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Review

Introduction

Proliferative vitreoretinopathy (PVR) is a sight-threatening 
condition characterized by the proliferation of retinal fibrovas-
cular membranes after retinal detachment (RD) surgery. It is a 
multifactorial scarring process that results in the growth and 
contraction of fibroglial material within the vitreous, on both 
surfaces of the retina, and within the retina itself.1

The hallmarks of the pathophysiology of PVR include (1) 
migration of proinflammatory, cytokine-producing, and retinal 
pigment epithelial (RPE) cells, (2) cytokine-induced metaplas-
tic RPE changes resulting in enhanced RPE contractile proper-
ties and proliferation of glial cells, and (3) fibrocellular 
proliferation of contractile membranes. The result is vitreoreti-
nal traction and RD.2,3 The clinical presentation ranges from 
formation of cell debris within the vitreous to full-thickness 
retinal folds and tractional RD (TRD).4

PVR is elicited by various intraocular stimuli but most nota-
bly occurs 30 to 90 days after rhegmatogenous RD (RRD), 
with an incidence of 5% to 10% in such cases.5,6 Despite 
improvements in retina surgical technology and technique, 
PVR remains the most common cause of failure in repair of 
RRD, accounting for 75% of retinal redetachment surgeries.5 
There are no current established medications for the treatment 

or prevention of PVR; surgical removal of the membranes 
remains the mainstay of treatment. Given the common occur-
rence of this devastating complication, there is particular 
research interest in pharmaceutical agents that might aid in the 
treatment and prevention of PVR.

Methotrexate (MTX), a folate antagonist, is one of several 
treatment modalities that have been studied for the treatment of 
PVR. It first received US Food and Drug Administration 
approval in 1953 as a chemotherapeutic agent and later to treat 
autoimmune disorders. Through the inhibition of the enzymes 
dihydrofolate reductase and aminoimidazole carboxamide ribo-
nucleotide transformylase, MTX decreases DNA replication 
and cell proliferation and stimulates adenosine release, a potent 
anti-inflammatory agent7–10 (Figure 1).
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Previous studies found that an intraocular dose of less than 
400 µg/0.1 mL MTX acts on 2 hallmarks of the pathophysiol-
ogy of PVR by neutralizing both retinal glial elements and the 
induction of RPE and decreasing the proliferation of cells 

with myocontractile properties without a significant effect on 
cell migration.2 Rheumatoid arthritis models showed that the 
specific downstream effects of the adenosine pathway include 
decreased neutrophil adhesion and macrophage giant 

Figure 1. MTX and adenosine signaling. Extracellular signals from retinal detachment stimulate an immune cascade and a proliferation 
signal of RPE cells and RGCs important in PVR pathogenesis.10 MTX blocks the enzyme inosine monophosphate synthase (also known as 
aminoimidazole carboxamide ribonucleotide transformylase), resulting in elevated intracellular AICAR levels, leading to increased intracellular 
adenosine.8 Adenosine is transported out of the cell by the extracellular nucleoside transporter, where it might act on G-protein coupled 
receptors and/or be transported intracellularly to inhibit proinflammatory cytokine release in immune cells. MTX also blocks thymidylate 
synthase and reduces proliferation of RPE cells and RGCs in the formation of PVR. Finally, MTX inhibits dihydrofolate reductase.
Abbreviations: AICAR, amidoimidazole carboxamide ribonucleotide; MTX, methotrexate; PVR, proliferative vitreoretinopathy; RGCs, retinal 
glial cells; RPE, retinal pigment epithelium.
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cell formation, inhibition of reactive oxygen species (ROS) 
production, and decreased proinflammatory cytokine pro-
duction. The effects on lymphocytes include inhibition of 
T-cell activation and T-cell–induced apoptosis, inhibition of 
Fas ligand–mediated cell death in CD4 cells, decreased leuko-
cyte recruitment, and increased T-regulatory cells that 
decrease T-cell activation.8,9 Notably, this mechanism of 
action is not known to appreciably occur with other studied 
medications used to treat PVR (eg, corticosteroids).

The reported side effects of intravitreal MTX (IVT MTX) 
are few. This is in contrast to other medications used to prevent 
PVR (ie, corticosteroids and 5-fluorouracil [5-FU]), which are 
associated with significant intraocular toxicity.

IVT injection of MTX has been used to treat several intra-
ocular disorders, including intraocular lymphoma, noninfec-
tious uveitis, complex RD, age-related macular degeneration, 
diabetic macular edema and TRD, epithelial downgrowth, 
recalcitrant epiretinal membranes, anterior segment fibrosis, 
and retinoblastoma.5,7,11,12 Here, we review the current literature 
on IVT MTX to treat and prevent PVR.

Methods

A PubMed, Google Scholar, and EBSCOhost search was per-
formed in May 2022 using the keywords “intravitreal metho-
trexate,” “intraocular methotrexate,” “intravitreal MTX,” 
“intraocular MTX,” “intravitreal methotrexate and proliferative 
vitreoretinopathy,” and “IVT MTX and PVR” in various com-
binations. Case reports, case series, original articles, reviews, 
and clinical trials discussing the use of MTX in the treatment of 
PVR were included. Articles were excluded if they were 
abstract-only articles or if they were in non-English languages 
for which no English translation was readily available. There 
were no publication date limitations. The authors thoroughly 
reviewed all articles included in the study.

Results

Using the aforementioned keywords, 430 articles were identi-
fied, 31 of which described the use of IVT MTX for PVR. The 
articles ranged from preclinical studies to case reports and case 
series to clinical trials. Table 1 shows an overview of the major 
studies discussed in this review.2,5,13–20

Preclinical Studies

In a 1984 study, Sunalp et al13 reported the in vivo effects of 
cytotoxic drugs on PVR. They created an experimental model 
of PVR using dermal fibroblasts and rabbit eyes. The models 
were subjected to balanced salt solution (control), MTX, 
5-FU, doxorubicin, triamcinolone, or trifluridine. MTX 
reduced the rate of RD (50% vs 63% in the control). However, 
the authors concluded that all studied drugs, except MTX, sig-
nificantly inhibited fibroblast cell proliferation in vitro.

Eliott and Stryjewski14 and Amarnani et al15 isolated PVR 
membranes from human subjects and subjected them to MTX 
in vitro. Together, these studies showed that MTX inhibited 
growth, diminished cell confluency, altered cell appearance, 
reduced band formation, and promoted apoptosis in PVR. 
However, Amarnani et al showed that MTX did not have a sig-
nificant effect on cell migration. Schulz et al21 later performed 
an in vitro comparison between MTX and 5-FU using human 
RPE cells, fibroblasts, and photoreceptors. This study showed 
that MTX was capable of inhibiting RPE cells but, unlike 5-FU, 
was not associated with photoreceptor toxicity.

Clinical Studies

Intravitreal/Intra-silicone Oil Injections. Several studies have eval-
uated the role of multiple postoperative MTX injections for 
PVR. The half-life of intraocular MTX (5.9 to 7.6 hours in rab-
bit models)22,23 is relatively short in relation to the 30- to 90-day 
window of cell proliferation after RD.5,24 Multiple injections 
are therefore necessary to provide adequate coverage over the 
entire timespan that active proliferation is present in PVR.

Early clinical studies showed promise for MTX in treating 
PVR. In 2016, Eliott and Stryjewski14 reported a case series of 
10 IVT MTX injections (400 µg/0.1 mL) over a 3-month period. 
The series comprised 10 eyes with grade C PVR (or higher) or 
were at high risk for PVR. All eyes had retinal reattachment 
surgery. IVT MTX was administered intraoperatively and then 
weekly in the immediate postoperative period at weeks 1 
through 8 and postoperatively at month 3 for a total of 10 IVT 
injections per eye. There was remarkable follow-up in this 
study in that all except 1 patient received all scheduled injec-
tions; the 1 patient missed only a single injection. After oil 
removal at 3 months, 80% of the retinas remained attached over 
a median follow-up of 25 months (range, 4-39 months).

In the Eliott and Stryjewski14 study, the median preoperative 
visual acuity (VA) was hand motion (HM) at 2 ft (0.61 m). The 
final VA ranged from 20/70 to HM (median 20/200). The only 
reported adverse effects were mild superficial punctate kera-
topathy (SPK) and ocular hypertension in the same eye. The 
elevated intraocular pressure was postulated to be a result of 
steroid responsiveness. Before this study, Hardwig et al25 
described a single intracameral injection of MTX for PVR, 
which improved VA. These studies led to further investigations 
of MTX for PVR.

Benner et al5 published a retrospective review of 5 patients 
with complex, recurrent RD complicated by severe PVR. All 
patients were treated with a relaxing retinectomy with perfluo-
rocarbon (PFCL) and multiple MTX injections. Postoperatively, 
patients received 100 to 200 µg/0.05 mL MTX every 2 weeks 
for 5 injections and 1 patient received 12 injections (because of 
an ocular history of Vogt-Koyanagi-Harada [VKH] and reti-
nopathy of prematurity [ROP]). All 5 retinas remained attached 
over a mean follow-up of 13.4 months (range, 7-23 months). 
The VA improved or remained stable (range 20/60 to 20/400). 
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The MTX was tolerated well without significant complications. 
The VA in the patient with VKH and ROP remained at HM. 
This patient had prolonged hypotony after surgery, which the 
authors said was not likely caused by the MTX. One patient 
developed mild SPK that resolved in 2 weeks without treat-
ment. The authors noted that no patient developed the signifi-
cant postoperative inflammation often associated with PFCL.

Nourinia et al16 also found the efficacy of multiple MTX 
injections for high-grade PVR. They reported a prospective 
case series of intra-silicone oil MTX injections for PVR. All 11 
eyes had total RD with PVR grade C before surgery. Each eye 
had pars plana vitrectomy (PPV) and silicone oil placement 
followed by 250 µg MTX injections immediately postopera-
tively and at 3 weeks and 6 weeks. The retina in all eyes 
remained attached posteriorly over a mean follow-up of  
9 months (range, 6-15 months). The retina detached again 
peripherally in 2 eyes but remained stable without posterior 
involvement. The mean VA (logMAR) improved to 1.02 ± 0.51 
(~20/200 Snellen) from 2.62 ± 0.04 (~20/8300 Snellen). 
Again, no significant adverse effects were reported.

One of the first prospective studies comparing IVT MTX 
against a control group was performed by Falavarjani et al.24 
They recruited patients with RRD and grade C PVR who had 
vitrectomy with silicone oil. After the procedure, all patients 
received sub-Tenon triamcinolone; the experimental group also 
had a single intra-silicone oil injection of 250 µg MTX. There 
was a trend toward fewer retinal redetachments from PVR in 
the MTX group (1 of 22 patients) than in the control group (5 of 
22 patients); however, the difference was not statistically sig-
nificant. The time to redetachment after surgery was 8 months 
in the MTX group and 3 to 12 months in the control group. The 
difference did not achieve statistical significance (P = .18), par-
tially because of the small sample.

Roca et al18 performed a retrospective case-control study to 
evaluate serial postoperative IVT MTX injections vs controls. 
They evaluated 7 study eyes and 9 control eyes with grade C 
PVR who had PPV with silicone oil or perfluoropropane. The 
study group received 400 µg MTX at the end of surgery fol-
lowed by repeat postoperative injections on a weekly basis for 
a mean of 6 total injections (range, 4-9 injections). At the final 
follow-up, 86% of study eyes and 22.2% of control eyes had 
complete retinal reattachment (P = .04). The change in best-
corrected VA (BCVA) was not statistically significant. No 
adverse toxic effects occurred.

Denstedt et al26 published a report of a single patient with a 
RD secondary to a full-thickness globe perforation from an acu-
puncture needle. The female patient had 2 vitrectomies with 
silicone oil instillation and developed recurrent PVR, which did 
not respond to IVT triamcinolone. She was started on 200 µg 
IVT injections of MTX every 2 to 3 weeks for 9 total treat-
ments. Six months after initial presentation, there was no pro-
gression of PVR or tractional detachment. She later had a third 
vitrectomy for PVR removal with repeat silicone oil placement. 
At 15 months, the retina remained flat with stable residual 
fibrosis.

The use of MTX has also been studied in TRD. Ghasemi 
Falavarjani et al17 found no risk reduction for retinal redetach-
ment in cases of diabetic TRD with a single postoperative 
250 µg MTX injection. In 1 study, a series of patients received 
MTX 200 to 400 µg for diabetic TRD or cystoid macular 
edema. They had mixed results in terms of improvement  
in VA.7,25

Intraoperative MTX Infusions. Three studies used continuous 
MTX infusions during PPV for the treatment and prevention of 
PVR after RD. The continuous infusion of MTX during surgery 
is postulated to load the intraocular tissues. This results in a 
depot of medication with a slow release during the postoperative 
period, obviating the need for repeat postoperative injections.5

Sadaka et al19 were the first to describe the intraoperative 
infusion of MTX. They infused the equivalent of 400 µg of 
MTX during vitrectomy in eyes that had or were at high risk for 
grade C PVR. Of the 29 eyes at the 6-month follow-up, 20% 
had recurrent PVR, 10% had recurrent RDs, and 83% had 
improved VA, with 66% improving to 20/200 or better. No 
adverse effects from MTX were noted. There was no reported 
issue of the MTX infusion disrupting the silicone oil tamponade 
for the retinal breaks/detachments.

Jahangir et al20 performed a prospective interventional case 
series of 30 eyes to assess the intraoperative infusion of MTX 
for the treatment and prevention of PVR. Patients with open-
globe trauma, recurrent RD, and grade C PVR were included. 
They delivered 400 µg of MTX by intraoperative infusion. The 
mean BCVA improved from 20/447 preoperatively to 20/204 at 
the 4-month follow-up. Also, 40% of patients achieved a post-
operative BCVA of 20/100. Three patients (10.7%) developed 
recurrent PVR. Of the 30 eyes, 24 (80%) had an attached retina 
after a single surgery at 4 months. The success of retinal reat-
tachment was 93.3% after a second surgery. No complications 
of intraocular MTX were observed.

Finally, El Baha et al2 evaluated the intraoperative infusion 
of MTX for PVR in a comparative interventional nonrandom-
ized study. All patients had vitrectomy for RRD, and 91% 
received silicone oil. Patients were placed in a study group or a 
control group for comparison based on the presence of estab-
lished PVR before surgery or the risk for developing PVR post-
operatively. Patients in the study group received a similar 
intraoperative infusion of 400 µg MTX.

In the El Baha et al2 study, the median rate of retinal reat-
tachment 6 months after a single procedure was 82% and 86% 
in the study group and control group, respectively, although 
the difference did not reach statistical significance (P = .08). 
In addition, there was a statistically significantly greater 
6-month survival rate for retinal attachment in the control 
group in patients at high risk for PVR (P = .003). The BCVA 
improved by an average of 4 lines at 6 months in the study 
groups but was only statistically significant in patients at high 
risk for PVR (P = .03), not in those with established PVR or 
who were at low risk for PVR. No complications attributable 
to MTX were reported. The authors concluded that MTX 
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infusions prevent PVR and might be an efficacious alternative 
to repeat IVT injections.

These 3 infusion studies again showed the safety and possi-
ble efficacy of intraocular MTX for PVR and further highlight 
the need for a prospective randomized clinical trial.

Clinical Trials

Gain Understanding Against Retinal Disease (GUARD) 
(NCT04136366) is a multicenter randomized controlled phase 3 
clinical trial evaluating IVT MTX 0.8% for preventing recurrent 
RD caused by PVR.27 In part 1, the trial enrolled 110 patients 
with at least 3 clock hours of PVR or those with RD secondary 
to open-globe injury. Study patients receive IVT MTX at the end 
of vitrectomy with silicone oil every week for 8 weeks and then 
every other week through 16 weeks after surgery. The primary 
endpoint is the rate of recurrent RD over a 24-week postopera-
tive period; the secondary endpoint is BCVA. The study is esti-
mated to be completed by December 2022.27

SIGHT (NCT04830878) is a phase I multicenter uncon-
trolled open-label study designed to assess the safety and effi-
cacy of systemic and IVT MTX to prevent PVR in pediatric 
patients with RRD.28 All 20 patients in the study are 18 years or 
younger. This study is estimated to be completed by April 
2024.28

Adverse Effects of Intraocular Methotrexate. Safety is a major 
concern when repurposing a drug for intraocular use. MTX has 
been used for many years to treat other ocular diseases, such as 
intraocular lymphoma, with minimal side effects. The most 
commonly reported ocular side effect of MTX is corneal epi-
thelial keratopathy, which most commonly occurs after the 
third injection.29 In a retrospective case series,30 2 of 13 eyes 
(15.4%) developed mild corneal epitheliopathy. Keratopathy 
can occur with shorter intervals between MTX injections; how-
ever, its incidence is lower with monthly injections.31

It is hypothesized that IVT MTX might result in leakage of 
the medication into the subconjunctival space, resulting in tran-
sient limbal stem cell deficiency.32 In phakic patients having 
vitrectomy with silicone and IVT MTX, there might be acceler-
ated cataract formation, likely as a result of the surgery itself. 
Other rare anterior segment side effects include neovascular 
glaucoma and band keratopathy. Neovascularization of the iris/
angle was reported in 2 patients with preexisting diabetes mel-
litus without evidence of neovascularization before the MTX 
injections.29 Choudhury et al32 reported 2 patients in India who 
developed endophthalmitis secondary to Ralstonia pickettii 
after treatment with contaminated MTX. Others described a 
rare maculopathy (ie, RPE disturbances) that occurred with 
IVT MTX to treat primary central nervous system (CNS) lym-
phoma for ocular involvement, although the causal association 
with this rare effect is unclear. Each of these patients also had 
blood–brain barrier disrupting chemotherapy, which is also 
known to cause maculopathy.33,34

A retrospective case series35 evaluated the safety of cumula-
tive dosing of intra-silicone injections of MTX for nonprimary 

CNS lymphoma. At the end of the 9-month follow-up, none of 
the 13 patients had adverse effects; 12 of 13 patients had cumu-
lative doses up to 1200 µg. This study did not necessarily 
attempt to evaluate the efficacy of MTX for PVR.

Studies of Alternate Agents. Several other medications (cortico-
steroids, 5-FU, daunorubicin, aflibercept, bevacizumab, doxo-
rubicin [Adriamycin], and low-molecular-weight heparin) have 
been studied and published in the literature for use in PVR. 
These have been shown not to be efficacious in treating or pre-
venting PVR or they are associated with significant ocular 
toxicity.36–44

A randomized clinical trial evaluating postoperative IVT 
triamcinolone for PVR with vitrectomy and silicone oil found 
no significant difference in redetachment rates or PVR recur-
rence.36 Another randomized trial assessing slow-release dexa-
methasone for PVR also found no significant difference in 
redetachment rates.39 Although there are studies showing the 
safety and efficacy of daunorubicin for PVR, they appear to be 
limited by a small therapeutic window and a very short half-
life (131 minutes) in the vitreous.44,45 The role of antivascular 
endothelial growth factor agents for PVR is still being investi-
gated.41,46 PREVENT-PVR (NCT04580147) is an ongoing 
phase II randomized clinical trial investigating aflibercept for 
PVR.46

Conclusions

PVR is a sight-threatening complication of RD and the most 
common cause of surgical failure to repair RD. The complex 
pathophysiology and prolonged duration of fibrosis and prolif-
eration of this disease present significant challenges to discov-
ering efficacious medications and their correct dosing to treat 
and/or prevent PVR. The mainstay of treatment for PVR 
remains surgical membrane removal. Nonetheless, there is 
interest among vitreoretinal surgeons in pharmacological agents 
to help combat this clinical entity.

Few clinical studies of IVT MTX use for PVR have been 
published in the literature. They used doses between 100 µg and 
400 µg as a single postoperative injection, serial postoperative 
injections, or intraoperative infusions. All current studies of 
this topic are limited by relatively small samples, nonrandom-
ized interventions, retrospective study designs, a lack of con-
trols, selection bias, or a combination. Nevertheless, they show 
that IVT MTX might be efficacious in preventing PVR and 
associated recurrent RD.

Based on the current literature, we recommend the judicious 
use of IVT MTX for the treatment and prevention of PVR in 
select patients. The current practice is to select those with RD 
who have PVR or are at high-risk for developing it. The most 
common indications in clinical practice for IVT MTX are 
patients with (1) RD with PVR, (2) RD after open-globe inju-
ries, (3) a history of PVR in the fellow eye, or (4) diabetic TRD 
with preretinal fibrosis.

To our knowledge, the most frequently used treatment  
regimen is similar to that described initially by Eliott and 
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Stryjewski.14 Our current protocol includes 400 µg/0.1 mL 
MTX injections intraoperatively followed by weekly injections 
for 6 weeks and then repeat injections every 2 weeks, for a total 
of 3 months after surgery. The rationale behind this approach is 
that the duration of active proliferation in PVR has been shown 
to be up to 90 days and the half-life of MTX is short (5.9-7.6 
hours).5,22–24 Therefore, single treatments are likely to be inef-
fective. The downside to multiple injections is the theoretical 
risk for infection and possible corneal toxicity. Nonetheless, the 
benefits of maintaining retinal reattachment and improved VA 
postoperatively with serial IVT MTX treatments in these 
patients outweigh the associated risks in this visually devastat-
ing condition.

Other less commonly used regimens include the aforemen-
tioned intraoperative MTX infusions and oral MTX. Because of 
the short IVT half-life of MTX, single intraoperative infusions 
will not remain in the vitreous cavity long enough to prevent the 
months-long process of PVR formation. As noted, some vitreo-
retinal surgeons have hypothesized that infusion of medication 
might result in a depot-like effect in the intraocular tissues with 
slow release of MTX, which would negate the need for multiple 
injections. However, further studies are needed to prove this 
effect. At present, there are no clinical data in the current litera-
ture to substantiate the use of oral MTX for the prevention of 
postoperative PVR formation. Furthermore, most vitreoretinal 
surgeons defer oral therapy because of the potential for the 
known substantial systemic side effects of MTX.

In conclusion, IVT MTX is a safe and potentially efficacious 
medication for the treatment and prevention of PVR. Further 
randomized clinical trials are necessary to fully assess the effi-
cacy of its use for this indication; 2 such trials are currently 
underway. The use of IVT MTX is promising for a potentially 
devastating, sight-threatening condition.
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