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e PURPOSE: To evaluate the influence of immunomodu-
latory therapy (IMT) on visual and treatment outcomes
of inflammatory choroidal neovascularization (iCNV) in
patients affected by multifocal choroiditis (MFC), and to
compare them to patients treated with steroids as needed.
e DESIGN: Multicenter retrospective matched cohort
study.

e METHODS: Patients affected by MFC with iCNV were
divided into a IMT group and a “steroids as needed”
group and matched according to the time between diag-
nosis and beginning of systemic treatment. Visual acuity
(VA), number of anti-vascular endothelial growth fac-
tor (VEGF) intravitreal injections, and number of iCNV
reactivations during 2 years of follow-up after treatment
initiation were compared between the 2 groups.

e RESULTS: A total of 66 eyes of 58 patients were in-
cluded, equally divided into the 2 groups. Patients in the
IMT group had a lower relative risk (RR) of iCNV reac-
tivation (0.64, P = .04) and of anti-VEGF intravitreal
injection retreatment (0.59, P = .02). Relapses of MFC-
related inflammation were independently associated with
a higher RRs of iCNV reactivation (1.22, P = .003). Fi-
nal VA was higher in the IMT compared to the steroids
as needed group (mean [SD], 69.1 [15.1] vs 77.1 [8.9]
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letters, P = .01), and IMT was associated with greater
VA gains over time (+2.5 letters per year, P = .04).

e CONCLUSIONS: IMT was associated with better visual
and treatment outcomes in MFC complicated by iCNV
compared to steroids as needed. The better outcomes of
the IMT group and the association between MFC-related
inflammation and iCNV reactivations highlight the need
for tighter control of inflammation to prevent iCNV re-
lapses and visual loss. (Am ] Ophthalmol 2024;262:
62-72. © 2024 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-
ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/))

NFLAMMATORY ~ CHOROIDAL  NEOVASCULARIZATION
(iCNV) is a common complication of posterior
uveitis, with a reported prevalence of up to 90% in
patients diagnosed with multifocal choroiditis (MFC).!**
Neovascularization represents a stereotypic, nonspecific,
wound-repair response to a pathological stimulus.”>® In
iCNV, inflammation contributes to both the initial an-
giogenic response to retinal pigment epithelium (RPE)
breakthrough and to the exudative activity of the lesion.’
Eyes with iCNV respond promptly to anti—vascular en-
dothelial growth factor (anti-VEGF) intravitreal injections
and are most commonly managed with reactive, as needed
regimens, tailored according to the activity of the indi-
vidual lesion at the physician’s discretion.”®” In addition
to anti-VEGF injections, systemic anti-inflammatory treat-
ment in MFC aims to prevent relapses of the disease, the
formation of new foci of inflammation and subsequent at-
rophy, and to control the activity of iCNV given its rela-
tionship with low-grade chorioretinal inflammation.*">'°
Small retrospective series have found immunomodula-
tory therapy (IMT) to be superior to systemic steroids alone
in reducing the number of iCNV reactivations.''"” In fact,
multiple authors recommend aggressive and prolonged IMT
in addition to anti-VEGF injections, especially in cases of
recurrent or sight-threatening iCNV.'*!” However, given
the low prevalence of the disease, large randomized con-
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trolled trials (RCT) comparing the efficacy of different
treatment strategies to control iCNV activity in MFC are
lacking.® For this reason, many clinicians still favor re-
peated courses of high-dose systemic steroids along with
anti-VEGF to manage iCNV reactivations over prolonged
IMT, the former coming with a higher treatment burden
and potential serious systemic adverse events.’

Because of the challenges of performing a well-balanced
RCT, a reasonable approach is to compare the incidence
of iCNV relapses among 2 populations of MFC patients
matched by clinical features but managed with different
systemic treatments.'>!” The aim of this cohort study was
therefore to compare the relative risk of iCNV reactivation,
the number of injections, and the visual outcomes of 2 his-
torical cohorts of MFC patients, one treated with IMT and
the other with systemic steroids as needed, over a period of
2 years.

METHODS

The present study has been reported according to the
Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) checklist for cohort studies.””

e STUDY DESIGN AND SETTING: This matched historical
cohort study included patients affected by MFC compli-
cated by iCNV referred to 5 tertiary referring centers: Luigi
Sacco Hospital, Milan, Italy; Policlinico Ca’ Granda, Mi-
lan, Italy; Cleveland Clinic, Abu Dhabi, UAE; Arcispedale
Santa Maria Nuova, Reggio Emilia, Italy; and Save Sight
Institute, Sydney, Australia.

Local institutional review board approval was obtained,
and the study adhered to the tenets of the Declaration of
Helsinki. Given its retrospective nature, waiver of informed
consent was granted.

* PARTICIPANTS AND STUDY GROUPS: Patients affected
by MFC complicated by iCNV presenting between 2010
and 2020 with at least 2 years of follow-up after systemic
treatment initiation were identified from electronic health
records, and the clinical data were collected and analyzed.

Patients were divided into 2 cohorts according to the
systemic treatment received: (1) an “immunomodulatory
therapy” group, who received long-term systemic treatment
with at least 1 immunosuppressive drug other than steroids,
or a combination of multiple immunosuppressive drugs; and
(2) a “steroids as needed” group who received oral pred-
nisone at every relapse of MFC or iCNV, starting at 1
mg/kg/d then slowly tapered down and interrupted, with no
other immunosuppressive drug before or during the study
period.

In both groups, anti-VEGF intravitreal injections were
administered in the case of iCNV activity at the discretion
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of the treating practitioner, following a “as needed” regi-
men. 1221

The study period was 2 years from the beginning of im-
munosuppressive treatment in the IMT group. Patients in
the steroids as needed group were matched with those in
the IMT group according to the time elapsed between the
iCNV diagnosis and the start of immunosuppressive treat-
ment (£3 months), to account for the diminishing activity
and need for treatment of iCNV over time.!»’

o INCLUSION AND EXCLUSION CRITERIA: Inclusion crite-
ria included a clinical diagnosis of MFC, the presence of
an iCNV that received anti-VEGF intravitreal injections,
a follow-up of at least 2 years after systemic treatment ini-
tiation, and at least 3 visits including OCT imaging each
year.

Exclusion criteria included iCNV secondary to uveitis
other than MFC and treatment with an intravitreal dexam-
ethasone implant and intravitreal or subconjunctival injec-
tion of steroids. Low-dose oral prednisone (ie, <7.5 mg/day)
during the study period was considered acceptable only in
the IMT group in addition to the immunosuppressive treat-
ment.

* DIAGNOSIS OF MFC AND ICNV: The diagnosis of MFC
was based on the presence of a compatible clinical picture
and the exclusion of any infectious or autoimmune uveitis
other than MFC possibly causing MFC-like lesions.”"!"

The diagnosis of iCNV was based on the presence of an
active CNV in eyes affected by MFC. The CNV complex
was identified with a multimodal imaging approach includ-
ing fundus fluorescein angiography, OCT, and at least 1 of
either indocyanine green angiography or OCT angiogra-
phy.gj

The definition of iCNV activity was based on the identi-
fication by the treating physician of 1 or more of the follow-
ing signs: leakage on fluorescein angiography; intraretinal
fluid, subretinal fluid or subretinal hyper-reflective material
on OCT; and blood at funduscopic examination.'*”’

e VARIABLES AND DATA MEASUREMENT: The primary
outcome was the relative risk (RR) of iCNV reactivation
during the 2-year study period between the IMT group and
the steroids as needed group.

Secondary outcomes were the number of anti-VEGF in-
jections and the difference in visual acuity (VA) between
the 2 groups at 12 and 24 months.

Data collected within 1 month before or after the exact
timeframes mentioned above were considered acceptable,
given the retrospective nature of the study.

Medical charts of the patients were examined and de-
mographic and clinical features including age, gender/sex,
baseline VA, iCNV location, anti-VEGF drug used, num-
ber of MFC relapses during the study period, and number of
injections and iCNV reactivations before the study period
were collected and compared between the 2 groups.
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o STATISTICAL ANALYSIS: Descriptive data were summa-
rized using the mean (SD), median (25th and 75th quartile
range), and number (percentage) where appropriate.

Fisher exact tests and independent ¢ tests were used to
compare baseline differences between groups. Independent
t tests or Wilcoxon signed rank tests were used to compare
outcomes at 12 and 24 months between the 2 groups. Paired
t tests were used to compare VA at 12 and 24 months with
baseline VA within each group.

The incidence rates of iCNV reactivation and their 95%
CI for the 2 treatment groups were calculated over the
entire course of follow-up and reported as the number of
events per person-year. Kaplan—-Meier curves were used to
estimate the median time to reinjection after the start of the
observation period, and a log-rank test was used to compare
survival estimates between the 2 cohorts. The Pearson—
Klopper method was used to estimate and compare the 95%
binomial ClIs of the proportions of visits in which the iCNV
was graded as “active” by the treating practitioner.

Generalized linear mixed-effects models with negative
binomial distribution were used to test the difference in
number of reactivations of iCNV activity and number of
injections between the 2 groups at 12 and 24 months. Neg-
ative binomial distribution was used instead of the more
common Poisson distribution, because it is better suited to
model recurrent events’” and because of the high variance
of the counts of iCNV reactivations and injections.

Linear mixed-effects models were used to compare VA
trends between the 2 groups over 24 months of follow-up.

In all models, the main predictor was the interaction be-
tween time point and treatment arm. Covariates in the neg-
ative binomial models included age, reactivations of iCNV
before the study period, time from iCNV diagnosis to im-
munomodulatory therapy, number of relapses of MFC dur-
ing the study period, and location of the iCNV. Covari-
ates in the linear VA model included baseline age, baseline
VA, and number of reactivations of iCNV and of MFC. All
models included nesting of outcomes within practices and
within patients with bilateral disease as random effects.

Relative risks were derived as measures of association of
independent variables with iCNV activity and number of
injections. Estimated marginal means were used to derive
expected values of outcomes at 12 and 24 months, and to
compare them between the 2 treatment groups.

A P value of less than .05 was considered statistically sig-
nificant. All analyses were conducted using R software ver-
sion 4.2.2 (R Project for Statistical Computing) with pack-
ages epiR, glmmTMB, and emmeans.

RESULTS

A total of 66 eyes of 58 patients with MFC complicated
by iCNV were included in the study, equally divided be-
tween the steroids as needed and the IMT groups (33 eyes,
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29 patients each). Clinical features and descriptive statistics
for the 2 groups are reported in Table 1. Age, gender dis-
tribution, and baseline VA were comparable between the
2 groups. Most patients were Caucasian (90% and 83%,
respectively). Mycophenolate mofetil was the most com-
monly used immunosuppressive drug (79%); among pa-
tients in the IMT group, 9 patients (27%) had been on mul-
tiple drugs during the study period. iCNV location was most
frequently sub- or juxtafoveal, with no difference between
the 2 groups (P = .62). Ranibizumab monotherapy was the
most frequently used anti-VEGF drug (61% and 73% in the
2 groups).

e TIME TO IMMUNOMODULATORY THERAPY: Seven eyes
of 6 patients with a treatment-naive iCNV started im-
munosuppressive therapy at presentation. Accordingly, 7
treatment-naive iCNVs of 6 patients who had instead been
treated with steroids as needed were included to match
them with the immunosuppressed ones for a total of 14
treatment-naive iCNVs equally distributed between the 2
groups.

The 2-year study window of the other 26 eyes of 23
IMT patients was matched (£3 months) with 26 eyes of 23
“steroids as needed” patients based on time between iCNV
diagnosis and the beginning of immunosuppressive therapy.
The mean (SD) time to the study period was 10.1 (13.2)
months in the steroids as needed group and 13.9 (14.1)
months in the immunomodulatory therapy group, with no
significant difference between groups (P = .46). The time
to immunomodulatory therapy initiation ranged from O to
48 months.

Before the study period, non—treatment-naive eyes in the
2 groups had similar numbers of iCNV reactivations (me-
dian [IQR], 1 [0.5, 2] vs 1 [1, 3], P = .19) and injections
(median [IQR], 1 [1, 2] vs 2[1, 6], P = .1).

Baseline findings and outcomes at 12 and 24 months are
summarized in Table 2.

¢ NUMBER OF RECURRENCES AND INJECTIONS: Patients
in the steroids as needed group experienced a greater total
number of iCNV recurrences over 2 years of follow-up (me-
dian [IQR], 3 [2, 5] vs 1 [1, 3], P = .005). Consequently, the
overall incidence rate of iCNV reactivation was higher in
this group compared to the IMT group (IR [95% CIJ, 1.5
[1.2,1.9] vs 0.9 [0.7, 1.2] reactivations per person-year).

Immunomodulatory therapy was significantly associated
with a lower risk of iCNV reactivation compared to the
steroids as needed regimen (RR [95% CI], 0.64 [0.41, 0.99],
P = .04) (Figure 1).

The number of iCNV reactivations decreased in year 2
compared to year 1 in both groups (both P < .05) (Figure 2),
as reflected by a significantly lower risk for reactivation in
year 2 (RR [95% ClI], 0.51 [0.32, 0.8], P = .003).

The longer the time elapsed between diagnosis and study
period, the lower was the risk of iCNV reactivation (RR
[95% CI], 0.75 [0.59, 0.96], P = .02). Relapse of MFC-
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TABLE 1. Baseline and Demographic Characteristics of Included Subjects

Steroids as Needed Immunomodulatory Therapy P Value
Eyes, n 33 33
Patients, n 29 29
Women, n (%) 26 (89.7%) 21 (72.4%) .18
Baseline age, y, mean (SD) 43.8 (13.8) 39 (11) 13
Baseline VA, logMAR letters, mean (SD) 66.3 (17.1) 69.1 (13.2) 46
Practice .003
Abu Dahbi 0 (0%) 5(15.2%)
Milan — Sacco 24 (72.7%) 13 (39.4%)
Milan — Policlinico 1(3%) 4 (12.1%)
Reggio Emilia 2 (6.1%) 8 (24.2%)
Sydney 6 (18.2%) 3(9.1%)
Ethnicity, n (%) .02
Caucasian 30 (90.9%) 28 (84.8%)
Arabic 0 (0%) 5(15.2%)
Asian 2(6.1%) 0 (0%)
Indian 1 (3%) 0 (0%)
Uveitis, n (%)
MFC 33 (100%) 33 (100%)
Immunomodulatory treatment, n (%) < .001
Prednisone (<7.5 mg/kg/die) 15 (45.5%)
MMF 26 (78.8%)
AZA 4 (12.1%)
MTX 3(9.1%)
CSA 8 (24.2%)
IFX 1 (3%)
Combined 9 (27.3%)
iCNV location, n (%) .62
Subfoveal 16 (48.5%) 14 (42.4%)
Juxtafoveal 16 (48.5%) 19 (57.6%)
Extrafoveal 1 (3%) 0 (0%)
Anti-VEGF injection, n (%) .35
Ranibizumab 20 (60.6%) 24 (72.7%)
Aflibercept 1(3%) 3(9.1%)
Bevacizumab 7 (21.2%) 4 (12.1%)
Switch 5(15.2%) 2 (6.1%)

Anti-VEGF = anti—vascular endothelial growth factor; AZA = azathioprine; CSA = cyclosporine;
iCNV = inflammatory choroidal neovascularization; IFX = infliximab; MFC = multifocal choroiditis;
MMF = mycophenolate mofetil; MTX = methotrexate; VA = visual acuity.

related chorioretinal inflammation was instead associated
with a higher risk of iCNV reactivation (RR [95% CIJ, 1.22
[1.07, 1.38], P = .003).

Patients in the steroids as needed group also received a
higher number of injections both in the first year (median
[IQR], 1 [1, 3] vs 1 [0, 2], P = .02) and in the second year
(median [IQR], 1 [0, 1] vs O [0, 1], P = .01) of follow-up
compared to those treated with IMT.

In accordance with the iCNV relapse pattern, both
groups received significantly fewer injections in year 2 com-
pared to year 1 (both P < .05), as shown in Figure 2.
A lower risk for injections was significantly associated
with immunomodulatory therapy (RR [95% CI], 0.59
[0.38, 0.9], P = .02), time to study period (RR [95%
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CI], 0.75 [0.59, 0.95], P = .02), and year 2 (RR [95%
CI], 0.54 [0.35, 0.82], P = .004), as shown in Figure 1.
Conversely, relapses of MFC (RR [95% CI], 1.21 [1.08,
1.37], P = .002) were associated with a higher number of
injections.

Relative risks with 95% Cls for all variables examined for
iCNV reactivation and number of injections are displayed
in Supplemental Table 1.

e VISUAL ACUITY: VA was similar in the 2 groups at base-
line (mean [SD], 66.3 [17.1] vs 69.1 [13.2], P = .46). VA
improved significantly in the IMT group from baseline at
12 months (mean [SD], 4+6 [9.8] letters, P = .003) and at 24
months (mean [SD], +8 [11] letters, P = .001), with vision
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TABLE 2. Twelve- and 24-Month Visual and Treatment Outcomes

Steroids as Needed Immunomodulatory Therapy P Value
Baseline
Baseline VA, logMAR letters, mean (SD) 66.3 (17.1) 69.1 (13.2) .46
Follow-up before study period, mo, mean (SD) 10.1 (13.2) 13.9 (14.1) .28
Previous iCNV recurrences, median (IQR) 1(05,2) 1(1,3) .19
Previous injections, median (IQR) 1(1,2) 2(1,6) .10
Year 1
VA, logMAR letters, mean (SD) 69.9 (15.5) 75.1 (11.2) 12
VA change, logMAR letters, mean (SD) 3.6 (8.9) 6 (9.8) .30
Number of iCNV recurrences, median (IQR) 1(1,2) 1(0,2) .06
Number of injections, median (IQR) 2(1,3) 1(0,2) .02
Number of MFC reactivations, median (IQR) 1(1,1) 0(0, 1) .06
Year 2
VA, logMAR letters, mean (SD) 69.1 (15.5) 771 (8.9) .01
VA change, logMAR letters, mean (SD) 2.7 (12.3) 8 (11) .07
Number of iCNV recurrences, median (IQR) 1(0,1) 0(0, 1) .01
Number of injections, median (IQR) 1(0,2) 0(0, 1) .01
Number of MFC reactivations, median (IQR) 1(0,1) 0(0, 1) .06
24-Month Total
Number of iCNV recurrences, median (IQR) 3(2,4) 1(1,3) .005
Number of injections, median (IQR) 3(2,5) 1(1,3) .001
Number of MFC reactivations, median (IQR) 2(1,3) 1(0,2) .05

iCNV = inflammatory choroidal neovascularization; IQR = interquartile range; MFC = multifocal

choroiditis; VA = visual acuity.

stabilizing after the first year of treatment (year 1 vs year 2
mean [SD] difference, +2 [68.9] letters, P = .11) (Figure 3).
Albeit improved from baseline, VA changes in the
steroids as needed group at 12 months (mean [SD], +3.6
[8.9] letters, P = .08) and at 24 months (mean [SD], +2.7
[12.3] letters, P = .42) were not statistically significant.

Final VA was significantly higher in the IMT group com-
pared to the steroids as needed group (mean [SD], 69.1
[15.5] vs 77.1 [8.9] letters, P = .01).

In the linear mixed-effects model, baseline VA, base-
line age, and the interaction between time and treatment
arm were significantly associated with overall VA and VA
change: greater values of baseline age and lower values of
baseline VA were associated with lower final VA and VA
gain, whereas the IMT group was associated with greater
VA gains over time, with an expected increase of +2.5
(95% CI, 0.1-5) letters per year compared to the steroids
as needed group (Figure 3). B-Coefficients and 95% Cls
of all variables examined are displayed in Supplemental
Table 2.

e TIME TO RETREATMENT AND ICNV ACTIVITY: On av-
erage, the time to retreatment with anti-VEGF agents after
the start of the observation period was greater in the IMT
group compared to the steroids as needed group, as shown
in Figure 4. In fact, estimates from a Kaplan—-Meier survival
curve showed that the median time to reinjection was sig-
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nificantly higher in the IMT group compared to the steroids
as needed group (median [95% ClIJ, 7.1 [3.4, 13.3] vs 3.2
[1.8, 10] months, P = .01).

Further corroborating this result, the proportion of visits
in which the iCNV was graded as “active” by the treating
practitioner was also significantly lower in the IMT group
(proportion of visits with active iCNV [95% ClI], 11.3%
[8.1%, 15.3%] vs 25.8% [21.3%, 30.7%], P < .001).

DISCUSSION

In this historical cohort study, patients with MFC compli-
cated by iCNV who were treated with IMT had a signifi-
cantly lower risk of reactivation of iCNV compared to pa-
tients treated exclusively with courses of high-dose systemic
steroids as needed. The cohort of patients treated with IMT
had fewer reactivations of iCNV, received fewer anti-VEGF
injections, and had a significantly higher gain and main-
tenance of BCVA over the course of 2 years of follow-up
compared to the steroids as needed cohort.

MEC is an idiopathic inflammatory choroidopathy with
a pathogenesis that remains poorly characterized. Plausi-
ble associations with specific TNF and IL10 gene variants
have been suggested.”’ In a recent genome-wide association
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iCNV recurrence Anti-VEGF injection
Steroids as needed (reference) . [ﬁ 1 lﬁl
Immunomodulatory therapy 1 —— 1 —a—
Year 2 1—8|— 1 —B—
Immunomodulatory therapy x Year 2 1 ¢ 1 1 ——
Time to IMT (years) . —l— 1 —l—
Recurrences of iCNV before study period 1 HEH 1
Age at diagnosis (per 10 years) 1 HIH 1 "E‘
Inflammatory reactivations of MFC . HElH 1 HEH
Subfoveal (reference) . 1
Juxtafoveal . —— . ——
Extrafoveal . L I . |? |
— — e —
03 05 1 2 3 03 05 1 2 3

Relative Risk (95% CI)

FIGURE 1. Relative risks (RR) for inflammatory choroidal neovascularization (iCNV) recurrence and anti-vascular endothelial
growth factor (anti-VEGF) injection. The squares represent the point estimates of the relative risks (RRs) and the error bars span
the 95% ClIs of the estimates. Significant RRs are highlighted in black. Estimates are reported on the log scale. Estimates have
been derived from generalized linear mixed models with nesting of outcomes within practices and within patients, with bilateral
disease as random effect. Among fixed effects, treatment with immunomodulatory therapy, the second year of treatment, the time
between diagnosis and the start of treatment, and inflammatory reactivations of multifocal choroiditis (MFC) during the study period
independently affected the RRs for iCNV reactivation and anti-VEGF injection. The juxtafoveal location also had a significantly
lower risk of anti-VEGF injection compared to the subfoveal location. See Supplemental Table 1 for detailed RRs and 95% Cls.

study, de Groot et al found that a locus in the CFH gene
was associated with the development of idiopathic MFC.*
These results suggest that multiple inflammatory pathways
might play a key role in the development and sustainment
of choriocapillaris inflammation and hypoperfusion, reti-
nal pigment epithelium loss, and most likely in the devel-
opment of iCNV, highlighting the complexity of the un-
derlying inflammatory process.””** The regulation of these
inflammatory cascades achieved with IMT can avoid the
“saw-tooth” fluctuation of inflammatory mediators associ-
ated with MFC flare-ups that can trigger iCNV reactiva-
tions.”»1%: 1213, 15-17,24,25 Hjoh _dose oral steroids, albeit very
effective in the short-term control of inflammation, cannot
be maintained in the long term because of their severe sys-
temic side effects, and their tapering eventually leads to an
increase in inflammatory mediators that can predispose pa-
tients to MFC and iCNV relapses.”>?»2¢

As expected, in our study the IMT cohort experienced
significantly fewer reactivations of iCNV activity during
the first 2 years of treatment compared to the matched co-
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hort of patients treated with oral steroids as needed. Reacti-
vations decreased during the follow-up in both groups, due
to the diminishing activity of iCNV after its onset." The
matched design of our study allowed us to counter this ef-
fect by pairing patients according to the time elapsed be-
tween iCNV diagnosis and start of IMT. The finding of
lower reactivation rates in the IMT group is in line with
what reported by Neri et al in a cohort of patients af-
fected by iCNV, caused by different underlying inflamma-
tory choroidopathies, treated either with prompt or delayed
IMT."” The authors found that patients treated promptly
with IMT had fewer reactivations of iCNV and better final
VA compared to patients started on high-dose oral steroids,
which were then tapered down followed by the patients be-
ing treated with IMT later on.

In our study, IMT was not only associated with a lower
risk of iCNV reactivations and with the need for anti-
VEGEF injections, but also with better VA gains over the
period of follow-up. In fact, while starting from compara-
ble baseline VA, patients in the IMT cohort experienced
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iCNV recurrences Anti-VEGF injections
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FIGURE 2. Annual inflammatory choroidal neovascularization (iCNV) recurrences and anti—vascular endothelial growth factor
(anti-VEGF) injections. Bar plots represent the average number of iCNV recurrences (left) and anti-VEGF injections (right) per
year in the steroids as needed and immunomodulatory therapy (IMT) group. Error bars extend to 1 standard error of the mean. P
values for Wilcoxon signed rank tests comparing the average count between the 2 groups at each year are reported. The shaded,
dashed point ranges represent the expected count of iCNV recurrences and anti-VEGF injections adjusted for the confounding
variables detailed in the Methods section and in Figure 1. Expected counts as calculated with estimated marginal means show
significant between-groups and within-group differences, with lower expected counts in the IMT group compared to the steroids as

needed group and in year 2 compared to year 1 (all P < .05).

a more robust improvement in VA, which stabilized dur-
ing the 2 years of observation. This result can be explained
by the lower number of iCNV reactivations observed in
this group. Frequent recurrences of exudation, regardless
of the causative mechanism underlying the formation of
CNV, have been strongly linked to worse anatomical and
functional outcomes.” 1?2728 Although better visual out-
comes are usually achieved with proactive anti-VEGF in-
jection regimens in neovascular age-related macular de-
generation, our study suggests that the same can be ob-
tained with IMT in the context of MFC complicated by
iCNV.

Unlike CNV caused by neovascular age-related macu-
lar degeneration, iCNV has usually demonstrated good re-
sponses to reactive, as-needed treatment regimens. In the
current study, there were similar outcomes with less need
for injections by avoiding the loading phase of 3 monthly
injections in these patients.!">*1:?":?? Consistent with the
as-needed treatment pattern, the very similar RRs for iCNV
reactivation and anti-VEGF injection in our study reflect
the reactive nature of this regimen, in which treatment is
administered only when symptomatic or overt exudative ac-
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tivity is detected.!?! Subjects in the IMT cohort achieved
longer disease-free periods, with a lower incidence rate of
iCNV reactivation, and significantly fewer anti-VEGF in-
jections needed to control the neovascular lesion. These
results translated into a lower exposure of the IMT pa-
tients to the risk for serious albeit rare complications of
anti-VEGF intravitreal injections such as infective endoph-
thalmitis, retinal detachment, or cataract formation.’® Al-
though health economic assessments are unavailable for
MFC complicated by iCNV because of the rarity of the con-
dition, it is reasonable to assume that treatment strategies
using IMT to decrease the long-term rate of reactivations
and the need for anti-VEGF injections are a cost-effective
solution that additionally decreases the treatment burden
for the typically young, working-age MFC patient.

Oral prednisone at a maintenance dose of <7.5 mg/d
is safe for the intermediate term: the Multicenter Uveitis
Steroid Treatment (MUST) Trial and Follow-up Study
demonstrated that oral steroids and immunomodulatory
drugs can be given safely for up to 7 years with no evident in-
creased risk of systemic side effects.’’ However, large cumu-
lative doses of oral steroids expose patients to increased risks
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FIGURE 3. Visual acuity (VA) trends over 2 years of follow-up. (Left panel) VA trends between the immunomodulatory therapy
(IMT) group and the steroids as needed group over the 2-year follow-up. Solid squares represent the mean VA at each year; error
bars extend for 1 standard error of the mean. P values for t tests comparing the average VA between the 2 groups at each interval
are reported. (Right panel) The shaded, dashed lines represent the estimated change in VA (95% CI) over time, adjusted for
confounding variables. P values derived from contrasts of estimated marginal means from a linear mixed model are reported at each
interval. Baseline VA, baseline age, and the interaction between time and treatment arm were significantly associated with overall
VA. The difference in slope between the 2 dashed lines represents the estimated difference in VA gain between the IMT group
and the steroids as needed group, corresponding to +2.5 logMAR letters per year (95% CI, 0.1-5) in favor of the IMT group. See
Supplementary Table 2 for detailed B-coefficients and 95% Cls.

of cardiovascular disease, osteoporosis, and hyperglycemia
requiring medical therapy.”>*” Furthermore, in a single-
centre retrospective cohort study by Thorne et al,”’ pred-
nisone >10 mg/d was found to reduce the risk of struc-
tural complications of MFC associated with visual loss, but
doses of <10 mg/d were not, indicating that a safe dose
of oral corticosteroids alone was ineffective and that im-
munosuppression should be considered as part of the ini-
tial regimen.'”'>?>?% In our study, the most commonly
used IMT drug was mycophenolate, an anti-metabolite
with an excellent safety profile. Among conventional im-
munosuppressive drugs, mycophenolate had the highest 12-
month, single-agent success in uveitis control in the Sys-
temic Immunosuppressive Therapy for Eye Diseases (SITE)
Cohort Study,”>** whereas in the First-line Antimetabo-
lites as Steroid-sparing Treatment (FAST) Trial mycophe-
nolate did not result in superior control of inflammation
compared with methotrexate.” Mycophenolate is usually
highly effective in inducing MFC remission, with reported
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rates of successful inflammation control and oral prednisone
<10 mg/d in 88% to 95% of patients at 2 years of follow-
up.'”%% Nevertheless, the necessity for dose escalation or
for the addition of a second immunosuppressive drug is not
uncommon in MFC, and less than 10% to 50% of patients
are able to discontinue oral steroids completely.'”*® In our
practice, MFC patients achieving good control of inflam-
mation with standard doses of mycophenolate frequently
continue to take very low doses of oral steroids, typically
2.5 to 5 mg/d, a combination that we have found to ensure
optimal rates of long-term disease-free remission.

Because of the heterogeneity of treatment in the IMT
group in our study, it was not possible to draw conclusions
on the effect of different IMT regimens on iCNV activity.
In clinical practice, IMT treatment is frequently modulated
according to the severity of the underlying inflammation,
with patients affected by more active disease requiring mul-
tiple drugs or high-dosage regimens.”” In the present cohort
study, we found that a relatively small excess number of re-
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between the IMT group and the steroids as needed group.

activations in the steroids as needed cohort over a follow-
up of 2 years was sufficient to determine inferior visual out-
comes compared to those in the IMT cohort. Regardless of
the type of IMT regimen, our findings suggest that IMT is
still to be preferred over a steroid as needed strategy to pre-
vent recurrences of the underlying inflammation and, con-
sequently, iCNV reactivations. In fact, given that MFC is
a chronic disease that mainly affects young to middle-aged
individuals,>"'!? the difference in iCNV reactivations will
invariably increase over time without adequate immuno-
suppressive treatment aimed at controlling the inflamma-
tion, lowering the risk of iCNV reactivations, and prevent-
ing further vision loss. Moreover, the importance of tight
control of inflammation does not exclusively pertain to pa-
tients with MFC complicated by iCNV, but also patients
who present only with atrophic scars of previous MFC foci.
In a recent paper, our group demonstrated how relapses of
inflammation within or at the margin of MFC foci led to sig-
nificantly greater expansion rates of chorioretinal atrophy
compared to foci that did not show signs of reactivations.'’
In fact, we found that for each additional reactivation ob-
served through a 4-year follow-up, the expansion rate of
individual atrophic foci increased by over 20%. Comple-
menting our previous findings, in this cohort study we have
presented compelling evidence for the need of adequate im-
munomodulatory treatment to limit both the exudative and
the atrophic complications of MFC.

Limitations of this study are mainly attributable to its de-
sign. Given its observational retrospective nature, no con-
trol or standardization of the treatment administered to the
subjects was possible, with likely inter-patient and inter-
location variability. Consequently, patients in the IMT
group could be on more than one IMT drug, or they could
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be concomitantly taking low-dose oral corticosteroids; pa-
tients in the steroids as needed group could be on variable
dosages of oral corticosteroids.

It could be argued that, in the absence of randomization,
patients treated with IMT could be those with a more ag-
gressive clinical picture. This is not the case, as treatment
depended only on the referring physician, with some prac-
titioners preferring high-dose systemic steroids and others
being more confident with the use of IMT. Furthermore,
if IMT had indeed been reserved for more severe cases,
then the better outcomes achieved by this group would only
strengthen the validity of our findings.

Even though the majority of the patients in the IMT co-
hort were treated with mycophenolate, we could not con-
trol for confounding variables such as treatment switches
or multi-drug therapies, and the study was not powered
enough to draw conclusions regarding different IMT drugs.
We therefore refrained from making any comparisons be-
tween different IMT regimens, limiting our analysis to
treatment outcomes of the IMT and steroids as needed co-
horts.

Anti-VEGF injections could also differ among subjects,
even though multiple studies suggest that the reactivations
of iCNV are not significantly affected by the anti-VEGF use
or by the switch between drugs.”>7*°

Strengths of this study include the relatively large num-
ber of patients, considering the low prevalence of the dis-
ease, as well as the matched, historical cohort design, which
permitted us to estimate the incidence rate of iCNV recur-
rence and its relative risk between patients exposed and
not exposed to IMT therapy.!® The matched design also
helped to reduce as much as possible the variability be-
tween groups associated with diminishing iCNV activity.'
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The historical cohort approach allowed us to present rea-
sonable evidence of the efficacy of IMT therapy for a condi-
tion the low prevalence of which prevents researchers from
planning more robust studies such as randomized controlled
trials.®!”

In conclusion, we found that, over 2 years of follow-
up, IMT significantly reduced the number of iCNV reac-
tivations and need for anti-VEGF injections in eyes with
MEC, allowing for better VA gains over time. These find-
ings suggest that IMT should be recommended in MFC pa-
tients not only to decrease inflammatory reactivations but
also to limit the structural and functional damage induced
by iCNV, when present. Although IMT surely implies the
need for systemic side effects monitoring, the better func-
tional outcomes and the reduced need for anti-VEGF in-
jections strongly favor this approach over repeated courses
of high-dose systemic steroids, especially in patients with
bilateral involvement.
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