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Abstract

Background Proliferative vitreoretinopathy (PVR) is a major cause of failure in cases of retinal detachment (RD)
repair. Intravitreal melphalan, a known inhibitor of cellular proliferation, offers a novel therapeutic approach to reduce
PVR recurrence and improve outcomes. We evaluated the safety and efficacy of 5 ug/0.1 mlintravitreal melphalan

at the end of pars plana vitrectomy (PPV) before silicone oil (SO) injection in eyes with primary PVR related to
rhegmatogenous retinal detachments (RRDs) with a minimal 90-day follow-up period.

Methods This prospective, cross-sectional, interventional pilot study was conducted at the Department of
Ophthalmology of the Federal University of Sdo Paulo in patients with primary RRD and PVR. Patients were included
who were aged 18 to 85 years with PVR grade CP2 or worse secondary to RRDs in eyes without having undergone a
previous RRD surgery. They underwent PPV +scleral buckle +fluid air exchange followed by intravitreal injection of
5 ug/0.1 ml melphalan (270 mOsm) and SO injection.

Results Six eyes of six patients were enrolled. Ocular examination and imaging showed no retinal toxicity. The
logarithm of the minimum angle of resolution best-corrected visual acuity improved from the mean =+ standard
deviation preoperatively of 2.11+0.22 t0 0.89+0.37 at 30 and to 0.84+0.42 at 90 days postoperative (P<0.001).
Optical coherence tomography identified intraretinal cysts in five of six eyes and outer retinal layer loss in all study
eyes. Only one of six eyes developed a recurrent localized RD on day 90 unrelated to recurrent PVR. PVR recurrence
was not observed during the study follow-up.

Conclusions In this pilot study, the preliminary data showed that PPV followed by intravitreal injection of 5 ug/0.1 ml
melphalan was not related to ocular toxicity. The absence of PVR recurrence at 3 months follow-up in these complex
PVR eyes is an interesting finding that justifies further investigation.
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Introduction

Proliferative vitreoretinopathy (PVR) is the most com-
mon cause of failure in rhegmatogenous retinal detach-
ment (RRD) repair [1, 2, 3, 4, 5]. The incidence rates of
PVR following a primary RRD surgery range from 5.1
11.7% [6-8]. Currently, the surgical options for RRD and
PVR are pneumatic retinopexy, scleral buckle, and pars
plana vitrectomy (PPV) [9]. PPV is considered the stan-
dard treatment for PVR, as recurrent vitreoretinal trac-
tion can lead to retinal re-detachment, significant visual
loss, and phthisis bulbi [9, 10].

The pathophysiology of PVR is characterized by blood-
retinal barrier breakdown and cellular proliferation of
retinal pigment epithelial (RPE) cells, astrocytes, fibro-
blasts, myofibroblasts, and macrophages [9, 10, 11, 12,
13]. Despite advances in surgical techniques, a significant
number of recurrent retinal detachments (RDs) result
from PVR, requiring research into other therapeutic
options that act on the disease pathophysiology by inhib-
iting cellular proliferation and membrane contraction [9,
10, 11, 12, 13, 14].

Melphalan (L-phenylalanine mustard or L-PAM), an
anticancer agent introduced in 1957, is a nitrogen mus-
tard alkylating agent that induces cellular damage by
alkylation of DNA bases, resulting in DNA molecule
breakage and cross-linking. Melphalan blocks tumor cell
growth by inhibiting nucleic acid biosynthesis and bone
marrow suppression with a dose-dependent effect [15,
16, 17, 18]. The pathophysiology and risk factors for PVR
have guided investigations for molecular targets. Drugs
that counteract inflammation, growth factors, and espe-
cially cellular proliferation are the leading candidates for
treating PVR [9, 10, 14]. Because melphalan is a potent
inhibitor of nucleic acid biosynthesis resulting in inhibi-
tion of cellular proliferation, there is an important ratio-
nale to use this drug for PVR inhibition that was not
reported previously in the medical literature (MEDLINE
search, July 9, 2024).

Melphalan is also an intraocular chemotherapeutic
agent in infants with retinoblastoma [19]. Because of the
intraocular safety profile in these infants, we hypoth-
esized that it might be a therapeutic option for inhibiting
PVR [10, 11, 12, 13]. Therefore, the purpose of this study
was two-fold: to assess the safety of intravitreal melpha-
lan injection in the setting of vitreoretinal surgery for
RRD with PVR and to evaluate PVR recurrence.

Methods

This study was approved by the Institutional Review
Board (number: 5.282.168) at the Federal University of
Sdo Paulo, Sdo Paulo, Brazil. The data were stored and
managed in compliance with guidelines from the Bra-
zilian General Data Protection Law and adhered to the
tenets of the Declaration of Helsinki.
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All procedures were conducted in accordance with eth-
ical standards, including obtaining informed consent and
ensuring confidentiality and anonymity.

Study population

This prospective, cross-sectional, interventional study
was conducted at the Department of Ophthalmology
of the Federal University of Sdo Paulo in patients with
primary RRD and PVR. Patients were informed about
their ocular condition and the off-label use of intra-
vitreal injection of 5 pg/0.1 ml of melphalan in cases of
RRD with PVR. The research protocol was explained to
each patient and those interested were asked to provide
informed consent.

Inclusion/exclusion criteria

Subjects were included if they were 18 to 85 years old
and had a primary RRD with a CP2 PVR grade or worse
according to the Retina Society Classification of 1991
[20]. Other inclusion criteria included agreeing to and
providing informed consent and having normal preoper-
ative results for complete blood count, urea, glucose, cre-
atinine, prothrombin time and activity, coagulation time,
and electrocardiography.

Exclusion criteria included media opacification at the
screening visit that prevents clinical/photographic evalu-
ation and documentation; any condition or situation that
could confound the results or significantly interfere with
patient participation; a history of allergy to fluorescein
dye or povidone-iodine; lack of cooperation for obtaining
the best-corrected visual acuity (BCVA); a previous ocu-
lar surgery, except cataract surgery; ocular disease such
as diabetic retinopathy, retinal vascular occlusions, and
macular degenerations or dystrophies; and pregnancy or
breast-feeding.

The BCVA was measured and converted to the loga-
rithm of the minimum angle of resolution (logMAR) acu-
ity using vision correction based on automatic refraction
[21, 22, 23]. Anterior segment biomicroscopy and appla-
nation tonometry were performed by calibrated Gold-
mann tonometer at all visits.

The clinical features were studied using a combination
of color fundus photography, fundus autofluorescence
(FAF), fluorescein angiography (FA), and spectral-
domain optical coherence tomography (SD-OCT) or
swept-source OCT (SS-OCT). Imaging was performed
using the available technology at the time of the visit.
All patients had at least one visit during their disease
course when FAF and SD-OCT or SS-OCT imaging
were acquired. These tests were conducted to assess the
safety of intravitreal melphalan injection during vitreo-
retinal surgery for RRD with PVR and to evaluate PVR
recurrence, retinal reattachment rates, BCVA, and other
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BEFORE SURGERY 90-DAYS AFTER SURGERY

Fig. 1 (See legend on next page.)
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Fig. 1 The first column contains preoperative fundus drawings of all six patients. The second column contains UWF color fundus images of all six patients
obtained on postoperative day 90. Patient (1) A, The preoperative drawing shows vitreous haze and a macula off and inferior retinal detachment with a
star pattern of PVR CP6. G,—A 90-day postoperative UWF color fundus image shows a re-detachment of the inferior retina due to a posterior retinal tear.
Laser scars are seen in the periphery. There are no signs of recurrent PVR. Patient (2) B, A preoperative drawing shows vitreous haze and a complete retinal
detachment because of a PVR CP3. H,~A 90-day postoperative UWF color fundus image shows a completely reattached retina. Laser scars are seen in
the periphery and around the retinotomies. There are no signs of PVR recurrence. Patient (3) C, a preoperative drawing shows vitreous haze, a complete
retinal detachment with a tear at the 7 o'’clock position, PVR CP3, and a temporal retinal cyst. |, A 90-day postoperative UWF FAF image shows a completely
reattached retina. Laser scars are seen in the inferior retina. Patient (4) D, A preoperative drawing shows vitreous haze, a complete retinal detachment with
a tear at the 2 o’clock position, and PVR CP2. J, a 90-day postoperative UWF color fundus image shows a completely reattached retina and laser scars in
the mid-periphery. Patient (5) E, a preoperative drawing shows vitreous haze, an inferior retinal macula-off detachment because of PVR CP6, and tears at
the 3, (6) and 9 oclock positions. K, A 90-day postoperative UWF color fundus image shows that the retina is reattached with no signs of PVR recurrence.
Patient 6. F, a preoperative drawing shows vitreous haze, a complete retinal detachment because of PVR CP2, and tears at the 5, 6, and 8 o'’clock positions.

L, a 90-day postoperative UWF color fundus image shows a completely reattached retina and laser scars around the retinotomy

clinical and complementary examination findings over a
3-month follow-up period.

At the preoperative visit, ultrawide field (UWF) fundus
photographs, FAF Daytona device (Optos, Marlborough,
MA, USA), OCT (Spectralis, Heidelberg, Germany),
and Solix (Optovue, Freemont, CA, USA) also were per-
formed. Fundus drawings also were created since some
patients had important vitreous haze what could affect
image quality (Fig. 1).

On postoperative day 1, the eyes underwent BCVA
measurement, biomicroscopy, fundus photographs,
OCT, UWF fundus photography, and FAF. All exami-
nations were performed on days 7, 30, and 90; the same
examinations performed on day 1 were repeated. On days
30 and 90, patients also underwent UWF FA using the
Optos California device. Two retina specialists (CAMN
and MM) reviewed the images and performed the analy-
sis; a third reviewer (MF) provided adjudication when
necessary. Electroretinography (ERG) was not performed
in this study due to the known limitations in eyes filled
with silicone oil (SO), which attenuates light transmis-
sion and distorts electrophysiological responses [24, 25].
Future comparative studies including ERG, preferably
with a control group using SO without melphalan, may
provide valuable insight.

Surgical procedures

We performed valved 23-gauge 4-port PPVs using
the 10,000 cuts/min probe and a chandelier light pipe
(Alcon, Fort Worth, TX, USA). A bimanual surgery using
chromovitrectomy was performed to better identify
vitreous in the periphery, hyaloid, and PVR; phacoemul-
sification and intraocular lens (IOL) aspheric implanta-
tion (Aspheric WE, AcrySof, Alcon) were performed for
vitreous base shaving followed by scleral buckle number
42 and PPV for PVR removal with forceps in the six study
eyes. IOL power calculation was based on immersion
biometry using the OcuScan (Alcon), and corneal astig-
matism was by spherical equivalent. The final IOL power
was decreased by -0.50 diopter due to the myopic effect
of the scleral buckle.

Following vitrectomy and fluid-air exchange and laser
photocoagulation at the break sites, an intravitreal injec-
tion of 5 pg/0.1 cc of melphalan was followed by a nor-
mal-density 5,000-cs SO injection (Oxane, Bausch &
Lomb, Bridgewater, NJ, USA). The same surgeon (MM)
performed the standardized procedure in all eyes (Sup-
plemental Video 1).

Melphalan pharmaceutical Preparation

Melphalan is a highly unstable molecule and must be
used 90 min after drug dilution. One vial of the lyophi-
lized commercial product, Alkeran 50 mg (Aspen
Pharma, Durban, South Africa) was weighed on a digital
precision scale and aliquoted in 10 equal flasks of 5 mg of
the lyophilized drug (Eyepharma Pharmaceutical Indus-
try, Sao Paulo, Brazil) (Fig. 2). During PPV, just after the
fluid air exchange, the same surgeon (MM) performed
the dilution.

One vial was diluted gently in 1 ml of distilled water
using a 1-ml BD Syringe (Becton Dickenson, Woburn,
MA), resulting in 5 mg/ml or 5,000 ug/ml; 0.1 ml of the
solution (500 ug) was diluted gently in 9.9 ml of balanced
salt solution using a 10-ml BD syringe (Becton Dicken-
son), resulting in a 50 ug/ml solution. Finally, another
1-ml BD syringe was used to aspirate 0.1 ml of the solu-
tion resulting in 5 ug/0.1 ml (Fig. 2). Subsequently, the
0.1 ml (5 ug) of melphalan (osmolarity, 270 mOsm) was
injected under air over the optic disc and fovea using a
BD needle over the posterior pole under infusion air
pressure of 10 mmHg, resulting in drops of melphalan
at the posterior pole. Care was taken to inject slowly to
avoid mechanical damage to the posterior pole structures
and optic disc (Supplemental Video 1).

Finally, 5,000 cs of normal-density SO (Oxane 5000)
was injected into the eye. Scleral sutures were placed at
the 23-gauge trocar sites followed by second inverted
sutures at the conjunctiva and Tenon’s capsule using vic-
ryl 8.0 to minimize foreign-body sensation and buckle
extrusion (Supplemental Video 1).
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INTRAVITREAL
MELPHALAN DILUTION

STEP 2: PREPARATION OF SOLUTION B

- Solution A: 5000 pg/ml.

- Dilution of Solution B:

- Take 1 ml of Solution A.

- Add 9 ml of BSS (balanced salt solution).

- Total of 10 ml of solution resulting in 500 pg/ml
(5000 pg / 10 ml = 500 pg/ml).

FINAL CONCENTRATION

- To obtain the concentration of 5 ug/0.1 ml:
- 50 pg/ml is equal to 5 pg/0.1 ml.

Fig. 2 Schematic step-by-step representation of melphalan dilution

Statistical analysis
The study data were compiled with descriptive statis-
tics. Absolute and relative frequencies were calculated
for categorical variables, and summary measures (mean,
median, minimum, maximum and standard deviation)
were determined for numerical variables. The mean
BCVA values over time were assessed by analysis of vari-
ance. The normality of the data distribution was verified
by the Kolmogorov-Smirnov test. A significance level of
5% was used for all statistical tests. The analyses were
performed using the statistical software SPSS 20.0 (IBM
Corp. Released 2011. IBM SPSS Statistics for Windows,
Version 20.0, Armonk, NY, USA) and STATA 17 (Stata-
Corp. 2021, Stata Statistical Software: Release 17, College
Station, TX, USA).

For statistical analyses, the BCVA was expressed log-
MAR units. Non-parametric tests were used to com-
pare the BCVAs; the non-parametric Friedman test was

STEP 1: PREPARATION OF SOLUTION A

- Melphalan (Alkeran) vial: 50 mg/10 ml.

- Initial Dilution:

- Divide the 50 mg vial into 10 vials of 5 mg
each.

- Inject 1 ml of diluent into the 5 mg Alkeran vial
to obtain a concentration of 5000 pg/ml
(micrograms per ml).

STEP 3: PREPARATION OF SOLUTION C

- Melphalan (Alkeran) vial: 50 mg/10 ml.

- Initial Dilution:

- Divide the 50 mg vial into 10 vials of 5 mg
each.

- Inject 1 ml of diluent into the 5 mg Alkeran vial
to obtain a concentration of 5000 pg/ml
(micrograms per ml).

1Y OF STEPS

1. Solution A:

- 5000 pg/ml (50 mg/10 ml divided into 10 vials

of 5 mg and diluted with 1 ml of diluent).

. 2. Solution B:

4 i - 500 pg/ml (1 ml of Solution A + 9 ml of BSS).

4 y 3. Solution C:

- 50 pg/ml (1 ml of Solution B + 9 ml of BSS).
N> 4. Final Concentration:

— - 5 ug/0.1 ml (equivalent to 50 pg/ml).

used because precision quantification of the BCVA was
limited for some patients with hand motions and count
fingers vision [21]. If differences in the BCVA levels were
observed, Dunn-Bonferroni multiple comparisons were
used to identify the times with different BCVA levels,
maintaining the overall significance level. The analysis
was performed using the SPSS 20.0 statistical software
and data were shown on waterflow plots.

Results

Six patients (5 men; median age, 64.5 years +12.2) were
enrolled in the study. Two were Caucasian (33.33%) and
four African-American (66.67%). The follow-up was 90
days.

All patients had baseline BCVAs worse than 1.8 log-
MAR in the eye with the RRD. Only one patient had a
previous history of cataract surgery. Fundus examina-
tion showed tobacco dust in the vitreous and macula-off
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RRD in all cases. Table 1 shows the patient characteristics
including the PVR severity and extent and the presence/
location of retinal tears (Table 1; Fig. 3).

All patients underwent surgery according to the
described protocol. At the end of the surgery, the retinas
were reattached in all eyes (Figs. 1 and 3).

On day 1 postoperatively, all six patients reported mild
pain. On biomicroscopy, mild conjunctival injection,
mild-to-moderate corneal edema, and a mild anterior
chamber reaction (ACR) were seen in all eyes. A SO bub-
ble in the anterior chamber was seen in one patient. The
IOP was within the normal limits in all eyes.
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On postoperative day 7 (Fig. 3), the corneal edema
improved in most eyes. The ACR was stable. The iris
color did not change in any eye. Patient 4 with a SO
bubble in the anterior chamber had an IOP increase to
40 mmHg, for which oral and topical hypotensive agents
were prescribed. The posterior segment evaluation
showed that the vitreous cavity in all patients was filled
with SO, the retina was reattached, there were no signs
of PVR, the optic disc color was normal, and no vascu-
lar abnormalities or pigment changes were seen. Patient
1 had macular sheen attenuation (Fig. 3), which was not

Table 1 Comparison of preoperative and postoperative characteristics for each patient

Characteristic Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6
Ethnicity/age/sex AA/68/F AA/79/M CA/69/M CA/47/M AA/61/M AA/50/M
BCVA (Pre) 20/4000 (2.3) 20/4000 (2.3) 20/2000 (2.0)  20/1600 (1.9) 20/1400 (1.85) 20/4000 (2.3)
ETDRS (logMAR)
BCVA (PO90) 20/800 (1.6) 20/100 (0.69) 20/50 (0.39) 20/200 (1.0) 20/100 (0.69) 20/160 (0.69)
ETDRS (logMAR)
Eyelids (Pre) WNL WNL WNL WNL WNL WNL
Eyelids (PO90) WNL WNL WNL WNL WNL WNL
Conjunctiva/sclera (Pre)  WNL WNL WNL WNL WNL WNL
Conjunctiva/sclera WNL WNL WNL WNL WNL WNL
(90PO)
Cornea (Pre) WNL WNL WNL WNL WNL WNL
Cornea (PO90) WNL WNL WNL WNL WNL WNL
Anterior chamber (Pre) ~ WNL WNL WNL WNL WNL WNL
Anterior chamber WNL WNL WNL Silicone oil bubble WNL WNL
(PO90)
Iris (Pre) WNL WNL WNL WNL WNL WNL
Iris (PO90) WNL WNL WNL WNL WNL WNL
Lens (Pre) IOL Phakic Phakic Phakic Phakic Phakic
Lens (PO90) oL oL oL oL oL 0oL
Vitreous (Pre) Haze/RPE cells Haze/RPE cells Haze/RPE cells  Haze/RPE cells Haze/RPE cells Haze/RPE cells
Vitreous (PO90) Silicone oil Silicone oil Silicone oil Silicone oil Silicone oil Silicone oil
Optic disc (Pre) POD, POD, POD, POD, POD, POD,

04 c/d 04 c/d 03c/d 0.3 c/d 03c/d 0.3 c/d
Optic disc (PO90) Stable Stable Stable Stable Stable Stable
Macula (Pre) Off Off Off Off Off Off
Macula (PO90) Macular sheen WNL WNL WNL Subretinal fibrosis ~ WNL

attenuation
Peripheral retina (Pre) Tear 10 o’clock, Tear 3 oclock, PVR CP3 Tear 7 oclock,  Tear 2 oclock, PVR Tears 3,6, 9 Tears 5,6, 8

PVR CP6 PVR CP3,tem- CP2 o’clock, PVR CP6 o'clock, PVR

poral retinal CP2
cyst

Peripheral retina (PO90)  Laser blocking
retinotomies

tear and 360°
Peripheral leakage

Laser blocking
retinotomies

tear and 360°
Peripheral leakage and
staining

Intraretinal cyst. Outer
retina recuperation.
Attenuated foveal
depression

UWEF FA (PO90)

OCT (PO90) Intraretinal cysts.

Retinal thinning

Laser blocking
tear and 360°

Laser blocking
retinotomy, tear, and
360°

Laser blocking
retinotomy, tear
and 360°

Laser blocking
retinotomy,
tear and 360°

Peripheral Posterior pole leakage Peripheral leakage --

leakage

Outer retina Intraretinal cysts. Intraretinal cysts. ~ Outer retina
recovery. Outer retina recovery.  Outer retina recovery

ERM

discontinuation

Pre preoperative, PO postoperative, AA Afro-American, CA Caucasian, F female, M male, BCVA best-corrected visual acuity, IOP intraocular pressure, WNL within
normal limits, /OL intraocular lens, RPE retinal pigment epithelium, POD pink optic disc, C/D cup-to-disc ratio, ERM epiretinal membrane
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PRE-OPERATIVE

7 DAYS POST-OPERATIVE

30 DAYS POST-OPERATIVE

Fig. 3 (See legend on next page.)

attributed to melphalan. Figure 4 shows images obtained
on postoperative day 7.

On day 30 postoperatively, biomicroscopy showed
resolution of the conjunctival injection and ACR in most

90 DAYS POST-OPERATIVE

eyes. Only eyes 2 and 3 had a mild ACR. The IOP in eye
4 was controlled by topical and oral drugs. Eye 1 main-
tained the same macular characteristics observed on
postoperative day 7 (Fig. 3). UWF FA showed leakage;
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Fig. 3 Images from patient 1 at various follow-up evaluations. Preoperatively: A, An UWF color fundus image shows vitreous opacities, macula off and
inferior RD with a star pattern PVR CP6. B, An UWF FAF image shows a RD. Day 7 postoperatively, A, An UWF color fundus image shows vitreous opacities
and a reattached retina. Laser scars are seen in the periphery. B, An UWF FAF image shows a reattached retina. C, A vertical B-scan SD-OCT image shows a
reattached macula with absence of the outer retina. Day 30 postoperatively, A, An UWF color fundus image shows complete retinal reattachment. Laser
scars are seen in the periphery. There are no signs of PVR recurrence. B, An UWF FAF image shows a reattached retina. Hypo-autofluorescent dots are pres-
ent because of laser scars in the periphery and around the retinotomy beneath the optic disc. C, An UWF FA image shows leakage in the inferior part of
the posterior pole. D, A vertical B-scan SD-OCT image shows foveal thinning. Small paracentral intraretinal cysts are seen at the level of the inner nuclear
layer. Day 90 postoperatively, A, An UWF color fundus image shows a re-detachment of the inferior retina due to a posterior retinal tear (green arrow).
Laser scars are seen in the periphery. There are no signs of PVR recurrence. B, An UWF FAF image shows re-detachment of the inferior retina. The retinal
tear is hyper-autofluorescent (green arrow). C, An UWF FA image shows less leakage in the inferior posterior pole. D, An oblique B-scan SD-OCT image

shows stability of both the foveal thinning and the paracentral intraretinal cysts

OCT showed varying numbers of intraretinal cysts and
outer retinal atrophy in all patients (Table 1; Fig. 3).

On postoperative day 90, the BCVA was stable and
improved in all eyes. No eyes had conjunctival injection
or an ACR. OCT and UWF FA did not show new findings
compared to postoperative day 30. At the final follow-up
visit, no signs of pigmentary changes, vasculitis, or optic
neuropathy were detected in any patient, supporting the
absence of clinical retinal toxicity from melphalan at this
dosage. (Figures 1 and 3; Table 1).

Figure 4 (parametric test) shows the BCVA improve-
ments according to the progressive time lines (P<0.001).
The initial mean BCVA (2.11 + 0.22) was worse com-
pared to days 30 (0.89 + 0.37) and 90 postoperatively
(0.84 + 0.42), which were similar (P<0.001).

A non-parametric test analyzed the different BCVA
levels throughout the evaluations. The median preopera-
tive BCVA level (2.15) was worse than on days 30 (0.69)
and 90 (0.69) (P=0.003), which were similar to each
other.

Discussion

PVR, a major complication in surgical retina, often leads
to unsuccessful treatments and global atrophy in complex
cases [12]. Despite advances, no gold standard treatment
exists, and intraocular drugs have failed to control it [26,
27]. To our best knowledge, this is the first study to per-
form PPV and scleral buckle associated with intraocular
melphalan as a therapeutic option for RRD with PVR
(Medline search, July 9, 2024).

In six study patients, no intraocular inflammation or
toxicity was directly linked to intraocular melphalan.
Conjunctival injection and mild ACR were expected
after scleral buckling and PPV, while peripheral leakage
was attributed to prolonged intraocular surgery for PVR
related to RRD, not melphalan. Postoperative OCT scans
commonly showed outer retinal discontinuation, typi-
cal in long-term RD cases. Cystoid macular edema was
observed in some patients, a common outcome of similar
surgeries, such as cataract surgery, without melphalan [6,
10, 11, 28].

Melphalan, studied in animals and humans for vari-
ous intraocular diseases, was chosen for retinoblastoma

treatment due to its ability to inhibit colony formation
[19]. It is ideal as a regional chemotherapeutic agent
because of its short half-life, low tissue toxicity, and a lin-
ear dose-response relationship with cytotoxicity [29].

Buitrago et al. studied intravitreal melphalan in a rab-
bit model and reported its ability to achieve high vitre-
ous levels, enhancing bioavailability and effectiveness for
retinoblastoma treatment. The peak concentrations were
7.8 mg/dL in the vitreous, 0.024 mg/dL in the aqueous
humor, and 9.8 mg/g in the retina, with half-lives of 1.0,
0.2, and 1.2 h, respectively. Melphalan remained active in
the vitreous for 5 h and detectable for 12 h, with mini-
mal systemic exposure, suggesting a low risk of systemic
toxicity. This supports intravitreal melphalan as an effec-
tive localized treatment [30]. In our study, the intravitreal
injection of melphalan was performed under air, prior to
SO filling. While exact pharmacokinetics remain to be
established, the injected drug likely settled at the poste-
rior pole before being displaced by SO. We hypothesize
that this method leads to a short-term localized expo-
sure at higher concentrations over the macula, followed
by dilution and dispersion within the SO-filled cavity.
Pharmacokinetic studies are encouraged to quantify this
exposure.

In 2014, Francis et al. found that intravitreal melpha-
lan (30 ug weekly) caused no systemic toxicity but led
to permanent retinal dysfunction with decreased elec-
troretinography (ERG) responses [31]. In the current
study, ERG was not performed due to limitations with
SO-filled eyes [24, 25], but improvements in the BCVA,
visual fields, OCT, FA, FAF, and fundus imaging showed
no signs of melphalan toxicity. Although one eye had a
minor tear, no signs of PVR recurrence were observed
in any patient during the follow-up period, suggesting
potential safety and efficacy of melphalan. A longer-term
follow-up protocol, including SO removal, is currently
ongoing and will be reported separately. These prelimi-
nary results highlight the promise of melphalan in PVR
management and support the need for further prospec-
tive studies. The outer retinal thinning and intraretinal
cysts observed in OCT imaging, as well as peripheral
leakage on fluorescein angiography, are common findings
in chronic RD cases and postoperative eyes. They are not
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specific for melphalan toxicity, and similar patterns are
observed in eyes undergoing complex RD repair without
adjuvant drug therapy. Additionally, the occurrence of
cystoid macular edema in this cohort aligns with known
postoperative complications of PPV and scleral buckle
surgery. The incidence was not unusually high, and given
the low melphalan dose used, drug-related causality is
unlikely.

Suzuki et al. reviewed 264 eyes of 250 retinoblastoma
patients treated with 1,067 intravitreal melphalan injec-
tions (16-24 pg) from 1990 to 2011 and found a low risk
of adverse effects, with 68% achieving complete remis-
sion of vitreous seeds and 50% maintaining functional
vision (0.5). Intravitreal melphalan was deemed safe and
effective for treating vitreous seeds [32].

Shimoda et al. studied retinal changes in rabbits after
intravitreal melphalan during PPV and found that a 5-pg
dose caused no ERG or histologic changes. A 10-pg dose
led to a 65—68% decrease in ERG a- and b-waves on day
3, with mild histologic damage, including photorecep-
tor defects. A 20-pg dose caused severe retinal degen-
eration, with nearly flat ERG waves by day 28. Based on
these findings, the authors chose a 5-ug dose for the cur-
rent study [19]. Despite the impossibility of performing
ERG in the current eyes because of the SO tamponade,
all eyes had BCVA improvements, demonstrating no
severe functional loss due to the use of 5 ug/0.1 ml mel-
phalan. Furthermore, Shimoda et al. demonstrated that
5 pg of intravitreal melphalan caused no ERG or histo-
logical damage in rabbit eyes, supporting the safety of
this dose. Given that ERG signals are significantly damp-
ened in SO-filled eyes, we deemed it unreliable for toxic-
ity screening in this setting. However, future studies with
control groups using SO without melphalan could better
isolate the functional impact of the drug.

In a study of 12 cases treated with intravitreal melpha-
lan, doses of 8 to 10 pg caused minor complications like
preretinal hemorrhages and retinal vasculitis. However,
at 50 pg, serious complications such as cataracts, vitreous
hemorrhage, subretinal hemorrhage, severe hypotony,
and enucleation occurred, indicating toxicity at higher
doses. [33]. In the current study, 3 months after the use of
melphalan during PPV, there were no signs of preretinal
hemorrhage, vasculitis, RPE changes, or neuritis.

Francis et al. evaluated 600 intravitreal melphalan
injections (25-30 pg) for retinoblastoma, some com-
bined with topotecan and found that eyes with greater
iris and fundus pigmentation may absorb more melpha-
lan, leading to increased RPE, retina, and choroid toxic-
ity. The study concluded that each injection resulted in a
decrease of about 5 mV in the ERG response [34]. Four
of the current six patients were African-Americans and
none showed RPE pigmentation or other sign of toxicity
within 3 months of follow-up. We hypothesized that this
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absence of toxicity could have resulted from the lower
melphalan dose than in the study of Francis et al.

In 2016, Francis et al. also analyzed 76 patients treated
with intraocular melphalan (doses, 20-30 pg). Five cases
had anterior segment complications (traumatic cataract,
iris depigmentation, and focal scleromalacia) [34]. No
current patients had these side effects, which we hypoth-
esized resulted from the 5 ug/0.1 ml dose of melphalan.

In summary, no intraocular inflammation was directly
attributed to melphalan, and no recurrence of PVR was
observed in these complex cases. All patients demon-
strated improvements in BCVA. This pilot study was
specifically designed to assess short-term safety and
feasibility, which justified the limited sample size and
the absence of a control group. These constraints were
intentional, aiming to minimize risk in a high-risk pop-
ulation and to generate preliminary safety data prior to
a larger trial. The short follow-up period and the lack of
ERG testing should also be recognized as limitations.
Although the inclusion of a control group would have
strengthened the study, enrolling untreated patients in
this context raised ethical concerns. A prospective con-
trolled study is currently under development. Despite
one eye developing a minor tear and localized subretinal
fluid, the absence of toxicity or PVR recurrence over 90
days reinforces the potential safety of melphalan, though
further investigation with a more robust study design is
warranted.

The continuity of the pilot study, including SO removal
and a clinical trial are now planned.

Conclusions

The study showed promising short-term safety for intra-
vitreal 5 pg/0.05 ml melphalan combined with PPV and
SO tamponade in treating RRD with PVR. No toxicity
was observed from the melphalan injection at the poste-
rior pole. The findings suggest that melphalan could be
an alternative to prevent PVR recurrence, although fur-
ther studies with control groups, more eyes, and longer
follow-up are recommended.
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