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Purpose: To investigate the effectiveness and safety of subconjunctival/perilesional 5-fluor-
ouracil injections on ocular surface squamous neoplasia (OSSN) during a 3-year follow-up 
period.
Patients and Methods: We followed up six patients with intraepithelial OSSN (in one eye 
each) that had regressed after subconjunctival/perilesional 5-fluorouracil injections. 
Conjunctival fluorescein angiography (FA) and indocyanine green angiography (ICGA), as 
well as anterior segment optical coherence tomography (AS-OCT), were performed to 
evaluate the OSSN status 3 years after initiation of treatment.
Results: The mean age of patients (five males, one female) at baseline was 62.3±11.6 years. 
The mean number of 5-fluorouracil injections was 17.0±8.6, with a mean treatment duration 
of 13.0±7.4 weeks. At the final visit, both intratumoral and conjunctival feeding vessels had 
disappeared on ICGA and FA, with no neovascularization-related leakage, in accordance 
with the results of AS-OCT. The period from complete tumor regression to final visit 
according to AS-OCT was 32.5±4.2 months, which was longer than that according to 
ICGA (31.3±3.2 months, p=0.034). The final best-corrected visual acuity was similar to 
that at baseline (p=0.128). No side effects were observed in any of the eyes.
Conclusion: Subconjunctival/perilesional 5-fluorouracil injections are an effective and safe 
treatment for OSSN. Future studies with a larger sample size are warranted for confirmation 
of our findings, as well as investigation into the reasons for residual areas of non-perfusion in 
the conjunctiva.
Keywords: ocular surface squamous neoplasia, subconjunctival injection, 5-fluorouracil, 
long-term follow-up, conjunctival angiography, optical coherence tomography

Introduction
Lee et al1 first coined the term “ocular surface squamous neoplasia” (OSSN) to 
describe an entity that progresses from primary dysplastic to invasive carcinomatous 
lesions in the corneal or conjunctival epithelium2 and can potentially become life 
threatening.3 Histopathology is considered the gold standard for its diagnosis.4 

Nowadays, in vivo confocal microscopy is used to monitor OSSN during topical 
treatment.5 Multispectral autofluorescence imaging can also be used to detect OSSN 
lesions,6 and anterior segment optical coherence tomography (AS-OCT) can provide 
an “optical biopsy,” assisting in the diagnosis and treatment of OSSN lesions.7

In addition to traditional AS-OCT, we previously reported the angiographic 
characteristics of OSSN by conjunctival fluorescein angiography (FA) and 
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indocyanine green angiography (ICGA) for the first time.8 

Moreover, we discovered that conjunctival angiography 
could visualize residual tumor-related vessels of treated 
OSSN, even where AS-OCT revealed no lesions.8 

Correspondingly, Liu et al9 investigated OCT- 
angiographic characteristics of OSSN and concluded that 
such imaging permitted the demonstration and enumera-
tion of vessel structure within, beneath, and surrounding 
OSSN.

Treatments for OSSN include topical chemotherapy, 
cryotherapy, and excision. Recently, Theotoka et al10 

reported a case of spontaneous regression of OSSN. 
Topical 5-fluorouracil has proved to be a safe and effective 
treatment for preinvasive OSSN and 50% of invasive 
OSSN in the long term.11 However, although 5-fluorour-
acil has an efficacy of 85–100% as primary treatment for 
OSSN, it has also exhibited a 1.1–43% tumor recurrence 
rate.12

We previously demonstrated that subconjunctival/peri-
lesional 5-fluorouracil injection was an effective anatomic 
and functional treatment for OSSN in the short term, 
delivering 5-fluorouracil to the tumor site directly, leading 
to rapid tumor resolution.8 In the present study, we aimed 
to investigate the long-term effectiveness and safety of 
subconjunctival/perilesional 5-fluorouracil injections for 
treatment of OSSN, based on both conjunctival angiogra-
phy and AS-OCT performed 3 years after initiation of 
treatment.

Patients and Methods
In this retrospective study, we reevaluated one eye each of 
six intraepithelial OSSN patients (five males and one 
female), 3 years after initiation of treatment with three 
phase subconjunctival/perilesional 5-fluorouracil 
injections.8 Surrogate markers of intraepithelial OSSN 
are a clear plane of separation and increased thickness 
visible on AS-OCT.13 After three phases of treatment, 
the tumors completely subsided under slit lamp examina-
tion. At that review, we also performed AS-OCT, FA and 
ICGA examinations for each patient to confirm that the 
epithelium returned to a normal shape and that intratu-
moral vessels, conjunctival feeding vessels, and corneal 
neovascularization disappeared. If a tumor recurred, we 
returned to the second phase of treatment.

We calculated patients’ best-corrected visual acuity 
(BCVA) in logarithm of the minimum angle of resolution 
(logMAR) form and performed anterior segment digital 
photography (MediWorks, Shanghai, China), AS-OCT 

(Spectralis OCT2; Heidelberg Engineering, Heidelberg, 
Germany). We also performed simultaneous conjunctival 
ICGA and FA in stereo pair mode (Spectralis HRA+OCT; 
Heidelberg Engineering, Heidelberg, Germany) to assess 
the progression of OSSN and residual vascular tissue. All 
six patients also underwent systematic examination, and 
those suspected to have metastasis to lymph nodes or other 
tissues or organs were excluded from the study, but no 
patient was excluded.

Statistical analyses were performed using IBM SPSS 
Statistics for Windows (version 19.0; IBM Corp., Armonk, 
NY, USA). The data are expressed as mean ± standard 
deviation. The logMAR BCVA at baseline was compar-
able to that 3 years after initiation of 5-fluorouracil ther-
apy, using two-tailed, paired t tests. A p value <0.05 was 
considered statistically significant.

Results
The mean age of patients at baseline was 62.3±11.6 years 
(Table 1). The mean number of 5-fluorouracil injections 
over the 3-year follow-up period was 17.0±8.6 with 
a mean treatment duration of 13.0±7.4 weeks. Patients 1 
and 4, who exhibited a focal pattern of intratumoral ves-
sels, received 22 and 10 injections, respectively, to achieve 
complete anatomic regression of OSSN. Patients 5 and 6, 
who exhibited sea fan-shaped intratumoral vessels, 
received 9 and 10 injections, respectively. Vitreous hemor-
rhage secondary to diabetic retinopathy, and branch retinal 
vein occlusion (BRVO)-related macular edema, were 
observed in patients 1 and 2, respectively, at their final 
visit. The final logMAR BCVA was 0.38±0.53, 3 years 
after initiation of treatment, which was similar to that at 
baseline (0.69±0.66) (t=1.824, p=0.128).

At baseline, conjunctival ICGA revealed conjunctival 
feeding vessels in four eyes, including two eyes with a focal 
pattern of intratumoral vessels and two eyes with sea fan- 
shaped intratumoral vessels (Table 1). At their final visit, 
intratumoral and conjunctival feeding vessels had disap-
peared (as revealed upon ICGA) from all six eyes, although 
areas of non-perfusion remained deep in the conjunctiva. 
No leakage related to neovascularization of OSSN was 
observed upon FA for any of the patients. Similarly, AS- 
OCT revealed a normal structure of the cornea and con-
junctiva in the original OSSN location of all six eyes 
(Figures 1–3). However, the period from complete tumor 
regression to final visit according to AS-OCT was 32.5±4.2 
months, which was longer than that according to ICGA 
(31.3±3.2 months, t=2.907, p=0.034); with a mean 
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difference of 1.2±1.0 months. No side effects were observed 
in any of the six eyes at the final visit.

Discussion
We assessed the long-term effectiveness and safety of 
subconjunctival/perilesional 5-fluorouracil injections for 
the treatment of OSSN. Follow-up is of the utmost impor-
tance to verify the effectiveness of therapy because OSSN 
may relapse years after initial treatment. Joag et al,14 while 
evaluating topical 5-fluorouracil treatment of OSSN, 
reported recurrence rates of 6% and 15% at 1 and 2 
years, respectively. A report from Kenya noted a 1-year 
recurrence rate of 11% in patients being treated with 
fluorouracil.15 Importantly, we demonstrated that there 
was no relapse of OSSN and there were no side effects 3 
years after initiation of treatment.

Although surgical removal is widely used to treat 
OSSN that affects less than 4 clock hours of limbus, sole 
topical chemotherapy is proven to achieve complete tumor 
resolution16 with less injury. Common topical agents 
include mitomycin C, alpha interferon (IFNα)-2b, and 
5-Fluorouracil. Among topical agents, mitomycin C has 
more frequent and severe adverse effects than IFNα-2b or 
5-Fluorouracil, including pain, epitheliopathy, allergic 
conjunctivitis, hyperemia, ectropion, punctal stenosis,17 

and limbal stem cell deficiency.18 Topical IFNα-2b shows 
favorable outcomes in the treatment of both primary and 
recurrent OSSN, although with a longer duration of treat-
ment than is required with mitomycin C.19 Topical IFNα- 
2b is off-label and unavailable in China. The main side- 
effect associated with sub-conjunctival IFNα-2b injections 
is a flu-like syndrome that lasts for approximately 48 
h after administration of the injection.20 5-fluorouracil 
has several theoretical advantages over mitomycin C and 
interferon alpha-2b, including a lower cost of treatment, no 
requirement for refrigeration, and less frequent dosing 
regimens.21 According to real-world evidence, the efficacy 
of topical chemotherapy is lower in large or invasive 
OSSN because topical agents are unlikely to reach the 
invasive cells.16 Thus, the advantages of this delivery 
mode include higher drug penetration, more direct delivery 
to the tumor site, faster tumor resolution, and assured 
compliance compared with topical 5-fluorouracil drops.8

During our 3-year follow-up, the average number of 
5-fluorouracil injections was 17.0 ± 8.6, with a mean treat-
ment duration of 13.0 ± 7.4 weeks. Venkateswaran et al22 

discovered that time to resolution of OSSN after topical 
5-fluorouracil administration was 6.6 ± 4.5 months. Ta
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Parrozzani et al11 reported that after a mean of 1.5 5-fluor-
ouracil courses, 83% of cases achieved complete tumor 
regression, statistically significantly related to a lack of 
fornix or tarsal involvement, tumor thickness <1.5 mm, 
and an absence of multifocality. From the current study, 
we can add that OSSN containing intratumoral vessels with 
a focal pattern needs more injections for complete anatomic 

regression than those containing sea fan-shaped intratu-
moral vessels.

At the final visit, ICGA and FA revealed the disap-
pearance of both intratumoral and conjunctival feeding 
vessels with no neovascularization-related leakage second-
ary to OSSN in any of the six eyes, which is compatible 
with the results of AS-OCT. This indicated complete 

Figure 1 Three-year follow-up of case 1, a 60-year-old male patient who had primary ocular surface squamous neoplasia in the right eye (A), with a focal pattern of 
intratumoral vessels ((B) indocyanine green angiography [ICGA]) at baseline. Anterior segment photography reveals that there is no tumor recurrence, only a small spot in 
the palpebral fissure at 3 o’clock (C), as well as rough corneal epithelium in the upper nasal quadrant, and scattered fluorescein staining dots (D). Early-phase ICGA visualizes 
a patch of non-perfusion in the palpebral fissure, with no intratumoral or conjunctival feeding vessels (E). Late-phase fluorescein angiography demonstrates corneal leakage 
(F), which is in accordance with the rough corneal epithelium and scattered fluorescein staining dots in (D) due to corneal injury by the patient. Anterior segment optical 
coherence tomography (AS-OCT; G) reveals a bright white tear-film layer overlying the cornea and conjunctiva, with a continuous thin corneal epithelium, without any high 
reflectance or abnormal thickening (green arrow indicates the direction of AS-OCT scanning).

Figure 2 Three-year follow-up of case 3, a 57-year-old male patient with a primary diagnosis of ocular surface squamous neoplasia (OSSN) in the right eye at baseline (A). 
Anterior segment photography reveals a spot in the palpebral fissure between 8 and 9 o’clock, with a smooth and transparent cornea, and no recurrence of OSSN (B). 
Early-phase indocyanine green angiography (ICGA) visualizes a patch of non-perfusion in the palpebral fissure, with no intratumoral or conjunctival feeding vessels (C). 
Stereo pair-mode ICGA displaying a three-dimensional view of the entire anterior segment, with left and right polarization acquired in parallel (D). Late-phase ICGA also 
reveals the patch of non-perfusion (E). Anterior segment optical coherence tomography (AS-OCT; F) displays normal corneal structures at the original OSSN location 
(green arrow indicates the direction of AS-OCT scanning).
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atrophy of intratumoral vessels and retention of the normal 
tight junctions of vascular endothelium. There was an 
approximately 16-week median delay between clinical 
and OCT resolution of OSSN, the longest delay being 29 
weeks,23 indicating that AS-OCT may prevent the prema-
ture cessation of treatment.24 The period of complete 
tumor regression according to AS-OCT was 1.2 ± 1.0 
months longer than that according to ICGA; therefore, 
judging tumor regression using only AS-OCT may 
increase the risk of recurrence.

Previously, in our short-term observational study, BCVA 
improved after treatment because of better anatomic out-
comes, regression of intratumoral and conjunctival feeding 
vessels, or the reduced severity of side effects.8 Similarly, 
Chaugule et al25 reported that either 5-fluorouracil or inter-
feron alpha-2b would guarantee stable or improved BCVA of 
giant OSSN eyes. However, our study showed that the final 
BCVA 3 years after initial OSSN treatment was comparable to 
that at baseline. This may be in part because of the vitreous 
hemorrhage and BRVO-related macular edema that occurred 
in patient 1 and patient 2, respectively.

Finally, stereo angiography was previously used in rats 
to visualize uveitis lesions in the retina and choroid in 
three dimensions.26 In our study, stereo ICGA was also 
used for the successful three-dimensional observation of 
eyes in which OSSN had regressed.

There are some limitations to this study, including 
a small cohort and retrospective design. Furthermore, we 
could not explain the residual area of non-perfusion deep 
in the conjunctiva in areas where primary OSSN had 
previously occurred. Further research is required to inves-
tigate the possible reasons for such non-perfusion.

Conclusion
In this study, subconjunctival/perilesional 5-fluorouracil 
injections are demonstrated to be effective and safe for 
treatment of OSSN in the long term (3 years). In addition, 
we have discovered that fewer injections may be required 
to achieve complete anatomic regression in those whose 
OSSN contains sea fan-shaped intratumoral vessels than in 
those with a focal pattern.
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Figure 3 Three-year follow-up of case 6, a 74-year-old-female patient who had primary ocular surface squamous neoplasia in the right eye (A), with sea fan-shaped 
intratumoral vessels((B) left image: fluorescein angiography; right image: indocyanine green angiography [ICGA]), at baseline. Anterior segment photography (C) reveals that 
there is no recurrent mass on the corneal surface, and that a pterygium is growing into the corneal limbus between 3 and 6 o’clock. Early- and late-phase indocyanine green 
angiography reveals perfusion of new vessels in the lower nasal part of the corneal limbus, with no intratumoral or conjunctival feeding vessels (D and E). Anterior segment 
optical coherence tomography (AS-OCT; F) reveals normal corneal structures and the pterygium growing into the corneal limbus between 3 and 6 o’clock (green arrow 
indicates the direction of AS-OCT scanning). The latter is visible as a thickened, highly reflective lesion between the corneal epithelium and Bowman’s membrane in the 
subepithelial space (yellow arrow).
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