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Summary 11 

An 11 year-old crossbreed mare was presented with a nodular, pink mass at the temporal 12 

corneolimbal junction of the right eye. Histopathology confirmed the diagnosis of invasive 13 

squamous cell carcinoma. The mare underwent lamellar keratectomy and conjunctivectomy 14 

under general anaesthesia, followed by adjunctive topical chemotherapy with 1% 5- 15 

fluorouracil solution for 10 days post operatively. Adverse effects included moderate 16 

conjunctival inflammation and exuberant granulation tissue formation at the surgical site, 17 

responded to surgical debulking and topical corticosteroid application. No mass regrowth 18 

was present at 12 months following discharge. This report describes the successful use of 19 

topical 1% 5-FU as an adjunctive treatment for equine ocular squamous cell carcinoma.  20 

 21 
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Introduction 24 

Squamous cell carcinoma (SCC) is the most common tumour affecting the equine eye and 25 

adnexa (Schwink, 1987). Most affected structures include the nictitating membrane, 26 

conjunctiva of the medial canthus, limbus, and eyelids (Dugan et al. 1991).  27 

 28 

Treatment options for limbal SCC are limited by the ability to target neoplastic tissue without 29 

irreversible damage to the underlying ocular structures. Surgical excision is the mainstay of 30 

treatment, though further techniques include radiofrequency hyperthermia with or without 31 

local brachytherapy (Grier et al. 1980, Wilkie and Burt 1990) or CO2 laser ablation (English 32 

et al. 1990, Michau et al. 2012). Keratectomy without adjuvant treatment has poor non-33 

recurrence rates of up to 65% (Bosch and Klein 2005) and so further therapeutic options 34 

have been sought. These include topical or intraconjunctival mitomycin C (Rayner and Van 35 

Zyl. 2006, Malalana et al. 2010), brachytherapy (Mosunic et al. 2004), plesiotherapy 36 

(Plummer et al. 2007) and cryotherapy (King et al. 1991, Bosch and Klein. 2005). These 37 

techniques have improved non-recurrence rates, but may be limited by treatment availability, 38 

requirement for general anaesthesia, treatment cost and significant side effects (Surjan et al. 39 

2014). 40 

 41 

 42 

 Recently, the use of topical 1% 5-fluorouracil (5-FU) solution has been described in the 43 

treatment of corneal SCC in dogs, both as a sole therapy (Dorbandt  at al. 2016) and 44 

following superficial keratectomy (Overton  et al. 2015). Its use has been based on growing 45 

evidence from the human literature of its value in the treatment of ocular squamous surface 46 

malignancies (Shields et al. 2010). Initial reports in both species suggest the treatment may 47 

be both safe and efficacious, although large scale studies with long follow up periods are 48 

lacking (Abraham et al. 2007, Dorbandt et al. 2016, Overton et al, 2015, Parrozzani et al. 49 

2011). 50 

 51 



The clinical and pathological features of corneolimbal SCC in a crossbreed mare are 52 

described in this case report. The mare was treated with topical 1% 5-FU as adjunctive 53 

chemotherapy following lamellar keratectomy and conjunctivectomy.  54 

 55 

Case history 56 

  57 

An 11 year-old crossbreed mare was presented at Glasgow Equine Hospital with a 6 month 58 

history of a proliferative corneal mass within the right eye. Previous treatment had consisted 59 

of twice daily topical dexamethasone drops (Maxitrol® 1 mg/ml dexamethasone, 6000 IU/ml 60 

polymyxin B sulphate, 3500 IU/ml neomycin sulphate)1, with no improvement noted.  61 

 62 

Neuro-ophthalmic examination, including palpebral reflex, pupillary light reflex (direct and 63 

consensual) and menace responses, was normal in both eyes. Ophthalmic examination was 64 

performed, including fluorescein staining, slit lamp biomicroscopy and direct 65 

ophthalmoscopy. A nodular, pale pink mass of approximately 20 x 8 mm was present at the 66 

temporal corneolimbal junction of the right eye (Fig 1). The mass extended approximately 5 67 

mm over the temporal peripheral cornea, was firmly adhered to its surface, and was 68 

surrounded by an area of mild corneal oedema  and neovascularisation. The temporal bulbar 69 

conjunctiva was erythematous with prominent new blood vessels extending to the 70 

conjunctival portion of the mass. Mild mucopurulent ocular discharge was present. No 71 

corneal fluorescein retention or further abnormalities were detected. The left eye was 72 

clinically normal.  73 

  74 

Under local anaesthesia (Minims® Proxymetacaine hydrochloride)2, an incisional biopsy was 75 

obtained from the mass surface. Histopathology revealed a variably differentiated population 76 

of squamous epithelial cells with small numbers of atypical mitotic figures (12 mitotic figures 77 

per 10 high power fields (hpf)). No infiltration beyond the basement membrane was identified 78 

and these findings were consistent with squamous cell carcinoma in situ. The mare received 79 



twice daily topical ciprofloxacin (Ciloxan® 0.3%)1 and oral phenylbutazone (Chanazone® 80 

2.2mg/kg)3 following biopsy.  81 

  82 

 83 

Superficial lamellar keratectomy and conjunctivectomy was performed under general 84 

anaesthesia to remove the mass (Fig 2). A crescent 2.0 mm blade4 was used to create a 85 

keratectomy of approximately 50% corneal depth, extending from 5 mm beyond the grossly 86 

visible tumour to the limbus. The corneal flap was then continued through the limbus. 87 

Westcott tenotomy scissors were used to create a margin around the conjunctival mass, and 88 

the tissue was undermined to the level of the sclera (Fig 2) prior to excision and submission 89 

for histopathological analysis (Fig 3). 90 

 91 

The resultant area of corneal ulceration and conjunctival deficit was left to heal by secondary 92 

intention. The mare received perioperative antimicrobials (procaine penicillin (Depocillin®) 20 93 

mg/kg)5 and analgesia (flunixin meglumine (Meflosyl®) 1.1 mg/kg)6. Intravenous flunixin 94 

meglumine was continued twice daily for 4 days post operatively, followed by oral 95 

phenylbutazone (Chanazone® 2.2 mg/kg PO BID)3 for a further 12 days, with dose then 96 

reduced to 1.1 mg/kg for a further 8 days. 97 

  98 

 99 

A subpalpebral lavage system (SPL) was placed in the upper lid at the time of surgery 100 

(Equivet Ocular Lavage Kit, Kruuse®)7. Adjunctive topical chemotherapy was instigated 101 

consisting of 0.2 ml of 1% 5- FU and 0.2 ml ciprofloxacin four times daily. Due to lack of an 102 

appropriate commercially- available product, the 1% 5- FU solution was an extemporaneous 103 

preparation using 1 ml 50 mg/ml 5-FU (Fluorouracil Injection 50mg/ml)8 in 4 ml of 0.9% 104 

saline, prepared daily and stored at 4°C . Topical 5- FU was continued for 10 days post-105 

operatively. Administration of the 1% 5-FU was followed by transient head tossing, and 106 

irritation of the conjunctiva was suspected. Re-examination at 10 days post-surgery showed 107 



that only a small, linear area of fluorescein uptake remained, but there was mild erythema 108 

and swelling of the palpebral conjunctiva. A Schirmer tear test was within normal limits. 109 

Topical ciprofloxacin was continued and Remend® Dry Eye Lubricant Drops9 (0.4% Hyasent-110 

S) were added to the treatment protocol following this examination. Corneal ulceration was 111 

resolved by day 13 post-operatively, at which time all medications were discontinued, the 112 

SPL removed, and the mare discharged.  113 

 114 

Histopathology results from the excisional biopsy demonstrated infiltration of neoplastic 115 

squamous epithelial cells beyond the basal layers with further criteria of malignancy and 26 116 

mitotic figures per hpf (Fig 3). These findings supported a diagnosis of invasive squamous 117 

cell carcinoma. Histopathological evaluation suggested a narrow (<0.5mm) but complete 118 

excision of abnormal tissue.  119 

  120 

The mare re-presented at 29 days post-operatively as a mass had again been noted at the 121 

lateral canthus of the right eye. The eye again displayed mucopurulent discharge, and 122 

significant conjunctival erythema and engorgement of the episcleral vasculature. A smooth, 123 

dark pink mass was present within the temporal bulbar conjunctiva, of approximately 15 x 124 

10mm (Fig 4). There was no invasion of the cornea, and proud granulation tissue was 125 

considered the most likely cause. Ocular reflexes were normal and there was no corneal 126 

fluorescein retention. A 1x2mm area of Rose Bengal uptake was present at the 127 

temporolimbal cornea.  128 

   129 

Treatment with topical prednisolone acetate (Pred Forte® 1% w/v, Eye Drops Suspension)10 130 

and Remend® Dry Eye Lubricant Drops was instigated, in addition to oral phenylbutazone 131 

(Chanazone® 2.2mg/kg)3, at 12-hour intervals. Periocular inflammation reduced after 4 days 132 

of therapy but there was no change in the size of the mass. The mass was debulked using a 133 

Beaver® blade under local anaesthesia and submitted for histopathology. Topical and oral 134 

medications were continued as previously. Re-examination at 4 days following debridement 135 



revealed continued growth of the tissue and so surgical debridement was repeated, and a 136 

deeper sample submitted for histopathology. A temporary partial lateral tarsorrhaphy was 137 

performed to limit movement and friction at the site.  138 

 139 

Histopathological evaluation revealed oedematous to dense fibrovascular tissue with 140 

associated mixed inflammatory infiltration and neovascularisation, consistent with 141 

granulation tissue (Fig 5). Immunohistochemical staining for cytokeratin (mouse monoclonal 142 

antibody MNF116 DAKO) failed to identify the presence of atypical keratinocytes within the 143 

granulation tissue. Strong cytoplasmic staining for von Willebrand Factor (vWF, rabbit 144 

polyclonal DAKO) was confirmed in endothelial cells of neoformed capillary vessels.  145 

 146 

The tarsorrhaphy sutures were removed after 5 days, at which time only a 2 mm diameter 147 

mass remained present at the excision site (Fig 4). All medications were discontinued, and 148 

the mare was discharged. The owner reported that the remaining mass resolved over the 149 

following 7 days. No mass regrowth was present at 12 months following discharge. 150 

 151 

Discussion 152 

Adjunct therapy with topical 1% 5-fluorouracil drops is reported here for post-operative 153 

management of equine corneolimbal SCC following keratoconjunctivectomy.  154 

 155 

Topical chemotherapy has the advantage that it may be performed without general 156 

anaesthesia or repeated standing sedation and is readily available with minimal risk to 157 

personnel (Abraham et al. 2007). In the current literature  mitomycin C is the most reported 158 

adjunctive chemotherapeutic agent in the treatment of equine ocular SCC (Rayner and Van 159 

Zyl. 2006, Malalana at al., 2010, Surjan et al. 2014) Intraconjunctival mitomycin C has been 160 

used successfully for the treatment of equine ocular SCC with no reported adverse effects 161 

(Malalana at al., 2010) or occasional, mild side effects only (epiphora, corneal oedema) 162 

when used topically as an adjunct to laser ablation (Rayner and Van Zyl, 2006). Topical 163 



mitomycin C treatment is well studied in humans where short term complications, including 164 

punctate keratitis and ocular pain, are expected in 60% of patients (Shields et al. 2002), and 165 

long term complications in up to 17% (Ballalai et al. 2009). 5- FU presents several potential 166 

advantages over mitomycin C in the periocular region. Unlike mitomycin C, 5- FU’s 167 

mechanism of action is cell-cycle specific and inhibits DNA synthesis only in dividing cells, 168 

and so may have lesser toxicity on the quiescent corneal epithelial cells (Abraham et al. 169 

2007, Malalana at al., 2010). In support of this, no long-term complications with topical 5-FU 170 

therapy have been described, and short-term side effects are reportedly less severe than 171 

with mitomycin C (Parrozzani et al. 2011). 172 

 173 

 174 

The mare reported here received 0.2 ml of 1% 5-fluorouracil solution via an SPL every 6 175 

hours for 10 days following keratoconjunctivectomy. Reported treatment protocols in 176 

veterinary species consist of 4 times daily application of the solution for 2-4 weeks for 177 

several treatment cycles (Dorbandt et al. 2016, Overton et al. 2015). Patient compliance 178 

limited treatment duration in this instance and so it was not feasible for the owner to continue 179 

medication after hospital discharge. Repeated pulse therapy was also not pursued as a 180 

result. Whether tolerance of topical 5-FU application was limited by patient temperament or 181 

indicative of ocular pain is unclear; the mare experienced mild conjunctival inflammation and 182 

engorgement of the episcleral vasculature following treatment with topical 5-FU (Fig 4) which 183 

resolved shortly after completing the 10-day 5-FU course. A similar treatment regimen is 184 

recommended in humans, where pulse therapy has also been employed to minimise 185 

potential ocular toxicity (Abraham et al. 2007). Mild short term complications tend to be 186 

limited to corneal inflammation and occasional superficial keratitis (Parrozzani et al. 2011). 187 

Eyelid hyperaemia has also been reported and has been managed by application of topical 188 

corticosteroids, as in this case (Poothullil et al. 2006). In veterinary species, bilateral corneal 189 

pigmentation has been reported following treatment with 5-FU as a monotherapy (Dorbandt 190 

et al. 2016). In this case, secondary bacterial keratitis following keratoconjunctivectomy was 191 



prevented by the administration of topical ciprofloxacin- a broad spectrum antimicrobial with 192 

excellent corneal penetration and retention in horses (Hendrix et al. 2007). 193 

 194 

As a cytotoxic agent, personal protective equipment, such as the wearing of nitrile, 195 

polyurethane, neoprene, or latex gloves, is recommended whilst handling 5- FU. Any 196 

accidental skin contact should be followed by thorough washing and any spills promptly 197 

cleaned and disposed of appropriately (Easty et al. 2015). However, long term safety studies 198 

of a topical 1% 5-FU solution in humans considered the treatment both safe and efficacious 199 

for use in ocular surface squamous neoplasia (Parrozzani et al. 2011).  200 

 201 

Histopathological findings on the mass regrowth were indicative of granulation tissue. Similar 202 

growths are reported when keratectomy is combined with cryosurgery for the treatment of 203 

limbal neoplasms in horses (Bosch and Klein, 2005), and following topical 1% 5-FU 204 

administration in a dog (Overton et al. 2015). 5-FU accumulates within the cytoplasm of 205 

fibroblasts, inhibits collagen deposition, and promotes apoptosis particularly in fibroblasts of 206 

Tenon’s capsule, hence its use in humans following trabeculectomy or placement of 207 

glaucoma drainage devices (Abraham et al. 2007). Its activity may therefore be assumed to 208 

be inhibitory to both fibroblast proliferation and collagen deposition in the formation of 209 

granulation tissue. Mitomycin C has been shown to have a similar apoptotic effect on 210 

fibroblasts (Crowston et al. 1998), though a comparative study of their toxicity has shown 211 

that, in contrast to 5-FU, the agent is equally toxic to capillary endothelial cells (Smith et al., 212 

1994). Despite their apoptotic effects, treated fibroblasts remain capable of performing 213 

functions of wound healing (Occleston et al., 1997) and so granulation tissue formation was 214 

not entirely inhibited. The cytotoxic effect of 5-FU itself, and resultant persistent inflammation 215 

may have contributed to its development, in addition to the continued movement of 216 

palpebrae over the wound. Conjunctival granulation tissue reportedly responds to 217 

administration of topical corticosteroids (Bosch and Klein, 2005), but steroids alone were not 218 



successful in this case. Surgical debridement was therefore elected and a partial 219 

tarsorrhaphy performed in order to reduce movement over the site.  220 

 221 

Clinical differentiation of this granulation tissue from neoplastic regrowth may be challenging, 222 

as reported here. Grossly, ocular granulation tissue masses may be darker red and smooth, 223 

compared with the pale, granular appearance of SCC (Bosch and Klein, 2005). As 224 

histopathological evaluation of granulation tissue may be inconclusive, cytokeratin staining 225 

was performed in an attempt to identify residual atypical epithelial cells that could suggest 226 

SCC. While no cytokeratin positive cells were observed within the granulation tissue, the 227 

interpretation of this result requires caution, and the presence of atypical epithelial cells that 228 

have lost cytokeratin expression cannot be excluded. Staining for vWF was confirmed in the 229 

endothelial cells of neoformed capillaries typical of granulation tissue. Its use is well 230 

established as an endothelial cell marker in humans, and also appears to be well conserved 231 

in horses (Jeanneau and Sultan, 1982, Moore et al. 1986). Weak staining for vWF was also 232 

noted extracellularly, suggestive of leaky neoformed capillary vessels, or associated with 233 

extravasated platelets. The presence of persisting neoplastic epithelial cells may not be 234 

excluded in the absence of a full thickness sample and so complete resolution could not be 235 

confirmed. However, positive response to debridement and corticosteroid therapy is 236 

supportive of resolution of the SCC, although the mare should be monitored closely given 237 

the high recurrence rate of these lesions (Schwink, 1987). 238 

 239 

The main limitation of this report is the limited time to follow up. Whilst there was no 240 

evidence of tumour recurrence over 12 months post discharge, recurrence and/or delayed 241 

local extension or metastasis has been reported many months to years post treatment 242 

(Plummer et al. 2007, Elce et al. 2011, Mair et al. 2015). The mare should continue to be 243 

monitored for local recurrence or evidence of metastatic disease. A cohort study to 244 

determine the potential effect of topical 5-FU on SCC recurrence rate is required before 245 

conclusions may be made regarding its effect on non-recurrence rate. Topical administration 246 



of 1% 5-FU appeared to be a safe and efficacious adjunctive treatment in this case of ocular 247 

SCC, although further investigation in larger numbers of equids is required before it may be 248 

recommended routinely. Use of topical corticosteroid may ameliorate conjunctival 249 

hyperaemia and skin erythema after pulse treatment courses. Equids undergoing 250 

keratoconjunctivectomy plus topical 5-FU administration should also be monitored for the 251 

potential development of exuberant granulation tissue, and appropriate interventions made.   252 
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Figure Legends 405 

Fig 1: Corneolimbal mass in the right eye of an 11-year-old mare at initial presentation- a 406 

nodular, pale pink mass originated from the temporal limbus invading both the bulbar 407 

conjunctiva and cornea. The increased vascularisation of the bulbar conjunctiva also is 408 

visible. 409 

 410 

Fig 2: Appearance of the right eye following lamellar keratectomy and conjunctivectomy for 411 

treatment of a corneolimbal squamous cell carcinoma. Limbal neovascularisation of the 412 

corneal stroma is visible. 413 

 414 

Fig 3: Photomicrographs of excisional biopsy specimens of the original mass.   415 

(a) Low power image of the infiltrative limbal SCC showing islands of neoplastic cells 416 

supported by collagenous stroma. H & E staining, 40x 417 

(b)  High power image of limbal SCC showing moderately differentiated neoplastic 418 

squamous epithelium without keratinisation. The cells show mild anisocytosis and 419 

anisokaryosis. H & E staining, 200x 420 

 421 

Fig 4: 422 

(a) Mass at representation (day 29 post operatively). A smooth, dark pink mass was 423 

present at the previous site of keratoconjunctivectomy.  424 

(b) Immediately following debulking of the mass. Some mild discolouration of the 425 

temporolimbal cornea was present at the previous site of SCC, plus yellow 426 

discolouration to the lateral iris. 427 

(c) Appearance of the bulbar conjunctiva immediately after release of the temporary 428 

tarsorrhaphy sutures, showing remodelling of the granulation tissue. There is 429 

conjunctival hyperaemia which resolved soon after stopping the topical 1% 5-FU 430 

solution. 431 



(d) Appearance of the eye 4 weeks post discharge. There was no evidence of regrowth 432 

of the mass, though the limbus remains irregular.  433 

 434 

Fig 5: Photomicrographs of biopsy specimens of the regrown mass. 435 

(a) Low power image of the debulked granulation tissue. There is focal epithelial 436 

ulceration with underlying fibrovascular tissue and mixed inflammation. H & E 437 

staining, 100x  438 

(b) Same sample following IHC staining for cytokeratin (CK). The cytoplasm of residual 439 

keratinocytes at the surface stain strongly. No atypical keratinocytes are present 440 

within the granulation tissue. 100x  441 

(c) Same sample following IHC staining for vWF. Strong cytoplasmic staining is present 442 

in the endothelial cells of capillary vessels within the granulation tissue. 100x 443 


