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+ Endophthalmitis may occur
intraocular surgical procedu
Use proper aseptic injection
administering LUXTURNA, an
advise patients to report any signs or sympt
of infection or inflammation to permit early
treatment of any infection.

* Permanent decline in visual acuity may occur
following subretinal injection of LUXTURNA.
Monitor patients for visual disturbances.

« Retinal abnormalities may occur during or
following the subretinal injection of LUXTURNA,
including macular holes, foveal thinning, loss
of foveal function, foveal dehiscence, and retinal
hemorrhage. Monitor and manage these retinal
abnormalities appropriately. Do not administer
LUXTURNA in the immediate vicinity of the fovea.
Retinal abnormalities may occur during or following
vitrectomy, including retinal tears, epiretinal
membrane, or retinal detachment. Monitor patients
during and following the injection to permit early
treatment of these retinal abnormalities. Advise
patients to report any signs or symptoms of
retinal tears and/or detachment without delay.

raocular pressure may occur after
al injection of LUXTURNA. Monitor and
e intraocular pressure appropriately.
ion of intraocular air bubbles Instruct
ts to avoid air travel, travel to high elevations
or scuba diving until the air bubble formed following
administration of LUXTURNA has completely
dissipated from the eye. It may take one week
or more following injection for the air bubble to
dissipate. A change in altitude while the air bubble
is still present can result in irreversible vision loss.
Verify the dissipation of the air bubble through
ophthalmic examination.
e Cataract Subretinal injection of LUXTURNA,
especially vitrectomy surgery, is associated with
an increased incidence of cataract development
and/or progression.

Adverse Reactions

e In clinical studies, ocular adverse reactions occurred
in 66% of study participants (57% of injected eyes),
and may have been related to LUXTURNA, the
subretinal injection procedure, the concomitant
use of corticosteroids, or a combination of these
procedures and products.
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The most common adverse reactions (incidence

> 5% of study participants) were conjunctival
hyperemia (22%), cataract (20%), increased
intraocular pressure (15%), retinal tear (10%), dellen
(thinning of the corneal stroma) (7%), macular hole
(7%), subretinal deposits (7%), eye inflammation
(5%), eye irritation (5%), eye pain (5%), and
maculopathy (wrinkling on the surface of the
macula) (5%).

Immunogenicity

Immune reactions and extra-ocular exposure to
LUXTURNA in clinical studies were mild. No clinically
significant cytotoxic T-cell response to either AAV2
or RPE65 has been observed. In clinical studies, the
interval between the subretinal injections into the

two eyes ranged from 7 to 14 days and 1.7 to 4.6 years.

Study participants received systemic corticosteroids
before and after subretinal injection of LUXTURNA
to each eye, which may have decreased the potential
immune reaction to either AAV2 or RPE65.

IDENTIFYING APPROPRIATE PATIENTS
FOR LUXTURNA STARTS WITH YOU

LEARN MORE AT www.LUXTURNAHCP.com

A pa‘!!s exE

A (voretigene neparvovec-rzyl) is a one-time
oy that improves functional vision in individuals
who have:conflrmed biallelic RPE65 gene

ot

experienced a clinically meaningful

Pediatric Use

Treatment with LUXTURNA is not recommended for
patients younger than 12 months of age, because
the retinal cells are still undergoing cell proliferation,
and LUXTURNA would potentially be diluted or lost
during the cell proliferation. The safety and efficacy
of LUXTURNA have been established in pediatric
patients. There were no significant differences in
safety between the different age subgroups.

Please see a brief summary of the
US Full Prescribing Information on the
following pages.

Reference: 1. LUXTURNA [package insert]. Philadelphia,
PA: Spark Therapeutics, Inc; 2017.

LUXTURNA and its design are trademarks of Spark Therapeutics
in the United States.

© 2018 Spark Therapeutics, Inc. All rights reserved.
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for subretinal injection

1 INDICATIONS AND USAGE

LUXTURNA (voretigene neparvovec-rzyl) is an adeno-associated virus vector-based gene
therapy indicated for the treatment of patients with confirmed biallelic RPE65 mutation-
associated retinal dystrophy. Patients must have viable retinal cells as determined by the
treating physicians.

4 CONTRAINDICATIONS

None.

5 WARNINGS AND PRECAUTIONS

5.1 Endophthalmitis

Endophthalmitis may occur following any intraocular surgical procedure or injection.
Proper aseptic injection technique should be used when administering LUXTURNA.
Following the injection, patients should be monitored to permit early treatment of any
infection. Advise patients to report any signs or symptoms of infection or inflammation
without delay.

5.2 Permanent decline in visual acuity
Permanent decline in visual acuity may occur following subretinal injection of LUXTURNA.
Monitor patients for visual disturbances.

5.3 Retinal abnormalities

Retinal abnormalities may occur during or following the subretinal injection of LUXTURNA,
including macular holes, foveal thinning, loss of foveal function, foveal dehiscence, and
retinal hemorrhage. Monitor and manage these retinal abnormalities appropriately.
LUXTURNA must not be administered in the immediate vicinity of the E)vea. [See Dosage
and Administration (2.3) in full prescribing information]

Retinal abnormalities may occur during or following vitrectomy, including retinal tears,
epiretinal membrane, or retinal detachment. Monitor patients during and following the
injection to permit early treatment of these retinal abnormalities. Advise patients to report
any signs or symptoms of retinal tears and/or detachment without delay.

5.4 Increased intraocular pressure
Increased intraocular pressure may occur after subretinal injection of LUXTURNA. Monitor
and manage intraocular pressure appropriately.

5.5 Exp of intr air
Instruct patients to avoid air travel, travel to high elevations, or scuba diving until the air
bubble {Ez))rmed following administration of LUXTURNA has completely dissipated from the
eye. It may take one week or more following injection for the air bubble to dissipate. A
change in altitude while the air bubble is still present can result in irreversible vision loss.
Verify the dissipation of the air bubble through ophthalmic examination.

I hubbl

5.6 Cataract
Subretinal injection of LUXTURNA, especially vitrectomy surgery, is associated with an
increased incidence of cataract development and/or progression.

6 ADVERSE REACTIONS

The most common adverse reactions (incidence =5%) were conjunctival hyperemia,
cataract, increased intraocular pressure, retinal tear, dellen (thinning of the corneal
stroma), macular hole, subretinal deposits, eye inflammation, eye irritation, eye pain,
and maculopathy (wrinkling on the surface of the macula).

6.1 Clinical Trials Experience

Because clinical trials are conducted under widely varying conditions, adverse reaction rates
observed in the clinical trials of a drug cannot be directly compared to rates in the clinical trials
of other products and may not reflect the rates observed in practice.

The safety data described in this section reflect exposure to LUXTURNA in two clinical trials
consisting of 41 subjects (81 eyes) with confirmed biallelic RPE65 mutation-associated retinal
dystrophy. Forty of the 41 subjects received sequential subretinal injections of LUXTURNA to
each eye. One subject received LUXTURNA in only one eye. Seventy-two of the 81 eyes were
exposed to the recommended dose of LUXTURNA at 1.5 x 10" vg; 9 eyes were exposed to
lower doses of LUXTURNA. Study 1 (n=12) was an open-label, dose-exploration safety study.
Study 2 (n=29) was an open-label, randomized, controlled study for both efficacy and safety
[see Clinical Studies (14) in full prescribing information]. The average age of the 41 subjects
was 17 years, ranging from 4 to 44 years. Of the 41 subjects, 25 (61%) were pediatric subjects
under 18 years of age, and 23 (56%) were females.

Twenty-seven (27/41, 66%) subjects had ocular adverse reactions that involved 46 injected eyes
(46/81, 57%). Adverse reactions among all subjects in Studies 1 and 2 are described in Table 1.
Adverse reactions may have been related to LUXTURNA, the subretinal injection procedure,
the concomitant use of corticosteroids, or a combination of these procedures and products.

Table 1. Ocular Adverse Reactions Following Treatment with LUXTURNA (N=41)

Brief Summary of US Full Prescribing Information for LUXTURNA (voretigene neparvovec-rzyl)

Adverse Reactions Subjects Treated Eyes
n=41 n=81

Foveal thinning and loss

of foveal function 1(2%) 2(2%)

Endophthalmitis 1(2%) 1(1%)

Foveal dehiscence

(separation of the retinal

layers in the center of 1@%) 1(%)

the macula)

Retinal hemorrhage 1(2%) 1(1%)

Adverse Reactions Subjects Treated Eyes
n=41 n=81
Any qcular adverse 27 (66%) 46 (57%)
reaction
Conjunctival hyperemia 9 (22%) 9 (11%)
Cataract 8 (20%) 15 (19%)
Increased intraocular 6 (15%) 8 (10%)
pressure
Retinal tear 4(10%) 4 (5%)
Dellen (thinning of the 307%) 3 (4%)
corneal stroma)
Macular hole 3 (7%) 3 (4%)
Subretinal deposits* 3 (7%) 3 (4%)
Eye inflammation 2 (5%) 4 (5%)
Eye irritation 2 (5%) 2 (2%)
Eye pain 2 (5%) 2 (2%)
Maculopathy (wrinkling on
the surface of the macula) 2(5%) 3 (4%)

*Transient appearance of asymptomatic subretinal precipitates inferior to the retinal
injection site 1-6 days after injection.

Immunogenicity

At all doses of LUXTURNA evaluated in Studies 1 and 2, immune reactions and
extra-ocular exposure were mild. In Study 1 (n=12), the interval between the subretinal
injections into the two eyes ranged from 1.7 to 4.6 years. In Study 2, the interval between
the subretinal injections into the two eyes ranged from 7 to 14 days. No subject had a
clinically significant cytotoxic T-cell response to either AAV2 or RPE65.

Subjects received systemic corticosteroids before and after subretinal injection of
LUXTURNA to each eye. The corticosteroids may have decreased the potential immune
reaction to either vector capsid (adeno-associated virus serotype 2 [AAV2] vector) or
transgene product (retinal pigment epithelial 65 kDa protein [RPE65]).

8 USE IN SPECIFIC POPULATIONS

8.1 Pregnancy

Risk Summary: Adequate and well-controlled studies with LUXTURNA have not been
conducted in pregnant women. Animal reproductive studies have not been conducted
with LUXTURNA. In the US general population, the estimated background risk of major
birth defects and miscarriage in clinically recognized pregnancies is 2-4% and 15-20%,
respectively.

8.2 Lactation

Risk Summary: There is no information regarding the presence of LUXTURNA in

human milk, the effects on the breastfed infant, or the effects on milk production. The
developmental and health benefits of breastfeeding should be considered along with the
mother’s clinical need for LUXTURNA and any potential adverse effects on the breastfed
infant from LUXTURNA.

8.3 Females and Males of Reproductive Potential

No nonclinical or clinical studies were performed to evaluate the effect of LUXTURNA

on fertility.

8.4 Pediatric Use

Treatment with LUXTURNA is not recommended for patients younger than 12 months of
age because the retinal cells are still undergoing cell proliferation, and LUXTURNA would
potentially be diluted or lost during cell proliferation.

The safety and efficacy of LUXTURNA have been established in pediatric patients. Use

of LUXTURNA is supported by Study 1 and Study 2 [see Clinical Studies (14) in full
prescribing information] that included 25 pediatric patients with biallelic RPE65 mutation-
associated retinal dystrophy in the following age groups: 21 children (age 4 years to less
than 12 years) and 4 adolescents (age 12 years to less than 17 years). There were no
significant differences in safety between the different age subgroups.

8.5 Geriatric Use

The safety and effectiveness of LUXTURNA have not been established in geriatric patients.
Clinical studies of LUXTURNA for this indication did not include patients age 65 years and over.
17 PATIENT COUNSELING INFORMATION

Advise patients and/or their caregivers of the following risks:

Endophthalmitis and other eye infections: Serious infection can occur inside of the eye
and may lead to blindness. In such cases, there is an urgent need for management
without delay. Advise patients to call their healthcare provider if they experience new
floaters, eye pain, or any change in vision.

Permanent decline in visual acuity: Permanent decline in visual acuity may occur following
subretinal injection of LUXTURNA. Advise patients to contact their healthcare provider if
they experience any change in vision.

Retinal abnormalities: Treatment with LUXTURNA may cause some defects in the retina
such as a small tear or a hole in the area or vicinity of the injection. Treatment may cause
thinning of the central retina or bleeding in the retina. Advise patients to follow up with
their healthcare provider on a regular basis and report any symptoms, such as decreased
vision, blurred vision, flashes of light, or floaters in their vision without delay.

Increased intraocular pressure: Treatment with LUXTURNA may cause transient or
persistent increase in intraocular pressure. If untreated, such increases in intraocular
pressure may cause blindness. Advise patients to follow up with their healthcare provider
to detect and treat any increase in intraocular pressure.

Expansion of intraocular air bubbles: Advise patients to avoid air travel, travel to high
elevations, or scuba diving until the air bubbﬁa formed following administration of
LUXTURNA has completely dissipated from the eye. A change in altitude while the air
bubble is still present may cause irreversible damage.

Cataract: Advise patients that following treatment with LUXTURNA, they may develop a
new cataract, or any existing cataract may get worse.

Shedding of LUXTURNA: Transient and low-level shedding of LUXTURNA may occur in
patient tears. Advise patients and/or their caregivers on proper handling of waste material
generated from dressing, tears, and nasal secretion, which may include storage of waste
material in sealed bags prior to disposal. These handling precautions should be followed
for up to 7 days following LUXTURNA administration.

Manufactured by:
Spark Therapeutics, Inc.
3737 Market Street
Philadelphia, PA 19104
US License #2056

Spark Therapeutics and LUXTURNA and its design are trademarks and registered marks of
Spark Therapeutics in the United States.
© 2018 Spark Therapeutics, Inc. All rights reserved. P-RPE65-US-360006. April 2018.
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EDITORIAL

By Charles C.Wykoff, MID, PhD

Weather forecasting

e Great Galveston Hurricane
of 1900 was the deadliest nat-
ural disaster in U.S. history,
killing up to 12,000 people.

The morning the storm made Texas
landfall, the sky was calm with scat-
tered clouds, with no suggestion of
the impending storm surge and de-
struction from which the island would
never fully recover.

Since then, weather forecasting
has improved tremendously with re-
finement of complex algorithms that
incorporate millions of data points.
These systems allow remarkably ac-
curate hurricane tracking three to five
days in advance, enabling local prepa-
rations and evacuations, saving tens of
thousands of lives annually.

Severe nonproliferative diabetic
retinopathy without diabetic macular
edema provides a similar scenario.
This population of about 3 million
Americans are typica]ly asymptomatic
with excellent visual acuity. While we
recognize the risk of these eyes de-
veloping proliferative DR or DME,
the most common cause of blindness
among American working-age adults,
severe NPDR remains a major clin-
ical hurdle to initiating intravitreal
anti-VEGF injections. The skies are
a bit cloudy, but there’s no hurricane
in sight, yet.

PANORAMA,' the first prospec-
tive trial involving high-risk NPDR
eyes without central-involved DME
since the Early Treatment Diabet-
ic Retinopathy Study of the 1980s,?
provides valuable data to inform de-
cision making in the anti-VEGF era.
In PANORAMA, about 40 percent
of untreated eyes developed PDR or
CI-DME at one year, a rate reduced

by approximately 75 percent with fixed
aflibercept dosing.

But, can we predict which eyes will
progress? In the ETDRS, 12, 26 and
52 percent of eyes with DR Severity
Scale (DRSS) levels of 43, 47 and 53,
respectively, developed PDR within
one year.> While we categorize lev-
el 53 eyes as highest risk, even one
of eight individuals with level 43 are
anticipated to develop PDR within
one year. Description of the specific
NPDR DRSS score may be irrelevant
if we can predict disease progression
at an individual level.

As emphasized in previous edito-
rials, I am committed to the prom-
ise of artificial intelligence and deep
learning. In these pages, two articles
describe attempts to harness the pow-
er of retinal images and algorithms to
predict DR progression.

In the 21st century, it’s ridiculous to
consider initiating a coastal hurricane
evacuation only once the storm makes
landfall. It is equally absurd to consid-
er evacuating the entire Eastern sea-
board every time a hurricane forms
in the Atlantic. Accurate predictabil-
ity is key. Similarly, it’s logical to treat
DR before the advanced stages of the
disease are manifest and VA loss has
occurred. Improved prognostic gran-
ularity is coming, ®

HAa (Dj@
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1. Wykoff CC. Intravitreal aflibercept for moderately severe to
severe nonproliferative diabetic retinopathy (NPDR): 1-year of
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INDICATIONS

LUCENTIS® (ranibizumab injection) is indicated for
the treatment of patients with:

« Diabetic retinopathy (DR)

« Diabetic macular edema (DME)

IMPORTANT SAFETY INFORMATION

CONTRAINDICATIONS

« LUCENTIS is contraindicated in patients with ocular or
periocular infections or known hypersensitivity to
ranibizumab or any of the excipients in LUCENTIS.
Hypersensitivity reactions may manifest as severe
intraocular inflammation

WARNINGS AND PRECAUTIONS

« Intravitreal injections, including those with LUCENTIS, have
been associated with endophthalmitis, retinal detachment,
and iatrogenic traumatic cataract. Proper aseptic injection
technique should always be utilized when administering
LUCENTIS. Patients should be monitored following the injection
to permit early treatment, should an infection occur
Increases in intraocular pressure (I0P) have been noted both
pre-injection and post-injection (at 60 minutes) with LUCENTIS.
Monitor intraocular pressure prior to and following intravitreal
injection with LUCENTIS and manage appropriately
Although there was a low rate of arterial thromboembolic events
(ATEs) observed in the LUCENTIS clinical trials, there is a potential risk
of ATEs following intravitreal use of VEGF inhibitors. ATEs are defined
as nonfatal stroke, nonfatal myocardial infarction, or vascular death
(including deaths of unknown cause)
In a pooled analysis of Studies DME-1 and DME-2, the ATE rate at 2
years was 7.2% (18 of 250) with 0.5 mg LUCENTIS, 5.6% (14 of 250)
with 0.3 mg LUCENTIS, and 5.2% (13 of 250) with control. The stroke
rate at 2 years was 3.2% (8 of 250) with 0.5 mg LUCENTIS, 1.2% (3 of
250) with 0.3 mg LUCENTIS, and 1.6% (4 of 250) with control. At 3 years,
the ATE rate was 10.4% (26 of 249) with 0.5 mg LUCENTIS and 10.8% (27
of 250) with 0.3 mg LUCENTIS; the stroke rate was 4.8% (12 of 249) with
0.5 mg LUCENTIS and 2.0% (5 of 250) with 0.3 mg LUCENTIS
Fatal events occurred more frequently in patients with DME and DR at
baseline treated monthly with LUCENTIS compared with control. A pooled
analysis of Studies D-1 and D-2, showed that fatalities in the first 2 years
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0.3 MG LUCENTIS PREFILLED SYRINGE

REGRESSION DELIVERED'

HELP PATIENTS TURN BACK TO AN EARLIER STAGE
OF DIABETIC RETINOPATHY (DR)'

The efficacy and safety of LUCENTIS in DR, studied in 3 clinical trials,
available in a sterile glass prefilled syringe.’
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occurred in 4.4% (11 of 250) of patients treated with 0.5 mg LUCENTIS, in 2.8%

(7 of 250) of patients treated with 0.3 mg LUCENTIS, and in 1.2% (3 of 250) of

control patients. Over 3 years, fatalities occurred in 6.4% (16 of 249) of patients
treated with 0.5 mg LUCENTIS and in 4.4% (11 of 250) of patients treated with
0.3 mg LUCENTIS. Although the rate of fatal events was low and included causes
of death typical of patients with advanced diabetic complications, a potential
relationship between these events and intravitreal use of VEGF inhibitors cannot

be excluded

© 2018 Genentech USA, Inc.
Genentech 1 DNA Way, South San Francisco, CA 94080-4990

A Member of the Roche Group All rights reserved. LUC/120517/0094(1) 11/18

[
LUCENTIS

RANIBIZUMAB INJECTION



LUCENTIS
RANIBIZUMAB INJECTION

Brief summary-please see the LUCENTIS® package
insert for full prescribing information.

1 INDICATIONS AND USAGE
LUCENTIS is indicated for the treatment of patients with:

1.1 Neovascular (Wet) Age-Related Macular Degeneration (AMD)
Macular Edema Following Retinal Vein Occlusion (RVO)

6.2 Clinical Studies Experience

Because clinical trials are conducted under widely varying conditions, adverse
reaction rates observed in one clinical trial of a drug cannot be directly
compared with rates in the clinical trials of the same or another drug and may
not reflect the rates observed in practice.

The data below reflect exposure to 0.5 mg LUCENTIS in 440 patients with
neovascular AMD in Studies AMD-1, AMD-2, and AMD-3; in 259 patients
with macular edema following RVO. The data also reflect exposure to 0.3 mg
LUCENTIS in 250 patients with DME and DR at baseline [see Clinical Studies (14
in the full prescribing information)].

Safety data observed in Study AMD-4, D-3, and in 224 patients with mCNV
were consistent with these results. On average, the rates and types of adverse
reactions in patients were not significantly affected by dosing regimen.

Ocular Reactions

Table 1 shows frequently reported ocular adverse reactions in LUCENTIS-
treated patients compared with the control group.

6.3 Immunogenicity

As with all therapeutic proteins, there is the potential for an immune response
in patients treated with LUCENTIS. The immunogenicity data reflect the
percentage of patients whose test results were considered positive for
antibodies to LUCENTIS in immunoassays and are highly dependent on the
sensitivity and specificity of the assays.

The pre-treatment incidence of immunoreactivity to LUCENTIS was 0%-5%
across treatment groups. After monthly dosing with LUCENTIS for 6 to 24
months, antibodies to LUCENTIS were detected in approximately 1%-9% of
patients.

The clinical significance of immunoreactivity to LUCENTIS is unclear at this time.
Among neovascular AMD patients with the highest levels of immunoreactivity,
some were noted to have iritis or vitritis. Intraocular inflammation was not
observed in patients with DME and DR at baseline, or RVO patients with the
highest levels of immunoreactivity.

6.4 Postmarketing Experience

1.3 Diabetic Macular Edema (DME) o ) The following adverse reaction has been identified during post-approval use
1.4 Diabetic Retinopathy (DR) Table 1 Ocular Reactions in the DME and DR, AMD, and RVO Studies of LUCENTIS. Because this reaction was reported voluntarily from a population
1.5 Myopic Choroidal Neovascularization (MCNV) DME and DR AMD AMD RVO of unc_ertaln size, it is n_ot aIv_vays possible to reliably estimate the frequency or
2-year 2-year 1-year 6-month establish a causal relationship to drug exposure.
4 CONTRAINDICATIONS " . - " e Qcular: Tear of retinal pigment epithelium among patients with
4.1 Ocular or Periocular Infections = 2 3 = 2 3 = 2 3 = 2 3 neovascular AMD
LUCENTIS is contraindicated in patients with ocular or periocular infections. é o E é o :5; E g E é g E 7 DRUG INTERACTIONS
4.2 Hypersensitivity = = =1 =1 Drug interaction studies have not been conducted with LUCENTIS.
LUCENTIS is contraindicated in patients with known hypersensitivity to | aqverse Reaction |n=250 n=250n=379 n=379|n=440 n=441|n=259 n=260| LUCENTIS intravitreal injection has been used adjunctively with verteporfin
:T%]‘g;b'rﬁl;m?ebstﬂgSageyvgleﬂl‘[‘]«’trggcc'&';r"}sflg‘mL#actfynﬂs Hyp y reactions Conjunciivl photodynamic therapy (PDT). Twelve (12) of 105 (11%) patients with
hemorrhage 47% 32% | 74% 60% | 64% 50% | 48% 37% | neovascular AMD developed serious intraocular inflammation; in 10 of the 12
5  WARNINGS AND PRECAUTIONS - patients, this occurred when LUCENTIS was administered 7 days (x 2 days)
Eye pain 17% 13% | 35% 30% | 26% 20% [ 17% 12% | ater vertenorfin PDT
5.1 Endophthalmitis and Retinal Detachments - o — — s n - after verteporiin POT.
Intravitreal injections, including those with LUCENTIS, have been associated | Vireous floaters | 10% 4% |27% 8% |19% 5% | 7% 2% | §g  ySEIN SPECIFIC POPULATIONS
with _endophthalmitis and retinal detachm_er_ﬂs. 'Proper aseptic inje_ct_ion Intraoculay 8.1 Pregnancy
technique should always be used when administering LUCENTIS. In addition, | pressure increased | 18% 7% | 24% 7% |17% 5% | 7% 2% | Risk Symmany
patients should be monitored following the injection to permit early treatment - fyiyrgous There are no adequate and well-controlled studies of LUCENTIS administration
should an infection occur [ses Dosags and Administation ((2 7?] 2.7) in the full | detachment 11% 15% | 21% 19% | 15% 15% | 4% 2% | in pregnant women.
. e N Intraocular Administration of ranibizumab to pregnant monkeys throughout the period
Ir:lfre;s[lg?r?isrife;gcLﬂ:a;gg;i::;g:ugeeen noted bath pre-injection and post ir ion 4% 3% |18% 8% |13% 7% | 1% 3% | of organogenesis resulted in a low incidence of skeletal abnormalities at
injection (at 60 minutes) while being treated with LUCENTIS. Monitor intraocular | Cataract 26% 52 [T7% 1% [11% 9% [ 2% % | pranies tooes 8 5 2o s ol éve estment at e recommended
pressure prior to and following intravitreal injection with LUCENTIS and manage Forelgq quy . . ) . . . ) . clinical dose. No skeletal abnormalities were observed at serum trough levels
appropriately [see Dosage and Administration (2.7 in the full p ineyes |10% 5% [16% 14% [13% 10% | 7% 5% equivalent to the predicted human exposure after a single eye treatment at the
information)} ] Eye iritation 8% 5% [15% 15% | 13% 12%| 7% 6% fed clinical dose [see Animal Data].
5.3 Thromboembolic Events ) ) Lacrimation Animal reproduction studies are not always predictive of human response,
ﬁgggrl:gé ti?leiﬁemﬁ.?CgNlTolg crlziilzieca?ftraile?lzrIatl:\;rhemi?baoeprgﬂlt?ale\rlizil?sof(ﬁss) increased 5% 4% |14% 12% | 8% 8% | 2% 3% | and it is not known whether ranibizumab can cause fetal harm when
g m dministered ¢ it Based on the anti-VEGF hani f
following intravitreal use of VEGF inhibitars. ATES are defined as nonfatal stroke, | Blephritis 3% 2% [12% 8% | 8% 5% | 0% 1% | e O s conay 101 in the il arasoibi
el ) g - 5 YRR 7 o > o action for ranibizumab [see Clinical Pharmacology (12.1 in the full prescribing
nonfatal myocardial infarction, or vascular death (including deaths of unknown | Dry eye 5% 3% |12% 7% | 7% 7% | 3% 3% with LUCENTIS may pose a risk to human embryofetal
cause). Visual disturbance development.
Neovascular (Wet) Age-Related Macular Degeneration or vision blurred 8% 4% |18% 15% |13% 10% | 5% 3% LUCENTIS should be given t t v if clearl ded.
The ATE rate in the three controlled neovascular AMD studies (AMD-1,AMD-2, [ Eye brurits R T KT TS e T T sfouicbe given foa pregnant woman only I clearly neece
AMD-3) during the first year was 1.9% (17 of 874) in the ined group of - ” o YR o o - o Data
patients treated with 0.3 mg or 0.5 mg LUCENTIS compared with 1.1% (5 of | Ocular hyperemia | 9% 9% | 11% 8% | 7% 4% | 5% 3% | AnimalData .
441) in patients from the control arms [see Clinical Studies (14.1 in the full |Retinal disorder | 2% 2% | 10% 7% | 8% 4% | 2% 1% g‘nggg;ﬁf‘ﬁn‘ﬁngx'l’ggggﬁt‘gf]'%‘;’lsﬁgedcyewwe%s Iﬁfg%fpe‘;? ﬁ]fj‘ecptflgg's‘ag}
rescribing information)]. In the second year of Studies AMD-1 and AMD-2, the . g : : -
NTE ra was 2.6% (1 Yo 721) in the combined roup of LUCENTIS-reated | 1cculopathy Yh T | 9% 9% | 6% 6% |1% 7% | ranibizumab every 14 days starting on Day 20 of gestation, unil Day 62 at
patients compared with 2.9% (10 of 344) in patients from the control arms. | Retinal . ) ) , , . . ) doses of 0, 0.125, and 1 mo/eye. Skeletal abnormalities including incomplete
In Study AMD-4, the ATE rates observed in the 0.5 mg arms during the first | degeneration 1% 0% | 8% 6% | 5% 3% | 1% 0% | and/or irregular ossification of bones in the skull, vertebral column, and
and second year were similar to rates observed in Studies AMD-1,AMD-2,and | Ocular di t [ 2% 1% | 7% 4% | 5% 2% | 2% 2% | hindimbs and shortened supemumerary ribs were seen at a low incidence
AMD-3. Conjunctival in fetuses from‘ammals treated W|th.1.mg/eye of ranibizumab. The 1 mg/eye
Ina pooled analysis of 2-year controlled studies (AMD-1, AMD-2, and a study of | hyperemia 19 2% | 7% 6% | 5% 4% | 0% 0% | g e I e o o o 0 1 e et
o e . - N than predicted C,_, levels with single eye treatment in humans. No skeletal
LUCENTIS used adjunctively with verteporfin photodynamic therapy), the stroke - bosterior capsuie abnormalities were seen at the lower dose of 0.125 mg/eye, a dose which
rate (including both ischemic and hemorrhagic stroke) was 2.7% (13 of 484)in | gpacification 4% 3% | 7% 4% | 2% 2% | 0% 1% | resulted in trough exposures equivalent to single eye treatment in humans.
patients treated with 0.5 mg LUCENTIS compared to 1.1% (5 of 435) in patients ———— i ici
; h > : ; Injection site No effect on the weight or structure of the placenta, maternal toxicity, or
in the control arms (odds ratio 2.2 (95% confidence interval (0.8-7.1))). hemorrhage % 0% | 5% 2% | 3% 1% | 0% ow embryotoxicity was observed.
Macular Edema Following Retinal Vein Occlusion i
; ° ) ) 8.2 Lactation
The ATE rate in the two controlled RVO studies during the first 6 months was  yon-ocular Reactions Risk Summary

0.8% in both the LUCENTIS and control arms of the studies (4 of 525 in the
combined group of patients treated with 0.3 mg or 0.5 mg LUCENTIS and 2
of 260 in the control arms) [see Clinical Studies (14.2 in the full prescribing
information)]. The stroke rate was 0.2% (1 of 525) in the combined group of
LUCENTIS-treated patients compared to 0.4% (1 of 260) in the control arms.
Diabetic Macular Edema and Diabetic Retinopathy

Safety data are derived from studies D-1 and D-2. All enrolled patients had

Non-ocular adverse reactions with an incidence of > 5% in patients receiving
LUCENTIS for DR, DME, AMD, and/or RVO and which occurred at a > 1% higher
frequency in patients treated with LUCENTIS compared to control are shown
in Table 2. Though less common, wound healing complications were also
observed in some studies.

Table2 Non-Ocular Reactions in the DME and DR, AMD, and RVO Studies

There are no data available on the presence of ranibizumab in human milk, the
effects of ranibizumab on the breastfed infant or the effects of ranibizumab on
milk production/excretion.

Because many drugs are excreted in human milk, and because the potential for
absorption and harm to infant growth and development exists, caution should
be exercised when LUCENTIS is administered to a nursing woman.

DME and DR at baseli Clinical Studies (14.3, 14.4 in the full ibil The developmental and health benefits of breastfeeding should be considered
inf ant‘ at baseline [see Clinical Studes ( fnihe Ul prescribing DME and DR AMD AMD RvO along with the mother’s clinical need for LUCENTIS and any potential adverse
informaon). ) ) - ) . Zyear Z-year T-year 6-month effects on the breastfed child from ranibizumab.
In a pooled analysis of Studies D-1 and D-2 [see Clinical Studies (14.3 in the %) _ | _ e _ e _ . .
full prescribing information)], the ATE rate at 2 years was 7.2% (18 of 250) with E2 T |E2 E|Eg £ |Eg g | 83 FemalesandMales of Reproductive Potential
0.5 mg LUCENTIS, 5.6% (14 of 250) with 0.3 mg LUCENTIS, and 5.2% (13 of e £ |Ho E |[Ho E |Ho g | Inferiit . " )
250) with control. The stroke rate at 2 years was 3.2% (8 of 250) with 0.5 mg 3° ©[3° © |3° © |3° © gon%ttug;]e; >on wﬁefﬁgf:: ;Ugﬂggg"y:r? g#;gﬁggggx&ﬁeg ;::g;ctggsgg% 'r:
LUCENTIS, 1.2% (3 of 250) with 0.3 mg LUCENTIS, and 1.6% (4 of 250) with i = = = - - = — — N N ¢ o ol
control. At 3 yeaors( the ATE)rate was 10%1% (26 of 249) with 005( mg LUC%NTIS Adverse Reaction |n=250 n=250{n=379 n=379|n=440 n=441|n=259 N=260|  tne anti-VEGF mechanism of action for ranibizumab, treatment with LUCENTIS
and 10.8% (27 of’250) with 0.3 mg LUCENTIS; the stroke rate was 4.8% (12 Nasopharyngitis 12% 6% |16% 13% | 8% 9% | 5% 4% may pose a risk to reproductive capacity.
of 249) with 0.5 mg LUCENTIS and 2.0% (5 of 250) with 0.3 mg LUCENTIS. Anemia 1% 10%] 8% 7% | 4% 3% | 1% 1% | 84 PediatricUse S
5.4 Fatal Events in Patients with DME and DR at baseline Nausea 10% 9% | 9% 6% | 5% 5% | 1% 2% | e safety and effectiveness of LUCENTIS in pediatric patients have not been
Diabetic Macular Edema and Diabetic Retinopathy 9 0 0 0 o 9 [ 0
Saety cata are derived from studies D-1 and D-2. All entoled patients had [ ooo Ph A% )% 8% | % 4| 1% D) g5 Geriatric Use
DME and DR at baseline [see Clinical Studies (14.3, 14.4 in the full prescribing | Constipation 8% 4% | 5% 7% | 3% 4% | 0% 1% | |ntheclinical studies, approximately 76% (2449 of 3227) of patients randomized
information)]. Seasonal allergy 8% 4% | 4% 4% | 2% 2% | 0% 2% to treatment with LUCENTIS were > 65 years of age and approximately 51%
A pooled analysis of Studies D-1 and D-2 fsee Clinical Studies (14.3in the full  [Hypercholesterolemia | 7% 5% | 5% 5% | 3% 2% | 1% 1% <1 644 of 3227) were > 7N50Vn%§§mgf e efﬁggsfg’ggf’c/aii"é’r’i; fgt‘y’ Jn the ul
ibing informati howed that fatalities in the first 2 d i

f‘;rzos/"cr(q Tgflg%)"; ;I)%It%nsts?rf;ted 3vitﬁ Sllslemsg";_uga\lllﬁs ixe; ;sn/fc(gugfre%g} Influenze % 3% | 7% 5% | 3% 2% | 3% 2% wnh increasing age in ‘these studies. Age did not have a significant effect on
of patients treated with 0.3 mg LUCENTIS, and in 1.2% (3 of 250) of control | Renal failure 7% 6% | 1% 1% | 0% 0% | 0% 0% | systemic exposure.
patients. Over 3 years, fatalities occurred in 6.4% (16 of 249) of patients treated | Upper respiratory 10 OVERDOSAGE
with 0.5 mg LUCENTIS and in 4.4% (11 of 250) of patients treated with 0.3  |tract infection % 7% | 9% 8% | 5% 5% |2% 2% More concentrated doses as high as 2 mg ranibizumab in 0.05 mL have been
mg LUCENTIS. Although the rate of fatal events was low and included causes Gastroesophageal administered to patients. No additional unexpected adverse reactions were
of death typical of patients with advanced diabetic complications, a potential i 9 9 9 o 0 ) 9 o seen.
relationship between these events and intravitreal use of VEGF inhibitors cannot reflux disease 6% 4% | 4% 6% | 3% 4% | 1% 0%
be excluded. Headache 6% 8% | 12% 9% | 6% 5% | 3% %% )\Zvis: S;:Eer;t.rs(t:r?alwns tEhIe“L:gylstzfl):vwrg :_?Jr(‘)ENTIS administration, patients are
6  ADVERSE REACTIONS Edema peripheral | 6% 4% | 3% 5% | 2% 3% | 0% 1% | jatrisk of developing endophthalmitis. If the eye becomes red, sensitive to light,
The following adverse reactions are discussed in greater detail in other sections | Renal failure chronic | 6% 2% | 0% 1% | 0% 0% | 0% 0% painful, or develops a change in vision, advise the patient to seek immediate
of the label: Neuropathy care from an ophthalmologist /see Warnings and Precautions (5.1)].

I(Eg(#]phthalmltls and Retinal Detachments [see Warnings and Precautions | peripheral 5% 3% | 1% 1% | 1% 0% | 0% 0%
e Increases i Intraocular Pressure [see ings and Pr (5.2)] Sinusitis 5% 8% | 8% 7% |5% 5% |3% 2%
. I Events [see Bronchitis 4% 4% |11% 9% | 6% 5% | 0% 2%
e Fatal Events in patients with DME and DR at baseline [see Warnings and o fibrillat 0 0 9 9 0 0, [ 0

Precautions (5.4) Atrial fIb.I'I||atI0n 3% 3% |[5% 4% (2% 2% [ 1% 0% LUCENTIS®

- Arthralgia 3% 3% |[11% 9% | 5% 5% | 2% 1% ibi iniecti
6.1 Injection Procedure Chronic obstructi [Mraml;m;mag :)mec“o"] Initial US Aj I: June 2006
S d fi Jated to th i dure h d ronic obstructive anufactured by: nitial US Approval: June
T e o i e oo yaisease | 1% 1% | 6% 3% | 3% 1% | 0% 0% Inc. Revision Date: LUG/021815/0050(4) 2017
g & A

and Precautions (5.1)], rhegmatogenous retinal detachment, and iatrogenic  [Wound healing A Member of the Roche Group '{USENT'SK 'fsg reglﬁterhedl
traumatic cataract. complications 1% 0% | 1% 1% | 1% 0% | 0% 0% | |DNAWay (gzggaéer?engﬁnlﬁg , Inc.

South San Francisco, CA
94080-4990




NEWS

Deep-learning model uses photos
to predict OCT changes in DME

ore evidence has emerged
that deep learning can play
a role in predicting pro-
gression from diabetic ret-
inopathy to diabetic macular edema,
with publication of a study that found
a model using color fundus photo-
graphs and a relatively smaller data-
set could predict changes in macular
thickness detectable with time-do-
main optical coherence tomography.
Researchers from Roche in Swit-
zerland and its Genentech unit in San
Francisco reported in the journal In-
vestigative Ophthalmology & Visu-
al Science on a deep-learning (DL)
model that used fundus photographs
to quantify central subfield thickness
(CST) and central foveal thickness
(CFT), which correlated with mea-
surements on TD-OCT.!

CST models most promising
The study evaluated four DL mod-
els, finding that the models using CST
seemed to perform better than those
using CFT. “This is likely due to the
fact that the performance of a DL
regression is generally more sensitive
to the stability of the endpoint and
the CFT is a less reliable endpoint
compared to CST,” co-author Jeffrey
R. Willis, MD, PhD, associate medi-

IN BRIEF

cal director of ophthalmology, at Ge-
nentech, tells Retina Specialist. “The
binary classification models, upon
further development with larger data-
sets, will be more likely to reach a
performance high enough to become
a diagnostic solution to be deployed in
the real world.”

The best DL model was able to
predict CST = 250 pm and CST =
400 pm with an area under the curve
(AUC) of 0.97 (87.5-percent sensi-
tivity, 96.4-percent specificity) and
of 0.94 (99-percent sensitivity, 94.4-
percent specificity), respectively. To
predict CFT = 250 pm and CFT >
400 pm, the best DL model had an
AUC of 0.91 (80-percent sensitivity,
85-percent specificity) and of 0.97
(90-percent sensitivity, 94-percent
specificity), respectively.

Quality fundus photos key

The study found the quality of fun-
dus photography can be a key factor in
building predictive DL models. “The
study told us that the performance of
DL algorithms improves as the quality
of the color fundus photographs im-
proves,” says Dr. Willis.

“The idea here is that our proof-of-
concept study showed that DL is able
to quantify three-dimensional fea-

tures (i.e., OCT measure of macular
thickening [MT]) from a two-dimen-
sional color fundus photograph,” he
says. That 3-D quantification of MT
can provide clues about the severity
of DME.

Potential for smaller datasets

The study also showed the prom-
ise of using a relatively small dataset
to construct DL models, as it used
18,000 fundus photographs and asso-
ciated OCT measurements from the
RIDE and RISE trials. “The bene-
fit of using RIDE/RISE clinical trial
data is that it's likely more standard-
ized and perhaps of better quality
than data taken in the real-world set-
ting,” Dr. Willis says. “Our study also
showed that a smaller dataset could
be used to train DL algorithms if one
takes a transfer-learning cascade ap-
proach”—that s, using learnings from
other datasets before training the data
on the final, smaller dataset.

The next step for the research team is
to further train the model and validate
it in real-world practice, Dr. Willis says.

REFERENCE

1. Arcadu F, Benmansour F, Maunz A, et al. Deep learning
predicts OCT measures of diabetic macular thickening
from color fundus photographs. Invest Ophthalmol Vis Sci.
2019;60:852-857

degeneration. The TENAYA and LUCERNE trials were initiated at the

beginning of March.

Apellis Pharmaceuticals resumed enrollment in two Phase Ill trials,

DERBY and QAKS, of intravitreal APL-2 for geographic atrophy. The
company voluntarily paused enrollment last year because of reports of
ocular inflammation in patients dosed with one manufactured batch.

Enrollment should be completed by the end of the first quarter of 2020.

Faricimab (Roche/Genentech) bispecific antibody is the subject of
two large global Phase lIl clinical trials in wet age-related macular

Ocular Therapeutix dosed the first patient in a Phase | trial of OTX-TKI
(tyrosine kinase inhibitor implant) for wet age-related macular degener-
ation at the Sydney Retina Clinic Australia.

The Food and Drug Administration granted orphan drug designation for

0CU400 (Ocugen), a novel gene therapy for the treatment of NR2E3
mutation-associated retinal degenerative disease.
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OUTPERFORM CONVENTIONAL.

Conventional Slit Fundus Module 300
Lamp Imagery Slit Lamp Attachment
.

THE FUNDUS MODULE 300 SLIT LAMP ATTACHMENT:
Make superior fundus imagery part of the regular slit lamp exam.

Conventional slit lamp imagery requires that you have a separate fundus camera
to capture the range and depth of non-mydriatic retina imaging. But not only are
you physically storing a separate piece of equipment, you're also using a separate
Specially priced (¥ technician, or room, and have to navigate patients back and forth from slit lamp
at $8,995 to fundus camera. The Fundus Module 300 is a single slit lamp attachment that
' delivers efficient retinal imagery in one place, and even surpasses the image quality

of most separate fundus screening cameras.

Are you ready to outperform conventional? Learn more about how Haag-Streit is
driven to excellence. Visit HSDriven.com/fundus.

The Fundus Module 300.
Just $8,995 now through March 31, 2019.

800.787.5426 l,l UéﬁG-STREIT

© 2019 Haag-Streit USA. All Rights Reserved.




INDICATION'

HUMIRA is indicated for the treatment of non-infectious intermediate,
posterior, and panuveitis in adults and pediatric patients 2 years of age
and older.

IMPORTANT SAFETY INFORMATION!

SERIOUS INFECTIONS

Patients treated with HUMIRA are at increased risk for developing
serious infections that may lead to hospitalization or death. Most
patients who developed these infections were taking concomitant
immunosuppressants such as methotrexate or corticosteroids.

Discontinue HUMIRA if a patient develops a serious infection or sepsis.

Reported infections include:

e Active tuberculosis (TB), including reactivation of latent TB.
Patients with TB have frequently presented with disseminated
or extrapulmonary disease. Test patients for latent TB before
HUMIRA use and during therapy. Initiate treatment for latent TB
prior to HUMIRA use.

¢ Invasive fungal infections, including histoplasmosis,
coccidioidomycosis, candidiasis, aspergillosis, blastomycosis,
and pneumocystosis. Patients with histoplasmosis or other
invasive fungal infections may present with disseminated,
rather than localized, disease. Antigen and antibody testing for
histoplasmosis may be negative in some patients with active
infection. Consider empiric anti-fungal therapy in patients at risk
for invasive fungal infections who develop severe systemic illness.

¢ Bacterial, viral, and other infections due to opportunistic
pathogens, including Legionella and Listeria.

Carefully consider the risks and benefits of treatment with HUMIRA prior
to initiating therapy in patients: 1. with chronic or recurrent infection,
2. who have been exposed to TB, 3. with a history of opportunistic
infection, 4. who resided in or traveled in regions where mycoses are
endemic, 5. with underlying conditions that may predispose them to
infection. Monitor patients closely for the development of signs and
symptoms of infection during and after treatment with HUMIRA, including
the possible development of TB in patients who tested negative for latent
TB infection prior to initiating therapy.

¢ Do not start HUMIRA during an active infection, including localized infections.

e Patients older than 65 years, patients with co-morbid conditions, and/
or patients taking concomitant immunosuppressants may be at greater
risk of infection.

e |f an infection develops, monitor carefully and initiate appropriate therapy.

e Drug interactions with biologic products: A higher rate of serious infections has
been observed in RA patients treated with rituximab who received subsequent
treatment with a TNF blocker. An increased risk of serious infections has been
seen with the combination of TNF blockers with anakinra or abatacept, with no
demonstrated added benefit in patients with RA. Concomitant administration of
HUMIRA with other biologic DMARDS (e.g., anakinra or abatacept) or other TNF
blockers is not recommended based on the possible increased risk for infections
and other potential pharmacological interactions.

MALIGNANCY

Lymphoma and other malignancies, some fatal, have been reported

in children and adolescent patients treated with TNF blockers,

including HUMIRA. Postmarketing cases of hepatosplenic T-cell

lymphoma (HSTCL), a rare type of T-cell ymphoma, have been

reported in patients treated with TNF blockers, including HUMIRA.

These cases have had a very aggressive disease course and

have been fatal. The majority of reported TNF blocker cases have

occurred in patients with Crohn’s disease or ulcerative colitis and

the majority were in adolescent and young adult males. Almost

all of these patients had received treatment with azathioprine or

6-mercaptopurine concomitantly with a TNF blocker at or prior to

diagnosis. It is uncertain whether the occurrence of HSTCL is related

to use of a TNF blocker or a TNF blocker in combination with these

other immunosuppressants.

e Consider the risks and benefits of HUMIRA treatment prior to initiating or
continuing therapy in a patient with known malignancy.

e |n clinical trials, more cases of malignancies were observed among
HUMIRA-treated patients compared to control patients.

¢ Non-melanoma skin cancer (NMSC) was reported during clinical trials for
HUMIRA-treated patients. Examine all patients, particularly those with a
history of prolonged immunosuppressant or PUVA therapy, for the presence
of NMSC prior to and during treatment with HUMIRA.
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e |n HUMIRA clinical trials, there was an approximate 3-fold higher rate of
lymphoma than expected in the general U.S. population. Patients with chronic
inflammatory diseases, particularly those with highly active disease and/or
chronic exposure to immunosuppressant therapies, may be at higher risk of
lymphoma than the general population, even in the absence of TNF blockers.

e Postmarketing cases of acute and chronic leukemia were reported with
TNF blocker use. Approximately half of the postmarketing cases of
malignancies in children, adolescents, and young adults receiving TNF
blockers were lymphomas; other cases included rare malignancies
associated with immunosuppression and malignancies not usually
observed in children and adolescents.

HYPERSENSITIVITY

¢ Anaphylaxis and angioneurotic edema have been reported following
HUMIRA administration. If a serious allergic reaction occurs, stop
HUMIRA and institute appropriate therapy.

HEPATITIS B VIRUS REACTIVATION

e Use of TNF blockers, including HUMIRA, may increase the risk of
reactivation of hepatitis B virus (HBV) in patients who are chronic carriers.
Some cases have been fatal.

e Fvaluate patients at risk for HBV infection for prior evidence of HBV
infection before initiating TNF blocker therapy.

e Exercise caution in patients who are carriers of HBV and monitor them
during and after HUMIRA treatment.

e Discontinue HUMIRA and begin antiviral therapy in patients who develop HBV
reactivation. Exercise caution when resuming HUMIRA after HBV treatment.

NEUROLOGIC REACTIONS

e TNF blockers, including HUMIRA, have been associated with rare cases
of new onset or exacerbation of central nervous system and peripheral
demyelinating diseases, including multiple sclerosis, optic neuritis, and
Guillain-Barré syndrome.

e Exercise caution when considering HUMIRA for patients with these
disorders; discontinuation of HUMIRA should be considered if any of
these disorders develop.

e There is a known association between intermediate uveitis and central
demyelinating disorders.

HEMATOLOGIC REACTIONS

e Rare reports of pancytopenia, including aplastic anemia, have been
reported with TNF blockers. Medically significant cytopenia has been
infrequently reported with HUMIRA.

e Consider stopping HUMIRA if significant hematologic abnormalities occur.

CONGESTIVE HEART FAILURE

e \Worsening and new onset congestive heart failure (CHF) has been
reported with TNF blockers. Cases of worsening CHF have been observed
with HUMIRA; exercise caution and monitor carefully.

AUTOIMMUNITY

e Treatment with HUMIRA may result in the formation of autoantibodies
and, rarely, in development of a lupus-like syndrome. Discontinue
treatment if symptoms of a lupus-like syndrome develop.

IMMUNIZATIONS

e Patients on HUMIRA should not receive live vaccines.

e Pediatric patients, if possible, should be brought up to date with all
immunizations before initiating HUMIRA therapy.

e Adalimumab is actively transferred across the placenta during the third
trimester of pregnancy and may affect immune response in the in utero
exposed infant. The safety of administering live or live-attenuated vaccines in
infants exposed to HUMIRA in utero is unknown. Risks and benefits should be
considered prior to vaccinating (live or live-attenuated) exposed infants.

ADVERSE REACTIONS

¢ The most common adverse reactions in HUMIRA clinical trials (>10%)
were: infections (e.g., upper respiratory, sinusitis), injection site reactions,
headache, and rash.

References: 1. HUMIRA Injection [package insert]. North Chicago, IL:
AbbVie Inc. 2. Ramanan AV, Dick AD, Benton D, et al. STUDY PROTOCOL:
A randomised controlled trial of the clinical effectiveness, safety and
cost-effectiveness of adalimumab in combination with methotrexate for the
treatment of juvenile idiopathic arthritis associated uveitis (SYCAMORE Trial).
Trials. 2014;15(14),1-13.
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—Treatment failure was a composite measure defined by worsening or sustained non-improvement in ocular inflammation,
and/or worsening of ocular co-morbidities (reduction in vision, raised IOP, hypotony, disc swelling, or CME)?

THUMIRA is not indicated for anterior uveitis.

CME=cystoid macular edema; I0P=intraocular pressure; JIA=juvenile idiopathic arthritis. a d a | | m u m a b
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WARNING: SERIOUS INFECTIONS AND MALIGNANCY
SERIOUS INFECTIONS
Patients treated with HUMIRA are at increased risk for developing
serious infections that may lead to hospitalization or death [see
Warnings and Precautions]. Most patients who developed these
infections were taking concomitant immunosuppressants such as
methotrexate or corticosteroids.
Discontinue HUMIRA if a patient develops a serious infection or
sepsis.
Reported infections include:
o Active tuberculosis (TB), including reactivation of latent TB.
Patients with TB have frequently presented with disseminated
or extrapulmonary disease. Test patients for latent TB before
HUMIRA use and during therapy. Initiate treatment for latent TB
prior to HUMIRA use.
Invasive fungal infections, including histoplasmosis,
coccidioidomycosis, candidiasis, aspergillosis, blastomycosis,
and pneumocystosis. Patients with histoplasmosis or other
invasive fungal infections may present with disseminated,
rather than localized, disease. Antigen and antibody testing for
histoplasmosis may be negative in some patients with active
infection. Consider empiric anti-fungal therapy in patients at
risk for invasive fungal infections who develop severe systemic
illness.
Bacterial, viral and other infections due to opportunistic
pathogens, including Legionella and Listeria.
Carefully consider the risks and benefits of treatment with HUMIRA
prior to initiating therapy in patients with chronic or recurrent
infection.
Monitor patients closely for the development of signs and symptoms
of infection during and after treatment with HUMIRA, including the
possible development of TB in patients who tested negative for
latent TB infection prior to initiating therapy [see Warnings and
Precautions and Adverse Reactions].
MALIGNANCY
Lymphoma and other malignancies, some fatal, have been reported
in children and adolescent patients treated with TNF blockers
including HUMIRA [see Warnings and Precautions]. Post-marketing
cases of hepatosplenic T-cell lymphoma (HSTCL), a rare type of
T-cell lymphoma, have been reported in patients treated with
TNF blockers including HUMIRA. These cases have had a very
aggressive disease course and have been fatal. The majority of
reported TNF blocker cases have occurred in patients with Crohn’s
disease or ulcerative colitis and the majority were in adolescent and
young adult males. Almost all these patients had received treatment
with azathioprine or 6-mercaptopurine (6-MP) concomitantly with
a TNF blocker at or prior to diagnosis. It is uncertain whether the
occurrence of HSTCL is related to use of a TNF blocker or a
TNF blocker in combination with these other immunosuppressants
[see Warnings and Precautions].

INDICATIONS AND USAGE

Rheumatoid Arthritis

HUMIRA is indicated for reducing signs and symptoms, inducing major
clinical response, inhibiting the progression of structural damage, and
improving physical function in adult patients with moderately to severely
active rheumatoid arthritis. HUMIRA can be used alone or in combination
with methotrexate or other non-biologic disease-modifying anti-rheumatic
drugs (DMARDs).

Juvenile Idiopathic Arthritis

HUMIRA is indicated for reducing signs and symptoms of moderately to
severely active polyarticular juvenile idiopathic arthritis in patients

2 years of age and older. HUMIRA can be used alone or in combination with
methotrexate.

Psoriatic Arthritis

HUMIRA is indicated for reducing signs and symptoms, inhibiting the
progression of structural damage, and improving physical function in adult
patients with active psoriatic arthritis. HUMIRA can be used alone or in
combination with non-biologic DMARDs.

Ankylosing Spondylitis

HUMIRA is indicated for reducing signs and symptoms in adult patients with
active ankylosing spondylitis.

Adult Crohn’s Disease

HUMIRA is indicated for reducing signs and symptoms and inducing

and maintaining clinical remission in adult patients with moderately to
severely active Crohn’s disease who have had an inadequate response to
conventional therapy. HUMIRA is indicated for reducing signs and symptoms
and inducing clinical remission in these patients if they have also lost
response to or are intolerant to infliximab.

Pediatric Crohn’s Disease

HUMIRA is indicated for reducing signs and symptoms and inducing and
maintaining clinical remission in pediatric patients 6 years of age and
older with moderately to severely active Crohn’s disease who have had
an inadequate response to corticosteroids or immunomodulators such as
azathioprine, 6-mercaptopurine, or methotrexate.

Ulcerative Colitis

HUMIRA is indicated for inducing and sustaining clinical remission in adult
patients with moderately to severely active ulcerative colitis who have had
an inadequate response to immunosuppressants such as corticosteroids,
azathioprine or 6- ptopurine (6-MP). The of HUMIRA
has not been established in patients who have lost response to or were
intolerant to TNF blockers.

Plaque Psoriasis

HUMIRA is indicated for the treatment of adult patients with moderate to
severe chronic plaque psoriasis who are candidates for systemic therapy
or phototherapy, and when other systemic therapies are medically less
appropriate. HUMIRA should only be administered to patients who will be
closely monitored and have regular follow-up visits with a physician [see
Boxed Warning and Warnings and Precautions].

Hidradenitis Suppurativa

HUMIRA is indicated for the treatment of moderate to severe hidradenitis
suppurativa in patients 12 years of age and older.

Uveitis

HUMIRA i indicated for the treatment of non-infectious intermediate,
posterior, and panuveitis in adults and pediatric patients 2 years of age
and older.

CONTRAINDICATIONS

None.

WARNINGS AND PRECAUTIONS

Serious Infections

Patients treated with HUMIRA are at increased risk for developing serious
infections involving various organ systems and sites that may lead to
hospitalization or death [see Boxed Warning]. Opportunistic infections
due to bacterial, mycobacterial, invasive fungal, viral, parasitic, or
other opportunistic pe |nc|ud|ng perg ,

i I|ster|05|s
pneumocystosis and tubercuI05|s have been reported with TNF blockers.
Patients have frequently p with di rather than localized
disease.

The concomitant use of a TNF blocker and abatacept or anakinra was

associated with a higher risk of serious infections in patients with

rheumatoid arthritis (RA); therefore, the concomitant use of HUMIRA and

these biologic products is not recommended in the treatment of patients

with RA [see Warnings and Precautions and Drug Interactions].

Treatment with HUMIRA should not be initiated in patients with an active

infection, including localized infections. Patients greater than 65 years of

age, patients with co-morbid conditions and/or patlents taking concomitant
essants (such as cor , may be at

greater risk of infection. Consider the risks and benems of treatment prior to

initiating therapy in patients:

with chronic or recurrent infection;

who have been exposed to tuberculosis;

with a history of an opportunistic infection;

who have resided or traveled in areas of endemic tuberculosis or

endemic mycoses, such as histoplasmosis, coccidioidomycosis, or

blastomycosis; or

o with underlying conditions that may predispose them to infection.

Tuberculosis

Cases of reactivation of tuberculosis and new onset

AS, CD, UC, Ps, HS and UV, the most frequently observed malignancies,
other than lymphoma and NMSC, were breast, colon, prostate, lung, and
melanoma. The malignancies in HUMIRA-treated patients in the controlled
and uncontrolled portions of the studies were similar in type and number

to what would be expected in the general U.S. population according to the
SEER database (adjusted for age, gender, and race).

In controlled trials of other TNF blockers in adult patients at higher risk for
malignancies (i.e., patients with COPD with a significant smoking history
and cyclophosphamide-treated patients with Wegener’s granulomatosis), a
greater portion of malignancies occurred in the TNF blocker group compared
to the control group.

Non-Melanoma Skin Cancer

During the controlled portions of 39 global HUMIRA clinical trials in adult
patients with RA, PsA, AS, CD, UC, Ps, HS and UV, the rate (95% confidence
interval) of NMSC was 0.8 (0.52, 1.09) per 100 patient-years among
HUMIRA-treated patients and 0.2 (0.10, 0.59) per 100 patient-years among
control-treated patients. Examine all patients, and in particular patients
with a medical history of prior prolonged immunosuppressant therapy or
psoriasis patients with a history of PUVA treatment for the presence of
NMSC prior to and during treatment with HUMIRA.

Lymphoma and Leukemia

In the controlled portions of clinical trials of all the TNF-blockers in adults,
more cases of lymphoma have been observed among TNF-blocker-treated
patients compared to control-treated patients. In the controlled portions

of 39 global HUMIRA clinical trials in adult patients with RA, PsA, AS, CD,
UC, Ps, HS and UV, 2 lymphomas occurred among 7973 HUMIRA-treated
patients versus 1 among 4848 control-treated patients. In 52 global
controlled and uncontrolled clinical trials of HUMIRA in adult patients with
RA, PsA, AS, CD, UC, Ps, HS and UV with a median duration of approximately
0.7 years, including 24,605 patients and over 40,215 patient-years of
HUMIRA, the observed rate of lymphomas was approximately 0.11 per

100 patient-years. This is approximately 3-fold higher than expected in the
general U.S. population according to the SEER database (adjusted for age,
gender, and race). Rates of lymphoma in clinical trials of HUMIRA cannot

be compared to rates of lymphoma in clinical trials of other TNF blockers
and may not predict the rates observed in a broader patient population.
Patients with RA and other chronic inflammatory diseases, particularly those
with highly active disease and/or chronic exposure to immunosuppressant
therapies, may be at a higher risk (up to several fold) than the general

have been reported in patients receiving HUMIRA, including patients who
have previously received treatment for latent or active tuberculosis. Reports

for the development of lymphoma, even in the absence of
TNF blockers. Post-marketing cases of acute and chronic leukemia
have been reported in association with TNF-blocker use in RA and other

included cases of pulmonary and y(i.e., 1)
tuberculosis. Evaluate patients for tuberculosis nsk factors and test for
latent infection prior to initiating HUMIRA and periodically during therapy.
Treatment of latent tuberculosis infection prior to therapy with TNF blocking
agents has been shown to reduce the risk of tuberculosis reactivation
during therapy. Prior to initiating HUMIRA, assess if treatment for latent
tuberculosis is needed; and consider an induration of > 5 mm a positive
tuberculin skin test result, even for patients previously vaccinated with
Bacille Calmette-Guerin (BCG).

Consider anti-tuberculosis therapy prior to initiation of HUMIRA in patients

. Even in the absence of TNF-blocker therapy, patients with RA
may be at a higher risk (approximately 2-fold) than the general population
for the development of leukemia.

Malignancies in Pediatric Patients and Young Adults

Malignancies, some fatal, have been reported among children, adolescents,
and young adults who received treatment with TNF-blockers (initiation

of therapy < 18 years of age), of which HUMIRA is a member [see Boxed
Warning]. Approximately half the cases were lymphomas, including
Hodgkin’s and non-Hodgkin’s lymphoma. The other cases represented a
variety of different malignancies and included rare malignancies usually

with a past history of latent or active in whom an adequat
course of treatment cannot be confirmed, and for patients with a negative
test for latent tuberculosis but having risk factors for tuberculosis infection.
Despite prophylactic treatment for tuberculosis, cases of reactivated
tuberculosis have occurred in patients treated with HUMIRA. Consultation
with a physician with expertise in the treatment of tuberculosis is

with i ession and that are not usually
observed in children and adolescents. The malignancies occurred after a
median of 30 months of therapy (range 1 to 84 months). Most of the patients
were receiving concomitant immunosuppressants. These cases were
reported post-marketing and are derived from a variety of sources including

recommended to aid in the decision whether initiating anti- ulosi
therapy is appropriate for an individual patient.
Strongly consider tuberculosis in the differential diagnosis in patients who
develop a new infection during HUMIRA treatment, especially in patients
who have previously or recently traveled to countries with a high prevalence
of tuberculosis, or who have had close contact with a person with active
tuberculosis.
Monitoring
Closely monitor patients for the development of signs and symptoms
of infection during and after treatment with HUMIRA, including the
development of tuberculosis in patients who tested negative for latent
tuberculosis infection prior to initiating therapy. Tests for latent tuberculosis
infection may also be falsely negative while on therapy with HUMIRA.
Discontinue HUMIRA if a patient develops a serious infection or sepsis. For
a patient who develops a new infection during treatment with HUMIRA,
closely monitor them, perform a prompt and complete diagnostic workup
appropriate for an immunocompromised patient, and initiate appropriate
antimicrobial therapy.
Invasive Fungal Infections
If patients develop a serious systemic illness and they reside or travel in
regions where mycoses are endemic, consider invasive fungal infection in
the differential diagnosis. Antigen and antibody testing for histoplasmosis
may be negative in some patients with active infection. Consider appropriate
empiric antifungal therapy, taking into account both the risk for severe
fungal infection and the risks of antifungal therapy, while a diagnostic
workup is being performed. To aid in the management of such patients,
consider consultation with a physician with expertise in the diagnosis and
treatment of invasive fungal infections.
Malignancies
Consider the risks and benefits of TNF-blocker treatment including HUMIRA
prior to initiating therapy in patients with a known malignancy other
than a successfully treated non-melanoma skin cancer (NMSC) or when
considering continuing a TNF blocker in patients who develop a malignancy.
Malignancies in Adults
In the controlled portions of clinical trials of some TNF-blockers, including
HUMIRA, more cases of malignancies have been observed among
TNF-blocker-treated adult patients compared to control-treated adult
patients. During the controlled portions of 39 global HUMIRA clinical
trials in adult patients with rheumatoid arthritis (RA), psoriatic arthritis
(PsA), ankylosing spondylitis (AS), Crohn’s disease (CD), ulcerative colitis
(UC) plaque psoriasis (Ps), hidradenitis suppurativa (HS) and uveitis (UV),
other than non. (basal cell and cell)
skin cancer, were observed at a rate (95% confidence interval) of 0.7 (0.48,
1.03) per 100 patient-years among 7973 HUMIRA-treated patients versus a
rate of 0.7 (0.41, 1.17) per 100 patient-years among 4848 control-treated
patients (median duration of treatment of 4 months for HUMIRA-treated
patients and 4 months for control-treated patients). In 52 global controlled
and uncontrolled clinical trials of HUMIRA in adult patients with RA, PsA,

] and reports.
Postmarketing cases of hepatosplenic T-cell lymphoma (HSTCL), a rare
type of T-cell ymphoma, have been reported in patients treated with
TNF blockers including HUMIRA [see Boxed Warning]. These cases have
had a very aggressive disease course and have been fatal. The majority
of reported TNF blocker cases have occurred in patients with Crohn’s
disease or ulcerative colitis and the majority were in adolescent and
young adult males. Almost all of these patients had received treatment
with the immunosuppressants azathioprine or 6-mercaptopurine (6-MP)
concomitantly with a TNF blocker at or prior to diagnosis. It is uncertain
whether the occurrence of HSTCL is related to use of a TNF blocker or a
TNF blocker in combination with these other immunosuppressants. The
potential risk with the combination of azathioprine or 6-mercaptopurine and
HUMIRA should be carefully considered.
Hypersensitivity Reactions
Anaphylaxis and angioneurotic edema have been reported following HUMIRA
administration. If an anaphylactic or other serious allergic reaction occurs,

i discontinue i ion of HUMIRA and institute appropriate
therapy. In clinical trials of HUMIRA in adults, allergic reactions (e.g., allergic
rash, anaphylactoid reaction, fixed drug reaction, non-specified drug
reaction, urticaria) have been observed.

Hepatitis B Virus Reactivation

Use of TNF blockers, including HUMIRA, may increase the risk of reactivation
of hepatitis B virus (HBV) in patients who are chronic carriers of this virus. In
some , HBV jon occurring in conjunction with

TNF blocker therapy has been fatal. The majority of these reports

have occurred in patients concomitantly receiving other medications

that suppress the immune system, which may also contribute to HBV
reactivation. Evaluate patients at risk for HBV infection for prior evidence

of HBV infection before initiating TNF blocker therapy. Exercise caution in
prescribing TNF blockers for patients identified as carriers of HBV. Adequate
data are not available on the safety or efficacy of treating patients who

are carriers of HBV with anti-viral therapy in conjunction with TNF blocker
therapy to prevent HBV reactivation. For patients who are carriers of HBV
and require treatment with TNF blockers, closely monitor such patients for
clinical and laboratory signs of active HBV infection throughout therapy and
for several months following termination of therapy. In patients who develop
HBV reactivation, stop HUMIRA and initiate effective anti-viral therapy with
appropriate supportive treatment. The safety of resuming TNF blocker
therapy after HBV reactivation is controlled is not known. Therefore, exercise
caution when considering resumption of HUMIRA therapy in this situation
and monitor patients closely.

Neurologic Reactions

Use of TNF blocking agents, including HUMIRA, has been associated with
rare cases of new onset or exacerbation of clinical symptoms and/or
radiographic evidence of central nervous system demyelinating disease,
including multiple sclerosis (MS) and optic neuritis, and peripheral
demyelinating disease, including Guillain-Barré syndrome. Exercise

caution in considering the use of HUMIRA in patients with preexisting or
recent-onset central or peripheral nervous system demyelinating disorders;




discontinuation of HUMIRA should be considered if any of these disorders
develop. There is a known association between intermediate uveitis and
central demyelinating disorders.
Hematological Reactions
Rare reports of pancytopenia including aplastic anemia have been
reported with TNF blocking agents. Adverse reactions of the hematologic
system, including medically g, )
leukopenia) have been infrequently reponed with HUMIRA. The causal
relationship of these reports to HUMIRA remains unclear. Advise all patients
to seek immediate medical attention if they develop signs and symptoms
suggestive of blood dyscrasias or infection (e.g., persistent fever, bruising,
bleeding, pallor) while on HUMIRA. Consider discontinuation of HUMIRA
therapy in patients with confirmed significant hematologic abnormalities.
Use with Anakinra
Concurrent use of anakinra (an interleukin-1 antagonist) and another
TNF-blocker, was associated with a greater proportion of serious infections
and neutropenia and no added benefit compared with the TNF-blocker alone
in patients with RA. Therefore, the combination of HUMIRA and anakinra is
not r [see Drug [
Heart Failure
Cases of worsening congestive heart failure (CHF) and new onset CHF have
been reported with TNF blockers. Cases of worsening CHF have also been
observed with HUMIRA. HUMIRA has not been formally studied in patients
with CHF; however, in clinical trials of another TNF blocker, a higher rate of
serious CHF-related adverse reactions was observed. Exercise caution when
using HUMIRA in patients who have heart failure and monitor them carefully.
Autoimmunity
Treatment with HUMIRA may result in the formation of autoantibodies and,
rarely, in the development of a lupus-like syndrome. If a patient develops
symptoms suggestive of a lupus-like syndrome following treatment with
HUMIRA, discontinue treatment [see Adverse Reactions].
Immunizations
In a placebo-controlled clinical trial of patients with RA, no difference was
detected in anti-pneumococcal antibody response between HUMIRA and
placebo treatment groups when the pneumococcal polysaccharide vaccine
and influenza vaccine were administered concurrently with HUMIRA.
Similar proportions of patients developed protective levels of anti-influenza
antibodies between HUMIRA and placebo treatment groups; however,
titers in aggregate to influenza antigens were moderately lower in patients
receiving HUMIRA. The clinical significance of this is unknown. Patients
on HUMIRA may receive concurrent vaccinations, except for live vaccines.
No data are available on the secondary transmission of infection by live
vaccines in patients receiving HUMIRA.
It is recommended that pediatric patients, if possible, be brought up to date
with all immunizations in agreement with current immunization guidelines
prior to initiating HUMIRA therapy. Patients on HUMIRA may receive
concurrent vaccinations, except for live vaccines.
The safety of administering live or live-attenuated vaccines in infants
exposed to HUMIRA in utero is unknown. Risks and benefits should be

ing (live or liv exposed infants [see
Use in Speciﬁc Populations].
Use with Abatacept
In controlled trials, the concurrent administration of TNF-blockers and
abatacept was associated with a greater proportion of serious infections
than the use of a TNF-blocker alone; the combination therapy, compared
to the use of a TNF-blocker alone, has not demonstrated improved clinical
benefit in the treatment of RA. Therefore, the combination of abatacept
with TNF-blockers including HUMIRA is not recommended [see Drug
Interactions].
ADVERSE REACTIONS
The most serious adverse reactions described elsewhere in the labeling
include the following:
 Serious Infections [see Warnings and Precautions]
o Malignancies [see Warnings and Precautions]
Clinical Trials Experience
Because clinical trials are conducted under widely varying conditions,
adverse reaction rates observed in the clinical trials of a drug cannot be
directly compared to rates in the clinical trials of another drug and may not
reflect the rates observed in practice.
The most common adverse reaction with HUMIRA was injection site
reactions. In placebo-controlled trials, 20% of patients treated with HUMIRA
developed injection site reactions (erythema and/or itching, hemorrhage,
pain or swelling), compared to 14% of patients receiving placebo. Most
injection site reactions were described as mild and generally did not
necessitate drug discontinuation.
The proportion of patients who discontinued treatment due to adverse
reactions during the double-blind, placebo-controlled portion of studies
in patients with RA (i.e., Studies RA-I, RA-II, RA-Ill and RA-IV) was 7%
for patients taking HUMIRA and 4% for placebo-treated patients. The
most common adverse ions leading to disconti of HUMIRA
in these RA studies were clinical flare reaction (0.7%), rash (0.3%) and
pneumonia (0.3%).
Infections
In the controlled portions of the 39 global HUMIRA clinical trials in adult
patients with RA, PsA, AS, CD, UC, Ps, HS and UV, the rate of serious
infections was 4.3 per 100 patient-years in 7973 HUMIRA-treated patients
versus a rate of 2.9 per 100 patient-years in 4848 control-treated patients.
Serious infections observed included ia, septic arthritis, p
and post-surgical infections, erysipelas, cellulitis, diverticulitis, and
pyelonephritis [see Warnings and Precautions].
Tuberculosis and Opportunistic Infections
In 52 global controlled and uncontrolled clinical trials in RA, PsA, AS, CD,
UC, Ps, HS and UV that included 24,605 HUMIRA-treated patients, the rate
of reported active tuberculosis was 0.20 per 100 patient-years and the rate
of positive PPD conversion was 0.09 per 100 patient-years. In a subgroup
of 10,113 U.S. and Canadian HUMIRA-treated patients, the rate of reported
active TB was 0.05 per 100 patient-years and the rate of positive PPD
conversion was 0.07 per 100 patient-years. These trials included reports
of miliary, lymphatic, peritoneal, and pulmonary TB. Most of the TB cases
occurred within the first eight months after initiation of therapy and may
reflect recrudescence of latent disease. In these global clinical trials, cases
of serious opportunistic infections have been reported at an overall rate of
0.05 per 100 patient-years. Some cases of serious opportunistic infections
and TB have been fatal [see Warnings and Precautions].

Autoantibodies
In the rheumatoid arthritis controlled trials, 12% of patients treated with
HUMIRA and 7% of placebo-treated patients that had negative baseline ANA
titers developed positive titers at week 24. Two patients out of 3046 treated
with HUMIRA developed clinical signs suggestive of new-onset lupus-like
syndrome. The patients improved following discontinuation of therapy. No
patients developed lupus nephritis or central nervous system symptoms.
The impact of long-term treatment with HUMIRA on the development of
autoimmune diseases is unknown.

Liver Enzyme Elevations

There have been reports of severe hepatic reactions including acute liver
failure in patients receiving TNF-blockers. In controlled Phase 3 trials of
HUMIRA (40 mg SC every other week) in patients with RA, PsA, and AS with
control period duration ranging from 4 to 104 weeks, ALT elevations

> 3 x ULN occurred in 3.5% of HUMIRA-treated patients and 1.5% of
control-treated patients. Since many of these patients in these trials were
also taking medications that cause liver enzyme elevations (e.g., NSAIDS,
MTX), the relationship between HUMIRA and the liver enzyme elevations

is not clear. In a controlled Phase 3 trial of HUMIRA in patients with
polyarticular JIA who were 4 to 17 years, ALT elevations > 3 x ULN occurred
in 4.4% of HUMIRA-treated patients and 1.5% of control-treated patients
(ALT more common than AST); liver enzyme test elevations were more
frequent among those treated with the combination of HUMIRA and MTX
than those treated with HUMIRA alone. In general, these elevations did not
lead to discontinuation of HUMIRA treatment. No ALT elevations > 3 x ULN
occurred in the open-label study of HUMIRA in patients with polyarticular JIA
who were 2 to <4 years.

In controlled Phase 3 trials of HUMIRA (initial doses of 160 mg and 80 mg,
or 80 mg and 40 mg on Days 1 and 15, respectively, followed by 40 mg
every other week) in adult patients with CD with a control period duration
ranging from 4 to 52 weeks, ALT elevations > 3 x ULN occurred in 0.9% of
HUMIRA-treated patients and 0.9% of control-treated patients. In the Phase
3 trial of HUMIRA in pediatric patients with Crohn’s disease which evaluated
efficacy and safety of two body weight based maintenance dose regimens
following body weight based induction therapy up to 52 weeks of treatment,
ALT elevations > 3 x ULN occurred in 2.6% (5/192) of patients, of whom 4
were receiving concomitant immunosuppressants at baseline; none of these
patients discontinued due to abnormalities in ALT tests. In controlled Phase
3 trials of HUMIRA (initial doses of 160 mg and 80 mg on Days 1 and 15
respectively, followed by 40 mg every other week) in patients with UC with
control period duration ranging from 1 to 52 weeks, ALT elevations >3 x ULN
occurred in 1.5% of HUMIRA-treated patients and 1.0% of control-treated
patients. In controlled Phase 3 trials of HUMIRA (initial dose of 80 mg then
40 mg every other week) in patients with Ps with control period duration
ranging from 12 to 24 weeks, ALT elevations > 3 x ULN occurred in 1.8% of
HUMIRA-treated patients and 1.8% of control-treated patients. In controlled
trials of HUMIRA (initial doses of 160 mg at Week 0 and 80 mg at Week 2,
followed by 40 mg every week starting at Week 4), in subjects with HS with
a control period duration ranging from 12 to 16 weeks, ALT elevations

> 3 x ULN occurred in 0.3% of HUMIRA-treated subjects and 0.6% of
control-treated subjects. In controlled trials of HUMIRA (initial doses of

80 mg at Week 0 followed by 40 mg every other week starting at Week 1)
in adult patients with uveitis with an exposure of 165.4 PYs and 119.8 PYs
in HUMIRA-treated and control-treated patients, respectively, ALT elevations
> 3 x ULN occurred in 2.4% of HUMIRA-treated patients and 2.4% of
control-treated patients.

Immunogenicity

Patients in Studies RA-I, RA-II, and RA-IIl were tested at multiple

time points for antibodies to adalimumab during the 6- to 12-month
period. Approximately 5% (58 of 1062) of adult RA patients receiving
HUMIRA developed low-titer antibodies to adalimumab at least once
during treatment, which were neutralizing in vitro. Patients treated

with concomitant methotrexate (MTX) had a lower rate of antibody
development than patients on HUMIRA monotherapy (1% versus 12%).
No apparent correlation of antibody development to adverse reactions
was observed. With monotherapy, patients receiving every other week
dosing may develop antibodies more frequently than those receiving
weekly dosing. In patients receiving the recommended dosage of

40 mg every other week as monotherapy, the ACR 20 response was lower
among antibody-positive patients than among antibody-negative patients.
The long-term i icity of HUMIRA is

In patients with polyarticular JIA who were 4 to 17 years of age,

antibody titers in all subjects, |ndependent of adalimumab concentration).
Using the original assay, the rate of anti antibody
in subjects treated with HUMIRA was 6.5%. Among subjects who stopped
HUMIRA treatment for up to 24 weeks and in whom adalimumab serum
levels subsequently declined to < 2 mcg/mL (approximately 22% of total
subjects studied), the immunogenicity rate was 28%. Using the new
titer-based assay, anti-adalimumab antibody titers were measurable in
61% of HS subjects treated with HUMIRA. Antibodies to adalimumab were
associated with reduced serum adalimumab concentrations. In general,
the extent of reduction in serum adalimumab concentrations is greater with
increasing titers of antil toa No apparent
between antibody development and safety was observed.
In adult patients with non-i uveitis, anti-adali
were identified in 4.8% (12/249) of patients treated with adalimumab.
However, due to the limitation of the assay conditions, antibodies to
adalimumab could be detected only when serum adalimumab levels
were < 2 mcg/mL. Among the patients whose serum adalimumab levels
were < 2 meg/mL (approximately 23% of total patients studied), the
immunogenicity rate was 21.1%. Using an assay which could measure
an anti-adalimumab antibody titer in all patients, titers were measured
in 39.8% (99/249) of non-infectious uveitis adult patients treated with
adalimumab. No correlation of antibody development to safety or efficacy
outcomes was observed.
The data reflect the percentage of patients whose test results were
positive for to or titers, and are highly
dependent on the assay. The observed incidence of antibody (including
neutralizing antibody) positivity in an assay is highly dependent on several
factors including assay sensitivity and specificity, assay methodology,
sample handling, timing of sample collection, concomitant medications,
and underlying disease. For these reasons, comparison of the incidence of
antibodies to adalimumab with the incidence of antibodies to other products
may be misleading.
Other Adverse Reactions
Rheumatoid Arthritis Clinical Studies
The data described below reflect exposure to HUMIRA in 2468 patients,
including 2073 exposed for 6 months, 1497 exposed for greater than one
year and 1380 in adequate and well-controlled studies (Studies RA-I, RA-II,
RA-Ill, and RA-IV). HUMIRA was studied primarily in placebo-controlled
trials and in long-term follow up studies for up to 36 months duration.
The population had a mean age of 54 years, 77% were female, 91% were
Caucasian and had moderately to severely active rheumatoid arthritis. Most
patients received 40 mg HUMIRA every other week.
Table 1 summarizes reactions reported at a rate of at least 5% in patients
treated with HUMIRA 40 mg every other week compared to placebo and with
an incidence higher than placebo. In Study RA-IlI, the types and frequencies
of adverse reactions in the second year open-label extension were similar to
those observed in the one-year double-blind portion.
Table 1. Adverse Reactions Reported by >5% of Patients Treated
with HUMIRA During Placebo-Controlled Period of Pooled RA Studies

(Studies RA-1, RA-II, RA-III, and RA-1V)

antibodies were identified in 16% of HUMIRA-treated patients. In patients
receiving itant MTX; the inci was 6% comp
HUMIRA monotherapy. In patients with polyarticular JIA who were 2 to

<4 years of age or 4 years of age and older weighing <15 kg, adalimumab
antibodies were identified in 7% (1 of 15) of HUMIRA-treated patients, and
the one patient was receiving concomitant MTX.

In patients with AS, the rate of development of antibodies to adali in

HUMIRA-treated patients was comparable to patients with RA.
In patients with PsA, the rate of antibody development in patients receiving
HUMIRA monotherapy was comparable to patients with RA; however, in
patients receiving concomitant MTX the rate was 7% compared to 1% in RA.
In adult patients with CD, the rate of antibody development was 3%.
In pediatric patients with Crohn’s disease, the rate of antibody development
in patients receiving HUMIRA was 3%. However, due to the limitation of the
assay conditions, antibodies to adalimumab could be detected only when
serum adalimumab levels were < 2 mcg/mL. Among the patients whose
serum adalimumab levels were < 2 mcg/mL (approximately 32% of total
patients studied), the immunogenicity rate was 10%.
In patients with moderately to severely active UG, the rate of antibody
development in patients receiving HUMIRA was 5%. However, due to the
limitation of the assay conditions, antibodies to adalimumab could be
detected only when serum adalimumab levels were < 2 mcg/mL. Among the
patients whose serum adalimumab levels were < 2 mcg/mL (approximately
25% of total patients studied), the immunogenicity rate was 20.7%.
In patients with Ps, the rate of antibody development with HUMIRA
monotherapy was 8%. However, due to the limitation of the assay
conditions, antibodies to adalimumab could be detected only when serum
adalimumab levels were < 2 mcg/mL. Among the patients whose serum
adalimumab levels were < 2 mcg/mL (approximately 40% of total patients
studied), the |mmunogen|0|ty rate was 20.7%. In Ps patients who were on
MIRA from the , the
rate of antibodies to- adahmumab after retreatment was similar to the rate
observed prior to withdrawal.
Anti-adalimumab antibodies were measured in clinical trials of subjects
with moderate to severe HS with two assays (an original assay capable of
detecting antibodies when serum adali concentrations declined to
< 2meg/mL and a new assay that is capable of detecting anti-adalimumab

HUMIRA Placebo
40 mg subcutaneous
Every Other Week
(N=705) (N=690)
Adverse Reaction (Preferred Term)
Respiratory
Upper respiratory infection 17% 13%
Sinusitis 1% 9%
Flu syndrome 7% 6%
Gastrointestinal
Nausea 9% 8%
pain % 4%
Laboratory Tests*
Laboratory test abnormal 8% 7%
Hypercholesterolemia 6% 4%
Hyperlipidemia 7% 5%
to 26% with Hemlaturia : 5% 4%
Alkaline phosphatase increased 5% 3%
Other
Headache 12% 8%
Rash 12% 6%
Accidental injury 10% 8%
Injection site reaction ** 8% 1%
Back pain 6% 4%
Urinary tract infection 8% 5%
Hypertension 5% 3%
* Laboratory test abnormalities were reported as adverse reactions in
European trials
** Does not include injection site erythema, itching, hemorrhage, pain
or swelling

Juvenile Idiopathic Arthritis Clinical Studies

In general, the adverse reactions in the HUMIRA-treated patients in the
polyarticular juvenile idiopathic arthritis (JIA) trials (Studies JIA-I and JIA-II)
were similar in frequency and type to those seen in adult patients [see
Warnings and Precautions, Adverse Reactions]. Important findings and
differences from adults are di in the following

In Study JIA-I, HUMIRA was studied in 171 patients who were 4 to 17

years of age, with polyarticular JIA. Severe adverse reactions reported

in the study included penia, str pharyngitis, i
aminotransferases, herpes zoster, myositis, metrorrhagia, and appendicitis.
Serious infections were observed in 4% of patients within approximately

2 years of initiation of treatment with HUMIRA and included cases of herpes
simplex, pneumonia, urinary tract infection, pharyngitis, and herpes zoster.
In Study JIA-1, 45% of patients experienced an infection while receiving
HUMIRA with or without concomitant MTX in the first 16 weeks of treatment.
The types of infections reported in HUMIRA-treated patients were generally
similar to those commonly seen in polyarticular JIA patients who are

not treated with TNF blockers. Upon initiation of treatment, the most
common adverse reactions occurring in this patient population treated with




HUMIRA were injection site pain and injection site reaction (19% and 16%,
respectively). A less commonly reported adverse event in patients receiving
HUMIRA was granuloma annulare which did not lead to discontinuation of
HUMIRA treatment.

In the first 48 weeks of treatment in Study JIA-I, non-serious

Vascular disorders: Systemic vasculitis, deep vein thrombosis
DRUG INTERACTIONS

Methotrexate

HUMIRA has been studied in rheumatoid arthritis (RA) patients taking

reactions were seen in approximately 6% of patients and included primarily
localized allergic hypersensitivity reactions and allergic rash.
In Study JIA-1, 10% of patients treated with HUMIRA who had negative
baseline anti-dsDNA antibodies developed positive titers after 48 weeks of
treatment. No patient developed clinical signs of autoimmunity during the
clinical trial.
Appm)ﬂmately 15% of patients treated with HUMIRA developed mild-

of creatine (CPK) in Study JIA-I.
Elevatlons exceeding 5 times the upper limit of normal were observed in
several patients. CPK levels decreased or returned to normal in all patients.
Most patients were able to continue HUMIRA without interruption.
In Study JIA-Il, HUMIRA was studied in 32 patients who were 2 to <4 years
of age or 4 years of age and older weighing <15 kg with polyarticular JIA.
The safety profile for this patient population was similar to the safety profile
seen in patients 4 to 17 years of age with polyarticular JIA.
In Study JIA-I, 78% of patients experienced an infection while receiving
HUMIRA. These included nasopharyngitis, bronchitis, upper respiratory tract
infection, otitis media, and were mostly mild to moderate in severity. Serious
infections were observed in 9% of patients receiving HUMIRA in the study
and included dental caries, rotavirus gastroenteritis, and varicella.
In Study JIA-I, non-serious allergic reactions were observed in 6% of
patients and included intermittent urticaria and rash, which were all mild
in severity.

Psoriatic Arthritis and Ankylosing Spondylitis Clinical Studies

HUMIRA has been studied in 395 patients with psoriatic arthritis (PsA) in two
placebo-controlled trials and in an open label study and in 393 patients with
ankylosing spondylitis (AS) in two placebo-controlled studies. The safety
profile for patients with PsA and AS treated with HUMIRA 40 mg every other
week was similar to the safety profile seen in patients with RA, HUMIRA
Studies RA-I through IV.

Adult Crohn’s Disease Clinical Studies

HUMIRA has been studied in 1478 adult patients with Crohn’s disease (CD)
in four placebo-controlled and two open-label extension studies. The safety
profile for adult patients with CD treated with HUMIRA was similar to the
safety profile seen in patients with RA.

Pediatric Crohn’s Disease Clinical Studies

HUMIRA has been studied in 192 pediatric patients with Crohn’s disease in
one double-blind study (Study PCD-I) and one open-label extension study.
The safety profile for pediatric patients with Crohn’s disease treated with
HUMIRA was similar to the safety profile seen in adult patients with Crohn’s
disease.

During the 4-week open label induction phase of Study PCD-1, the most
common adverse reactions occurring in the pediatric population treated
with HUMIRA were injection site pain and injection site reaction (6% and
5%, respectively).

Atotal of 67% of children experienced an infection while receiving HUMIRA
in Study PCD-I. These included upper respiratory tract infection and
nasopharyngitis.

Atotal of 5% of children experienced a serious infection while receiving
HUMIRA in Study PCD-I. These included viral infection, device related sepsis
(catheter), gastroenteritis, HIN1 influenza, and disseminated histoplasmosis.
In Study PCD-I, allergic reactions were observed in 5% of children which
were all non-serious and were primarily localized reactions.

Ulcerative Colitis Clinical Studies

HUMIRA has been studied in 1010 patients with ulcerative colitis (UC) in two
placebo-controlled studies and one open-label extension study. The safety
profile for patients with UC treated with HUMIRA was similar to the safety
profile seen in patients with RA.

Plaque Psoriasis Clinical Studies

HUMIRA has been studied in 1696 subjects with plaque psoriasis (Ps) in
placebo-controlled and open-label extension studies. The safety profile for
subjects with Ps treated with HUMIRA was similar to the safety profile seen
in subjects with RA with the following exceptions. In the placebo-controlled
portions of the clinical trials in Ps subjects, HUMIRA-treated subjects had a
higher incidence of arthralgia when compared to controls (3% vs. 1%).
Hidradenitis Suppurativa Clinical Studies

HUMIRA has been studied in 727 subjects with hidradenitis suppurativa (HS)
in three placebo-controlled studies and one open-label extension study.
The safety profile for subjects with HS treated with HUMIRA weekly was
consistent with the known safety profile of HUMIRA.

(MTX). Although MTX reduced the apparent
adalimumab clearance, the data do not suggest the need for dose
adjustment of either HUMIRA or MTX.

Biological Products

In clinical studies in patients with RA, an increased risk of serious infections
has been seen with the combination of TNF blockers with anakinra or

Animal Data
In an embryo-fetal perinatal development study, pregnant cynomolgus
eceived from days 20 to 97 at doses

that produced exposures up to 373 times that achieved with the MRHD
without methotrexate (on an AUC basis with maternal IV doses up to
100 mg/kg/week). Adalimumab did not elicit harm to the fetuses or
malformations.

Lactation

Risk Summary
Limited data from case reports in the published literature describe the
in human milk at infant doses of 0.1% to 1% of the

abatacept, with no added benefit; therefore, use of HUMIRA with
or anakinra is not recommended in patients with RA [see Warnings and
Precautions]. A higher rate of serious infections has also been observed

in patients with RA treated with rituximab who received subsequent
treatment with a TNF blocker. There is insufficient information regarding the
concomitant use of HUMIRA and other biologic products for the treatment of
RA, PsA, AS, CD, UC, Ps, HS and UV. Concomitant administration of HUMIRA
with other biologic DMARDS (e.g., anakinra and abatacept) or other

TNF blockers is not recommended based upon the possible increased risk
for infections and other potential pharmacological interactions.

Live Vaccines

Avoid the use of live vaccines with HUMIRA [see Warnings and Precautions].
Cytochrome P450 Substrates

The formation of CYP450 enzymes may be suppressed by increased levels
of cytokines (e.g., TNFo, IL-6) during chronic inflammation. It is possible
for a molecule that antagonizes cytokine activity, such as adalimumab,

to influence the formation of CYP450 enzymes. Upon initiation or
discontinuation of HUMIRA in patients being treated with CYP450 substrates
with a narrow therapeutic index, monitoring of the effect (e.g., warfarin) or
drug concentration (e.g., cyclosporine or theophylline) is recommended and
the individual dose of the drug product may be adjusted as needed.

USE IN SPECIFIC POPULATIONS

Pregnancy

Risk Summary
Available studies with use of adalimumab during pregnancy do not reliably
establish an association between adalimumab and major birth defects.
Clinical data are available from the Organization of Teratology Information
Specialists (0TIS)/MotherToBaby HUMIRA Pregnancy Registry in pregnant
women with rheumatoid arthritis (RA) or Crohn’s disease (CD). Registry
results showed a rate of 10% for major birth defects with first trimester
use of adalimumab in pregnant women with RA or CD and a rate of 7.5%
for major birth defects in the disease-matched comparison cohort. The
lack of pattern of major birth defects is reassuring and differences between
exposure groups may have impacted the occurrence of birth defects (see
Data).
Adalimumab is actively transferred across the placenta during the third
trimester of pregnancy and may affect immune response in the in-utero
exposed infant (see Clinical Considerations). In an embryo-fetal perinatal

study in monkeys, no fetal harm
or malformations were observed with intravenous administration of

during and later in gestation, at doses
that produced exposures up to approximately 373 times the maximum
recommended human dose (MRHD) of 40 mg subcutaneous without
methotrexate (see Data).
The estimated background risk of major birth defects and miscarriage for
the indicated populations is unknown. All pregnancies have a background
risk of birth defect, loss, or other adverse outcomes. In the U.S. general
population, the estimated background risk of major birth defects and
miscarriage in clinically recognized pregnancies is 2-4% and 15-20%,
respectively.
Clinical Considerations
Disease-associated maternal and embryo/fetal risk
Published data suggest that the risk of adverse pregnancy outcomes in
women with RA or inflammatory bowel disease (IBD) is associated with
increased disease activity. Adverse pregnancy outcomes include preterm
delivery (before 37 weeks of gestation), low birth weight (less than 2500 g)
infants, and small for gestational age at birth.
Fetal/Neonatal Adverse Reactions
Monoclonal antibodies are increasingly transported across the placenta
as pregnancy progresses, with the largest amount transferred during the
third trimester (see Data). Risks and benefits should be considered prior to
administering live or live-attenuated vaccines to infants exposed to HUMIRA
in utero [see Use in Specific Populations].
Data
Human Data

Flare of HS, defined as >25% increase from baseline in and
inflammatory nodule counts and with a minimum of 2 additional lesions,
was documented in 22 (22%) of the 100 subjects who were withdrawn from
HUMIRA treatment following the primary efficacy timepoint in two studies.
Uveitis Clinical Studies
HUMIRA has been studied in 464 adult patients with uveitis (UV) in placebo-
controlled and open-label extension studies and in 90 pediatric patients with
uveitis (Study PUV-I). The safety profile for patients with UV treated with
HUMIRA was similar to the safety profile seen in patients with RA.
Postmarketing Experience
The following adverse reactions have been identified during post-approval
use of HUMIRA. Because these reactions are reported voluntarily from a
population of uncertain size, it is not always possible to reliably estimate
their frequency or establish a causal relationship to HUMIRA exposure.
Gastrointestinal disorders: Diverticulitis, large bowel perforations including
perforations associated with diverticulitis and appendiceal perforations
associated with appendicitis, pancreatitis
General disorders and administration site conditions: Pyrexia
Hepato-biliary disorders: Liver failure, hepatitis
Immune system disorders: Sarcoidosis

benign, mali and cysts and polyps):
Merkel Cell Carci ine of the skin)
Nervous system disorders: Demyelinating disorders (e.g., optic neuritis,
Guillain-Barré syndrome), cerebrovascular accident
Respiratory disorders: Interstitial lung disease, including pulmonary fibrosis,
pulmonary embolism
Skin reactions: Stevens Johnson Syndrome, cutaneous vasculitis, erythema
multiforme, new or worsening psoriasis (all sub-types including pustular and
palmoplantar), alopecia, lichenoid skin reaction

ive cohort p Y exposure registry conducted by
OTIS/MotherToBaby in the U.S. and Canada between 2004 and 2016
compared the risk of major birth defects in live-born infants of 221 women
(69 RA, 152 CD) treated with adalimumab during the first trimester and
106 women (74 RA, 32 CD) not treated with adalimumab.
The proportion of major birth defects among live-born infants in the
adalimumab-treated and untreated cohorts was 10% (8.7% RA, 10.5%
CD) and 7.5% (6.8% RA, 9.4% CD), respectively. The lack of pattern of
major birth defects is reassuring and differences between exposure groups
may have impacted the occurrence of birth defects. This study cannot
reliably establish whether there is an association between adalimumab and
major birth defects because of methodological limitations of the registry,
including small sample size, the voluntary nature of the study, and the
non-randomized design.
In an independent clinical study conducted in ten pregnant women with
IBD treated with HUMIRA, were in
maternal serum as well as in cord blood (n=10) and infant serum (n=8) on
the day of birth. The last dose of HUMIRA was given between 1 and 56 days
prior to delivery. Adalimumab concentrations were 0.16-19.7 pg/mL in cord
blood, 4.28-17.7 pg/mL in infant serum, and 0-16.1 pg/mL in maternal
serum. In all but one case, the cord blood level of adalimumab was higher
than the maternal serum level, suggesting adalimumab actively crosses the
placenta. In addition, one infant had serum levels at each of the following:
6 weeks (1.94 pg/mL), 7 weeks (1.31 pg/mL), 8 weeks (0.93 pg/mL), and
11 weeks (0.53 pg/mL), suggesting adalimumab can be detected in the
serum of infants exposed in utero for at least 3 months from birth.

maternal serum level. Published data suggest that the systemic exposure

to a breastfed infant is expected to be low because adalimumab is a large

molecule and is degraded in the gastrointestinal tract. However, the effects

of local exposure in the gastrointestinal tract are unknown. There are

no reports of adverse effects of adalimumab on the breastfed infant and

no effects on milk production. The developmental and health benefits of

breastfeeding should be considered along with the mother’s clinical need

for HUMIRA and any potential adverse effects on the breastfed child from

HUMIRA or from the underlying maternal condition.

Pediatric Use

Safety and efficacy of HUMIRA in pediatric patients for uses other than

polyarticular juvenile idiopathic arthritis (JIA), pediatric Crohn’s disease and

pediatric uveitis have not been established. Due to its inhibition of TNFo,

HUMIRA administered during pregnancy could affect immune response

in the in utero-exposed newborn and infant. Data from eight infants

exposed to HUMIRA in utero suggest adalimumab crosses the placenta

[see Use in Specific Populations)]. The clinical significance of elevated

adalimumab levels in infants is unknown. The safety of administering

live or live-attenuated vaccines in exposed infants is unknown. Risks and

benefits should be considered prior to vaccinating (live or live-attenuated)

exposed infants.

Post-marketing cases of lymphoma, including hepatosplenic T-cell

lymphoma and other malignancies, some fatal, have been reported among

children, adolescents, and young adults who received treatment with

TNF-blockers including HUMIRA [see Boxed Warning and Warnings and

Precautions].

Juvenile Idiopathic Arthritis

In Study JIA-1, HUMIRA was shown to reduce signs and symptoms of active

polyarticular JIA in patients 4 to 17 years of age. In Study JIA-II, the safety

profile for patients 2 to <4 years of age was similar to the safety profile for

patients 4 to 17 years of age with polyarticular JIA [see Adverse Reactions].

HUMIRA has not been studied in patients with polyarticular JIA less than

2 years of age or in patients with a weight below 10 kg.

The safety of HUMIRA in patients in the polyarticular JIA trials was generally

similar to that observed in adults with certain exceptions [see Adverse

Reactions].

Pediatric Crohn’s Disease

The safety and effectiveness of HUMIRA for reducing signs and

symptoms and inducing and maintaining clinical remission have been

established in pediatric patients 6 years of age and older with moderately

to severely active Crohn’s disease who have had an inadequate

response to corticosteroids or immunomodulators such as azathioprine,

6-mercaptopurine, or methotrexate. Use of HUMIRA in this age group is

supported by evidence from adequate and well-controlled studies of HUMIRA

in adults with additional data from a randomized, double-blind,

52-week clinical study of two dose levels of HUMIRA in 192 pediatric

patients (6 to 17 years of age) with moderately to severely active Crohn’s

disease. The safety and effectiveness of HUMIRA has not been established

in pediatric patients with Crohn’s disease less than 6 years of age.

Pediatric Uveitis

The safety and effectiveness of HUMIRA for the treatment of non-infectious

uveitis have been established in pediatric patients 2 years of age and older.

The use of HUMIRA is supported by evidence from adequate and

well-controlled studies of HUMIRA in adults and a 2:1 randomized, controlled

clinical study in 90 pediatric patients. The safety and effectiveness of

HUMIRA has not been established in pediatric patients with uveitis less than

2 years of age.

Hidradenitis Suppurativa

Use of HUMIRA in pediatric patients 12 years of age and older for HS

is supported by evidence from adequate and well-controlled studies

of HUMIRA in adult HS patients. Additional population pharmacokinetic

modeling and simulation predicted that weight-based dosing of HUMIRA in

pediatric patients 12 years of age and older can provide generally similar

exposure to adult HS patients. The course of HS is sufficiently similar in

adult and adolescent patients to allow extrapolation of data from adult to
patients. The dose in pediatric patients 12 years

of age or older is based on body weight.

The use of HUMIRA has not been established in patients less than 12 years

of age with HS.

Geriatric Use

Atotal of 519 RA patients 65 years of age and older, including 107 patients

75 years of age and older, received HUMIRA in clinical studies RA-I through

IV. No overall difference in effectiveness was observed between these

patients and younger patients. The frequency of serious infection and

malignancy among HUMIRA treated patients over 65 years of age was

higher than for those under 65 years of age. Because there is a higher

incidence of infections and malignancies in the elderly population, use

caution when treating the elderly.

OVERDOSAGE

Doses up to 10 mg/kg have been administered to patients in clinical trials

without evidence of dose-limiting toxicities. In case of overdosage, it is

recommended that the patient be monitored for any signs or symptoms

of adverse reactions or effects and appropriate symptomatic treatment

instituted immediately.

NONCLINICAL TOXICOLOGY

Carcinogenesis, Mutagenesis, Impairment of Fertility

Long-term animal studies of HUMIRA have not been conducted to evaluate

the carcinogenic potential or its effect on fertility.

PATIENT COUNSELING INFORMATION

Patient Counseling

Provide the HUMIRA “Medication Guide” to patients or their caregivers, and

provide them an opportunity to read it and ask questions prior to initiation

of therapy and prior to each time the prescription is renewed. If patients

develop signs and symptoms of infection, instruct them to seek medical

evaluation immediately.




Advise patients of the potential benefits and risks of HUMIRA.

Infections

Inform patients that HUMIRA may lower the ability of their immune
system to fight infections. Instruct patients of the importance of
contacting their doctor if they develop any symptoms of infection,
including tuberculosis, invasive fungal infections, and reactivation of
hepatitis B virus infections.

Malignancies

Counsel patients about the risk of malignancies while receiving HUMIRA.
Allergic Reactions

Advise patients to seek immediate medical attention if they experience
any symptoms of severe allergic reactions. Advise latex-sensitive patients
that the needle cap of the HUMIRA 40 mg/0.8 mL Pen and 40 mg/0.8 mL,
20 mg/0.4 mL and 10 mg/0.2 mL prefilled syringe may contain natural
rubber latex.

 Other Medical Conditions
Advise patients to report any signs of new or worsening medical
conditions such as ive heart failure, ical disease,
autoimmune disorders, or cytopenias. Advise patients to report any
ive of a cytopenia such as bruising, bleeding, or

ymp
persistent fever.
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What PIVOT tells us about RRD repair

Trial authors comment on findings about the effectiveness of pneumatic retinopexy vs.
pars plana vitrectomy for rhegmatogenous retinal detachment.
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he management of primary rheg-

matogenous retinal detachment

is at the heart of surgical retina

practice. Yet, retinal detachment
repair remains the subject of significant
controversy, with various eminent sur-
geons strongly advocating one approach
over another.

The management of routine RRD can
vary widely, from pneumatic retinopexy
to combined vitrectomy plus scleral
buckle as the standard of care from one
academic institution to the next. Part
of the reason for the lack of consen-
sus has been the limited evidence base
surrounding retinal detachment repair.
Only a handful of randomized trials have
demonstrated the benefits of one proce-
dure over another for certain morpholo-
gies of RD.

Besides the intrinsic difficulties of per-
forming a randomized controlled trial
for an emergency surgical procedure,
interpretation of the results can be chal-
lenging, because they are really only
applicable to the specific inclusion and
exclusion criteria of the study in ques-
tion. For a randomized trial to be useful,
the results must be generalizable to a sig-
nificant proportion of patients with RD.

Purpose of PIVOT

With this in mind, we designed the
PIVOT study, a randomized controlled
trial that compared pneumatic retinopexy
to pars plana vitrectomy, specifically for
patients with retinal detachments with
one or more breaks in detached reti-
na within one clock hour, in the superi-
or eight clock hours." These inclusion
criteria were intended to replicate the
inclusion criteria of the Pneumatic Ret-
inopexy Trial performed almost 30 years
ago that demonstrated favorable visual
acuity results for pneumatic retinopexy
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PIVOT inclusion
and exclusion criteria
Inclusion criteria
e Single retinal break or group of breaks no
longer than one clock hour (30 degrees) in
detached retina
e All breaks in detached retina to lie above 8
and 4 o’clock meridian
e Breaks or lattice degeneration in attached
retina at any location, even inferior aspect
Exclusion criteria
e Inferior breaks in detached retina
e Significant media opacity (e.g., vitreous
hemorrhage or cataract preventing exam-
ination of retina)
e Proliferative vitreoretinopathy grade B or
worse
Previous retinal detachment (index eye)
Age <18 years
Mental incapacity
Inability to read English
Preexisting ocular diagnosis that would
impact visual outcome
e Physical inability to posture postoperatively

compared to scleral buckle.?

However, to make the results more
generalizable, we included patients with
any number, location and size of breaks
or lattice degeneration in attached reti-
na. We estimate that inclusion of these
features makes the results of the PIVOT
trial applicable to approximately one-
third of RD patients.

Another key aspect of the trial design
was to minimize sources of bias. Specif-
ically, we were careful to perform vit-
rectomies as fast as possible. Because
preumatic retinopexy is an in-office pro-
cedure, we sought to avoid comparing
preumatic retinopexy performed imme-
diately vs. vitrectomy performed a week
later. The protocol required macula-on
cases to be done within 24 hours and
macula-off patients within 72 hours.

It turned out that the mean time to



surgery was eight hours for macula-on
patients and 22 hours for macula-off cas-
es, which we believe exceeded current
standard practice.

Managing cataract formation

Another major issue with any trial in-
volving vitrectomy is the development
of cataract. We went to great lengths to
identify and treat visually significant cata-
racts as soon as they occurred. This led to
65 percent of phakic patients in the vit-
rectomy arm undergoing cataract surgery
during the study. Of course, a minority
of patients with lens opacity opted not to
proceed with cataract surgery—a reality
of everyday surgical retina practice.

In the end, we believe that our en-
deavors to remove clinically significant
cataracts from the vitrectomized pa-
tients likely biased the visual outcomes
in favor of the vitrectomy arm, as evi-
denced by the overall higher cataract
grading scores in the pneumatic reti-
nopexy arm at one year.

Pneumatic retinopexy superior

PIVOT demonstrated superior visual
acuity results for pneumatic retinopexy
compared to pars plana vitrectomy at
every time point, and by 4.9 Early Treat-
ment Diabetic Retinopathy Study let-
ters at one year (p=0.024, Figure). The
proportion of patients who had better
than 70 ETDRS letters (20/40) visual
acuity was 90.3 percent in the pneumatic
retinopexy group vs. 75.3 percent in the
vitrectomy group.

Scores for the 25-item National Eye
Institute Visual Function Questionnaire
were superior for pneumatic retinopexy
compared to vitrectomy at three and six
months, with no significant difference at
one year. There were no significant dif-
ferences in the proportion of patients who
required additional vitrectomy for macular
pucker, macular hole or vitreous debris.
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Figure. Graph shows pneumatic retinopexy was superior to pars plana vitrectomy
in terms of Early Treatment Diabetic Retinopathy Study visual acuity in intention-
to-treat groups at three, six and 12 months of follow-up. (Used with permission
Elsevier Science and Technology Journals. Hillier RJ, Felfeli T, Berger AR, et al.
Ophthalmology. 2018 Nov 22. Epub ahead of print.)

Primary anatomical reattachment rates
were 80.8 percent for pneumatic reti-
nopexy vs. 93.2 percent for vitrectomy
(p<0.045). We anticipated this difference
in reattachment rates. It was important
to see that patients with a failed pneu-
matic retinopexy still had very good visu-
al acuity outcomes following PPV (aver-
age 20/40 visual acuity). In other words a
failed pneumatic retinopexy didn’t jeop-
ardize final visual acuity outcome. Specif-
ically, secondary reattachment rates were
99 percent in both groups.

What was most interesting was that ob-
jectively measured vertical distortion was
significantly less following pneumatic
retinopexy compared to vitrectomy. The
reduced vertical distortion with pneu-
matic retinopexy suggests differences in

the mechanism and quality of the retinal .
reattachment. Disclosures
The authors have no
relevant financial
relationships to disclose.

At the American Society of Retina

(Continued on page 21)
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isually significant deposits on the
surface of intraocular lenses fre-
quently pose a challenge to reti-
na specialists (Figure 1). Calcific
deposits have been noted to develop on
the posterior surface of silicone IOLs
following YAG capsulotomy in eyes with
asteroid hyalosis. Additionally, some hy-
drophilic acrylic lenses have been found
to undergo opacification with deposition
of calcium phosphate crystals with time.
Additional cases of visually significant
pigment deposition on eyes with pigment
dispersion and uveitis as well as deposi-
tion of pseudoexfoliative material in the
visual axis have been reported. While the
cause of IOL opacification is not always
clear, intervention is usually needed to
augment vision.

A minimally invasive option

The approach to such deposits has
ranged from use of an Nd:YAG laser to
IOL exchange and sometimes vitrecto-
my. However, the Nd:YAG laser may be
ineffective and can cause IOL pitting.
A vitreous cutter may be ineffective in
removing the fine granular IOL deposits.
Here, Akshay Thomas, MD, MS, of Ten-
nessee Retina describes a minimally in-
vasive technique using an Alcon Finesse
flex loop (Figure 2A, B).

Preoperative evaluation

Key things to note are whether the
posterior capsule is intact and where the
IOL denosits are located. By the time we
are evaluating a patient for IOL deposits,
a YAG capsulotomy will often have al-
ready been performed.

For this technique, an intact posterior
capsule will need to be opened. While
it’s most common for the deposits to be
on the anterior or posterior surface of
the IOL, some deposits may actually be
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Figure 1. Slit lamp photography without (A) and
with (B) retroillumination shows visually
significant posterior intraocular lens deposits
with an open posterior capsule.

within the substance of the IOL, which
would necessitate an IOL exchange.

Surgical technique
This approach to treating lenticular de-
posits involves the following eight steps:
1. Set up for standard three-port
vitrectomy. Position the wrist rest
lower than normal as most of the
case will require anterior angula-
tion of surgical instruments.
2. If the posterior capsule is still in-
tact, perform a limited anterior
vitrectomy and make a 3-mm cen-

View the Video

Dr. Thomas demonstrates
his surgical technique for
removing posterior lenticular
deposits. Available at:
http://bit.ly/VideoPearl 010
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Figure 2. The Alcon Finesse flex loop

(A) with the nitinol loop magnified (B).
Position the loop (C) perpendicular to the
intraocular lens so that only one edge
(purple portion) is in contact with the
lens.

tral opening with the vitre-
ous cutter.

3. Larger IOL deposits may
be amenable to removal with
vitreous cutter suction.

4.  Insert the flex loop and re-
tract the shaft such that the
entire loop is exposed.

9. Position the loop perpen-
dicular to the posterior IOL
surface such that only half
of the loop is in contact with
the lens (Figure 2C).

6. Next, use the loop to gently
scrub the back of the IOL to
remove the deposits. If the
deposits aren’t coming off
easily, shorten to loop to in-
crease its stiffness and then
repeat.

7. Most deposits are usually
trapped within the serrations
of the loop and may be peri-
odically washed off.

8. If a significant amount of
deposits are released into the
vitreous cavity, a limited vit-
rectomy can be performed.
You may opt to start off with
only one or two ports and
place additional ports only if
a vitrectomy is required. (Fs)

What PIVOT tells us about RRD repair

(Continued from page 19)

Specialists and EURETINA meet-
ings in 2018, we demonstrated that
patients who underwent pneumatic
retinopexy had significantly less dis-
ruption of the interdigitation zone,
ellipsoid zone and the external
limiting membrane on optical co-
herence tomography imaging com-
pared to PPV.34

After carefully interpreting the
results of the trial, we believe the
superiority of pneumatic retinopexy
over vitrectomy is likely multifac-
torial and related to more than the
disparity in cataract formation.

Pneumatic retinopexy benefit

The ability to perform pneumatic
retinopexy swiftly—potentially in
the office, with the need for mini-
mal specialist equipment—and thus
reattach the macula within a couple
of hours, quickly reestablishing the
integrity of the retina-RPE interac-
tion, is likely an advantage.

Furthermore, distortion and op-
tical coherence tomography results
suggest that pneumatic retinopexy
is associated with a superior quality
of retinal reattachment. We believe
that the more natural reabsorption
of the subretinal fluid by the RPE
pump in pneumatic retinopexy like-
ly provides an advantage over the
forced drainage that occurs during
vitrectomy. Multimodal imaging
studies by our group are currently
underway which will provide clari-
ty on these differences in the near
future.

PIVOT has helped fill a gap in our
current knowledge regarding the
differences between pneumatic ret-
inopexy and PPV for routine primary
RRD. The superior visual acuity and
distortion results suggest a definite

advantage for pneumatic retinopexy.

The bottom line

An often-cited drawback of pneu-
matic retinopexy is the lower pri-
mary anatomical reattachment rate.
The difference for patients in this
trial was 12 percent. This yields a
number needed to treat of 8.33. In
other words, proponents of a vitrec-
tomy-first approach on the basis of
reattachment rates would be advo-
cating for approximately eight pa-
tients to undergo vitrectomy surgery
rather than pneumatic retinopexy,
to save one patient from incur-
ring a failed pneumatic retinopexy,
thereby subjecting the remaining
seven patients to potentially avoid-
able cataract surgery and inferior
functional outcomes. This despite
the knowledge that a patient with a
failed pneumatic retinopexy is likely
to achieve a final visual acuity out-
come similar to a patient having un-
dergone vitrectomy from the outset.

As with everything in life, RD out-
comes ought not to be only about the
quantity, but quality. The majority of
our patients value their final visual
outcomes above anything, and that is
what we should strive to optimize. ®
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Focus on Imaging

What OCT-A reveals about
MACULAR PERFUSION

It may provide clues of intraocular pressure-related repetitive stress injuries.

By Alexander Barash, MD, and Richard B. Rosen, MD

Take-home points

» Intravitreal injections induce acute changes in intraocular pressure and affect retinal angiographic perfusion

density.

» A preliminary study of 40 eyes shows that the superficial layers of the macula are three times more affected than

the deep layers.

» These alterations may explain the sudden loss of vision that patients have immediately postinjection, and correlate
with changes in macular perfusion seen in glaucomatous eyes.
» Larger studies are needed to look deeper into the connection between intravitreal injections and glaucoma.

ntravitreal injections have become a

therapeutic mainstay in the treatment

of many retinal conditions, and the

latest data show that the number of
intravitreal injections in the United States
was projected to reach more than 6 mil-
lion in 2016." Each injection acutely and
temporarily increases intraocular pres-
sure, but the long-term effects of these
IOP changes are not known.?

Multiple studies have concluded that
an increased number of injections given
correlates with sustained, long-term, ele-
vations in IOP>" Here, we review our own
research, previously published in the jour-
nal Retina, of how IOP elevations from
IVT injections affect ocular perfusion.®

What the data show

Studies have shown that IOP spikes
to an average of 44 mmHg immediately
after injection, decreases to 35 mmHg
two to three minutes later, and then drifts
back to a baseline of 15 mmHg within 30
minutes.? Some patients in our clinic had
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acute IOP elevations as high as 61 mmHg
with 0.05-mL injections, and up to 71 mm-
Hg with double-dose 0.1-mL injections.

The largest study of 23,776 patients that
received 12 to 25 anti-VEGF injections
showed that 2.6 percent of injected eyes
had a significant IOP increase (>6 mmHg
to <21 mmHg) compared with 1.5 percent
of untreated fellow eyes.* While this study
controlled for a diagnosis of glaucoma, it
did not account for patients that received
treatment in the form of a new glaucoma
medication or glaucoma surgery between
baseline and year one.

Furthermore, this study excluded pa-
tients with an IOP of 22 mmHg or more at
baseline, a subset of patients that may be
more prone to glaucoma. Thus, the study
may have underestimated the effects of
injections on IOP and glaucoma.

MARINA, ANCHOR subanalysis

These data are not new. A subanalysis of
the MARINA and ANCHOR trials found
that intravitreal injections increased the



risk of clinically signif-
icant IOP elevation:
23.6 percent of those
getting ranibizumab
(Lucentis, Roche/Ge-
nentech) had clinical-
ly significant IOP in-
creases, but only 13.6
percent of sham did.”
Additionally, not all
patients respond the
same way. Patients
with preexisting glau-
coma, or with a predis-
position to glaucoma,
are likely at higher risk.
Elizabeth Atchison,
MD, and colleagues
reported that three
times more patients
who had a significant
IOP rise after intrav-
itreal injections had a
preexisting diagnosis
of glaucoma.*
which IVT injections intravitreal injection.
may sustainably in-
crease [OP are:

e damage to the trabecular meshwork'
incites inflammation that alters the
TM;'" and

e blockage of TM outflow due to inject-
ed anti-VEGF agents,'? proteins or
contaminant particles in the solution,
such as silicone oil."

Evidence of long-term IOP effects

Despite multiple studies that suggest
IVT injections lead to sustained IOP eleva-
tions in a subset of patients, a meta-analy-
sis reported mixed data on long-term IOP
elevation.” Studies have shown 4 to 15
percent of patients have sustained IOP
elevation at nine to 24 months, while 6
percent had no long-term change in IOP
at one to 36 months in a review.'*

While the early data on long-term IOP
elevations are mixed, a growing body of

Figure 1. Optical coherence tomography
angiography shows noted differences in
Two mechanisms by macular perfusion before (A) and after (B)

w evidence suggests that
»  pressure spikes with
»  intraocular injections
» can have long-term
~e glaucomatous effects,
_., even in eyes in which
[ injections do not lead
to sustained IOP ele-
vations. Progressive
retinal nerve fiber
layer thinning occurs
in IVT-treated eyes,"
and a higher number
of IVT injections is as-
sociated with the need
for glaucoma surgery.®

-+ How we designed
|5« our study

» Based on the grow-
» ing body of evidence
w  that intravitreal injec-
o« tions can affect ocular
perfusion and increase
the risk of glaucoma-
tous changes, we de-
signed a study to as-
sess the acute changes
in macular and peripapillary perfusion
density and macular thickness following
IVT injections using optical coherence
tomography imaging with and without an-
giography.® Our goal was to describe the
retinal perfusion changes and thickness
alterations associated with acute IOP el-
evations. Data about the pathophysiology
of acute IOP elevations can be further
extrapolated to other causes of acute IOP
elevation, such as intraocular surgery and
in acute angle closure.

We imaged 40 eyes of 39 adults without
media opacities or other ocular changes
that would preclud OCT-A (table, page
26). Eyes received intravitreal injections
of: 0.05 mL bevacizumab (1.25 mg, Avas-
tin, Roche/Genentech, n=32); 0.05 mL
aflibercept (2 mg, Eylea, Regeneron, n=3);
and 0.1 mL bevacizumab (2.50 mg, n=>5) in
(Continued on page 26)
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BRIEF SUMMARY: Please see package insert for full prescribing information.

1. INDICATIONS AND USAGE. YUTIQ™ (fluocinolone acetonide intravitreal
implant) 0.18 mg is indicated for the treatment of chronic non-infectious uveitis
affecting the posterior segment of the eye.

4. CONTRAINDICATIONS. 4.1. Ocular or Periocular Infections. YUTIQ is contra-
indicated in patients with active or suspected ocular or periocular infections includ-
ing most viral disease of the cornea and conjunctiva including active epithelial
herpes simplex keratitis (dendritic keratitis), vaccinia, varicella, mycobacterial infec-
tions and fungal diseases. 4.2. Hypersensitivity. YUTIQ is contraindicated in
patients with known hypersensitivity to any components of this product.

5. WARNINGS AND PRECAUTIONS. 5.1. Intravitreal Injection-related Effects.
Intravitreal injections, including those with YUTIQ, have been associated with
endophthalmitis, eye inflammation, increased or decreased intraocular pressure,
and choroidal or retinal detachments. Hypotony has been observed within 24 hours
of injection and has resolved within 2 weeks. Patients should be monitored follow-
ing the intravitreal injection ésee Patient Counseling Information (17) in the full
prescribing information]. 5.2. Steroid-related Effects. Use of corticosteroids
including YUTIQ may produce posterior subcapsular cataracts, increased intraocu-
lar pressure and glaucoma. Use of corticosteroids may enhance the establishment
of secondary ocular infections due to bacteria, fungi, or viruses. Corticosteroids are
not recommended to be used in patients with a history of ocular herpes simplex
because of the potential for reactivation of the viral infection. 5.3. Risk of Implant
Migration. Patients in whom the posterior capsule of the lens is absent or has a
tear are at risk of implant migration into the anterior chamber.

6. ADVERSE REACTIONS. 6.1. Clinical Studies Experience. Because clinical trials
are conducted under widely varying conditions, adverse reaction rates observed in
the clinical trials of a drug cannot be directly compared to rates in the clinical trials
of another drug and may not reflect the rates observed in practice. Adverse reac-
tions associated with ophthalmic steroids including YUTIQ include cataract forma-
tion and subsequent cataract surgery, elevated intraocular pressure, which may be
associated with optic nerve damage, visual acuity and field defects, secondary ocu-
lar infection from pathogens including herpes simplex, and perforation of the globe
where there is thinning of the cornea or sclera. Studies 1 and 2 were multicenter,
randomized, sham injection-controlled, masked trials in which patients with non-
infectious uveitis affecting the posterior segment of the eye were treated once with
either YUTIQ or sham injection, and then received standard care for the duration of
the study. Study 3 was a multicenter, randomized, masked trial in which patients
with non-infectious uveitis affecting the posterior segment of the eye were all
treated once with YUTIQ, administered by one of two different applicators, and then
received standard care for the duration of the study. Table 1 summarizes data avail-
able from studies 1, 2 and 3 through 12 months for study eyes treated with YUTIQ
(n=226) or sham injection (n=94). The most common ocular (study eye) and non-
ocular adverse reactions are shown in Table 1 and Table 2.

Table 1:  Ocular Adverse Reactions Reported in > 1% of Subject Eyes and
Non-Ocular Adverse Reactions Reported in > 2% of Patients
Ocular
YUTIQ Sham Injection
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)

n (%) n (%)
Vitreous Hemorrhage 4.( 2%) 0
Iridocyclitis 3(1%) 7(7%)
Eye Inflammation 3(1%) 2( 2%)
Choroiditis 3(1%) 1(1%)
Eye Irritation 3(1%) 1(1%)
Visual Field Defect 3(1%) 0
Lacrimation Increased 3(1%) 0

Non-ocular
YUTIQ Sham Injection
ADVERSE REACTIONS (N=214 Patients) (N=94 Patients)

n (%) n (%)
Nasopharyngitis 10 ( 5%) 5(5%)
Hypertension 6( 3%) 1(1%)
Arthralgia 5( 2%) 1(1%)

1. Includes cataract, cataract subcapsular and lenticular opacities in study eyes
that were phakic at baseline. 113 of the 226 YUTIQ study eyes were phakic at
baseline; 56 of 94 sham-controlled study eyes were phakic at baseline.

Table 2:  Summary of Elevated I0P Related Adverse Reactions
YUTIQ Sham
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)
n (%) n (%)
|OP elevation = 10 mmHg
from Baseline 50 (22%) 11(12%)
IOP elevation > 30 mmHg 28 (12%) 3 (3%)
Any IOP-lowering medication 98 (43%) 39 (41%)
Any surgical intervention o o
for elevated |OP 5 (2%) 2 (2%)

Figure 1: Mean IOP During the Studies

Table 1:  Ocular Adverse Reactions Reported in > 1% of Subject Eyes and
Non-Ocular Adverse Reactions Reported in > 2% of Patients
Ocular
YuTIiQ Sham Injection
ADVERSE REACTIONS (N=226 Eyes) (N=94 Eyes)
n (%) n (%)

Cataract' 63/113 (56%) 13/56 (23%)
Visual Acuity Reduced 33 (15%) 11 (12%)
Macular Edema 25 (11%) 33 (35%)
Uveitis 22 (10%) 33 (35%)
Conjunctival Hemorrhage 17 ( 8%) 5(5%)
Eye Pain 17 ( 8%) 12 (13%)
Hypotony Of Eye 16 ( 7%) 1( 1%)
Anterior Chamber Inflammation 12 ( 5%) 6 ( 6%)
Dry Eye 10 ( 4%) 3( 3%)
Vitreous Opacities 9( 4%) 8( 9%)
Conjunctivitis 9( 4%) 5( 5%)
Posterior Capsule Opacification 8( 4%) 3( 3%)
Ocular Hyperemia 8( 4%) 7(7%)
Vitreous Haze 7( 3%) 4( 4%)
Foreign Body Sensation In Eyes 7(3%) 2( 2%)
Vitritis 6 ( 3%) 8( 9%)
Vitreous Floaters 6 ( 3%) 5( 5%)
Eye Pruritus 6 ( 3%) 5( 5%)
Conjunctival Hyperemia 5( 2%) 2( 2%)
Ocular Discomfort 5( 2%) 1( 1%)
Macular Fibrosis 5( 2%) 2( 2%)
Glaucoma 4( 2%) 1( 1%)
Photopsia 4( 2%) 2( 2%)

(continued)
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8. USE IN SPECIFIC POPULATIONS. 8.1 Pregnancy. Risk Summary. Adequate and
well-controlled studies with YUTIQ have not been conducted in pregnant women to
inform drug associated risk. Animal reproduction studies have not been conducted
with YUTIQ. It is not known whether YUTIQ can cause fetal harm when administered
to a pregnant woman or can affect reproduction capacity. Corticosteroids have been
shown to be teratogenic in laboratory animals when administered systemically at
relatively low dosage levels. YUTIQ should be given to a pregnant woman only if the
potential benefit justifies the potential risk to the fetus. All pregnancies have a risk of
birth defect, loss, or other adverse outcomes. In the United States general population,
the estimated background risk of major birth defects and miscarriage in clinically rec-
ognized pregnancies is 2% to 4% and 15% to 20%, respectively. 8.2 Lactation. Risk
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can suppress growth, interfere with endogenous corticosteroid production. Clinical or
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Use. Safety and effectiveness of YUTIQ in pediatric patients have not been estab-
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YUTIQ™ (fluocinolone acetonide intravitreal implant) 0.18 mg

Designed to deliver a sustained release of fluocinolone for patients with chronic noninfectious
posterior uveitis for up to 36 months’

- Proven to reduce uveitis recurrence at 6 and 12 months™
[At 6 months—-18% for YUTIQ and 79% for sham for study 1 and 22% for YUTIQ and 54%
for sham for study 2 (P<.01). At 12 months—28% for YUTIQ and 86% for sham for study 1 and 33%
for YUTIQ and 60% for sham for study 2.]

. Extended median time to first recurrence of uveitis'2 For more
[At 12 months—NE" for YUTIQ/92 days for sham in study 1;
NE for YUTIQ/154 days for sham in study 2.]

- Mean intraocular pressure (I0OP) increase was comparable to sham?
Study was not sized to detect statistically significant differences in mean IOP.

*Study design: The efficacy of YUTIQ was assessed in 2 randomized, multicenter, sham-controlled, double-masked, Phase 3 studies in adult patients
(N=282) with noninfectious uveitis affecting the posterior segment of the eye. The primary endpoint in both studies was the proportion of patients
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m Macular perfusion

Injections
caused
significant
decreases in
macular
perfusion
density of 7.5
percent on
average.

(Continued from page 23)

eyes that also received radiation retinop-
athy per our ocular oncologist’s protocol.
The injections were given for a diverse set
of diseases including diabetic retinopathy,
macular degeneration, choroidal neovas-
cular membrane and retinal vein occlu-
sion. Intraocular pressures were checked
with a Tonopen (Reichert) before and 15
seconds after injection.

OCT-A imaging of the macular (3 x 3
mm) and peripapillary (4.5 x 4.5 mm) ar-
eas was obtained before and immediately
after injections (within two to three min-
utes) using the RTVue XR 100 Avanti ma-
chine (Optovue). The limiting factor was
how quickly each patient could be trans-
ferred from the injection procedure room
to the imaging suite. AngioAnalytics soft-
ware performed automatic segmentation
of vessel layers into superficial and deep,
as well as into the following subsections:

e macular OCT-A, subdivided into nine
regions of interest—macula, fovea,
parafovea, superior hemifield, inferior
hemifield, temporal, superior, nasal
and inferior; and

e peripapillary OCT-A, subdivided into
eight regions of interest—optic nerve
head, peripapillary, nasal, temporal,

inferonasal, inferotemporal, supero-

Table. Characteristics of our study population

Mean age 60.6 years

Intraocular pressure 33 to 84 mmHg

Gender Female 17 (44%); male 22 (66%)
Disease process (n) Subset (n)

Diabetes (14) Proliferative diabetic retinopathy (9)
Nonproliferative diabetic retinopathy with cystoid macular
edema (5)

Retinal vein Hemiretinal/central retinal vein occlusion (6)

occlusion (9)

Branch retinal vein occlusion (3)

Macular

Age-related macular degeneration (6)

degeneration (8)

Idiopathic polypoidal choroidal vasculopathy (2)

Other (3)
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temporal and superonasal.

Paired t-test analysis of each patient’s
pre- and postinjection OCT-A perfusion
density and macular OCT thickness, and
regression analysis regarding the con-
founding effects of the patient’s age, base-
line IOP and IOP change as indepen-
dent variables, were performed in STATA
(v14.2, StataCorp). P values less than 0.05
were considered statistically significant.

How injections affect macular,
optic nerve perfusion density

Injections caused significant acute de-
creases in macular perfusion density of
7.5 percent on average, but did not signifi-
cantly affect perfusion of the fovea. The
deep macula was also affected, with an
average decrease of 2.4 percent, one-third
that of the superficial perfusion.

Macular thickness was significantly de-
creased in the temporal and significantly
increased in the nasal aspects, possibly a
redistribution phenomenon. Overall OCT
thickness was unchanged.

Injections also significantly decreased
optic nerve perfusion density, with an av-
erage change of 3.3 percent in the optic
nerve head. In the radial peripapillary cap-
illary (RPC) layer, essentially the super-
ficial perfusion in the peripapillary area,
perfusion density decreased 2.9 percent
on average. The temporal aspect of the
disc was most affected.

Age was significantly related to overall
superficial macular perfusion, suggesting
that older patients may be at higher risk
for perfusion changes with injections. IOP
change was related to decreased overall
superficial macular perfusion, suggesting
that the extent of the pressure spike im-
pacts the extent of decreased perfusion in
the superficial macula.

Overall, our study showed that intravit-
real injections produce acute IOP changes
that are associated with reduced macu-
lar and peripapillary perfusion density.
Therefore, it is possible that patients re-
ceiving regular intravitreal injections may



be sustaining perfusion-related injury to
ocular structures that may produce glau-
comatous damage to the macula and optic
nerve.

0CT-A and macular perfusion

OCT-A has been used to identify vas-
cular changes in a variety of ophthalmic
diseases,'®!” including glaucoma. OCT-A
measurements of peripapillary angio-
graphic perfusion density can help di-
agnose and quantify glaucoma prior to
RNFL thickness changes or visual field
losses.'®1?

Additionally, OCT-A perfused capil-
lary density may have diagnostic accuracy
comparable to RNFL thickness measure-
ments for differentiating healthy and glau-
comatous eyes.'® These results suggest
that OCT-A measurements identify early
damage to tissues that may contribute to
the pathophysiology of glaucoma.

In our study, we found that macular
perfusion was decreased after intravitreal
injections (Figure 1, page 23), with sig-
nificantly more of an effect on superficial
macular vessels (7.5 percent decrease in
perfusion on average) than deep vessels
(decrease of 2.4 percent).

This matches the findings of Hana
Takusagawa, MD, and colleagues at Casey
Eye Institute in Oregon—that glaucoma
patients have significantly decreased mac-
ular perfusion on OCT-A, affecting the
superficial plexus more than the deep.

Thus, it is possible that we are seeing the
acute ischemic effects of increased IOP.
This lends credence to the idea that in-
travitreal injections may stress the same
structures that are damaged in glaucoma-
tous eyes.

Our study found that OCT-A perfusion
density was significantly decreased in both
optic nerve scans (Figure 2), with an av-
erage change of approximately 3 percent.
The temporal aspect of the nerve was most
significantly affected. These results agree
with several other studies,” including a
study by Gabor Hollo in Hungary that
reported peripapillary superficial capillary
perfusion density increased significantly
with an IOP reduction of 50 percent or
more (over approximately one month).?

Researchers at UCLA found that retinal
capillary perfusion density measured one
month after injection of anti-VEGF was
unchanged,” suggesting that our mea-
surements are of short-term effects more
likely to be related to IOP rather than
medication. Our study also corroborates
other reports that OCT thickness does not
change significantly with acute IOP eleva-
tions due to intravitreal injections.®

Understanding effects in perfusion
We are likely underestimating the tran-
sient impact on perfusion. We measured
IOP 15 seconds after injection, whereas
the OCT-A was done at >2 minutes, when
IOP was in the process of equilibration. If

Figure 2. Optical coherence
tomography angiography
shows perfusion density
significantly decreased in optic
nerve scans when pre- and
postinjection images (A, B)
were compared.

Patients
receiving
regular
intravitreal
injections
may be
sustaining
perfusion-
related
injury to
ocular
structures
that may
produce
glaucoma-
tous damage
to the
macula and
optic nerve.
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The temporal
retinal nerve
fiber layer
may be at
highest risk
for glauco-
matous
damage from
repeated IOP
spikes from
injections,
because it
has shown
the largest
postinjection
perfusion
change.

the OCT-A images had been taken closer
to the time of injection, they might have
shown even greater changes in perfusion
density and possibly OCT thickness.

It is important to note that while IOP
rises to such high pressures immediately
upon injection, the pressures are generally
not sustained. A major risk stems from the
repetitive nature of such injections and
the potential for cumulative trauma to the
retina and optic nerve.?

As we previously mentioned, there is
so far mixed data about the IOP effects of
intravitreal injections. While in the short
term most eyes may tolerate injections,
the risk of damage likely increases over
the longer term, on a cumulative basis.
Diabetic Retinopathy Clinical Research
Network studies support this, showing a
5.7 percent rate of sustained clinically sig-
nificant IOP increase at one year, almost
doubling to 9.5 percent after three years
of injections.

The temporal RNFL may be at high-
est risk for glaucomatous damage from
repeated IOP spikes from IVT injections,
because it has shown the largest postinjec-
tion perfusion change. It should be pref-
erentially monitored for evidence of early
RNFL thinning following IVT injections.
Ganglion cells that rely on superficial mac-
ular plexus for perfusion may be especially
vulnerable.

Is pretreatment an option?

Larger, long-term studies are needed
to identify glaucomatous changes in pa-
tients who undergo repeated injections.
A meta-analysis found the following were
associated with lower IOP elevations after
IVT injections:™

e pretreatment with topical glaucoma

medications;

e anterior chamber paracentesis;

e vitreous reflux;

e longer intervals between injections;

and

e longer axial lengths.

Perhaps we should consider pretreat-

RETINA SPECIALIST | MARCH/APRIL 2019

ment with IOP-lowering medications of
all or a subset of patients most susceptible
to injury. There is an ongoing study at the
New York Eye and Ear Infirmary to test
the effects of premedication with apra-
clonidine 0.5%.

In our clinic, we have begun to weigh
the risks of injections in patients with mild
macular edema if they have preexisting
glaucoma or cupping. We now tend to
wait to allow these patients” blood-pres-
sure and blood-glucose levels to stabilize,
when possible, to minimize their risk of
glaucoma.

The impact of greater injection volumes
such as those given with 0.1 mL triamcin-
olone or 0.1 mL bevacizumab for radiation
retinopathy needs further investigation.
Few patients in our study received 0.1 mL,
and although mean IOP in these patients
was higher after injection, it is difficult to
draw any conclusions given the limited
number of patients receiving this dose.

Our study population was very diverse;
diagnosis, age, and other patient and dis-
ease characteristics differed significantly.
The patient population may have included
individuals with undiagnosed glaucoma or
other changes that could skew the data.
The effects of intravitreal injections in
each disease state or patient may vary and
may affect the outcomes we measured.
Patients were used as their own controls,
and the changes that occurred within each
individual patient correlated well with
our overall results. Future studies of larg-
er patient populations will be helpful to
confirm that these changes are real and
reproducible.

The bottom line

Intravitreal injections induce acute
changes in IOP and affect retinal angio-
graphic capillary perfusion density. Our
preliminary study of 40 eyes shows that
the superficial layers of the macula are
more affected than deep layers, by a factor
of three. These alterations may explain the
sudden loss of vision that patients have



immediately postinjection, and correlate
with changes in macular perfusion seen in
glaucomatous eyes.? The temporal aspect
of the optic nerve has the most significant
decreases in perfusion density, so it may
be prudent to focus on this area with serial
perfusion scans, RNFL measurements
and visual fields to assess the long-term
glaucomatous effects of intravitreal injec-
tions.

We need further research with larger
sample sizes and longitudinal data about
glaucoma progression to look deeper into
the connection between intravitreal injec-
tions and glaucoma. These studies will also
provide a window into the pathophysiolo-
gy of perfusion changes that occur during
other instances of acute IOP elevation,
such as acute angle closure and malignant
glaucoma and during intraocular surgery,
and help point to more effective therapeu-
tic interventions. @
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Focus on Imaging

Can RETINAL IMAGING predict
progression to DME?

The role of optical coherence tomography, OCT angiography and
ultra-widefield fluorescein angiography in identifying risk factors.

By Lauren Mason, MBA, Richard Feist Jr., MD, and John Mason III, MD

Take-home points

» The authors performed a small study that found optical coherence tomography hyperreflective foci and
ultra-widefield angiography peripheral vessel leakage may help to predict progression from diabetic retinopathy to

diabetic macular edema.

» Other studies have found a positive correlation between peripheral nonperfusion and DME.
» Larger studies would validate the utility of OCT, OCT angiography and ultra-widefield angiography to elucidate

additional risk factors for development of DME.

Il patients with diabetes are at

risk of developing diabetic mac-

ular edema, which is painless and

usually insidious. Diabetic ret-
inopathy is increasingly prevalent with
long-standing diabetes, higher incidence
baseline A1C levels, hypertension, hy-
perlipidemia, diabetic nephropathy and
diabetic neuropathy—all of which are
significant predictors of progression to
DME."?

DME is an accumulation of fluid re-
sulting from an imbalance of multiple
and intricate mechanisms involved in hy-
dro-ionic homeostasis, their molecular
and cellular basis, and inner and outer
blood retinal barrier disruption driven by
Starling’s law.?

Although these risk factors are well
known, an additional question is whether
retinal imaging in its current state can
provide risk factors for progression from
DR to DME. Here, we examine the role
optical coherence tomography, OCT an-
giography and ultra-widefield fluores-
cein angiography (UWFA) can play in
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identifying predictors of DME, and we
report findings from our own small study
of these imaging modalities.

Role of OCT angiography

OCT provides a topographical and
structural analysis of DR microvascular
abnormalities. It can help to identify and
characterize complications such as neo-
vascularization, DME, and quantitative
and qualitative assessment of macular
perfusion.*

Most studies agree that a relationship
exists between macular perfusion and
stage of DR. OCTA can also reveal alter-
ations in density and morphology of the
macular microvasculature in the deep
(DCP) and superficial capillary plexus
(SCP), as well as correlate the number of
microaneurysms in the DCP to the pres-
ence of DME. However, OCT has not
been able to provide definitive risk factors
for progression to DME.>S

Imaging of the peripheral retina
Imaging the peripheral retina is crucial



in the effective diagnosis, management
and prognosis of DR, and for quantifying
and documenting retinal pathology more
precisely than conventional FA. Patients
with predominately peripheral lesions
have been reported to have a fourfold
risk of progressing to proliferative disease
than those with more centrally located
retinopathy.”™

Furthermore, identification of the ret-
inal nonperfusion area and calculation of
the ischemic index evaluating peripher-
al nonperfusion using UWFA have been
shown to correlate with the severity of
DR, as well as defining the presence of
peripheral lesions being a risk factor for
progression of DR.

The data regarding the ability of UWFA
in predicting progression to DME are

Figure 1. Ultra-widefield angiography (A) shows
nonperfusion and neovascularization, while
optical coherence tomography (B) of the same
patient shows no diabetic macular edema.

conﬂicting. In a retrospective case series,
Scott Oliver, MD, and Steven Schwartz,
MD, at UCLA did not find a correlation
between peripheral nonperfusion and
DME, but did create a term, “peripheral
vessel leakage” (PVL), to describe late
leakage from retinal vessels extending be-
yond the vessel wall, and found a correla-
tion with PVL and focal DME.?

In contrast, Szilard Kiss, MD, and col-
leagues at Weill Cornell Medical College
found a positive correlation between pe-
ripheral nonperfusion (ischemic index)
and DME. They reported that peripheral
ischemia was an independent risk factor
for DME development.*

Findings on OCT

Many biomarkers, including sub-

The data
regarding the
ability of
ultra-
widefield
angiography
in predicting
progression
to diabetic
macular
edema are
conflicting.
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Table. Predictors of progression to diabetic macular edema

Changes in
these
biomarkers
are seen with
diabetic
macular
edema and
therefore are
presumed to
be indicators
of worsening
diabetic
retinopathy
and DME.

Risk Factor p-value
Ultra-widefield angiography ischemic index (n=48) 0.62
UWFA peripheral vessel leakage (n=48) 0.01
Hyperreflective foci on optical coherence tomography (n=44) 0.03
retinal fluid (SRF), inner segment/outer Our study of UWFA and OCT

segment (IS/OS) continuity, absence of
hyperreflective foci, attached vitreoret-
inal interface, central subfield thickness
(CST), cube average thickness, disruption
of external limiting membrane (ELM) and
ellipsoid zone (EZ) have been evaluated to
identify early phases of DR and progres-
sion of DR.'12

Although these biomarkers have been
correlated to severity of DR and visual
acuity changes, no strong evidence ex-
ists that they correlate to progression of
DME. However, changes in these bio-
markers are seen with DME and therefore
are presumed to be indicators of worsen-
ing DR and DME.

Hyperreflective foci correlate with lipo-
protein extravasation after breakdown of
the inner blood-retinal barrier in the initial
stage of developing hard exudates. Re-
searchers in South Korea determined that
hyperreflective foci on spectral-domain
OCT are markers of increased DME ac-
tivity." They proposed that hyperreflective
foci were lipoprotein, migrated microglia
or a combination of both.
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We retrospectively evaluated 48 eyes of
24 consecutive patients who underwent
UWFA for very severe nonproliferative
or proliferative DR, grading for DME,
neovascularization, peripheral perfusion
ischemic index and PVL. Grading was
masked, and both ischemic index and PVL
were grouped into mild, moderate and
severe categories. OCT of each eye was
then evaluated to confirm the presence
or absence of DME. Ischemic index and
PVL category were then correlated with
the patients’ OCT, and statistical analysis
was performed

A higher ischemic index was not asso-
ciated with DME (p=0.62), while higher
PVL was correlated with DME (p=0.01)
(Table). Our findings are similar to those
Drs. Oliver and Schwartz reported.’

We retrospectively evaluated 44 eyes of
22 consecutive patients with severe NPDR
without DME on initial OCT. Initial OCT
was then correlated to OCT taken at a
mean of 24 months later (range, 18 to 27
months), with respect to hyperreflective
foci, SRF, IS/OS continuity, disruptions

Figure 2. Baseline
optical coherence
tomography (A)
shows
hyperreflective foci.
Eighteen months
later, OCT (B)
exhibits diabetic
macular edema.



of ELM and EZ, CST, cube average thickness and the
development of DME. The later OCT was graded in a
masked fashion. DME was judged to be either present
or absent on the later OCT.

Statistical analysis was used to compare the initial
OCT to the later OCT using chi square testing. We
found that only hyperreflective foci correlate with pro-
gression to DME (p=0.03) (Table). Our findings are
consistent with the initial findings of the previously
mentioned researchers in Korea.'

Bottom line

Findings on retinal imaging, including OCT hyper-
reflective foci and UWFA peripheral vessel leakage,
may predict progression from DR to DME in our study.
Other studies have found a positive correlation between
peripheral nonperfusion and DME. Although develop-
ment of DME is a multifactorial process that comprises
systemic health, metabolic control, cytokines, growth
factors and other mechanisms violating the blood retinal
barrier, further studies with a larger number of patients
would validate the utility for OCTA, OCT and UWFA
to elucidate additional risk factors for development of
DME. &
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Focus on Imaging

PREDICTIVE ANALYTICS

Vision-threatening diabetic retinopathy is one area where risk calculators
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can help build better predictive models.

By Bobeck S. Modjtahedi, MD, and Donald S. Fong, MD, MPH

Take-home points

» More accurate prediction models can improve our ability to detect vision-threatening forms of diabetic retinopathy

earlier.

» Artificial intelligence/deep learning/neural networks may help to build better predictive models.
» A simplified points-based scoring system based on eight variables allowed for stratification of patients into low-,
moderate- and high-risk groups for three-year year risk of diabetic macular edema

hether it is the ancient Greek
legend of Amphiaraus or the
blockbuster film “Minority
Report,” people have always
been fascinated by the idea of predicting
the future—a fascination that has been
deeply entrenched within medicine for
generations.

Improvements in data collection and
processing, including the utilization of
large databases and the evolving field of
machine learning/artificial intelligence,
have refocused medicine’s interest in
predictive analytics. Developing pre-
diction models that can rapidly and ac-
curately assess patients” risk of future
morbidity may help revolutionize pa-
tient care.

Diabetes is one area that could benefit
tremendously from better prediction
models. Early detection is the corner-
stone of the management of the ocular
manifestations of diabetes. Detecting
vision-threatening forms of diabetic ret-
inopathy (VIDR) is important because
they can have catastrophic consequenc-
es to individual patients while also carry-
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ing a high societal cost.

This article reviews the state of the
science of using predictive models in
medicine and how “big data” has the
potential to help physicians identify pa-
tients at greatest risk of progressing onto
severe disease. We will also explore our
institution’s work in developing a predic-
tive model for diabetic macular edema.

Risk calculators in medicine

Risk calculators have been a mainstay
in medicine for decades, most notably
in cardiology, where medical manage-
ment decisions rely heavily on risk-strat-
ification algorithms derived from robust
clinical data. Clinical questions such as a
patient’s optimal blood pressure, choles-
terol or anticoagulation status are based
on one’s 10-year risk of cardiovascular
events, which can be readily calculated
using several key variables.

Although Michael Klein, MD, and
colleagues provided a popular tool
for predicting the 10-year risk of ad-
vanced age-related macular degenera-

tion,' ophthalmology has lagged behind



other specialties in developing
risk-stratification tools and clin-
ical prediction analysis. This is
partly because of the complexity
of assessing the risk of ophthal-
mic disease, which requires in- 25
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Role of Al and

neural networks
This is one area where artifi-
cial intelligence/deep learning/
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neural networks may help expand our human grader to do on a large scale. Neural
capacity to build better predictive mod- Significant work remains on how to networks

els. Whereas previous attempts to build optimally utilize AI to build the best have the
models required the use of multiple re-  models. For example, an Al-based mod- capacity to
gression analyses and user-defined in- el may examine every piece of data in rapidly

puts, Al could detect a number of vari-  a patient’s medical history—laboratory assess

ables that a user might not even realize  values, home address, family history and quantifiable

need to be considered.
The ability to examine a database with

hospital bed, and conclude that patients
admitted to the fifth floor of the hospital

metrics and
search for yet

AI may help solve some of our current  have higher risk of perioperative mor- undefined

limitations, because AI can analyze data  tality. clues within

“in bulk,” allowing machine learning al- That might seem like a fascinating in- fundus

gorithms to work their way through mul-  sight at first, which would compel fur- photographs

tiple threads of data to isolate the factors  ther investigation into whether there are to build a

that have the most value. breakdowns in clinical care on the fifth predictive
Similarly, our ability to incorporate floor or if some previously unaccounted model.

features from fundus photography into
prediction analysis is limited by current
methods for manual interpretation and
the finite number of macroscopic details
that can be defined.

Role of neural networks

Neural networks, on the other hand,
have the capacity to rapidly assess quan-
tifiable metrics such as capillary den-
sity or vascular diameter, and they can
search for yet undefined clues within
fundus photographs to build a predictive

for factor (like bad fung shui) was re-
sponsible for this heightened mortality.
However, upon further inspection, you
might learn that the fifth floor is where
the surgical intensive care unit is locat-
ed, explaining why there is greater mor-
tality there compared to non-intensive
care unit floors.

Stratifying risk for VTDR

As retina specialists know too well,
DME is an important cause of visual
morbidity and the leading cause of new
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The
challenge

in diabetes
care is that
we spend a
significant
amount of
time and
effort
screening all
patients to
identify the
relatively few
that require
more
intensive
evaluation
and
management.

onset blindness among adults in the
United States.

In addition to its direct visual con-
sequences, DME is associated with a
loss of work productivity and a high
treatment burden with frequent clinic
visits and costly interventions.” Broadly
speaking, the care of diabetic patients
constitutes 10 percent of U.S. health-
care costs,® and caring for patients with
DME is almost 30 percent more expen-
sive than the treatment of their peers.*

Earlier detection and treatment of di-
abetic macular edema is associated with
better visual outcomes and reduced
injection burden, thus benefiting pa-
tients as well as reducing the cost to the
health-care system.?

Few patients drive cost burden

Although the individual and societal
costs of diabetic retinopathy are con-
siderable, these costs are largely driven
by a minority of patients. Most studies
estimate that 10 percent of diabetes
patients have VITDR, which is consis-
tent with our experience within Kaiser
Permanente.

The challenge in diabetes care is that
we spend a significant amount of time
and effort screening all patients to iden-
tify the relatively few that require more
intensive evaluation and management.
More accurately stratifying patient risk
for VTDR would have substantial ben-
efits.

We could initiate more aggressive sys-
temic management of diabetes when
the opportunity to prevent worsening
retinopathy is greatest. We could screen
patients more closely to detect and treat
pathology earlier, allowing for a better
prognosis. And we could use our re-
sources more judiciously on the high-
est-risk patients while letting lower-risk
patients “pass through” with less fre-
quent screening.

Although the duration of diabetes and
long-term glycemic control are well es-
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Our own experience
with a predictive model

We recently started to explore this pos-
sibility of bringing together both ocular
and systemic variables to predict the risk of
vision-threatening diabetic retinopathy and
developed an initial model using a points-based
risk calculator to predict the three-year risk of
DME.® Baseline degree of retinopathy and 21
different systemic factors of 184,147 patients
were analyzed using Cox regressions to develop
a risk calculator.

We found that patients could be stratified
into low-, medium-, and high-risk groups based
on a scoring system that uses age, sex, race,
duration of diabetes, A1c, chronic kidney dis-
ease stage, insulin use and baseline degree of
retinopathy, with high-risk patients being about
415 percent more likely to develop DME than
low-risk patients.®

Further work needs to be done to refine this
model before it’s ready for wide-scale imple-
mentation, including adding more variables and
looking at more granular data.

tablished as important risk factors for
VTDR, investigations into secondary
risk factors have produced mixed re-
sults.

Isolating individual risk factors

Further, most studies examine the
role of individual risk factors in isolation
and if they are independently associated
with the risk of VTDR. It remains un-
clear how various risk factors interact
to create a global risk for VTDR. It’s
not uncommon to see a patient with a
remarkably elevated hemoglobin Alc
but no significant morbidity, while oth-
er patients can have significant retinal
pathology.

Intuitively, we can tell there is more
to retinopathy risk than just the hemo-
globin Alc and disease duration. Ge-
netics appears to play a role in the risk
of retinopathy,® although accounting for

(Continued on page 41)
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Giant retinal tear

Repair of RD associated
with GIANT RETINAL TEAR

Pay attention to key steps of vitrectomy to increase surgical success.
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Take-home points

» Perfluorocarbon liquid fluid can be used to unfold giant retinal tears.

» Incomplete removal of anterior vitreous around the GRT might lead to redetachment.

» Proliferative vitreoretinopathy may occur in cases of GRTs causing surgical failure or loss.

» Remove the fluid anterior to the PFCL to prevent slippage of the retina before removing the PFCL itself.
» Scleral buckle may counteract residual vitreous base traction that causes tangential tractional forces.

iant retinal tear is defined as a

full-thickness circumferential

break in the retina extending

more than three clock hours or
90 degrees."* GRTs arise from liquefaction
of central vitreous and peripheral vitreous
condensation with concomitant traction
at the vitreous base. As a result, the retina
tears circumferentially at the posterior
vitreous base.?

For GRTs, the vitreous gel remains at-
tached to the anterior flap of the retina,
while the posterior retina moves freely
and can fold upon itself.> An important
distinguishing factor between GRTs and
dialyses is the status of the vitreous. In a
dialysis, the vitreous is attached; in GRTs,
the posterior vitreous is detached.

The incidence of GRTs is about 0.05:
100,000 per year.* GRTs are mostly id-
iopathic; however, they can occur in the
setting of trauma, cataract surgery, young
age, high myopia, aphakia, pseudophakia
or genetic mutations.>*'* The incidence of
GRTs is estimated at 1.5 percent of rheg-
matogenous retinal detachments (RRD),?
and proliferative vitreoretinopathy (PVR)
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may occur in cases of GRTs causing surgi-
cal failure or vision loss.

In 1962, Charles L. Schepens, MD, and
colleagues were among the first to report
on the difficulties of managing RD with
GRT and the importance of performing
timely surgery to minimize PVR." Despite
advancements of surgical instruments and
techniques, the management of RD with
GRT is still a surgical challenge because
of the technical difficulties and associated
complications. In this article, we describe
our opinions related to surgical manage-
ment for RD with GRT.

Surgical management

Currently, pars plana vitrectomy is con-
sidered to be the conventional and stan-
dard procedure to repair RD with GRT."?
Unfolding GRTs can be achieved by using
PPV followed by intraoperative perfluoro-
carbon liquid.

For pseudophakic eyes without PVR,
PPV without scleral buckling is commonly
used for RD with GRT. Without a scleral
buckle, meticulous vitreous base trimming
with scleral indentation and appropriate



tamponade are usually adequate for vitre-
ous-base dissection and GRT reapposition
in cases with no significant PVR.%!3!

During PPV, a thorough vitrectomy is
necessary. Pay attention to remove all the
vitreous and traction to the retinal break.
You can use PFCL to flatten the retina by
using a dual-bore cannula. You can safe-
ly remove the anterior vitreous using the
vitrectomy probe with the assistance of a
scleral depressor when the posterior retina
is stabilized. Incomplete removal of the an-
terior vitreous around the GRT might lead
to redetachment and occurrence of PVR.

The fluid-air exchange is crucial in GRT
vitrectomy. It’s important to remove the
fluid anterior to the PFCL to prevent the
slippage of the retina before the removal of
PFCL. At the conclusion of the surgery, the
eye can be filled with either gas or oil.

To add a buckle or not

PPV with adjuvant scleral buckle can be
used for pseudophakic eyes with PVR or
phakic eyes with inferior GRT <180 de-
grees with or without PVR. The vitrectomy
for those cases is performed with the same
techniques described previously. Place a
low-lying, encircling scleral buckle prior to
the vitrectomy. A high buckle can increase
the rate of slippage during fluid-air ex-
change. Adjuvant scleral buckle is used to
support the vitreous base and the attached
retina, especially at both ends of the GRT.?
Also, the scleral buckle can counteract re-

Figure 1. Preoperative wide-angle color photograph shows a
retinal detachment with a giant retinal tear in a 66-year-old
pseudophakic man. He experienced a shadow in the vision of his
right eye for a week. Visual acuity was 20/30 0D, 20/25 0S. Optical
coherence tomography preoperatively shows that the fovea is still
attached.

sidual vitreous base traction that causes
tangential tractional forces.'

We don’t recommend performing a len-
sectomy in a phakic GRT case because the
modern small-gauge cutters can facilitate a

thorough vitrectomy while respecting the Key steps
crystalline lens. during PPV for
retinal

Reports on adjuvant scleral buckle detachment
The literature has shown a trend for with giant
higher anatomical success rates for patients retinal tear:
who had adjuvant scleral buckle compared
to those who had PPV only.!** However,
these studies haven't shown an advantage

¢ Meticulous
vitreous base

dissection.
to using an encircling buckle in addition to . Excision of
PPV in terms of anatomical or visual acuity anterior flap.
outcomes for RD with GRT.2% In addition, . Use of PFCL to
the reoperation rates were higher in cases flatten the retina.

with encircling buckles?***

those without encircling buckles.

These studies generally had small sample
sizes, and it’s difficult to compare these
results due to the difference in the clinical
characteristics of the study subjects and
surgical techniques or procedures. More
recently, John D. Pitcher, MD, and col-

compared to

2425

* Slow fluid-air
exchange along
the edges to
prevent slippage.

View the Video

Dr. Papakostas demon-
strates the key steps in his
technique for repairing a
giant retinal tear.

Available at: : http://bit.ly/
RetSpec GRT 0319
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Although
adjuvant
buckling is
associated
with good
anatomical
success
rates,
emerging
research has
shown high
anatomical
success rates
using PPV
alone.

Giant retinal tear

is 20/25.

leagues reported that adding a buckle did
not significantly alter the success rates in
GRT associated RDs.*

Gas or oil?

We usually use long-acting gas (14%
C3F8) as a tamponade agent. Silicone oil
can be used in cases of PVR or during a di-
rect PFCL-SO exchange in cases of retinal
slippage. David G. Charteris, MD, and his
group at Moorfields Eye Hospital reported
that eyes with gas as tamponade achieved
better vision, had fewer postoperative
complications and there was no difference
in final attachment rates when compared
to the eyes that received silicone oil.*

Role of prophylactic laser

The use of laser in these cases is contro-
versial because of the lack of evidence. One
study from Italy with long-term follow-up
showed that the group that received pro-
phylactic laser had a higher incidence of
tears with localized pre-equatorial RD and
lower incidence of macula-off GRT RDs
compared to the observation group.® To
get an unequivocal answer to this question
would require a randomized trial consist-
ing of 645 eyes in each group with a mini-
mum follow-up of five years.

The bottom line

The prognosis of managing GRTs has
improved over the recent years with better
instrumentation and surgical visualization.
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Figure 2. Six months postoperatively, photography and optical
coherence tomography show the retina is attached. Visual acuity

Surgical advances include small-gauge
PPV for managing RD with GRT.>!

From our perspective, vitreoretinal sur-
geons should pay attention to the key steps
of vitrectomy to increase the surgical suc-
cess, including complete removal of the
anterior vitreous and release of the traction
on the retinal breaks, identifying and treat-
ing all breaks, and prevention of slippage
of the retina. Although adjuvant buckling
is associated with good anatomical success
rates, emerging research has shown high
anatomical success rates using PPV alone
in managing RD with GRT.5!41626:32 @
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Predictive Models

The promise of predictive analytics in DR

(Continued from page 36)

individual genetic variations on a
wide-scale clinically is not present-
ly practical. If we could determine
how various ocular and systemic
risk factors interact to create a
global individualized risk for pa-
tients, we could provide improved
and more personalized care.
Ideally, a model would predict
the risk of DME several years in
advance to allow for sufficient time
for aggressive systemic treatment
to modify the disease course to pre-
vent worsening retinopathy. Such
a model may also help identify the
specific targets for various systemic
risk factors. Perhaps a patient’s Alc
should be adjusted based on one’s
degree of retinopathy and other
risk factors, such as renal status.

Efforts to predict progression

Marco Dutra Medeiros, MD, and
colleagues in Portugal performed
a longitudinal epidemiologic study
that found that duration of diabe-
tes, age at diagnosis, and insulin use
were associated with an increased
risk of incidence as well as progres-
sion of diabetic retinopathy.”

They suggested these findings
could serve as the foundation for
personalized screening schedule.
However, the ability to generalize
their results is unclear for non-
Portuguese populations because
race likely plays a role in the risk of
DR progression.

Rajeev Pappuru, MD, and col-
leagues reported on an image-based
approach to predict diabetic reti-
nopathy progression using analyses
of fundus photography.® They exam-
ined the outcomes of 205 patients
over the course of two years and
found that microaneurysm turnover

was a good predictor of retinopathy
worsening (based on Early Treat-
ment Diabetic Retinopathy Study
grading step changes and develop-

ment of macular edema).’

Bottom line

Bringing together both ocular and
systemic variables to predict the risk
of VTDR would likely lead to superi-
or prediction models since diabetes
is fundamentally a systemic disease.
We recently started doing our own
work in this area (sidebar, page 36).

Although much work needs to be
done before prediction models are
ready for “prime time,” we continue
to inch closer to a reality once only en-
visioned by science fiction writers. ®

REFERENCES

1. Klein ML, Francis PJ, Ferris FL 3rd, Hamon SC, Clemons
TE. Risk assessment model for development of advanced
age-related macular degeneration. Arch  Ophthalmol.
2011;129:1543-1550.

2. Pershing S, Enns EA, Matesic B, Owens DK, Goldhaber-
Fiebert JD. Cost-effectiveness of treatment of diabetic
macular edema. Ann Intern Med. 2014;160:18-29.

3. Centers for Disease Control and Prevention. National
Diabetes Fact Sheet: National Estimates and General
Information on Diabetes and Prediabetes in the United States,
2011. Centers for Disease Control and Prevention; Atlanta,
GA: Dec 8, 2011. Accessed at www.cdc.gov/diabetes/pubs/
pdf/ndfs_2011.pdf. 2011.

4. Shea AM, Curtis LH, Hammill BG, et al. Resource use and
costs associated with diabetic macular edema in elderly
persons. Arch Ophthalmol. 2008;126:1748-1754.

5. Wykoff CC, ElIman MJ, Regillo CD, Ding B, Lu N, Stoilov
|. Predictors of diabetic macular edema treatment frequency
with ranibizumab during the open-label extension of the RIDE
and RISE trials. Ophthalmology. 2016;123:1716-1721.

6. Graham PS, Kaidonis G, Abhary S, et al. Genome-
wide association studies for diabetic macular edema
and proliferative diabetic retinopathy. BMC Med Genet.
2018;19:71.

7. Dutra Medeiros M, Mesquita E, Gardete-Correia L,
et al. First incidence and progression study for diabetic
retinopathy in Portugal, the RETINODIAB study: evaluation
of the screening program for Lisbon Region. Ophthalmology.
2015;122:2473-81.

8. Microaneurysm turnover is a predictor of diabetic retinopathy
progression. Pappuru RKR, Ribeiro L, Lobo C, Alves D, Cunha-
Vaz J. BrJ Ophthalmol. 2019;103:222-226.

9. Modjtahedi BS, Wang Y, Luong TQ, Fong DS. Development
of a points-based risk score to predict the three-year risk of
DME. Paper presented at American Academy of Ophthalmology
Annual Meeting; October 27, 2018: Chicago, IL.

RETINA SPECIALIST | MARCH/APRIL 2019



RETINA

PE: Coming soon to your neighborhood?

Private equity is here to stay, but here’s how to tell if it’s a fit, even if you’ve already jumped in.

By Paul Lucas

Department Editor
Kari Rasmussen

Bios

Ms. Rasmussen is chief
operating officer of Rocky
Mountain Retina
Consultants, Salt Lake
City. Mr. Lucas is
president, posterior
division of EyeSouth
Partners and former
administrator/chief
financial officer of
Georgia Retina in
northern Georgia, which
is now affiliated with
private equity-backed
EyeSouth Partners.

he private equity incursion in oph-

thalmology appears alive and well

in 2019. Ophthalmology is a frag-

mented market, and the retina sub-
specialty in particular even more so. Giv-
en the ample number of practice groups,
there’s no reason to believe this phenome-
non will be subsiding anytime soon.

Here’s a close look at private equity in
ophthalmology, and why some groups opt
to maintain their independence while oth-
ers jump in.

Why practices consider PE

The reasons to consider private equity

are consistent across the country. They are:

e “De-risking” the physicians by re-
moving them personally from the ev-
er-changing Medicare and regulatory
environments.

e Gaining capital to fund new and
expanded clinic locations and pa-
tient-preferred surgical centers.

e Getting relief from the administrative
pressures of operating an independent
practice.

e Seeking an alternative to hospital affil-
iation and retaining some autonomy.

Geography may play a role in a practice’s

approach to private equity. Those in rural
settings and regions with limited competi-
tion may want to stay the course. Practices
in more urban markets with a lot of com-
petition, particularly smaller to mid-size
groups that may not be able recruit sophis-
ticated administrative support or get the
capital to grow and upgrade equipment,
may find themselves attracted to the ex-
pertise and capital private equity can bring.
Every market has its local nuances, and ev-
ery retina group its unique circumstances.

Why PE likes health care

Who are these private-equity firms
and why are they here? Private equity—

RETINA SPECIALIST | MARCH/APRIL 2019

non-publicly traded investment firms—
have been around for decades. Industries
that are widely diverse, profitable and of-
tentimes undergoing radical change and
increased regulation have long attracted
attention for opportunities to consolidate.
Just look at energy, telecommunications
and banking, to name a few.

Health care, and private medical prac-
tices in particular, pose some unique chal-
lenges, primarily that health care is local
and specialty-specific. What plays in Peoria
doesn’t always apply in Albuquerque.

One factor that always prevails, however,
is quality patient care. Patients demand it,
and equity firms are attracted to it. Here,
the physicians remain in full clinical con-
trol. Equity groups knowledgeable about
health care encourage the development of
clinical standards and organized physician
advisory boards to direct the clinical initia-
tives within their management model.

The culture of potential partners

Whether you are considering a direct
investment from a private equity firm or
an affiliation with a private-equity backed
management company, spend time under-
standing the culture and philosophies of
these potential partners. Strategies, exper-
tise and personalities among private-equity
partners can be as diverse as practices.

These PE-backed models, when struc-
tured properly, have little if any impact on
the daily lives of retina specialists and clinic
functions. Equity firms know what they
know, and perhaps more importantly from
the affiliating doctor’s perspective, know
what they don’t know. They leave clinical
matters to the specialists.

The most common structure of private
equity ownership is the management ser-
vices organization (MSO). The MSO gen-
erally assumes administrative functions—

(Continued on page 45)
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Can patients take OCT home with them?

Early work with home-based optical coherence tomography shows patients can use it,

but how good are the images?

hen the Food and Drug Adminis-
tration established breakthrough
device designation in 2016, the
idea was to offer manufacturers
an expedited review pathway for devices
that “provide for more effective treatment
or diagnosis of life-threatening or irreversibly
debilitating diseases or conditions.”

In December 2018, the FDA bestowed
that designation on the Notal Vision Home
OCT System, a cloud-based optical coher-
ence tomography platform that patients
diagnosed with wet age-related macular
degeneration can use in their home. The ar-
tificial-intelligence-based device is designed
for remote monitoring of retinal fluid chang-
es in the central 10 degrees. Notal Vision says
it hopes to bring the home-based OCT to
market next year.

Potential advantages of in-home OCT

Among the retina specialists evaluating
the home-based OCT in the clinic is Judy E.
Kim, MD, a professor at the Medical College
of Wisconsin in Milwaukee. (Dr. Kim is a
paid adviser to Notal Vision on the product.)

“Much of our diagnosis and treatment of
diseases such as age-related macular degen-
eration, diabetic macular edema, central se-
rous chorioretinopathy, retinal vein occlusion
and many other conditions are guided by
the OCT findings,” Dr. Kim says. “Currently
these images can be obtained only in doctors’
offices, requiring the patients to come in for
a visit.”

Moving that function from the doctor’s
office and into a more convenient place for
patients offers a number of benefits, Dr. Kim
notes. “Can you imagine what it would be
like to have these OCTs at patients” homes?”
she asks. “The advantages are obvious.”

Finding the optimal interval
One of the challenges of treating patients
with retinal diseases is learning the optimal

treatment interval for each individual pa-
tient. “As a result, we have various dosing
schedules, such as monthly, as needed, or
treat-and-extend,” Dr. Kim notes. “Instead
of overtreating some patients with monthly
dosing or risking recurrences with as-needed
dosing or guessing how far to extend the in-
terval between injections, we will now know
exactly when the fluid recurs and patients can
come in then.”

In-home OCT monitoring can potential-
ly address the second treatment challenge
retina specialists have with these patients:
minimizing the treatment burden while min-
imizing vision loss from undiagnosed fluid
recurrence.

“Home OCT will allow us to gain better
knowledge of a patient’s response to one drug
over another in a more dynamic and timely
manner,” Dr. Kim says. “We will be able to
treat patients in a more timely and individu-
alized manner with home OCT.”

Individualizing treatment schedules

She notes both the HARBOR' and CATT?
trials reported wide disparities in the fre-
quency of injections among patients; some
needed only three injections over 23 months
while others needed monthly treatments. As
every retina specialist knows, determining
what treatment interval the patient would
benefit most from is a trial-and-error process
that requires multiple office visits.

“Home-based OCT may help in reducing
the treatment burden and in adopting a more
individualized treatment approach,” Dr. Kim
says. “This may result in increased compli-
ance with needed injections.”

She also points out that as more drugs
are being investigated for longer durabil-
ity, determining the optimal dosing inter-
val will be critical. “We should also remem-
ber that every injection carries a small but
known risks of endophthalmitis, intraocular

(Continued on page 46)
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Richard Mark
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“Home OCT
will allow us
to gain better
knowledge
of a patient’s
response to
one drug over
another

in a more
dynamic and
timely
manner.”
—Judy Kim,
MD
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Wet AMD gene therapy shows promise

Phase I/lla results of RGX-314 confirm protein uptake over months.

By Richard Mark
Kirkner

Department Editor
Emmett T.
Cunningham Jr.,
MD, PhD

The surgical
procedure
used to place
the vector
involves a
three-port
small gauge
core
vitrectomy to
induce a
posterior
vitreous
detachment,
similar to the
procedure
used to place
other gene
therapies.

GX-314 is one of a number of

gene therapy candidates targeting

retinal diseases, but where the

bulk of these agents target inher-
ited retinal disease, RGX-314 is unique
in that it’s one of the few gene therapies
that targets wet age-related macular de-
generation. REGENXBIO, the company
developing RGX-314, says the goal is to
have a one-time subretinal treatment for
wet AMD.

RGX-314 includes a vector of adeno-as-
sociated virus serotype 8 (AAVS). Because
this serotype shows a greater affinity for
liver transduction than other serotypes,
it is the preferred vector for hemophil-
ia A and familial hypercholesterolemia.'
More recent research in retinal diseases
has implicated AAVS in inducing immune
responses in primate retinas®> and, more
specifically, in suppressing vascular endo-
thelial growth factor.?

REGENXBIO has developed RGX-314
based on a proprietary platform called NAV.
RGX-314 contains a gene that encodes for
a monoclonal antibody fragment that binds
to and neutralizes VEGF activity.

Phase I/lla dose-escalation trial

A Phase I/I1a dose-escalation tri-
al is currently evaluating four doses of
RGX-314: 3E9 GCl/eye; 1E10 GC/eye;
6E10 GC/eye; and 1.6E11 GCleye. At last
report, 30 subjects have been dosed in the
trial. The trial is also now recruiting an
additional cohort of 12 patients at a dose
of 2.5E11 GCleye.

These trial results will be used to help
design the Phase IIb trial, which principal
investigator Jeffrey S. Heier, MD, says is
scheduled to begin by the end of the year.

Here, Dr. Heier, director of the vitreo-
retinal service at Ophthalmic Consultants
of Boston, answers questions about the
Phase I/11a trial.
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What can you tell us about the
mechanism of action of RGX-314?
RGX-314 utilizes an AAVS viral vec-
tor that carries a gene encoding for
an anti-VEGF protein. The vector is taken
up preferentially by retinal cells. In es-
sence, it uses the patient’s cells to produce
high levels of the therapeutic protein.

How is RGX-314 administered?

It’s administered subretinally. The

procedure used to place the vector
involves a conventional three-port, small-
gauge core vitrectomy and, if not already
present, a posterior vitreous detachment is
induced. Then, using a small-gauge, sub-
retinal cannula, the gene therapy product
is introduced into the subretinal space. A
bleb is created by injecting 250-pl of the
gene therapy product adjacent to, but not
in, the macula. This is similar to the pro-
cedure used for other retinal gene thera-
pies, such as voretigene neparvovec-rzyl
(Luxturna, Spark Therapeutics).

What are the potential advantages of

subretinal delivery?

The hypothesis is that subretinal de-

livery will provide broader retinal
coverage, higher protein expression and
reduced sensitivity to neutralizing anti-
bodies than intravitreal delivery. This will
potentially lead to higher and longer gene
expression.

What have the Phase I/lla results
Q shown so far?

The Phase I/Ila study is designed

primarily to evaluate safety, but it is
also designed to show long-term protein
expression after administering RGX-314.
In each cohort we have seen increasing
levels of protein expression as measured
by anterior chamber taps. Fifty percent
of the patients in cohort 3 (6E10 GC/
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eye) haven't received any rescue injections out to nine
months. Patients in cohort 4 (1.6E11 GC/eye), which is
still recruiting, had continued evidence of dose-depen-
dent protein expression.

0 What are the safety findings at this point?
The surgery is well tolerated. Very few complica-
tions have been reported. One patient developed
a peripheral retinal detachment that was successfully
repaired, and that patient continues to do well.

What are the functional and anatomical findings so

far?

Patients in cohort 3 continued to have stable to

increasing visual acuity and stable to decreased
retinal thickness despite few injections. Half of these
patients (3 of 6) received no further treatment after
RGX-314 delivery, and they continued to show stability
in terms of retinal thickness.

What types of patients were included in the trial?

The patients treated in this study are long-term pa-

tients, with an average disease duration of five years
and a history of 30-plus injections each. They demon-
strated a chronic and frequent need for anti-VEGF
injections. The fact that they've demonstrated stability in
vision up to this point is most encouraging.

o Where would RGX-314 fit in real-world practice?
The data are overwhelmingly clear that patients in
the real world don’t achieve outcomes that are re-

ported in Phase III randomized clinical trials. We at least

hypothesize that that’s largely due to undertreatment.
The treatment burden is at least responsible for that.

The hope is that we have a treatment that’s far more
durable, that will mean patients will need fewer to no
injections over a one-to-multi-year span, and that the
real-world outcomes will be much closer to those
achieved in Phase III studies. RGX-314 would be more
for the patients who have demonstrated a very strong
dependence on frequent anti-VEGF treatments—that
is, monthly or every six or eight weeks. ®
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PE: Coming soon to your neighborhood
(Continued from page 42)

payroll, accounts payable and general accounting/tax
preparation. Most typically offer other critical business
functions, such as strategic planning, revenue cycle man-
agement, human resources/benefits management, com-
pliance and information technology.

Bringing formality to financials

Partnering with the right private-equity firm will enable
your current administrative team to have a starring role
in both the integration process as well as operational and
financial reporting post-affiliation. It will bring formality
to reporting and financial monitoring.

Most retina groups utilize cash-basis accounting be-
cause it offers a reasonable assessment of a group’s fiscal
health and eases the partners” annual tax filing burdens.
Most retina groups also utilize various metrics and bench-
marking data to assist in managing the business. Groups
considering affiliation should expect a more corporate and
frequent approach to financial reporting and key perfor-
mance indicator (KPI) tracking. Accrual-based account-
ing, annual operating and capital budgets, and regular
communication of KPIs will be the norm.

Depending on a group’s level of internal accounting so-
phistication and its management reporting tools within ex-
isting systems, this process brings a potentially significant
deviation from the small-business management mentality
of most medical practices. But this advanced process also
allows for better financial understanding, more accurate
projections, identification of critical trends, adjustments
of operational processes and development of detailed
growth plans—exactly what every practice wishes it had
and right in the wheelhouse of private equity.

What path is right for you?

By now, many retina practices have already been solic-
ited by private-equity firms. Some have elected to stay the
course. Some have chosen to affiliate with a larger entity,
maintaining medical independence but foregoing some
business management autonomy.

Which path is right for you? Your present circumstanc-
es—competition, referral practice decisions with private
equity, the level of sophistication within your group to
keep up with and adhere to added regulation and business
demands, MIPS (merit-based incentive payment system),
fee schedule changes, contract negotiation, recruitment,
etc.—may well hold the answers. ®
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Can patients take OCT home?
(Continued from page 43)

pressure elevation, vitreous hemor-
rhage and retinal detachment. There-
fore, it would be ideal to be treated
only when treatment is needed,” says
Dr. Kim.

“To achieve this end, the quality
of OCT images and the accuracy of
Al-based readings of the images will
be important,” she says of the home-
based OCT system.

Ease of use, image quality

Three sites in the United States
are evaluating the home-based OCT.
“What I hear from them is that it’s easy
to use by the patients, even in their
80s and 90s,” she says. The evaluation
sites are also validating image quality
compared to in-office OCT and will
present those findings at upcoming
retina meetings.

Dr. Kim also notes that the notifi-
cation alert system—when in-home
monitoring detects significant retinal
fluid changes and how the retina spe-
cialist gets that information—is still a
work in progress.

Given that Notal already has a plat-
form for its cloud-based ForeseeHome
that provides monitoring of changes in
metamorphopsia in patients at risk for
converting to neovascular AMD, Dr.
Kim believes the home system can uti-
lize a similar work flow. “Home OCT
is an exciting innovation that has the
potential to greatly impact and benefit
our patients and their physicians,” she
says. @
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