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O R I G I N A L  R E S E A R C H

Intraocular Pressure and Cup-to-Disc Ratio 
Asymmetry in Diagnosing Iris Melanoma
Alan W Kong , Adrian Au, Weilin Song, Angela J Oh, Tara A McCannel

Department of Ophthalmology, Stein Eye Institute, University of California Los Angeles, Los Angeles, CA, USA

Correspondence: Tara A McCannel, Department of Ophthalmology, University of California Los Angeles, 100 Stein Plaza, Los Angeles, CA, 90095, 
USA, Email TMcCannel@jsei.ucla.edu 

Purpose: Distinguishing an iris melanoma from an iris nevus can be challenging as few clinical features other than documented 
growth are helpful in making the diagnosis. In this study, we compared the presenting intraocular pressure (IOP) and cup-to-disc ratio 
(CDR) between affected and unaffected eyes in patients with iris melanoma and iris nevus.
Patients and methods: This was a single-institution retrospective case series of patients treated for iris melanoma and iris nevus 
from January 2013 to October 2022. Thirty-nine subjects with iris melanoma and forty age-matched patients with iris nevus were 
included. We analyzed the difference in IOP, CDR, and diagnosis of glaucoma between affected and unaffected eyes in patients with 
iris melanoma and control iris nevus cohort.
Results: The average IOP for eyes with iris melanoma and iris nevus was 18.8±6.1 mmHg and 14.6±3.5 mmHg (P<0.001), 
respectively. The average CDR was 0.36±0.27 and 0.24±0.14 (P=0.02), respectively. The average IOP of the contralateral unaffected 
eye in iris melanoma patients was 16.3±3.5 mmHg, significantly less than the affected eye (P=0.03). The average CDR of the 
contralateral unaffected eye in iris melanoma was 0.25±0.15, which was trending towards being less than the affected eye (P=0.05). 
There was no difference in the average IOP (P=0.89) or average CDR (P=0.49) between the affected and unaffected eye in patients 
with iris nevus.
Conclusion: We demonstrate that patients with iris melanoma are more likely to have greater IOP and CDR in the affected eye 
compared to the unaffected eye, and a diagnosis of unilateral glaucoma than eyes with iris nevus. Patients with iris melanoma had 
greater IOP asymmetry between the affected and unaffected eye. Therefore, IOP and CDR asymmetry may suggest a diagnosis of iris 
melanoma.
Keywords: iris melanoma, iris nevus, secondary glaucoma, intraocular pressure, cup to disc ratio

Introduction
Uveal melanoma is the most common primary intraocular malignancy, with iris melanoma representing approximately 2– 
4% of these intraocular cancers.1–3 Early detection and intervention remain key for the best overall vision and survival. 
Although clinical evaluation with slit-lamp biomicroscopy and ultrasound biomicroscopy (UBM) may aid in the 
diagnosis of iris melanoma, there are currently no well-established criteria for ruling in the diagnosis of iris melanoma 
other than documented growth.4,5 Factors that may suggest the diagnosis of iris melanoma include younger age, blood in 
the anterior chamber, diffuse configuration, presence of ectropion, and feathery margins (ABCDEF guide).6,7 Other 
clinical features that have been reported in iris melanoma include heterochromia and corectopia.8 Several studies and 
case reports have also shown an association between iris melanoma and elevated intraocular pressure (IOP), most 
commonly believed to be due to tumor infiltration of the trabecular meshwork.9–12 In fact, one study found that 15% of 
patients with iris melanoma had secondary melanoma-related glaucoma.13

While iris melanoma is known to interfere with the trabecular meshwork and may be associated with an increased risk 
of secondary glaucoma, little has been reported on the indirect findings of the long-standing effects of disrupted aqueous 
humor drainage from the tumor itself. Namely, the observations of IOP asymmetry and the effects of elevated IOP 
causing compression of the optic nerve resulting cup-to-disc asymmetry. In this study, we compared the presenting IOP 
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and cup-to-disc ratio (CDR) between eyes with iris melanoma and iris nevus, and we compared the IOP and CDR 
differences between the affected and unaffected eyes for both iris melanoma and iris nevus.

Methods
This retrospective consecutive case series was conducted at the University of California, Los Angeles (UCLA) Stein Eye 
Institute, Los Angeles, CA, after obtaining approval from the UCLA Institutional Review Board (IRB). All study-related 
proceedings were performed in accordance with good clinical practice, the Declaration of Helsinki, and the Health 
Insurance Portability and Accountability Act (HIPAA). Patients with iris melanoma were identified through a review of 
patient who received episcleral plaque brachytherapy at the Ocular Oncology Center at UCLA Stein Eye Institute from 
January 2013 to December 2021. Patients were included if they had a diagnosis of iris melanoma that was confirmed 
through the progression in size on at least two visits either at the Ocular Oncology Center or by the referring specialist. 
Age-matched controls of patients with iris nevus were identified by reviewing consecutive patients who presented at the 
Ocular Oncology Center with iris nevus from January 2013 to October 2022. The diagnosis of iris nevus was confirmed 
if the patient had at least two clinical evaluations at least two years apart with no transformation to iris melanoma. 
Patients were excluded if they had bilateral iris nevus documented.

Electronic health records were reviewed for patient variables collected at the initial visit. These include age, sex, 
visual acuity, IOP, CDR, number of glaucoma medications, and number of glaucoma surgeries. IOPs were measured 
using Tonopen tonometry (Ametek Reichert Technology, Depew, NY). All CDR ratios were determined by a single 
provider (TAM). Baseline diagnosis of primary open-angle glaucoma or secondary glaucoma was noted by the referring 
physician. Baseline ultrasound biomicroscopy (Sonomed Escalon, New Hyde Park, New York) at presentation was also 
recorded. Patients with color fundus photography prior to treatment of iris melanoma or baseline fundus imaging for 
patients with iris nevus were utilized for calculation of the CDR.

Vertical CDR measurements were calculated from the fundus images. The images of patients with iris melanoma and 
iris nevus were randomized and analyzed by a grader (AWK) who was blinded to the diagnosis. The vertical CDR was 
calculated using JAVA-based ImageJ software (https://imagej.net/ij/index.html). Measurements were made using the 
straight-line measurement function to record the distance in pixels, similar to previous studies that compared CDR.14,15 

The cup border was based on the pallor of the rim. The vertical CDR was defined as the ratio of the longest vertical line 
across the cup to the longest vertical line across the disc.

Baseline demographic data was compared using Student’s t-test for continuous variables and Fischer’s exact test for 
categorical variables. In addition, multivariate linear regressions were used to compare the differences in IOP and CDR 
asymmetry between the affected and unaffected eyes with iris melanoma while controlling for ciliary body involvement 
and tumor size. Receiver operating characteristic (ROC) curve analysis was performed to evaluate the diagnostic 
significance of using absolute IOP and CDR as well as IOP and CDR asymmetry between iris melanoma and iris 
nevus. A comparison of the area under ROC curves between two variables was calculated with DeLong’s test. The 
maximum Youden J cutoff was calculated to determine the optimum sensitivity and specificity of the ROC curves. An 
intraclass correlation analysis using two-way random effect models was completed to compare the agreement between 
the recorded CDR and the measured vertical CDR from fundus images. Significance was defined as P< 0.05. Data 
analyses were performed with R software version 4.2.2 (R Foundation for Statistical Computing, Vienna, Austria).

Results
Demographics (Table 1)
Thirty-nine patients with iris melanoma were identified with forty age-matched patients with unilateral iris nevus. 
Demographics and baseline ocular characteristics of both groups are listed in Table 1. Patients with iris melanoma 
compared to iris nevus tended to have greater tumor heights and were more likely to have ciliary body involvement 
(Table 1). Furthermore, following the American Joint Committee on Cancer, 15 (38.5%) patients were classified as T1 
stage at the time of presentation with 7 of 15 patients (46.7%) presenting with T1c stage compared to 8 patients (53.3%) 
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with T1a or T1b stage. There were 24 patients (61.5%) with T2 stage at the time of presentation with 13 of 24 (54.2%) 
with T2c stage compared to 11 patients (45.8%) with T2a or T2b stage.

Among the 39 patients with iris melanoma, 12 patients had a diagnosis of secondary glaucoma and only one had 
a diagnosis of primary open-angle glaucoma. Of those with secondary glaucoma, 11 were reported to have glaucoma 
secondary to the tumor, and one individual had uveitic glaucoma. All 12 individuals with a diagnosis of secondary 
glaucoma had been started on IOP lowering medications prior to the first evaluation visit of their iris lesion.

Differences Between Patients with Iris Melanoma versus Iris Nevus (Table 2)
Differences in characteristics in the eyes between patients with an iris melanoma and an iris nevus are listed in Table 2. 
The eyes with iris melanoma had an average IOP of 18.8±6.1 mmHg, while the average IOP of eyes with iris nevus was 
14.6±3.5 mmHg (P<0.001 and Figure 1A). The area under the ROC curve using the IOP was 0.71 (95% CI 0.59–0.83, 
P=0.001, Figure 2). The Youden J cutoff has a sensitivity of 76% and a specificity of 58%. Eyes with iris melanoma also 
exhibited larger CDRs (P=0.02 and Figure 1B), greater number of IOP lowering medications (P=0.04), but the area under 
the ROC curve using CDR was 0.60 (95% CI 0.47–0.73, P=0.07, Figure 2), which was not significant. Moreover, the 
Youden J cutoff has a sensitivity of 27% and a specificity of 97%. Eyes with iris melanoma were more likely to have 
a diagnosis of secondary glaucoma at the time of presentation (P<0.001). When comparing the subset of patients without 
a diagnosis of secondary glaucoma, eyes with iris melanoma had an average IOP of 17.2±4.45 mmHg, which was 
significantly greater than the eyes with an iris nevus (P=0.02). However, the average CDR for eyes with an iris melanoma 
and without a diagnosis of secondary glaucoma was 0.25±0.17, which was not significant (P=0.74).

Differences Between Affected and Unaffected Eyes in Patients with Iris Melanoma 
versus Nevus (Table 3)
The average IOP in the eye with the iris melanoma was 18.8±6.1 mmHg, which was significantly greater than the 
contralateral, unaffected eye of 16.3±3.5 mmHg (P=0.03 and Figure 3A). There was no significant difference in IOP 

Table 1 Demographics

Patients with Iris  
Melanoma (N=39)

Patients with Stable  
Iris Nevus (N=40)

P value

Age (years, SD) 55.9 (18.5) 54.9 (16.2) 0.82

Gender (Male/Female) 41.0%/59.0% (16/23) 47.5%/52.5% (19/21) 0.65

Laterality of lesion (Right/Left) 48.7%/51.3% (19/20) 60.0%/40% (24/16) 0.37

Ciliary body involvement 61.5% (24) 20.0% (8) <0.001

Mass height (mm, SD) 2.76 (1.9) 1.26 (0.79) <0.001

Note: P values bolded indicate a significant difference (P < 0.05).

Table 2 Differences Between Affected Eyes of Patients with Iris Melanoma and Iris Nevus

Iris Melanoma (N=39) Iris Nevus (N=40) P value

IOP affected eye (mmHg, SD) 18.8 (6.1) 14.6 (3.5) <0.001

CDR affected eye (SD) 0.36 (0.27) 0.24 (0.14) 0.02

Average number of IOP medications (SD) 0.61 (1.13) 0.15 (0.66) 0.04

Previous Glaucoma Surgeries 7.7% (3) 2.5% (1) 0.36

Diagnosis of secondary glaucoma by initial visit 30.8% (12) 0.0% (0) <0.001

Note: P values bolded indicate a significant difference (P < 0.05).
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between the affected and unaffected eyes in patients with an iris nevus (P=0.89 and Figure 3B). Furthermore, the 
magnitude of the difference between the affected and unaffected eyes with iris melanoma was significantly larger than 
with an iris nevus (P=0.03). The ROC curve for using IOP asymmetry (Figure 2) had an area under the curve of 0.64 
(95% CI 0.51–0.77, P=0.02). The Youden J cutoff has a sensitivity of 36% and a specificity of 93%. When comparing the 
recorded CDR within individuals, the average CDR for the eye with the iris melanoma was trending towards being 
significantly larger than the contralateral eye (P=0.05 and Figure 3C). Eyes with an iris nevus had no significant 
difference in CDR when compared to the contralateral eye (P=0.49 and Figure 3D). The ROC curve for CDR asymmetry 
(Figure 2) had an area under the curve of 0.64 (95% CI 0.54–0.73, P=0.03), and the Youden J cutoff has a sensitivity of 
33% and a specificity of 95%. The difference in IOP and CDR was attenuated when analyzing those without an initial 
diagnosis of iris melanoma, however. The average IOP of eyes with an iris melanoma and without a diagnosis of 
secondary glaucoma was 17.2±4.5 mmHg compared to the contralateral eye with an average of 16.2±3.4 mmHg 
(P=0.40). The average CDR with an iris melanoma and without a diagnosis of secondary glaucoma was 0.25±0.17, 
and the average CDR for the contralateral eye was 0.22±0.10 (P=0.41).

In addition, a multivariate analysis comparing IOP differences between the affected and unaffected eyes with both 
ciliary body involvement and tumor height showed that neither variable was predictive of an increased difference in IOP 
between eyes (−0.95±2.33 mmHg, P=0.68 for ciliary body; −0.08±0.59 mmHg, P=0.90 for tumor height). The same was 
true for CDR differences (−0.01±0.09, P=0.90 for ciliary body; −0.002±0.022 CDR units, P=0.91 for tumor height).

Figure 1 Differences in intraocular pressure (A) and cup-to-disc ratio (B) between eyes with an iris melanoma and an iris nevus at time of presentation to the ocular 
oncology center. Patients with iris melanoma demonstrated significantly greater intraocular pressure (P<0.001) and cup-to-disc ratio (P=0.02). Statistical analysis done with 
a Student’s t-test, and standard error bars shown. Significance defined as P<0.05 and indicated with an asterisk (*).
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Agreement Between Measurements of CDR Using Subjective and Objective 
Approaches
To reduce the risk and bias for subjective CDR measurements in clinic, we performed a secondary objective analysis of 
the optic disc to confirm reliability and reproducibility of CDR. In total, 14 of the 39 patients (36%) with an iris 
melanoma had color fundus photography prior to treatment of the iris melanoma. For patients with an iris nevus, 10 of 
the 40 (25%) patients had baseline color fundus photography. After recalculating the CDR using ImageJ, the recalculated 
CDR was 0.43±0.13, which was not significantly different from the recorded CDR in the patient chart for this subset of 

Legend

IOP AUC: 0.71 (95% 0.59 – 0.83)
CDR AUC: 0.60 (95% 0.47 – 0.73) 
IOP Asymmetry AUC: 0.64 (95% 0.51 – 0.77)
CDR Asymmetry AUC: 0.64 (95% 0.54 – 0.73) 
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Figure 2 Receiving operating characteristic (ROC) curve using the absolute intraocular pressure (IOP) and cup-to-disc ratio (CDR) values (blue and red, respectively), as 
well as IOP and CDR asymmetry (teal and orange, respectively) between iris melanoma and iris nevus. The area under the curve (AUC) and the 95% confidence intervals are 
listed.

Table 3 Differences Between Unaffected and Affected Eyes with Iris Melanoma and Iris Nevus

Iris Melanoma (N=39) P-value Iris Nevus (N=40) P-value P-value of Magnitude of 
Difference Between Iris 
Melanoma and Iris Nevus

Unaffected Affected Unaffected Affected

IOP (mmHg, SD) 16.3 (3.5) 18.8 (6.1) 0.03 14.5 (3.2) 14.6 (3.5) 0.89 0.03

CDR (SD) 0.25 (0.15) 0.36 (0.27) 0.05 0.22 (0.09) 0.24 (0.14) 0.49 0.03

Average number of 

IOP medications (SD)

0.03 (0.18) 0.61 (1.13) 0.004 0.08 (0.47) 0.15 (0.66) 0.56 0.02

Note: P values bolded indicate a significant difference (P < 0.05).
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patients of 0.32±0.23 (P=0.08). The average difference between the recalculated CDR (0.09± 0.17) and the recorded 
CDR (0.04±0.20) also did not significantly differ between the affected eye and the contralateral eye (P = 0.34). Moreover, 
using two-way random effect models to measure agreement between CDR raters, the intraclass correlation coefficient 
was 0.55 (95% confidence interval 0.058 to 0.783).

Discussion
In this cohort of patients with iris melanoma and iris nevus, we found that eyes with an iris melanoma had greater IOP 
and larger CDR compared to eyes with an iris nevus. In addition, patients with iris melanoma were more likely to have 
a diagnosis of secondary glaucoma at the time of presentation as well. In a subset of patients without secondary glaucoma 
at presentation, eyes with iris melanoma still exhibited greater IOP than eyes with iris nevus, but CDR was not 
significantly different. Furthermore, when comparing the IOP and CDR within individuals, patients with iris melanoma 
were more likely to have greater IOP and CDR asymmetry between the affected and unaffected eye at the time of 
presentation to an ocular oncology center. The area under the ROC curves for absolute IOP values, IOP differences, and 
CDR differences to diagnose iris melanoma from iris nevus were all significant, with the ROC curve for absolute IOP 
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Figure 3 Differences in intraocular pressure and cup-to-disc ratio between the affected and unaffected eye for patients with iris melanoma and iris nevus at time of 
presentation. Patients with iris melanoma had significantly greater intraocular pressure (P=0.03, (A), while patients with iris nevus did not show a significant difference 
between eyes for intraocular pressure (P=0.89, (B). The difference in cup-to-disc ratio (C) for patients with iris melanoma was trending towards significance with P=0.05. 
Patients with iris nevus did not show a significant difference between eyes for cup-to-disc ratio (P=0.49, (D). Statistical analysis done with a Student’s t-test, and standard 
error bars shown. Significance defined as P<0.05 and indicated with an asterisk (*). Non-significant data was signified with n.s.
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demonstrating the best diagnostic utility. Therefore, IOP and CDR asymmetry are two easily identifiable parameters in 
the clinical evaluation that may indicate a high likelihood of the diagnosis of iris melanoma.

While the rate of transformation from iris nevus to iris melanoma is relatively low, with only 2% becoming malignant 
over a mean follow-up period of 68 months,6 there is great interest in identifying clinical features and risk factors that 
predict transformation to malignancy as early treatment may result in improved outcomes. Currently, there are no well- 
established practice guidelines for diagnosing iris melanoma, and the best diagnostic sign of transformation is docu-
mented growth.4,5 Previous studies have identified several clinical features suggestive of an iris melanoma, but 
asymmetries in IOP or CDR between the affected and unaffected eyes were not assessed.6 In addition, prior studies 
have demonstrated that iris melanoma is associated with elevated IOPs,9–12 and eyes with iris melanoma also showed 
greater IOP than eyes with iris nevus in this study. However, these previous studies focused on defining elevated IOP as 
a binary event where the IOP was greater than a specific threshold that ranged from 21 to 23 mmHg. Thus, while elevated 
IOP is a helpful indicator of an iris melanoma, diagnostically, this study also suggests that it may be advantageous to 
recognize increasing IOP asymmetry between eyes within the same patient. Nevertheless, the area under the ROC curves 
for either IOP or CDR asymmetry remains relatively poor at discriminating (area under the ROC curve < 0.70) between 
iris melanoma and iris nevus. Future studies with larger datasets may further characterize the effectiveness of using IOP 
and CDR asymmetry.

In a subset analysis of patients without a diagnosis of secondary glaucoma at the time of presentation, eyes with iris 
melanoma still had greater IOP than eyes with iris nevus. However, CDR differences were attenuated. The IOP and CDR 
asymmetry were also decreased in patients without the diagnosis of secondary glaucoma. This suggests that the IOP 
elevation seen with iris melanoma may be subtle and further work is required to distinguish whether these IOP changes 
occur before the development of glaucoma. Future studies can also measure structural and functional changes by 
measuring retinal nerve fiber layer (RNFL) thickness and visual field changes to identify if there are early glaucomatous 
changes in patients presenting with iris melanoma. After all, it is possible that the greater asymmetry in IOP and CDR are 
proxies for early, undiagnosed secondary glaucoma that warrants further diagnostic testing. This is suggested by our 
finding of an existing diagnosis of glaucoma at the initial presentation in 30.8% of iris melanomas.

In this cohort, patients with iris melanoma were more likely to have ciliary body involvement, and the tumor height 
was greater than the iris nevus height. However, in this study, neither ciliary body involvement nor the tumor height was 
predictive of the difference of IOP or CDR between the affected and unaffected eyes in this cohort. In a prospective study 
of patients with all forms of uveal melanoma, both larger tumors and ciliary body involvement, as well as retinal 
detachments, were predictive of initial secondary glaucoma.16 While angle involvement and tumor invasion into the 
angle are some of the primary mechanisms that we believe result in elevated IOP,9,16 these results suggest that ciliary 
body involvement and tumor size alone may not fully explain the asymmetries seen in IOP or CDR. Additional work can 
be done to better characterize the tumor features that do predict subtle IOP changes that may further improve the 
detection of malignant transformations.

One limitation of this study was that many of the patients were followed by an outside provider before being referred. As 
a result, we only have the IOP and CDR of patients at the time of presentation to the ocular oncology center, and we do not 
have the visual field or other diagnostic data to confirm the diagnosis of secondary glaucoma that was given to several 
patients prior to their presentation, which limits our ability to comment on the severity of the glaucoma and initial IOP 
changes. The IOP was also measured using Tonopen tonometry in this cohort. While Tonopen tonometry has reasonable 
repeatability, rebound and applanation tonometry have better repeatability and were found to be better at measuring the true 
IOP.17 Further work with standardized IOP measurements using applanation tonometry may allow for more precise readings 
of the IOP asymmetry to evaluate this same question. Another limitation is that CDR may be a subjective measurement that 
could be influenced by the provider’s a priori knowledge. Nevertheless, in this study, we randomized the fundus images and 
recalculated the vertical CDR. In doing so, we found that the recorded CDR did not significantly differ from the recalculated 
CDRs. For this population of patients, anterior segment optical coherence tomography (OCT) was not done to evaluate the 
iris melanoma or nevus. Anterior segment OCT can be a useful tool in diagnosing iris melanocytic tumors,18–21 and in one 
case series, anterior segment OCT was helpful in identifying iris nevus where UBM visualization was not satisfactory.19 

Future studies can also incorporate anterior segment OCT for additional evaluation of malignant transformations. The tumor 
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base diameter was also unable to be retrospectively collected for this dataset, which would also be another useful tumor 
characteristic that could be used in further analysis of IOP and CDR differences.

In summary, eyes with iris melanoma have larger IOP and CDR compared to the contralateral, unaffected eye, which 
was not observed in patients with iris nevus. Moreover, eyes with iris melanoma and without secondary glaucoma 
exhibited greater IOP than eyes with an iris nevus, suggesting that eyes with iris melanoma may have changes prior to the 
development of glaucomatous changes to the optic nerve. Early detection and treatment can ultimately lower the need for 
enucleation or metastatic disease. IOP and CDR asymmetry are two easily identifiable parameters in the clinical 
evaluation that can indicate a high likelihood of the diagnosis of iris melanoma.
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