therapy in the treatment of ROP, as defined by 
survival without active ROP, unfavourable structural 
outcomes, or the need for a treatment modality other 
than that assigned (treatment switch), in both eyes, up to 
24 weeks after starting investigational treatment. Active 
ROP was defined as vessel dilatation (plus disease) in at 
least two quadrants, or extra-retinal vessels extending from 
the retina into the vitreous, representing potentially sight-
threatening disease. Unfavourable structural outcomes 

included structural abnormalities that have potential 
effects on visual acuity: retrolental membrane obscuring 
the view of the posterior pole, substantial temporal retinal 
vessel dragging causing abnormal structural features or 
macular ectopia, posterior retinal fold involving the 
macula, or retinal detachment involving the macula.

The principal secondary objective was to investigate 
the efficacy of ranibizumab 0·1 mg relative to 0·2 mg 
or to laser therapy. Other secondary objectives were to 
assess time to intervention with a second modality 
for ROP or development of unfavourable outcome or 
death, re currence of ROP requiring any post-baseline 
intervention up to 24 weeks, ocular and systemic 
safety of intravitreal ranibizumab, pharmacokinetics of 
intravitreal ranibizumab, and systemic VEGF levels.

Pharmacology
We adopted a sparse sampling approach to ranibizumab 
pharmacokinetics and VEGF pharmacodynamics, samp-
ling within 24 h of baseline treatment, and around 
14 (7–21) and 28 (22–28) days after treatment. The 
concentration of ranibizumab in serum samples was 
determined using enzyme-linked immunosorbent assay. 
The concen tration of VEGF was determined in K3-EDTA 
plasma samples by an electrochemi lumin escence sand-
wich immunoassay on samples taken before treatment 
and around day 14 and 28.

Statistical analysis
We assumed a failure event rate for ranibizumab 0·2 mg 
of 6·5% and laser therapy 42·4% in zone I, and 5·1% and 
12·5% in zone II, respectively, which was similar to that 
observed in the BEAT-ROP trial4 for the recurrence of 
ROP at 54 weeks’ postmenstrual age, and that each 
patient had a 45% and 55% probability of ROP in zones I 
and II, respectively. At least 80 evaluable patients per 
treatment group (100 enrolled patients with an estimated 
dropout rate of 20%) were expected to provide more than 
90% power to show superiority of ranibizumab 0·2 mg 
against laser therapy. Slow enrolment and recruitment 
challenges led the sponsor to change this target after 
consultation with the European Medicine Agency. 
60 patients per treatment group (48 evaluable patients 
assuming a dropout rate of 20%) were expected to 
provide more than 80% power to show superiority 
of ranibizumab 0·2 mg against laser therapy. This 
minimum target replaced the original target but it 
was agreed that additional patients above this new 
target should be enrolled, until preplanned closure of 
enrolment on June 30, 2017, which was achieved.

The Cochran-Mantel Haenszel test was used to test 
the primary outcome because recruitment was stratified 
by zone of ROP. The prespecified level of significance 
was two-sided α=0·05 for superiority of ranibizumab 
0·2 mg against laser therapy. A sequential test strategy 
was used to minimise the risk of type 1 errors caused by 
multiple comparisons. Significance testing of secondary 
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outcomes was done only if the test of the primary 
comparison (ranibizumab 0·2 mg vs laser therapy) was 
significant. The Mantel-Haenszel odds ratio (OR) with 
95% CI is presented for each comparison. Efficacy 
analysis was by intention to treat per patient. This trial 
is registered with ClinicalTrials.gov, NCT02375971.

Role of the funding source
The funder of the study had full access to data collection, 
analysis, and interpretation and was involved in the 
writing of the manuscript, as well as the decision to 
submit. The authors had full access to the data, which 
are owned by Novartis, and had final responsibility for 
the decision to submit for publication.

Results
Between Dec 31, 2015, and June 29, 2017, 87 centres in 
26 countries enrolled infants (appendix p 10). 225 infants 
were enrolled into RAINBOW and were randomly 
allocated to one of the three study groups. Of these 
infants, 218 received baseline treatment (day 1), and 
201 completed the study (figure 1). 

The median gestational age for participants at birth 
was 26 weeks (range 23−32). Gestational age was slightly 
lower in the ranibizumab 0·2 mg group than in the 
other two groups and lower in region 1 than in region 2. 
Most other baseline characteristics were well balanced 
between study groups (table 1).

Categorisation of ROP was similarly distributed across 
the treatment groups at baseline (appendix p 11). ROP 
was present in zone I in 86 (38%) infants and in zone II 
in 138 (61%) infants. Most infants had stage 3+ disease, 
135 (60%) in zone II and 37 (16%) in zone I. AP-ROP was 
present in 30 (13%) of 225 infants, 29 of whom had 
zone I disease.

The primary efficacy outcome was known for 
214 infants (figure 1). Treatment success occurred in 
45 (66%) of 68 infants who received laser therapy (table 2) 
and in 56 (80%) of 70 infants who received ranibizumab 
0·2 mg (OR compared with laser therapy 2·19, 95% Cl 
0·99−4·82, p=0·051); hence, other significance testing 
was not undertaken. Treatment success occurred in 
57 (75%) of 76 infants who received ranibizumab 0·1 mg 
(OR compared with laser therapy 1·57, 95% Cl 0·76−3·26; 

Figure 1: CONSORT diagram detailing enrolment, randomisation, and follow-up of infants in the RAINBOW trial
*Includes four deaths. †Includes four deaths and one treatment switch before withdrawal.

74 allocated to ranibizumab 
0·2 mg (intravitreal)

1 (1·4%) patient discontinued 
before baseline treatment 
(physician decision) 

77 allocated to ranibizumab 
0·1 mg (intravitreal) 

225 enrolled

230 infants screened

1 (1·3%) patient discontinued 
before baseline treatment 
(physician decision) 

5 excluded
4 screen failure 
1 parent or guardian decision

74 allocated to laser therapy

5 (6·8%) patients discontinued 
before baseline treatment 
1 adverse event
2 parent or guardian decision
1 physician decision
1 lost to follow-up

7 (9·5%) patients discontinued at 
follow-up
1 adverse event
1 parent or guardian decision
1 withdrawal of consent
4 deaths

5 (6·5%) patients discontinued at 
follow-up
1 withdrawal of consent
4 deaths

5 (6·8%) patients discontinued at 
follow-up
1 parent or guardian decision
4 deaths

Full analysis 
set (day 1: 
n=225)

73 (98·6%) received 
baseline treatment

76 (98·7%) received 
baseline treatment

69 (93·2%) received 
baseline treatment

Safety set 
(n=218)

70 (94·6%) had known 
primary outcome*

76 (98·7%) had known 
primary outcome†

68 (91·9%) had known 
primary outcome*

Primary 
outcome (week 
24: n=214)
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OR compared with ranibizumab 0·2 mg 1·35, 95% Cl 
0·61−2·98).

Three infants in the ranibizumab 0·1 mg group had 
active ROP at week 24, comprising plus disease in two or 
more quadrants but with no extra-retinal vessels exten-
ding from the retina. No patients in the other groups had 
active disease. One infant had an unfavourable structural 
outcome following ranibizumab 0·2 mg, compared with 
five following ranibizumab 0·1 mg and seven after laser 
therapy (appendix p 12).

Because of minor baseline differences in key variables, 
a single confirmatory post-hoc exploratory logistic regres-
sion analysis for the primary outcome adjusting for three 
potential confounders—gestational age, geographical 
region, and infant sex—was done; the OR in favour of 
ranibizumab 0·2 mg versus laser treatment was 2·32 
(95% CI 1·04−5·16).

Overall, treatment success was higher for all three 
groups in zone II than in zone I, and the gradient of effect 

remained in favour of ranibizumab (table 2). Among the 
two ranibizumab groups, full peripheral vascularisation 
assessed by indirect ophthalmoscopy occurred by day 169 
in 28 (38%) infants in the ranibizumab 0·2 mg group and 
21 (27%) infants in the ranibizumab 0·1 mg group.

61 infants received additional post-baseline treat ments: 
23 (31%) in the ranibizumab 0·2 mg group, 24 (31%) in 
the ranibizumab 0·1 mg group, and 14 (19%) in the laser 
therapy group (figure 2). In the laser group this was in 
addition to the treatment of skip lesions in 11 infants 
before day 11 but including one infant who received 
laser therapy on day 12. Including treatment to skip 
lesions, 22 (30%) infants in the laser group needed 
additional post-baseline treatment (laser therapy or switch 
to ranibizumab). 12 infants in each of the ranibizumab 
groups had one or more ranibizumab retreatments and 
achieved a successful primary outcome. The median 

Ranibizumab 
0·2 mg (n=74)

Ranibizumab 
0·1 mg (n=77)

Laser therapy
(n=74)

Geographical region*

Region 1 45 (61%) 45 (58%) 44 (60%)

Region 2 29 (39%) 32 (42%) 30 (41%)

Sex

Male 33 (45%) 37 (48%) 37 (50%)

Female 41 (55%) 40 (52%) 37 (50%)

Mother’s race or ethnic origin

White 43 (58%) 45 (58%) 45 (61%)

Black 0 4 (5%) 3 (4%)

Asian 27 (37%) 22 (29%) 23 (31%)

Other 4 (5%) 6 (8%) 3 (4%)

Gestational age (weeks)

Overall 25 (23–32) 26 (23–32) 26 (23–32)

Region 1 24 (23–30) 25 (23–29) 24 (23–31)

Region 2 28 (24–32) 28 (24–32) 28 (24–32)

Gestational age category (weeks)

≤24 32 (43%) 22 (29%) 29 (39%)

>24 to <27 18 (24%) 21 (27%) 17 (23%)

≥27 24 (32%) 34 (44%) 28 (37%)

Birthweight (g)

Mean (SD) 791 (244) 886 (299) 831 (284)

Z score mean (SD) –0·49 (1·18) –0·52 (1·04) –0·56 (1·14)

Plurality

Singleton 52 (70%) 55 (71%) 48 (65%)

Multiple 18 (24%) 18 (23%) 18 (24%)

Postmenstrual age at baseline treatment (weeks)

Age 36·7 
(30·3–51·9)

36·9 
(31·9–54·9)

36·6 
(30·6–55·3)

Data are n (%) or median (range), unless otherwise indicated. Plurality data were 
missing for 4 (5%) patients who received ranibizumab, 4 (5%) patients who 
received ranibizumab, and 8 (11%) patients who received laser therapy. *Neonatal 
mortality in geographical region was <5 per 1000 livebirths in region 1 and >5 per 
1000 livebirths in region 2.23

Table 1: Demographics and baseline characteristics

Ranibizumab 
0·2 mg

Ranibizumab 
0·1 mg

Laser therapy

Patients entered 74 77 74

Patients with known 
primary outcome*

70 76 68

Treatment success† 56 (80%) 57 (75%) 45 (66%)

Reason for not meeting primary objective‡

Active ROP present§ 0 3 0

Unfavourable 
structural outcome¶

1 5 7

Treatment switch|| 11 13 18

Death of infant 4 4 4

Prespecified subgroup analyses

Primary outcome by ROP zone

Zone 1 19/28 (68%) 21/30 (70%) 14/23 (61%)

Zone 2 37/42 (88%) 36/46 (78%) 31/45 (70%)

Primary outcome by gestation

≤24 weeks 22/29 (76%) 17/22 (77%) 12/27 (44%)

>24 to <27 weeks 16/18 (89%) 18/21 (86%) 9/15 (60%)

≥27 weeks 18/23 (78%) 22/33 (67%) 24/26 (92%)

Primary outcome by region**

Region 1 36/42 (86%) 37/45 (82%) 26/42 (62%)

Region 2 20/28 (71%) 20/31 (64%) 19/26 (73%)

Primary outcome by infant sex

Male 28/33 (85%) 26/36 (72%) 19/35 (54%)

Female 28/37 (76%) 31/40 (78%) 26/33 (79%)

Data are n (%) or n/N (%), unless otherwise indicated. ROP=retinopathy of 
prematurity. *See figure 1. †Alive and without treatment switch and unfavourable 
structural outcome or active ROP at day 169. ‡Infants can have multiple events. 
§Three infants with active ROP at day 169 had vessel dilatation (plus disease) but 
no extraretinal vessels. ¶Unfavourable structural outcome in either eye, 
any one of: retrolental membrane obscuring the view of the posterior pole; 
substantial temporal retinal vessel dragging causing abnormal structural features 
or macular ectopia; posterior retinal fold involving the macula; and retinal 
detachment involving the macula. ||Treatment switch is the intervention for ROP 
with a treatment modality other than the modality of the first investigational 
treatment (this includes additional standard of care treatment such as 
vitrectomy). **Neonatal mortality was <5 per 1000 livebirths in region 1 and 
>5 per 1000 livebirths in region 2.23

Table 2: Primary efficacy outcome and prespecified subgroup analysis
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interval between baseline and first retreatment was 
55 days (range 29−111) in the ranibizumab 0·2 mg group 
and 57 days (30−128) in the ranibizumab 0·1 mg group.

Death, serious adverse events (AEs), and non-serious 
systemic AEs were evenly distributed among the three 
groups (appendix pp 12−14). All events were from 
complications of preterm birth. Four deaths occurred in 
each group, including one infant who was treated with 
ranibizumab 0·1 mg in whom the investigator suspected 
that death was related to the study drug or procedure. The 
infant died at home following a feed within 24 h of 
treatment and was classified as fatal respiratory failure 
(appendix p 12). Serious and non-serious ocular AEs were 
similarly distributed between the three groups (appendix 
pp 14−15).

One infant (ranibizumab 0·2 mg) had a moderate 
cataract in one eye noted on day 28, thought to be lens 
damage by the injecting needle. Cataract surgery was not 
done during the study.

One infant (ranibizumab 0·1 mg) developed unilateral 
endophthalmitis and orbital infection 6 days after intra-
vitreal injection. This infant was described as having 
bilateral conjunctivitis and left periocular staphylococcal 
infection 11 days before ranibizumab injection and 
treated with antibiotics. Infection was deemed resolved 

by the investigator before study entry, and prophylactic 
topical antibiotic was given to the left eye for 3 days 
immediately before intravitreal injection. Ipsilateral 
conjunctivitis and orbital infection presented 4 days after 
injection and endophthalmitis was evident at day 6. 
Vitrectomy was done at 8 weeks. The retinal structural 
outcome was unfavourable.

There were no significant differences between the 
study groups in body length, head circumference, knee 
to heel length, weight, or blood pressure from baseline to 
days 85 or 169 (appendix p 16).

Median serum ranibizumab and plasma VEGF levels 
within 24 h of, and 14 days and 28 days after, intra-
vitreal injection are shown in the appendix p 16. Serum 
ranibizumab levels decayed from peak levels im mediately 
after baseline to much lower levels after 28 days. Plasma 
VEGF levels were variable and there was no clear 
evidence of plasma VEGF suppression or of differences 
between the three treatment groups (figure 3). Detailed 
population pharmacokinetics of ranibizumab and related 
VEGF pharmacodynamics will be reported elsewhere.

Discussion
In RAINBOW, ranibizumab was an effective and well 
tolerated treatment for ROP in a range of settings around 

Figure 2: Progress of infants with retinopathy of prematurity through additional post-baseline study treatments
Flow chart shows the number of infants receiving at least one additional treatment (ranibizumab or laser therapy), either allowed in the protocol (up to 29 days when 
ranibizumab retreatment was first allowed) or up to 169 days, and treatment switches, which contributed to the primary outcome (shaded pink). Infants might have 
received one or more additional treatments in one or both eyes. Laser treatments to skip lesions were allowed as part of the baseline treatment but are included 
because they represent extra treatment episodes. *Allowed in protocol.

67 had no 
additional 
treatment

64 had no 
additional 
treatment

7 switched to 
laser therapy

71 had no 
additional 
treatment

6 switched to 
laser therapy

9 switched to 
ranibizumab

1 had 
additional 
laser therapy 
after day 11

12 had 
ranibizumab 
retreatment*

23 infants (31%) had one or more 
additional treatments to 49 eyes
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the world. The proportion of infants with successful 
outcome was greater following intravitreal ranibizumab 
0·2 mg compared with laser therapy and does not 
exclude superiority of ranibizumab over laser therapy.24 
In particular, ranibizumab 0·2 mg resulted in fewer 
eyes with unfavourable structural outcomes than did 
ranibizumab 0·1 mg or laser therapy. A ranibizumab 
dose of 0·1 mg offered no advantage over the 0·2 mg 
dose. Further safety data and functional outcomes to 
5 years of age will be ascertained during the ongoing 
extension study. The observed systemic safety profile was 
as expected in a preterm population, and ocular adverse 
events were consistent with the established profile for 
ranibizumab in adults.

RAINBOW included ROP in all zone II locations, 
including mid and anterior zone II. The efficacy of 
ranibizumab was similar to laser in both zone I and 
zone II disease. In all three treatment groups, the 
highest risk of unfavourable outcome occurred in zone I 
disease, as has been reported in other trials.1,4,25 Switching 
to alternative forms of treatment was frequent in all 
three groups. This might have been partly caused by the 
study design because the rules for additional treatments 
were set at a low threshold to minimise the risk of visual 
impairment and applied to both laser therapy and 
ranibizumab groups.

Our trial had several limitations. Care was provided by 
clinicians from a wide range of settings and experience 
to mimic routine clinical practice. Instructions for the 
administration of ranibizumab were provided but not 
training in the use of fundoscopy to determine the 
primary outcome, and not all centres had access to retinal 
photography. The trial was open label, not masked, and 
used no placebo. Decisions on retreatment were made 
on an individual basis and retreatment with ranibizumab 
restricted to intervals of 28 days. Clinician preference for 
one treatment could lead to biased decisions to re-treat. 
The study was limited by slow enrolment, which led to a 
modified recruitment target and reduced power. It is 
unclear why the significance of the primary comparison 
was marginal. Retrospectively, it is difficult to ascribe this 
result either to treatment effects being similar or to an 
inadequate sample size.

Although RAINBOW and the BEAT-ROP trial4 both 
evaluated anti-VEGF agents, direct comparisons should 
be approached with caution as the two trials have very 
different protocols. RAINBOW included all forms of 
ETROP type 1 ROP2 apart from zone II stage 2+ from an 
international group of hospitals. By contrast, the 
BEAT-ROP trial included only stage 3+ disease in zone I 
and posterior zone II in a single region. In RAINBOW, 
outcomes were evaluated per patient 24 weeks after 
first treatment (at a mean age of 60 weeks’ [SD 4·4]
postmenstrual age), whereas in BEAT-ROP ascertainment 
was by each eye to 54 weeks’ postmenstrual age (and 
occurred between 50 to 70 weeks’ postmenstrual age). 
RAINBOW used a composite primary outcome that 

included survival without active ROP, unfavourable 
structural outcomes, or treatment switch. By contrast 
BEAT-ROP used recurrence of retinal neovascularisation 
requiring retreatment. Therefore, the two studies are not 
directly comparable.

In the ETROP randomised trial,25 9·1% of eyes had 
unfavourable structural outcomes after laser treatment, 
which compares to 1·43% of infants in RAINBOW 
following ranibizumab 0·2 mg and 10% of infants 
following laser therapy. The efficacy of ranibizumab with 
fewer unfavourable structural outcomes compared with 
laser therapy needs to be weighed against the two serious 
ocular complications—cataract and endophthalmitis—
that each occurred in one eye in this study. To minimise 
risk, any form of periocular infection just before a planned 
intravitreal injection, even if treated, should be regarded 
as an exclusion criterion.

In RAINBOW, additional treatments were administered 
throughout the follow-up period. Regular follow-up eye 
examinations are therefore required after ranibizumab 
treatment. Median time to recurrence requiring addi-
tional treatment was 8 weeks in this study, indicating 
that this time frame is particularly important during 
follow-up examinations, but much later recurrences after 
anti-VEGF therapy can also occur.26

Ranibizumab is a fully humanised monoclonal antigen-
binding 48kDa Fab antibody fragment.27 In adults, the 
serum half-life of ranibizumab is approximately 9 days 
after intravitreal injection, probably due to slow egress 
from the vitreous.28 RAINBOW is the first study to measure 
ranibizumab pharmacokinetics in preterm infants. Serum 
ranibizumab levels fell slowly with detectable but much 
reduced levels at day 29. By contrast, bevacizumab, a 
149 kDa monoclonal antibody, has a serum half-life of 
21 days after intravitreal injection in preterm infants.29

VEGF-mediated angiogenesis is essential for the 
development of a number of tissues,30,31 but little is 
known about the effects of VEGF suppression in preterm 

Figure 3: Vascular endothelial growth factor levels following study entry to 35 days for each treatment group
(A) Ranibizumab 0·2 mg. (B) Ranibizumab 0·1 mg. (C) Laser therapy.
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infants. We measured plasma rather than serum VEGF 
levels because this approach avoids VEGF release from 
platelets during thrombolysis and better reflects true 
free VEGF.32 There was no clear evidence of plasma 
VEGF suppression compared with infants in the laser 
therapy group or of differences over time between the 
three treatment groups in RAINBOW, confirming 
findings in CARE-ROP.11 By contrast, following intra-
vitreal bevacizumab in preterm infants serum VEGF 
levels were substantially reduced for many weeks com-
pared with baseline or those treated with laser therapy.29,33

In summary, ranibizumab 0·2 mg was as effective and 
safe in the treatment of active ROP as laser therapy, 
might be superior, and was associated with better short-
term ocular outcomes. Compared with laser treatment, 
the potential for procedural complications and the need 
for regular clinical follow-up after ranibizumab treatment 
must be balanced against fewer adverse structural 
outcomes. On Sept 4, 2019, ranibizumab received 
approval for retinopathy of prematurity in the EU from 
the European Commission (European Medicines 
Agency).
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V�0HGLFDO�
&HQWHU�
-DSDQ�

����� 'U��0DULR�%UDGYLFD� 8QLYHUVLW\�+RVSLWDO�&HQWHU�2VLMHN�
&URDWLD�

����� 'U��1HQDG�9XNRMHYLF� 8QLYHUVLW\�+RVSLWDO�&HQWUH�=DJUHE�
&URDWLD�

����� 3URI��&DUOR�&DJLQL� $�2��3HUXJLD�2VS��6��0DULD�G��0LVHULF��/RF��
6�$QGUHD�GHOOH�)UDWWH��3HUXJLD���
,WDO\�

����� 'U��5REHUWR�&DSXWR� $QQD�0H\HU�$]LHQGD�2VSHGDOLHUR�8QLYHUVLWDULD�
)LUHQ]H���
,WDO\�

����� 3URI��'RPHQLFR�/HSRUH� )RQGD]LRQH�3ROLFOLQLFR�8QLYHUVLWDULR�$��*HPHOOL�
5RPD���
,WDO\�

����� 3URI��/XFD�%X]]RQHWWL� 2VSHGDOH�3HGLDWULFR�%DPELQR�*HVX��5RPD�
,WDO\�
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,QYHVWLJDWRU�DQG�RWKHU�
LPSRUWDQW�SDUWLFLSDQWV�

)DFLOLW\�1DPH�
$GGUHVV�
&RXQWU\�

����� 'U��.DWULQ�(HUPH� 7DOOLQQ�&KLOGUHQ
V�+RVSLWDO�
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����� 5DVD�7DPHOLHQH�0'�3K'� +RVSLWDO�RI�/LWKXDQLDQ�8QLYHUVLW\�RI�+HDOWK�
6FLHQFHV��.DXQDV��
/LWKXDQLD�

����� 'U��-XOLH�'H�=DH\WLMG� 8QLYHUVLWDLU�=LHNHQKXLV��*HQW�
%HOJLXP�

����� 3URI��'U��/XF�&RUQHWWH� $=�6LQW�-DQ���%UXJJH��
%HOJLXP�

����� 'U��(U]VHEHW�3ULQF]NHO� 6]HQW�-DQRV�.RUKD]�HV�(V]DN�EXGDL�(J\HVLWHWW�
.RUKD]DN��%XGDSHVW��
+XQJDU\�

����� 3URI��'U��*\RUJ\�%DOOD� 'HEUHFHQL�(J\HWHP�.OLQLNDL�.R]SRQW�
+XQJDU\�

����� 3URI��'U��(YD�6WLIWHU� $.+�:LHQ���0HG��8QLY��:LHQ�
$XVWULD�

����� 'U��&KULVWRSK�0D\HU� 8QLYHUVLWlWV�$XJHQNOLQLN�*UD]��
$XVWULD�

����� 08'U��3DYHO�'LEOLN��0%$� 9VHREHFQD�IDNXOWQL�QHPRFQLFH���3UDKD��
&]HFK�5HSXEOLF�

����� 'RF�08'U��=E\QHN�6WUDQDN� 8VWDY�SUR�SHFL�R�PDWNX�D�GLWH��3UDKD�
&]HFK�5HSXEOLF�

����� 08'U���&6F���)(%2�3HWU�
0DVHN�

)DNXOWQL�1HPRFQLFH�2VWUDYD�
&]HFK�5HSXEOLF�

����� 'U��-HQV�.LLOJDDUG� 5LJVKRVSLWDOHW��.RHEHQKDYQ��
'HQPDUN�

����� 3URI��$KPHG�%HGGD� $OH[DQGULD�8QL��1HZ�+RVSLWDO���&OLQLFDO�5HVHDUFK�
&HQWHU�
(J\SW�

����� 3U��6RODQJH�0LOD]]R� &+8�$PLHQV�3LFDUGLH�6LWH�6XG��$PLHQV��
)UDQFH�

����� 'U��$XURUH�$]L]� +RSLWDO�1RUG��0DUVHLOOH���
)UDQFH�

����� 'U��PHG��$PHOLH�3LHOHQ� 0HGL]LQLVFKH�+RFKVFKXOH�+DQQRYHU�
*HUPDQ\�

����� 3URI��'U��PHG��)UDQN�+RO]� 8QLYHUVLWlWV�$XJHQNOLQLN�%RQQ�
*HUPDQ\�

����� 'U��*HRUJH�3ROODOLV� &KLOGUHQ¶V�+RVSLWDO��$JLD�6RILD���*RXGL��$WKHQV��
*UHHFH�
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&HQWHU�
1R��

,QYHVWLJDWRU�DQG�RWKHU�
LPSRUWDQW�SDUWLFLSDQWV�

)DFLOLW\�1DPH�
$GGUHVV�
&RXQWU\�

����� $VV��3URI��$VLPLQD�0DWDIWVL�
3URI��6WDYURV�'LPLWUDNRV�

*HQHUDO�3HU��+RVSLWDO�RI�7KHVVDORQLNL��
*UHHFH�

����� 'U��$JDWKL�.RXUL� &KLOGUHQ¶V�+RVSLWDO�3DLGRQ��$JODLD�.\ULDNRX��
*UHHFH�

����� 'U��3DUDJ�6KDK� $UDYLQG�(\H�+RVSLWDO��&RLPEDWRUH���
,QGLD�

����� 'U��0DQLVK�7DQGRQ� $UDYLQG�(\H�+RVSLWDO�	�3RVW�*UDGXDWH�,QVWLWXWH�RI�
2SKWKDOPRO��0DGXUDL���
,QGLD�

����� 'U��-LJQHVK�*RVDL� 0�	�-�:HVWHUQ�5HJLRQDO�,QVWLWXWH�RI�2SKWKDOPRORJ\�
$KPHGDEDG���
,QGLD�

����� 'U��5DM�3DO� $OO�,QGLD�,QVWLWXWLRQ�RI�0HGLFDO�6FLHQFHV�
1HZ�'HOKL���
,QGLD�

����� 'U��6DURM�6DKGHY� 7RSLZDOD�1DWLRQDO�0HGLFDO�&ROOHJH�DQG�%</�1DLU�
&KDULWDEOH�+RVSLWDO��0XPEDL���
,QGLD�

����� 'U��6DKDVUDQDPDP�9DVXGHYD�
,\HU�

5HJLRQDO�,QVWLWXH�RI�2SKWKDOPRORJ\��9DQFKL\RRU��
�,QGLD�

����� 'U��6XQGHU�5DPDVDP\�� +RVSLWDO�.XDOD�/XPSXU�
0DOD\VLD�

����� 'U��6KXDLEDK�$E��*KDQL� &OLQLFDO�5HVHDUFK�&HQWUH�
.RWD�.LQDEDOX���
0DOD\VLD�

����� 0DUWLQ�)ORUHV��0'� +RVSLWDO�GH�(VSHFLDOLGDGHV�GHO�1LQR�\�OD�0XMHU��
4XHUDWDUR��
0H[LFR�

����� 'U��$JQLHV]ND�.RZDO�/DQJH� :RMHZRG]NL�6]SLWDO�6SHFMDOLVW\F]Q\��:URFODZ��
3RODQG�

����� 3URI��$OLQD�%DNXQRZLF]�
/D]DUF]\N�

8QLZHUV\WHFNL�']LHFLHF\�6]SLWDO�.OLQLF]Q\�,P��/��
=DPHQKRID��%LDO\VWRN�3RODQG�

����� 'U��,OHDQD�9DWDYX� ,QVWLWXWXO�1DWLRQDO�SHQWUX�6DQDWDWHD�0DPHL�VL�
&RSLOXOXL��%XFXUHVWL��
5RPDQLD�

����� 'U��'LDQD�&RUPRV� 6SLWDOXO�&OLQLF�GH�2EVWHULFD�VL�*LQHFRORJLH�'U��,�$��
6EDUFH��%UDVRY��
5RPDQLD�

����� 'U��)ORULQD�6WRLFD� 6SLWDOXO�&OLQLF�0XQLFLSDO�GH�8UJHQWD�7LPLVRDUD�
5RPDQLD�

����� 'U��9ODGLPLU�%XODWRY� .D]DQ�6WDWH�0HGLFDO�8QLYHUVLW\�
5XVVLD�

����� 'U��2OHJ�.ROHQNR� )\RGRURY�)HGHUDO�6WDWH�,QVWLWXWLRQ�(\H�
0LFURVXUJHU\��.KDEDURYVN��
5XVVLD�

����� 3URI��$OH[DQGHU�'RJD� )\RGRURY�)HGHUDO�6WDWH�,QVWLWXWLRQ�(\H�
0LFURVXUJHU\��.DOXJD��
5XVVLD�

����� 3URI��9ODGLPLU�%U]KHVN\� 6DLQW�3HWHUVEXUJ�6WDWH�3HGLDWULF�0HGLFDO�8QLYHUVLW\�
5XVVLD�
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���� 6HFRQGDU\�2EMHFWLYHV�
x� 7R�HYDOXDWH�ZKHWKHU�LQWUDYLWUHDO�UDQLEL]XPDE��ā�PJ�KDV�VXSHULRU�HIILFDF\�WR�LQWUDYLWUHDO�UDQLEL]XPDE��ā��

PJ�LQ�WKH�WUHDWPHQW�RI�523�DV�PHDVXUHG�E\�WKH�DEVHQFH�RI�DFWLYH�523�DQG�DEVHQFH�RI�XQIDYRUDEOH�
VWUXFWXUDO�RXWFRPHV�LQ�ERWK�H\HV����ZHHNV�DIWHU�VWDUWLQJ�LQYHVWLJDWLRQDO�WUHDWPHQW��DV�DVVHVVHG�E\�WKH�
LQYHVWLJDWRU�

x� 7R�HYDOXDWH�ZKHWKHU�LQWUDYLWUHDO�UDQLEL]XPDE��ā�PJ�KDV�VXSHULRU�HIILFDF\�WR�ODVHU�WKHUDS\�LQ�WKH�WUHDWPHQW�
RI�523�DV�PHDVXUHG�E\�WKH�DEVHQFH�RI�DFWLYH�523�DQG�DEVHQFH�RI�XQIDYRUDEOH�VWUXFWXUDO�RXWFRPHV�LQ�ERWK�
H\HV����ZHHNV�DIWHU�VWDUWLQJ�LQYHVWLJDWLRQDO�WUHDWPHQW��DV�DVVHVVHG�E\�WKH�LQYHVWLJDWRU���

x� 7R�HYDOXDWH�WKH�WLPH�WR�LQWHUYHQWLRQ�ZLWK�D�VHFRQG�PRGDOLW\�IRU�523�RU�GHYHORSPHQW�RI�XQIDYRUDEOH�
VWUXFWXUDO�RXWFRPH�RU�GHDWK���

x� 7R�HYDOXDWH�WKH�UHFXUUHQFH�RI�523�UHFHLYLQJ�DQ\�SRVW�EDVHOLQH�LQWHUYHQWLRQ�DW����ZHHNV�RU�EHIRUH���
x� 7R�HYDOXDWH�WKH�RFXODU�DQG�V\VWHPLF�VDIHW\�RI�LQWUDYLWUHDO�UDQLEL]XPDE��ā�PJ�DQG��ā�PJ�LQ�WKH�WUHDWPHQW�RI�

523�DV�DVVHVVHG�E\�RFXODU�H[DPLQDWLRQ��PRQLWRULQJ�RI�$(V�WKURXJKRXW�WKH�VWXG\��DQG�E\�WKH�DVVHVVPHQW�RI�
OHQJWK��ZHLJKW��KHDG�FLUFXPIHUHQFH�DQG�ORZHU�OHJ�OHQJWK�DW�%DVHOLQH��'D\�����DQG�'D\�������

x� 7R�HYDOXDWH�WKH�V\VWHPLF�SKDUPDFRNLQHWLFV�RI�LQWUDYLWUHDO�UDQLEL]XPDE�LQ�SDWLHQWV�ZLWK�523��DV�HYDOXDWHG�
E\�VSDUVH�VDPSOLQJ�SRSXODWLRQ�3.�PHWKRGV���

x� 7R�HYDOXDWH�WKH�HIIHFWV�RI�LQYHVWLJDWLRQDO�WUHDWPHQW�RQ�V\VWHPLF�9(*)�OHYHOV�LQ�SDWLHQWV�ZLWK�523��DV�
HYDOXDWHG�E\�VSDUVH�VDPSOLQJ�SRSXODWLRQ�FRQFHQWUDWLRQ�UHVSRQVH�PHWKRGV���

x� 7R�DVVHVV�WKH�QXPEHU�RI�UDQLEL]XPDE�DGPLQLVWUDWLRQV�QHHGHG�LQ�WKH�WUHDWPHQW�RI�SDWLHQWV�ZLWK�523���

���� ([FOXVLRQ�FULWHULD�
3DWLHQWV�IXOILOOLQJ�DQ\�RI�WKH�IROORZLQJ�FULWHULD�SULRU�WR�UHFHLYLQJ�WKH�ILUVW�LQYHVWLJDWLRQDO�WUHDWPHQW�ZHUH�QRW�
HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�VWXG\��1R�DGGLWLRQDO�H[FOXVLRQV�ZHUH�WR�EH�DSSOLHG�E\�WKH�,QYHVWLJDWRU��LQ�RUGHU�WR�
HQVXUH�WKDW�WKH�VWXG\�SRSXODWLRQ�ZRXOG�EH�UHSUHVHQWDWLYH�RI�DOO�HOLJLEOH�SDWLHQWV��
�
,QYHVWLJDWLRQDO�WUHDWPHQW�QRW�FOLQLFDOO\�DSSURSULDWH�IRU�WKH�IROORZLQJ�SDWLHQWV���
x� +DYH�523�GLVHDVH�FKDUDFWHULVWLF�LQ�HLWKHU�H\H�RWKHU�WKDQ�WKDW�GHILQHG�IRU�LQFOXVLRQ�DW�WKH�WLPH�RI�WKH�ILUVW�

LQYHVWLJDWLRQDO�WUHDWPHQW���
x� +DYH�D�KLVWRU\�RI�K\SHUVHQVLWLYLW\��HLWKHU�WKH�SDWLHQW�RU�WKH�PRWKHU��WR�DQ\�RI�WKH�LQYHVWLJDWLRQDO�WUHDWPHQWV�

RU�WR�GUXJV�RI�VLPLODU�FKHPLFDO�FODVVHV���
x� 5LVN�RI�FRQIRXQGLQJ�HIILFDF\�DQG�RU�VDIHW\�DVVHVVPHQWV�LQ�WKH�IROORZLQJ�SDWLHQWV���

�� +DYH�UHFHLYHG�DQ\�SUHYLRXV�VXUJLFDO�RU�QRQVXUJLFDO�WUHDWPHQW�IRU�523��H�J���DEODWLYH�ODVHU�WKHUDS\�
RU�FU\RWKHUDS\��YLWUHFWRP\��

�� +DYH�EHHQ�SUHYLRXVO\�H[SRVHG�WR�DQ\�LQWUDYLWUHDO�RU�V\VWHPLF�DQWL�9(*)�DJHQW��HLWKHU�WKH�SDWLHQW�
RU�WKH�PRWKHU�GXULQJ�WKLV�FKLOG¶V�SUHJQDQF\����

�� +DYH�XVHG��HLWKHU�WKH�SDWLHQW�RU�WKH�PRWKHU��RWKHU�LQYHVWLJDWLRQDO�GUXJV�DV�SDUW�RI�DQRWKHU�FOLQLFDO�
VWXG\��RWKHU�WKDQ�YLWDPLQV�DQG�PLQHUDOV��ZLWKLQ����GD\V�RU�ZLWKLQ���KDOI�OLYHV�RI�WKH�RWKHU�
LQYHVWLJDWLRQDO�GUXJ��ZKLFKHYHU�LV�ORQJHU���

�� +DYH�RFXODU�VWUXFWXUDO�DEQRUPDOLWLHV�WKDW�DUH�DVVHVVHG�E\�WKH�,QYHVWLJDWRU�WR�KDYH�D�FOLQLFDOO\�
VLJQLILFDQW�LPSDFW�RQ�VWXG\�DVVHVVPHQWV���

�� +DYH�DFWLYH�RFXODU�LQIHFWLRQ�ZLWKLQ���GD\V�EHIRUH�RU�RQ�WKH�GD\�RI�ILUVW�LQYHVWLJDWLRQDO�WUHDWPHQW���
�� +DYH�D�KLVWRU\�RI�K\GURFHSKDOXV�UHTXLULQJ�WUHDWPHQW���
�� +DYH�D�KLVWRU\�RI�DQ\�RWKHU�QHXURORJLFDO�FRQGLWLRQV�WKDW�DUH�DVVHVVHG�E\�WKH�,QYHVWLJDWRU�WR�KDYH�D�

VLJQLILFDQW�ULVN�RI�VHYHUH�LPSDFW�RQ�YLVXDO�IXQFWLRQ���
�� +DYH�DQ\�RWKHU�PHGLFDO�FRQGLWLRQV�RU�FOLQLFDOO\�VLJQLILFDQW�FR�PRUELGLWLHV�RU�SHUVRQDO�

FLUFXPVWDQFHV�WKDW�DUH�DVVHVVHG�E\�WKH�,QYHVWLJDWRU�WR�KDYH�D�FOLQLFDOO\�UHOHYDQW�LPSDFW�RQ�VWXG\�
SDUWLFLSDWLRQ��DQ\�RI�WKH�VWXG\�SURFHGXUHV��RU�RQ�HIILFDF\�DVVHVVPHQWV��H�J���SRRU�OLIH�H[SHFWDQF\��
SXSLO�QRW�DEOH�WR�EH�DGHTXDWHO\�GLODWHG��XQDEOH�WR�FRPSO\�ZLWK�WKH�YLVLW�VFKHGXOH����
�

���� $GPLQLVWUDWLRQ�RI�WUHDWPHQWV��5DQLEL]XPDE��ā�PJ�RU��ā�PJ��

3DWLHQWV�UDQGRPL]HG�WR�UHFHLYH�UDQLEL]XPDE��ā��PJ�RU��ā��PJ�UHFHLYHG�D�VLQJOH�GRVH�RI�LQWUDYLWUHDO�UDQLEL]XPDE�
WR�HDFK�H\H�RQ�'D\����

)RU�SDWLHQWV�ZKR�UHFHLYHG�LQLWLDO�UDQLEL]XPDE�WUHDWPHQW��UH�WUHDWPHQW�ZLWK�UDQLEL]XPDE�IRU�HLWKHU�H\H�RFFXUUHG�
IRU�ZRUVHQLQJ�RI�523�DW�OHDVW����GD\V�DIWHU�WKH�SUHYLRXV�UDQLEL]XPDE�WUHDWPHQW�LQ�WKDW�H\H��8S�WR���UH�
WUHDWPHQWV�ZLWK�UDQLEL]XPDE�SHU�H\H�WR�WUHDW�523�UHFXUUHQFH�ZDV�DOORZHG��7KH�GRVH�XVHG�ZDV�WKH�VDPH�DV�WKH�
GRVH�WR�ZKLFK�WKH�SDWLHQW�KDG�EHHQ�UDQGRPL]HG��2QO\�WKH�H\H�ZLWK�ZRUVHQLQJ�RI�523�ZDV�UH�WUHDWHG��,I�ERWK�
H\HV�KDG�WKHVH�VLJQV��WKHQ�ERWK�H\HV�ZHUH�UH�WUHDWHG��5DQLEL]XPDE�UH�WUHDWPHQW�ZDV�QRW�DGPLQLVWHUHG�WR�DQ�H\H�
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WKDW�KDG�GHYHORSHG�VWDJH���RU���523��7KH�GHYHORSPHQW�RI�DQ\�FRPSOLFDWLRQV�RI�523��DVVHVVHG�E\�WKH�
,QYHVWLJDWRU�DV�QRW�VXLWDEOH��
IRU�WUHDWPHQW�ZLWK�UDQLEL]XPDE�RU�ODVHU��ZDV�PDQDJHG�DV�DSSURSULDWH��

���� &RQYHQWLRQDO�ODVHU�DEODWLRQ�WKHUDS\�
�
3DWLHQWV�UDQGRPL]HG�WR�ODVHU�WKHUDS\�UHFHLYHG�ODVHU�WUHDWPHQW�WR�HDFK�H\H�RQ�'D\����7UHDWPHQW�ZDV�DSSOLHG�ZLWK�
QHDU�FRQIOXHQW�ODVHU�EXUQ�VSDFLQJ��L�H�������WR���EXUQ�ZLGWK�DSDUW��WR�WKH�HQWLUH�UHWLQD�SHULSKHUDO�WR�WKH�523�
OHVLRQ��,Q�VRPH�FDVHV��OLPLWHG�WDUJHWHG�ODVHU�DEODWLRQ�SRVWHULRU�WR�WKH�523�OHVLRQ��EXW�LPPHGLDWHO\�DGMDFHQW�WR�LW��
ZDV�DSSURSULDWH��7UHDWPHQW�ZDV�NHSW�ZHOO�DZD\�IURP�WKH�IRYHD��/DVHU�DEODWLRQ�ZDV�DV�FRPSOHWH�DV�SRVVLEOH��
0XOWLSOH�VXSSOHPHQWDU\�ODVHU�WUHDWPHQWV�ZHUH�DOORZHG�IRU�ERWK�H\HV�XQWLO���GD\V�DIWHU�WKH�'D\���DVVHVVPHQW�DQG�
VXFK�WUHDWPHQWV�ZHUH�FRQVLGHUHG�SDUW�RI�WKH�FRPSOHWH�ODVHU�WUHDWPHQW��$W�WKH�'D\����'D\���DQG�'D\���
DVVHVVPHQWV��WKH�LQYHVWLJDWRU�GHFLGHG�LI�VXSSOHPHQWDU\�ODVHU�WUHDWPHQW�ZDV�QHFHVVDU\�IRU�DQ\�H\H��H�J���WR�ILOO�
VNLS�OHVLRQV��UH�WUHDW�XQGHU�WUHDWHG�DUHDV���6XSSOHPHQWDU\�ODVHU�WUHDWPHQW�ZDV�SHUIRUPHG�ZLWKLQ�WKH�QH[W���GD\V�
RI�WKH�LQYHVWLJDWRU¶V�GHFLVLRQ�WR�WUHDW�DJDLQ��1R�IXUWKHU�VXSSOHPHQWDO�ODVHU�WUHDWPHQWV�ZHUH�DOORZHG�IRU�WKH�
SDWLHQW�DIWHU�'D\������

���� 'HILQLWLRQ�RI�ZRUVHQLQJ�GLVHDVH�WKDW�UHTXLUHG�IXUWKHU�WUHDWPHQW��DQG�DFWLRQV�WDNHQ��
�
)RU�WKH�SXUSRVH�RI�GHWHUPLQLQJ�LI�D�SDWLHQW�IXOILOOHG�WKH�FULWHULD�IRU�5DQLEL]XPDE�UH�WUHDWPHQW�RU�VZLWFKLQJ�RI�
LQYHVWLJDWLRQDO�WUHDWPHQW��WKH�IROORZLQJ�GHILQLWLRQV�ZHUH�XVHG��
x� 8QFKDQJHG�±�1R�FKDQJH�LQ�523�GLVHDVH�DFWLYLW\��FRQVLGHULQJ�WKH�VWDJH�DQG�H[WHQW�RI�523�GLVHDVH��DQG�WKH�

VHYHULW\�DQG�H[WHQW�RI�SOXV�GLVHDVH�FKDUDFWHULVWLFV����
x� 0LQLPDOO\�LPSURYHG�±�$�UHGXFWLRQ�LQ�523�GLVHDVH�DFWLYLW\��FRQVLGHULQJ�WKH�VWDJH�DQG�H[WHQW�RI�523�

GLVHDVH��DQG�WKH�VHYHULW\�DQG�H[WHQW�RI�SOXV�GLVHDVH�FKDUDFWHULVWLFV���EXW�ZKLFK�LV�PLQLPDO�LQ�WKH�RSLQLRQ�RI�
WKH�LQYHVWLJDWRU���

x� :RUVHQHG���$Q�LQFUHDVH�LQ�523�GLVHDVH�DFWLYLW\��FRQVLGHULQJ�WKH�VWDJH�DQG�H[WHQW�RI�523�GLVHDVH��DQG�WKH�
VHYHULW\�DQG�H[WHQW�RI�SOXV�GLVHDVH�FKDUDFWHULVWLFV����

���� 3DWLHQWV�ZKR�UHFHLYHG�UDQLEL]XPDE�DV�LQLWLDO�WUHDWPHQW�
�
)RU�SDWLHQWV�ZKR�UHFHLYHG�LQLWLDO�UDQLEL]XPDE�WUHDWPHQW��VZLWFK�RYHU�WR�ODVHU�WUHDWPHQW�RFFXUUHG�LQ�WKH�EHORZ�
VLWXDWLRQV�RI�XQVDWLVIDFWRU\�UHVSRQVH��2QO\�WKH�H\H�ZLWK�523�WKDW�IXOILOOHG�WKH�EHORZ�FULWHULD�ZDV�WUHDWHG�ZLWK�
ODVHU��,I�ERWK�H\HV�IXOILOOHG�WKH�FULWHULD��WKHQ�ERWK�H\HV�ZHUH�WUHDWHG�ZLWK�ODVHU��
x� 523�WKDW�UHPDLQHG�XQFKDQJHG�RU�KDG�ZRUVHQHG�DW�WKH�'D\���DVVHVVPHQW�FRPSDUHG�WR�EHIRUH�WUHDWPHQW���
x� 523�WKDW�KDG�RQO\�PLQLPDOO\�LPSURYHG��ZDV�XQFKDQJHG��RU�KDG�ZRUVHQHG�DW�WKH�'D\���DVVHVVPHQW�

FRPSDUHG�WR�EHIRUH�WUHDWPHQW���
x� 523�WKDW�KDG�ZRUVHQHG�FRPSDUHG�WR�WKH�SUHYLRXV�DVVHVVPHQW��DQ\�WLPH�DIWHU�WKH�'D\���DVVHVVPHQW�DQG�XS�

WR����GD\V�DIWHU�WKH�SUHYLRXV�UDQLEL]XPDE�WUHDWPHQW�LQ�WKDW�H\H��
/DVHU�WKHUDS\�ZDV�GRQH�ZLWKLQ���GD\V�RI�WKH�523�IXOILOOLQJ�WKH�DERYH�FULWHULD���1R�IXUWKHU�LQYHVWLJDWLRQDO�
UDQLEL]XPDE�WUHDWPHQWV�ZHUH�DGPLQLVWHUHG�WR�WKH�H\H�DIWHU�LW�KDG�EHHQ�VZLWFKHG�WR�ODVHU�WKHUDS\��
�
,Q�WKH�FDVH�RI�523�WKDW�ZRUVHQHG��FRPSDUHG�WR�WKH�SUHYLRXV�DVVHVVPHQW��DW�OHDVW����GD\V�DIWHU�WKH�SUHYLRXV�
UDQLEL]XPDE�WUHDWPHQW�LQ�WKDW�H\H��UDQLEL]XPDE�UH�WUHDWPHQW�ZDV�DGPLQLVWHUHG��XS�WR���UH�WUHDWPHQWV�SHU�H\H��LQ�
WKDW�H\H�DQG�WKLV�ZDV�QRW�FRQVLGHUHG�WR�EH�UHVFXH�WUHDWPHQW���)RU�SDWLHQWV�ZKR�UHFHLYHG�UDQLEL]XPDE�UH�
WUHDWPHQW��VZLWFK�WR�ODVHU�WKHUDS\�ZDV�GRQH�LI�WKH�UHVSRQVH�WR�UDQLEL]XPDE�ZDV�XQVDWLVIDFWRU\��,I�DGGLWLRQDO�
WUHDWPHQW�ZDV�UHTXLUHG�IRU�DQ�H\H�WKDW�KDG�DOUHDG\�UHFHLYHG�WZR�UH�WUHDWPHQWV�RI�UDQLEL]XPDE��WKH�SDWLHQW�ZDV�
WUHDWHG�ZLWK�VZLWFK�WR�ODVHU�RU�WR�6WDQGDUG�RI�&DUH�WKHUDS\�DW�WKH�LQYHVWLJDWRU¶V�GLVFUHWLRQ��,I�DGGLWLRQDO�WUHDWPHQW�
ZDV�UHTXLUHG�IRU�DQ�H\H�WKDW�KDG�DOUHDG\�EHHQ�VZLWFKHG�RYHU�WR�ODVHU�WKHUDS\��WKH�SDWLHQW�ZDV�WUHDWHG�ZLWK�
6WDQGDUG�RI�&DUH�WKHUDS\�DW�WKH�LQYHVWLJDWRU¶V�GLVFUHWLRQ��5DQLEL]XPDE�WUHDWPHQW�ZDV�QRW�DGPLQLVWHUHG�WR�DQ�H\H�
WKDW�KDG�GHYHORSHG�VWDJH���RU���523��

���� 3DWLHQWV�ZKR�UHFHLYHG�ODVHU�WKHUDS\�DV�LQLWLDO�WUHDWPHQW�
�
)RU�SDWLHQWV�ZKR�UHFHLYHG�LQLWLDO�ODVHU�WKHUDS\��VZLWFK�RYHU�WR�UDQLEL]XPDE��ā�PJ�WUHDWPHQW�RFFXUUHG�LQ�WKH�
EHORZ�VLWXDWLRQV�RI�XQVDWLVIDFWRU\�UHVSRQVH��2QO\�WKH�H\H�ZLWK�523�WKDW�IXOILOOHG�WKH�EHORZ�FULWHULD�ZDV�WUHDWHG��
,I�ERWK�H\HV�IXOILOOHG�WKH�FULWHULD��WKHQ�ERWK�H\HV�ZHUH�WUHDWHG��
x� 523�WKDW�KDG�ZRUVHQHG�DW�WKH�'D\���DVVHVVPHQW�FRPSDUHG�WR�EHIRUH�WUHDWPHQW�DQG�SURYLGHG�ODVHU�WUHDWPHQW�

ZDV�FRPSOHWH�DV�MXGJHG�E\�WKH�LQYHVWLJDWRU���
x� 523�WKDW�ZDV�RQO\�PLQLPDOO\�LPSURYHG��XQFKDQJHG��RU�ZRUVHQHG�DW�WKH�'D\����DVVHVVPHQW�FRPSDUHG�WR�

EHIRUH�WUHDWPHQW���
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x� 523�WKDW�KDG�ZRUVHQHG��FRPSDUHG�WR�WKH�SUHYLRXV�DVVHVVPHQW��DQ\�WLPH�DIWHU�WKH�'D\����DVVHVVPHQW���
UDQLEL]XPDE��ā�PJ�WUHDWPHQW�ZDV�GRQH�ZLWKLQ���GD\V�RI�WKH�523�IXOILOOLQJ�WKH�DERYH�FULWHULD��
�
$IWHU�UHFHLYLQJ�WKLV�ILUVW�VZLWFKHG�UDQLEL]XPDE��ā�PJ�WUHDWPHQW��UH�WUHDWPHQW�ZLWK�UDQLEL]XPDE��ā�PJ�IRU�WKH�
H\H�ZDV�GRQH�IRU�ZRUVHQLQJ�RI�523��FRPSDUHG�WR�WKH�SUHYLRXV�DVVHVVPHQW��DW�OHDVW����GD\V�DIWHU�WKH�SUHYLRXV�
UDQLEL]XPDE�WUHDWPHQW�LQ�WKDW�H\H��8S�WR���VXFK�UH�WUHDWPHQWV�ZLWK�UDQLEL]XPDE�SHU�H\H�WR�WUHDW�ZRUVHQLQJ�RI�
523�ZDV�DOORZHG��2QO\�WKH�H\H�ZLWK�523�WKDW�ZRUVHQHG�ZDV�UH�WUHDWHG��,I�ERWK�H\HV�KDG�WKHVH�VLJQV��WKHQ�ERWK�
H\HV�ZHUH�UH�WUHDWHG��5DQLEL]XPDE�WUHDWPHQW�ZDV�QRW�DGPLQLVWHUHG�WR�DQ�H\H�WKDW�KDG�GHYHORSHG�VWDJH���RU���
523��,I�DGGLWLRQDO�WUHDWPHQW�ZDV�UHTXLUHG�IRU�DQ�H\H�WKDW�KDG�DOUHDG\�UHFHLYHG���UH�WUHDWPHQWV�RI�UDQLEL]XPDE��
WKH�SDWLHQW�ZDV�WUHDWHG�ZLWK�6WDQGDUG�RI�&DUH�WKHUDS\�DW�WKH�LQYHVWLJDWRU¶V�GLVFUHWLRQ��,I�DGGLWLRQDO�WUHDWPHQW�ZDV�
UHTXLUHG�IRU�DQ�H\H�WKDW�KDG�UHFHLYHG�UDQLEL]XPDE�ZLWKLQ�WKH�ODVW����GD\V��WKH�H\H�ZDV�WUHDWHG�ZLWK�6WDQGDUG�RI�
&DUH�WKHUDS\�DW�WKH�LQYHVWLJDWRU¶V�GLVFUHWLRQ��

���� 6HTXHQWLDO�KLHUDUFKLFDO�DQDO\VLV��IURP�3URWRFRO��
�
$�WKUHH�VWHS�VHTXHQWLDO�WHVWLQJ�SURFHGXUH�ZLOO�EH�XVHG�IRU�SULPDU\��UDQLEL]XPDE�����PJ�DJDLQVW�ODVHU��DQG�WZR�
NH\�VHFRQGDU\�FRPSDULVRQV��UDQLEL]XPDE�����PJ�DJDLQVW�ODVHU�DQG�UDQLEL]XPDE�����PJ�DJDLQVW�����PJ���8QGHU�
WKLV�WHVWLQJ�SURFHGXUH��WKH�SULPDU\�FRPSDULVRQ�ZLOO�EH�FRQGXFWHG�DW�WKH�ILUVW�VWHS�IROORZHG�VHTXHQWLDOO\�E\�WKH�
WZR�NH\�VHFRQGDU\�FRPSDULVRQV�LI�WKH�SULPDU\�FRPSDULVRQ�LV�VWDWLVWLFDOO\�VLJQLILFDQW��,I�WKH�HIILFDF\�FRPSDULVRQ�
DW�DQ\�VWHS�LV�QRW�VWDWLVWLFDOO\�VLJQLILFDQW��WKH�UHPDLQLQJ�HIILFDF\�FRPSDULVRQV�ZLOO�EH�DVVHVVHG�GHVFULSWLYHO\��
2WKHUZLVH�WKH�FRPSDULVRQ�ZLOO�FRQWLQXH�WR�WKH�QH[W�VWHS��$OO�K\SRWKHVHV�ZLOO�EH�WHVWHG�DW�D�SUH�VSHFLILHG�OHYHO�RI�
VLJQLILFDQFH��WZR�VLGHG�Į� ��������7KLV�WHVWLQJ�SURFHGXUH�FRQWUROV�IDPLO\ZLVH�W\SH�,�HUURU�UDWH�DW�D�SUH�VSHFLILHG�
OHYHO�RI�VLJQLILFDQFH�EHFDXVH��IRU�HDFK�K\SRWKHVLV��WHVWLQJ�LV�FRQGLWLRQDO�XSRQ�UHMHFWLQJ�DOO�K\SRWKHVHV�HDUOLHU�LQ�
WKH�VHTXHQFH��
�
7KH�QXOO�K\SRWKHVHV�EHLQJ�WHVWHG�DW�HDFK�VWHS�DUH����
6WHS�����SULPDU\�FRPSDULVRQ���+����ʌ�5DQLEL]XPDE�����PJ���ʌ�/DVHU� ���YHUVXV�WKH�DOWHUQDWLYH�K\SRWKHVLV��
+$���ʌ�5DQLEL]XPDE�����PJ���ʌ�/DVHU�����ZKHUH�ʌ�7UHDWPHQW�DUP�LV�WKH�XQNQRZQ�SURSRUWLRQ�RI�SDWLHQWV�ZLWK�
DEVHQFH�RI�DFWLYH�523�DQG�DEVHQFH�RI�XQIDYRUDEOH�VWUXFWXUDO�RXWFRPHV�LQ�ERWK�H\HV����ZHHNV�DIWHU�VWDUWLQJ��
LQYHVWLJDWLRQDO�WUHDWPHQW��DV�DVVHVVHG�E\�WKH�,QYHVWLJDWRU�LQ�WKH�UHOHYDQW�WUHDWPHQW�DUP���
,I�K\SRWKHVLV�+���LV�UHMHFWHG�DW�WKH���VLGHG����VLJQLILFDQFH�OHYHO�DQG�UDQLEL]XPDE�����PJ�LV��FRQFOXGHG�WR�EH�
VXSHULRU�FRPSDUHG�WR�ODVHU�WKHQ�SURFHHG�WR�WKH�QH[W�VWHS��2WKHUZLVH�VWRS�DQG��DVVHVV�NH\�VHFRQGDU\�FRPSDULVRQV�
�UDQLEL]XPDE�����PJ�DJDLQVW�ODVHU��DQG�UDQLEL]XPDE�����PJ��DJDLQVW�����PJ��GHVFULSWLYHO\����
6WHS�����ILUVW�NH\�VHFRQGDU\�FRPSDULVRQ���+����ʌ�5DQLEL]XPDE�����PJ���ʌ�/DVHU� ����YHUVXV�WKH�DOWHUQDWLYH�
K\SRWKHVLV��+$���ʌ�5DQLEL]XPDE�����PJ���ʌ�/DVHU�������
,I�K\SRWKHVLV�+���LV�UHMHFWHG�DW�WKH���VLGHG����VLJQLILFDQFH�OHYHO�DQG�UDQLEL]XPDE�����PJ�LV��FRQFOXGHG�WR�EH�
VXSHULRU�FRPSDUHG�WR�ODVHU�WKHQ�SURFHHG�WR�WKH�QH[W�VWHS��2WKHUZLVH�VWRS�DQG��DVVHVV�VHFRQG�NH\�VHFRQGDU\�
FRPSDULVRQ��UDQLEL]XPDE�����PJ�DJDLQVW�����PJ��GHVFULSWLYHO\����
6WHS�����VHFRQG�NH\�VHFRQGDU\�FRPSDULVRQ���+����ʌ�5DQLEL]XPDE�����PJ���ʌ�5DQLEL]XPDE�����PJ� ����YHUVXV�
WKH�DOWHUQDWLYH�K\SRWKHVLV��+$���ʌ�5DQLEL]XPDE�����PJ���ʌ�5DQLEL]XPDE�����PJ������,I�UDQLEL]XPDE�����PJ�LV�
QRW�FRQFOXGHG�WR�EH�VXSHULRU�FRPSDUHG�WR�����PJ�RU�K\SRWKHVLV�+����LV�DFFHSWHG�DW�WKH���VLGHG����VLJQLILFDQFH�
OHYHO�WKHQ�WKH�FRPSDULVRQ�EHWZHHQ�UDQLEL]XPDE������PJ�DJDLQVW�����PJ�ZLOO�EH�DVVHVVHG�GHVFULSWLYHO\����
�
7KH�FRPSDULVRQV�ZLOO�EH�SHUIRUPHG�XVLQJ�WKH�VWUDWLILHG�&RFKUDQ�0DQWHO�+DHQV]HO�WHVW�IRU��ELQRPLDO�SURSRUWLRQV��
6WUDWLILFDWLRQ�ZLOO�EH�EDVHG�RQ�523�]RQH�DW�EDVHOLQH�DV�XVHG�IRU��UDQGRPL]DWLRQ��0DQWHO�+DHQV]HO�RGGV�UDWLRV�
DQG�WKHLU�����FRQILGHQFH�LQWHUYDOV�ZLOO�DOVR�EH��SUHVHQWHG����
�
x� 6XSHULRULW\�RI�UDQLEL]XPDE�����PJ�RYHU�ODVHU�ZLOO�EH�FRQFOXGHG�LI�K\SRWKHVLV�+���LV�UHMHFWHG���DW�WKH�WZR�

VLGHG����VLJQLILFDQFH�OHYHO��DQG�0DQWHO�+DHQV]HO�RGGV�UDWLR�RI�UDQLEL]XPDE������PJ�WR�ODVHU�LV�LQ�IDYRU�RI�
UDQLEL]XPDE�����PJ�ZLWK�UHJDUG�WR�WKH�VXFFHVV�RI�WKH�SULPDU\��HIILFDF\�YDULDEOH����

x� 6XSHULRULW\�RI�UDQLEL]XPDE�����PJ�RYHU�ODVHU�ZLOO�EH�FRQFOXGHG�LI�K\SRWKHVLV�+���LV�UHMHFWHG���DW�WKH�WZR�
VLGHG����VLJQLILFDQFH�OHYHO���DQG�0DQWHO�+DHQV]HO�RGGV�UDWLR�RI�UDQLEL]XPDE������PJ�WR�ODVHU�LV�LQ�IDYRU�RI�
UDQLEL]XPDE�����PJ����

x� 6XSHULRULW\�RI�UDQLEL]XPDE�����PJ�RYHU�����PJ�ZLOO�EH�FRQFOXGHG�LI�K\SRWKHVLV�+���LV�UHMHFWHG���DW�WKH�WZR�
VLGHG����VLJQLILFDQFH�OHYHO��DQG�0DQWHO�+DHQV]HO�RGGV�UDWLR�RI�UDQLEL]XPDE������PJ�YHUVXV�����PJ�LV�LQ�
IDYRU�RI�UDQLEL]XPDE�����PJ����

���� 5DQLEL]XPDE�3.�DQG�9(*)�SKDUPDFRG\QDPLFV�VDPSOLQJ��
6\VWHPLF�UDQLEL]XPDE�FRQFHQWUDWLRQ��)RU�SDWLHQWV�ZKR�UHFHLYH�LQLWLDO�UDQLEL]XPDE�WUHDWPHQW�DQG�ZLWK�DQ�RGG�
SDWLHQW�LGHQWLILFDWLRQ�QXPEHU��EORRG�VDPSOHV�IRU�WKH�GHWHUPLQDWLRQ�RI�UDQLEL]XPDE�FRQFHQWUDWLRQV�ZLOO�EH�FROOHFWHG�
DW�WKH�IROORZLQJ�WLPH�SRLQWV��:LWKLQ���KRXUV�DIWHU�WKH�ILUVW�DGPLQLVWUDWLRQ�RI�UDQLEL]XPDE��$W�'D\�����ZLWK�DQ�
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DOORZHG�WLPH�ZLQGRZ�RI���WR���GD\V�DIWHU�WKH�ILUVW�DGPLQLVWUDWLRQ�RI�UDQLEL]XPDE��$W�'D\�����ZLWK�DQ�DOORZHG�
WLPH�ZLQGRZ�RI����WR���GD\V�DIWHU�WKH�ILUVW�DGPLQLVWUDWLRQ�RI�UDQLEL]XPDE��

6\VWHPLF�YDVFXODU�HQGRWKHOLDO�JURZWK�IDFWRU�OHYHO��)RU�SDWLHQWV�ZKR�UHFHLYH�LQLWLDO�UDQLEL]XPDE�WUHDWPHQW�DQG�
ZLWK�DQ�HYHQ�SDWLHQW�LGHQWLILFDWLRQ�QXPEHU�DQG�IRU�DOO�SDWLHQWV�ZKR�UHFHLYH�LQLWLDO�ODVHU�WKHUDS\��EORRG�VDPSOHV�IRU�
WKH� GHWHUPLQDWLRQ� RI� V\VWHPLF�9(*)� OHYHOV� �L�H��� SKDUPDFRG\QDPLFV��ZLOO� EH� FROOHFWHG� DW� WKH� IROORZLQJ� WLPH�
SRLQWV��%HIRUH�WKH�ILUVW�LQYHVWLJDWLRQDO�WUHDWPHQW��$W�'D\�����ZLWK�DQ�DOORZHG�WLPH�ZLQGRZ�RI���WR���GD\V�DIWHU�
WKH� ILUVW� LQYHVWLJDWLRQDO� WUHDWPHQW��$W�'D\� ����ZLWK� DQ� DOORZHG� WLPH�ZLQGRZ� RI� ��� WR� ��� GD\V� DIWHU� WKH� ILUVW�
LQYHVWLJDWLRQDO�WUHDWPHQ�

�
)LJXUHV�

�
�
�
�
�

)LJXUH�6�����,QIDQW�(QUROPHQW�E\�&RXQWU\�DQG�5HJLRQ��0RUWDOLW\�JURXSV�DUH�GHULYHG�IURP�GDWD�LQ�:RUOG�+HDOWK�
6WDWLVWLFV�������:+2�DYDLODEOH�IURP�WKH�IROORZLQJ�ZHE�DGGUHVV��DFFHVVHG�RQ���0DUFK�������
KWWS���DSSV�ZKR�LQW�LULV�ELWVWUHDP�KDQGOH���������������������������BHQJ�SGI�MVHVVLRQLG $��%���)�&&��)������
��%(��%�����"VHTXHQFH ����

�

�

�

�

�
�
� �

7RWDO ���

-DSDQ�����
8QLWHG�6WDWHV�����
,WDO\�����
%HOJLXP�����
*UHHFH�����
&]HFK�5HSXEOLF����
&URDWLD����
7DLZDQ����
$XVWULD����

8.����
)UDQFH�����
*HUPDQ\����
3RODQG����
(VWRQLD����
+XQJDU\����
'HQPDUN����
/LWKXDQLD����
6ORYDNLD����

,QGLD�����
5XVVLDQ�)HGHUDWLRQ�����
5RPDQLD�����
7XUNH\�����
0H[LFR����
(J\SW����
0DOD\VLD����
6DXGL�$UDELD����

*HRJUDSKLFDO�5HJLRQ��������
,QIDQW�PRUWDOLW\�!��SHU������ELUWKV�

*HRJUDSKLFDO�5HJLRQ��������
,QIDQW�PRUWDOLW\����SHU������ELUWKV �
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7DEOHV�

�

7DEOH�6�����%DVHOLQH�523�FKDUDFWHULVWLFV�DV�GHILQHG�E\�WKH�H[DPLQLQJ�RSKWKDOPRORJLVW��,QIDQWV�
FODVVLILFDWLRQ�EDVHG�RQ�ZRUVH�H\H�

�
&KDUDFWHULVWLF� 5DQLEL]XPDE��ā�PJ� 5DQLEL]XPDE��ā�PJ� /DVHU�WKHUDS\�

523�=RQH�� � � �

523�=RQH�,� ������ā���� ������ā���� ������ā����

523�=RQH�,,� ������ā���� ������ā���� ������ā����

1RW�VSHFLILHG��D�� �� ����ā���� ��

� � � �

523�FODVVLILFDWLRQ� � � �

=RQH�,�$3�523� ������ā���� ������ā���� �����ā����

=RQH�,,�$3�523� �� �� ����ā����

=RQH�,�VWDJH���� ������ā���� ������ā���� ������ā����

=RQH�,�VWDJH��� ����ā���� ����ā���� ����ā����

=RQH�,�VWDJH���� ����ā���� ����ā���� ����ā����

=RQH�,�VWDJH���� �� ����ā���� ����ā����

=RQH�,,�VWDJH���� ������ā���� ������ā���� ������ā����

=RQH�,,�VWDJH����E�� �� ����ā���� ��

=RQH�,,�VWDJH�����E�� �� �� ����ā����

1RW�VSHFLILHG��D�� �� ����ā���� ��

� � � �

(a) This infant was discontinued after randomization without receiving treatment. 
(b) Enrolled by investigator, out of protocol but remained in study and included in intention to treat analysis  
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7DEOH�6����&DXVHV�RI�XQIDYRUDEOH�VWUXFWXUDO�RXWFRPHV�
�
5DQLEL]XPDE��ā�PJ�JURXS���

x� 2QH�LQIDQW�ZLWK�VXEVWDQWLDO�WHPSRUDO�UHWLQDO�YHVVHO�GUDJJLQJ�FDXVLQJ�DEQRUPDO�VWUXFWXUDO�IHDWXUHV�PDFXODU�HFWRSLD�$1'�SRVWHULRU�
UHWLQDO�IROG�LQYROYLQJ�WKH�PDFXOD�LQ�%27+�H\HV��

�
5DQLEL]XPDE��ā�PJ�JURXS���

x� )LYH�LQIDQWV�KDG�DQ�XQIDYRUDEOH�VWUXFWXUDO�RXWFRPH�LQ�RQH�H\H�
�� 7ZR�KDG�VXEVWDQWLDO�WHPSRUDO�UHWLQDO�YHVVHO�GUDJJLQJ�FDXVLQJ�DEQRUPDO�VWUXFWXUDO�IHDWXUHV�PDFXODU�HFWRSLD���
�� 7KUHH�KDG�UHWLQDO�GHWDFKPHQW�LQYROYLQJ�WKH�PDFXOD�

�
/DVHU�WKHUDS\�JURXS���

x� 2QH�LQIDQW�KDG�VXEVWDQWLDO�WHPSRUDO�UHWLQDO�YHVVHO�GUDJJLQJ�FDXVLQJ�DEQRUPDO�VWUXFWXUDO�IHDWXUHV�PDFXODU�HFWRSLD�LQ�%27+�H\HV���
x� 6L[�LQIDQWV�KDG�DQ�XQIDYRUDEOH�VWUXFWXUDO�RXWFRPH�LQ�RQH�H\H��

�� 7ZR�KDG�VXEVWDQWLDO�WHPSRUDO�UHWLQDO�YHVVHO�GUDJJLQJ�FDXVLQJ�DEQRUPDO�VWUXFWXUDO�IHDWXUHV�PDFXODU�HFWRSLD���
�� 2QH�KDG�SRVWHULRU�UHWLQDO�IROG�LQYROYLQJ�WKH�PDFXOD���
�� 7KUHH�KDG�UHWLQDO�GHWDFKPHQW�LQYROYLQJ�WKH�PDFXOD��

�
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7DEOH�6����&DXVHV�RI�'HDWK��
�
,QIDQW�
QXPEHU� 7UHDWPHQW�JURXS� 3ULPDU\�FDXVH�RI�GHDWK� &RQWULEXWRU\�FDXVH�RI�GHDWK� ,QWHUYDO�EHWZHHQ�EDVHOLQH�

WUHDWPHQW�DQG�GHDWK�

�� 5DQLEL]XPDE��ā�PJ� $VSLUDWLRQ� �� ���GD\V�

�� 5DQLEL]XPDE��ā�PJ� %URQFKRSXOPRQDU\�G\VSODVLD� 3QHXPRWKRUD[� ���GD\V�

�� 5DQLEL]XPDE��ā�PJ� 6HSVLV�FDXVHG�E\�NOHEVLHOOD� �� ���GD\V�

�� 5DQLEL]XPDE��ā�PJ� $FXWH�EURQFKRSQHXPRQLD� 7R[LF�VHSWLF�VKRFN� ����GD\V�

�� 5DQLEL]XPDE��ā�PJ� 6HYHUH�1(&� &DUGLRJHQLF�VKRFN� ���GD\V�

�� 5DQLEL]XPDE��ā�PJ� 6HSWLFDHPLD��FDXVH�QRW�LGHQWLILHG� �� ��GD\V�

�� 5DQLEL]XPDE��ā�PJ� 5HQDO�IDLOXUH� +\SHUNDODHPLD� ��GD\V�

�� 5DQLEL]XPDE��ā�PJ� 5HVSLUDWRU\�IDLOXUH��D�� �� ��GD\�

�� /DVHU�WKHUDS\� %URQFKRSXOPRQDU\�G\VSODVLD� 6HSVLV� ��GD\V�

��� /DVHU�WKHUDS\� 3XOPRQDU\�YHLQ�VWHQRVLV� �� ���GD\V�

��� /DVHU�WKHUDS\� +HSDWLF�IDLOXUH� 5HQDO�IDLOXUH� ���GD\V�

��� /DVHU�WKHUDS\� &DUGLDF�DUUHVW� 6HSVLV� ���GD\V�

4 of the 12 deaths were in Region 1, and 8 were in Region 2. (a) This infant died at home on the day following treatment. 
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7DEOH�6�����1RQ�RFXODU�DGYHUVH�HYHQWV��1XPEHU�����RI�SDWLHQWV�UHJDUGOHVV�RI�VWXG\�WUHDWPHQW�RU�
SURFHGXUH�UHODWLRQVKLS��JUHDWHU�WKDQ�RU�HTXDO�WR����LQ�DQ\�DUP��E\�SUHIHUUHG�WHUP�

�
3UHIHUUHG�WHUP� 5DQLEL]XPDE��ā��PJ��

1� ����Q�����
5DQLEL]XPDE��ā��PJ�

1� �����Q�����
/DVHU��

1� �����Q�����

1XPEHU�RI�SDWLHQWV�ZLWK�DQ\�QRQ�
RFXODU�$(�

������ā��� ������ā��� ������ā���

3\UH[LD� �����ā��� ����ā��� ����ā���

'HUPDWLWLV�GLDSHU� �����ā��� ����ā��� ����ā���

1DVRSKDU\QJLWLV� ����ā��� ����ā��� ����ā���

8SSHU�UHVSLUDWRU\�WUDFW�LQIHFWLRQ� ����ā��� ����ā��� ����ā���

$QDHPLD� ����ā��� �����ā��� ����ā���

*DVWUR�RHVRSKDJHDO�UHIOX[�GLVHDVH� ����ā��� ����ā��� ����ā���

3QHXPRQLD� ����ā��� ����ā��� �����ā���

%URQFKRSXOPRQDU\�G\VSODVLD� ����ā��� ����ā��� ����ā���

&RXJK� ����ā��� ����ā��� ����ā���

'LDUUKRHD� ����ā��� ����ā��� ����ā���

,QJXLQDO�KHUQLD� ����ā��� ����ā��� ����ā���

8ULQDU\�WUDFW�LQIHFWLRQ� ����ā��� ����ā��� ����ā���

%URQFKLROLWLV� ����ā��� ����ā��� ����ā���

%URQFKLWLV� ����ā��� ����ā��� ����ā���

%URQFKRVSDVP� ����ā��� �� ����ā���

(VFKHULFKLD�XULQDU\�WUDFW�LQIHFWLRQ� ����ā��� ����ā��� ��

5KLQLWLV� ����ā��� �� ����ā���

9LUDO�LQIHFWLRQ� ����ā��� ����ā��� ����ā���

$QDHPLD�QHRQDWDO� ����ā��� ����ā��� ����ā���

%UDG\FDUGLD� ����ā��� ����ā��� ����ā���

)ODWXOHQFH� ����ā��� ����ā��� ����ā���

9RPLWLQJ� ����ā��� ����ā��� ����ā���

$SQRHD� ����ā��� ����ā��� ����ā���

&RQVWLSDWLRQ� ����ā��� ����ā��� ����ā���

1HFURWLVLQJ�FROLWLV� ����ā��� ����ā��� ����ā���

3QHXPRQLD�EDFWHULDO� ����ā��� �� ����ā���

5HVSLUDWRU\�IDLOXUH� ����ā��� ����ā��� ����ā���

6HSVLV� ����ā��� ����ā��� ����ā���

0DOQXWULWLRQ� �� ����ā��� ��

2VWHRSHQLD� �� ����ā��� ����ā���

3QHXPRQLD�DVSLUDWLRQ� �� ����ā��� ����ā���

8PELOLFDO�KHUQLD� �� ����ā��� ����ā���

Adverse events (AEs) with start date on or after the date of first study treatment administration are counted.  
Preferred terms are sorted in descending frequency of AEs in the Ranibizumab 0Â2mg arm.  
A subject with multiple AEs is counted only once in the “number of subjects” row.  
A subject with multiple AEs with the same preferred term is counted only once for that preferred term. 
 

� �



���
�

7DEOH�6������1RQ�RFXODU�VHULRXV�DGYHUVH�HYHQWV�������LQ�DQ\�DUP��
�
3UHIHUUHG�WHUP� 5DQLEL]XPDE��ā�PJ��

1� �����Q�����
5DQLEL]XPDE��ā�PJ��

1� �����Q�����
/DVHU��

1� �����Q�����

7RWDO�� ������ā��� ������ā��� ������ā���

3QHXPRQLD�� ����ā��� �� ����ā���

%UDLQ�RHGHPD�� ����ā��� �� ��

%URQFKLROLWLV�� ����ā��� ����ā��� ��

%URQFKRSXOPRQDU\�G\VSODVLD�� ����ā��� ����ā��� ����ā���

,QFDUFHUDWHG�LQJXLQDO�KHUQLD�� ����ā��� �� ��

,QJXLQDO�KHUQLD�� ����ā��� ����ā��� ��

$SQRHD�� �� ����ā��� ����ā���

&DUGLR�UHVSLUDWRU\�DUUHVW�� �� ����ā��� ��

'LDUUKRHD�� �� ����ā��� ��

1DVRSKDU\QJLWLV�� �� ����ā��� ��

1HFURWLVLQJ�FROLWLV�� �� ����ā��� ��

3HULQDWDO�EUDLQ�GDPDJH�� �� �� ����ā���

5HVSLUDWRU\�IDLOXUH�� �� ����ā��� ����ā���

6HSVLV�� �� ����ā��� ����ā���

9RPLWLQJ�� �� ����ā��� ����ā���

Adverse events (AEs) with start date on or after the date of first study treatment administration are counted.  
Preferred terms are sorted in descending frequency of AEs in the Ranibizumab 0Â2mg arm.  
A subject with multiple AEs is counted only once in the “number of subjects” row.  
A subject with multiple AEs with the same preferred term is counted only once for that preferred term. 
�
�

�

7DEOH�6������2FXODU�DGYHUVH�HYHQWV��1XPEHU�����RI�SDWLHQWV�UHJDUGOHVV�RI�VWXG\�WUHDWPHQW�RU�SURFHGXUH�
UHODWLRQVKLS��JUHDWHU�WKDQ�RU�HTXDO�WR����LQ�DQ\�DUP��E\�SUHIHUUHG�WHUP�

�
3UHIHUUHG�WHUP� 5DQLEL]XPDE��ā�PJ��

1� �����Q�����
5DQLEL]XPDE��ā�PJ��

1� �����Q�����
/DVHU��

1� �����Q�����

1XPEHU�RI�SDWLHQWV�ZLWK�DQ\�RFXODU�$(V� ������ā��� ������ā��� ������ā���

&RQMXQFWLYDO�KDHPRUUKDJH� ����ā��� ����ā��� ����ā���

5HWLQDO�KDHPRUUKDJH� ����ā��� ������ā��� �����ā���

5HWLQRSDWK\�RI�SUHPDWXULW\� ����ā��� ����ā��� ����ā���

&RQMXQFWLYLWLV� ����ā��� ����ā��� ����ā���

&RQMXQFWLYDO�K\SHUDHPLD� �� �� ����ā���

&RUQHDO�RSDFLW\� �� �� ����ā���

(\H�KDHPRUUKDJH� �� ����ā��� ����ā���

9LWUHRXV�KDHPRUUKDJH� �� ����ā��� ��

�Adverse events (AEs) with start date on or after the date of first study treatment administration are counted.  
Preferred terms are sorted in descending frequency of AEs in the Ranibizumab 0Â2mg arm.  
A subject with multiple AEs is counted only once in the “number of subjects” row.  
A subject with multiple AEs with the same preferred term is counted only once for that preferred term. 
�
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7DEOH�6������2FXODU�VHULRXV�DGYHUVH�HYHQWV��DQ\��
�
3UHIHUUHG�WHUP�� 5DQLEL]XPDE��ā�PJ��

1� �����Q�����
5DQLEL]XPDE��ā�PJ��

1� �����Q�����
/DVHU��

1� ����Q�����

7RWDO�� ����ā��� ����ā��� ����ā���

5HWLQRSDWK\�RI�SUHPDWXULW\�� ����ā��� ����ā��� ����ā���

&DWDUDFW�� ����ā��� �� ��

1\VWDJPXV�� ����ā��� �� ��

&RQMXQFWLYLWLV�� �� �� ����ā���

(QGRSKWKDOPLWLV���D�� �� ����ā��� ��

([RSKWKDOPRV��D�� �� ����ā��� ��

(\H�GLVRUGHU��D�� �� ����ā��� ��

2UELWDO�LQIHFWLRQ��D�� �� ����ā��� ��

Adverse events (AEs) with start date on or after the date of first study treatment administration are counted.  
Preferred terms are sorted in descending frequency of AEs in the Ranibizumab 0Â2mg arm.  
A subject with multiple AEs is counted only once in the “number of subjects” row.  
A subject with multiple AEs with the same preferred term is counted only once for that preferred term. 
Note (a) These AEs all occurred in the same eye�

�

�

�

�
�
7DEOH�V������6XPPDU\�RI�FOLQLFDOO\�UHOHYDQW�RFXODU�DGYHUVH�HYHQWV�
�
� 5DQLEL]XPDE��ā�PJ� 5DQLEL]XPDE��ā�PJ� /DVHU�WKHUDS\�

1XPEHU�RI�LQIDQWV� 1� ���� 1� ���� 1� ����

$Q\�RFXODU�DGYHUVH�HYHQWV� ������ā���� ������ā���� ������ā����

� � � �

6SHFLILF�RFXODU�DGYHUVH�HYHQWV� � �

(QGRSKWKDOPLWLV�� �� ����ā���� ��

&DWDUDFW�� ����ā���� �� ��

9LWUHRXV�KDHPRUUKDJH� �� ����ā���� ��

5HWLQDO�KDHPRUUKDJH� ����ā���� ������ā���� �����ā����

&RUQHDO�RSDFLW\� �� �� ����ā����

&RQMXQFWLYDO�KDHPRUUKDJH� ����ā���� ����ā���� ����ā����

&RQMXQFWLYLWLV� ����ā���� ����ā���� ����ā����

&RQMXQFWLYDO�K\SHUDHPLD� �� �� ����ā����
Ocular adverse events with a start date on or after baseline study treatment; all clinically relevant serious adverse events (*) and non-
serious events occurring in >2% participants are listed. Infants may have had more than one adverse event 
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7DEOH�6������0HDQ�FKDQJH�IURP�EDVHOLQH�LQ�YLWDO�VLJQV��%RG\�OHQJWK��KHDG�FLUFXPIHUHQFH��ZHLJKW��NQHH�WR�
KHHO�OHQJWK�DQG�EORRG�SUHVVXUH��DW�'D\����DQG�'D\������

�
� 5DQLEL]XPDE��ā��PJ�

1� ����
5DQLEL]XPDE��ā��PJ�

1� ����
/DVHU��
1� ����

0HDQ�FKDQJH�IURP�EDVHOLQH�LQ�YLWDO�VLJQV��ERG\�OHQJWK�>FPV@��KHDG�FLUFXPIHUHQFH�>FPV@�DQG�NQHH�WR�KHHO�OHQJWK�>FPV@�DW�'D\����DQG�'D\������

'D\�������ERG\�OHQJWK��PHDQ���6'���Q�� ��ā�����ā����Q� ����� ��ā�����ā����Q� ����� ��ā�����ā����Q� �����

'D\������ERG\�OHQJWK��PHDQ���6'���Q�� ��ā�����ā����Q� ����� ��ā�����ā����Q� ����� ��ā�����ā����Q� �����

'D\�������KHDG�FLUFXPIHUHQFH��PHDQ���6'���Q�� �ā�����ā����Q� ����� �ā����ā����Q� ����� �ā�����ā����Q� �����

'D\������KHDG�FLUFXPIHUHQFH��PHDQ���6'���Q�� ��ā�����ā����Q� ����� ��ā�����ā����Q� ����� ��ā�����ā����Q� �����

'D\�������NQHH�WR�KHHO�OHQJWK��PHDQ���6'���Q�� �ā����ā����Q� ����� �ā�����ā����Q� ����� �ā�����ā����Q� �����

'D\������NQHH�WR�KHHO�OHQJWK��PHDQ���6'���Q�� �ā�����ā����Q� ����� �ā����ā����Q� ����� �ā�����ā����Q� �����

0HDQ�FKDQJH�IURP�EDVHOLQH�LQ�YLWDO�VLJQV��ZHLJKW�>J@��DW�'D\����DQG�'D\�������

'D\�������ZHLJKW��PHDQ���6'���Q�� ����ā�������ā����Q� ����� ����ā�������ā����Q� ����� ����ā�������ā����Q� �����

'D\������ZHLJKW��PHDQ���6'���Q�� ����ā�������ā����Q� ����� ����ā�������ā����Q� ����� ����ā�������ā����Q� �����

0HDQ�FKDQJH�IURP�EDVHOLQH�LQ�YLWDO�VLJQV��%3�>PP+J@��DW�'D\����DQG�'D\�������

'D\�������GLDVWROLF�%3��PHDQ���6'���Q�� �ā������ā����Q� ����� �ā������ā����Q� ����� �ā������ā����Q� �����

'D\�������V\VWROLF�%3��PHDQ���6'���Q�� �ā������ā����Q� ����� �ā������ā����Q� ����� ��ā������ā����Q� �����

'D\������GLDVWROLF�%3��PHDQ���6'���Q�� ��ā������ā����Q� ����� ��ā������ā����Q� ����� ��ā������ā����Q� �����

'D\������V\VWROLF�%3��PHDQ���6'���Q�� ��ā������ā����Q� ����� ��ā�����ā����Q� ����� ��ā������ā����Q� �����

BP, blood pressure; SD, standard deviation 
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�
7DEOH�6����6HUXP�UDQLEL]XPDE�OHYHOV�IROORZLQJ�LQWUDRFXODU�LQMHFWLRQ�LQ�YHU\�ORZ�ELUWKZHLJKW�LQIDQWV�DQG�

SODVPD�9(*)�OHYHOV�LQ�DOO�WKUHH�WULDO�JURXSV�LQ�5$,1%2:��

�

� 5DQLEL]XPDE��ā�PJ� 5DQLEL]XPDE��ā�PJ� /DVHU�WKHUDS\�

6HUXP�UDQLEL]XPDE��SJ�P/����D�� � �

'D\���PHGLDQ��,45��� ����������������������Q ��� ��������������������Q ��� ��

'D\����PHGLDQ��,45��� ���������������������Q ��� ���������������������Q ��� ��

'D\����PHGLDQ��,45��� �������������������Q ��� �����������������Q ��� ��

3ODVPD�9(*)��SJ�P/�����E�� � � �

'D\���PHGLDQ��,45��� ��������������Q ��� ��������������Q ��� ��������������Q ���

'D\����PHGLDQ��,45�� ���������������Q ��� �������������Q ��� ��������������Q ���

'D\����PHGLDQ��,45�� ��������������Q ��� ��������������Q ��� �������������Q ���
(a) Sampled within 24 hours after initial injection; (b) Sampled within 24 hours before initial injection or first laser treatment  
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