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Editorial

5-Fluorouracil and beyond

Glaucoma filtering surgery is a very successful method of
lowering the intraocular pressure in elderly Caucasian
patients. However, groups of patients remain in whom there
is a high failure rate following glaucoma filtering surgery, and
these include children, Afro-Caribbeans, aphakes, patients
with previous conjunctival surgery (including corneoscleral
sections for cataract), failed glaucoma surgery, and neo-
vascular glaucoma. The management ofthis group ofpatients
who fail surgery can pose many problems, and their chances
of visual loss increase with every failed procedure.
The failure of glaucoma filtering surgery is usually due to

scar formation at the level of Tenon's capsule and the
episcleral tissues.' This scar formation is associated with the
proliferation of fibroblasts in these tissues producing the scar
tissue. The initial impetus for the use of antiproliferative
agents for ocular scarring came in the early 1980s from
Blumenkranz and colleagues investigating the effect of
intraocular 5-fluorouracil (5-FU) on the course ofproliferative
vitreoretinopathy in an animal model.2 Subsequent studies
followed in the tissue culture laboratory to establish the
various doses of antiproliferative drugs (including steroids)
that would inhibit the proliferation of ocular fibroblasts.
Further studies, also from Miami, showed that 5-FU
markedly prolonged the survival of the results filtering
surgery in an animal model which usually fails rapidly.
Patient trials followed with encouraging results, culminating
in the recent multicentre 5-fluorouracil filtering surgery
study (FFSS) in the United States, in which patients with
previous cataract surgery involving conjunctival dissection or
failed filtering surgery were randomised to subconjunctival
injections of 5-fluorouracil (5 mg) twice daily for the first
week and once daily for the second week (a total of 105 mg).3
In the control group 50% ofthe eyes had failed surgery at one
year (intraocular pressure greater than 21 mm Hg or a
reoperation) compared with only 27% in the group that
received 5-FU.

However, 5-FU does have complications. Corneal
epithelial toxicity and conjunctival wound leaks are com-
moner after 5-FU, and these side effects may persist even
after 5-FU has been stopped. In the FFSS 44% ofthe patients
did not receive all the injections, mainly because of these
problems. Other complications in the 5-FU group that did
not occur in the control group included a bacterial ulcer that
led to perforation in an eye with pre-existing corneal oedema.
Other cases of severe corneal complications following 5-FU
have also been reported, all in eyes with pre-existing corneal
pathology. 'Spontaneous bleb rupture' occurred in 7% of the
patients, and many of the blebs following 5-FU are thin and
cystic. Whether this will lead to a higher incidence of
endophthalmitis in the long term remains to be seen.

Lowering the total dose of 5-FU to about a third of that
given in the multicentre trial, delaying the first injection, and
adjusting the frequency according to the clinical response
seem to reduce the side effects without affecting the success
rate. Nonetheless, epithelial defects still occur with these
lower doses and so do failures. In addition the daily
injections are inconvenient for the patient and may be
uncomfortable. Where do we go from here?
The incorporation of 5-FU and other antimetabolites into

substances that delay release such as liposomes, collagen and
polymers, which can be implanted locally at the time of
surgery, may overcome the problems of injections. In theory
it is also possible that the slow release of lower levels of
antimetabolites may result in fewer side effects. However,
disadvantages include an inflammatory reaction to these slow
release agents, extrusion of the implants, and the require-
ment for surgical removal if side effects are excessive. Many
other antiproliferatives have been tested which show promise,
such as cytarabine (whose effects on corneal epithelial cells
may be blocked by 2'-deoxycytidine), and taxol, which
interferes with the cytoskeleton. Another novel approach is
the use of monoclonal antibodies to receptors which are
expressed in the proliferating cell, linked to a cellular poison
which leads to the preferential killing ofthe proliferating cell.
However, these agents are still experimental, and clinical use
may reveal many other side effects. Before we continue on a
relentless march looking for new antiproliferatives we need to
remember that 5-FU was first synthesised in 1957 and yet
only used after filtering surgery nearly 30 years later.
13-Radiation, which has been used in opthalmology for more
than halfa century, may well prove to be a valuable ally in the
prevention of scarring after filtering surgery, particularly
because of the simplicity of application and the lack of side
effects compared with 5-FU.

Apart from the inhibition of fibroblast proliferation other
avenues of treatment include inhibiting the formation of or
dissolving fibrin, which provides the scaffold for scar forma-
tion, or the prevention of collagen crosslinking with agents
such as ,B-aminopropionitrile, which improved the success
rate when given topically to patients after filtration surgery.
Whether these agents alone or in conjunction with an
antiproliferative drug can provide a higher success rate with
fewer side effects remains to be seen.

There are, however, still many unanswered questions
about the processes following filtering surgery that lead to
successful aqueous drainage. For instance, why do children4
and Afro-Caribbeans' undergoing primary surgery have a
higher failure rate? What is different about the cellular
mechanisms ofwound healing in these groups? The relatively
empirical use of antiproliferatives to inhibit fibroblast pro-
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liferation provides us with a partial solution, but it is
important that the basic mechanisms underlying the healing
processes and the flow ofaqueous that follow filtering surgery
are identified.

There is now evidence that early filtering surgery reduces
visual loss.6 In addition, the concept that intraocular pressure
should be reduced to as low a level as is safely possible is
gaining wider acceptance.7 As such, we need to identify the
individual tissue and cellular factors that control the healing
response and the flow of aqueous after filtration surgery not
just in high risk patients but in all patients undergoing
filtration surgery, so that we can ensure a successful and
significant long term lowering of intraocular pressure.
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