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Abstract
Purpose: The aim of the study was to evaluate equivalence 
of growth rate and pathologic confirmation in small choroi-
dal melanoma (SCM). Design: This study is a case series. Sub-
jects, Participants, and Controls: A total of 61 patients with 
a choroidal melanocytic tumor of size 5.0–16.0 mm in the 
largest basal diameter and 1.0–2.5 mm in thickness were 
classified into the pathology-confirmed group (n = 19), 
growth-confirmed group (n = 30), and with combined obser-
vations (n = 12). Methods: Distribution of clinical variables 
(age, gender, laterality, tumor dimensions, tumor location, 
and presence of orange pigment, subretinal fluid, drusen, 
and retinal pigment epithelial [RPE] atrophy) between the 
groups was analyzed. Patient and disease characteristics 
were summarized as the median and interquartile range for 
continuous variables and the frequency and percentage for 
categorical variables. Comparisons were made using the Wil-
coxon rank sum test for continuous variables and either Fish-
er’s exact test or the χ2 test for categorical variables with a p 
value threshold of 0.05 for statistical significance. Growth 
rate (change in basal dimension/12 months) diagnostic of 
SCM was quantified. Main Outcome Measures: The primary 
aim of this study was to test the hypothesis that “growth” 

was diagnostic of SCM with the secondary aim of quantifying 
the malignant “growth rate” (growth rate of SCM). Results: 
The clinical characteristics among all 3 groups were similar 
except more patients with symptoms (68 vs. 20 vs. 42%, p = 
0.004) and juxtapapillary location (p = 0.03) were in the pa-
thology group than in the growth-confirmed group. Those 
in the combined and growth-confirmed groups had more 
patients with drusen (11 vs. 60 vs. 50%, p = 0.003) and RPE 
atrophy (11 vs. 23 vs. 67%, p = 0.003), respectively, than in 
the pathology group. The median time to detect growth was 
9 months (range 3–26 months). The mean growth rate in 
basal dimension was 1.8 mm/12 months (range, 0.0–7.4 mm; 
[95% CI: 1.32–2.28]). Conclusions and Relevance: Choroidal 
melanocytic lesions exhibiting a defined growth rate can be 
clinically diagnosed as SCM without a need for biopsy.

© 2021 S. Karger AG, Basel

Introduction

Pathologic confirmation is the gold standard for diag-
nosis of malignancy prior to definitive therapy by sur-
gery, radiation, or chemotherapy. Ophthalmic oncology 
seems to be the only exception to this standard particu-
larly when it relates to management of uveal melanoma 
[1]. Even though hesitation for performing biopsy seems 
to be partially overcome with increasing acceptance of 
prognostic biopsy, diagnostic biopsy is not routinely per-
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formed [2]. Given inherent technical and functional chal-
lenges in biopsying small choroidal tumors that are pre-
dominantly located near vision critical structures, the 
current practice pattern of treating small choroidal mela-
noma (SCM) in the USA is of treatment without a diag-
nostic biopsy. Differentiation between choroidal nevus 
and choroidal melanoma can be challenging because of 
lack of clear boundaries for the size-based classification 
system [3]. The majority of tumors (69%, Kaplan-Meier 
estimate at 5 years) labeled as “SCM” within the COMS 
Small Tumor Study included tumors with clinical behav-
ior that was compatible with the diagnosis of choroidal 
nevus [4, 5]. Therefore, growth over time is commonly 
used to differentiate SCM from choroidal nevus [6–9].

Clinical “risk factors” predictive of growth provide in-
direct diagnostic evidence for SCM. Clinical “risk factors” 
such as size, symptoms, presence or absence of orange 
pigment, and drusen were initially studied almost 40 
years ago by Gass [10]. Over the years, others have large-
ly corroborated the concept of “risk factors” [3, 10–15]. 
The estimated maximal predicted risk of growth is not 
>63% [13, 16] implying that presence or absence of “risk 
factors” is therefore only an approximate guide to the di-
agnosis of SCM. The underlying premise is that “rapid 
growth” is diagnostic of SCM.

However, there are scant data regarding the amount of 
growth (absolute or relative change in basal dimension) 
and/or height and the time period over which growth 
must be observed [6, 8]. Within the COMS Small Tumor 
Study, tumor growth was defined as an increase of 0.1 
mm in the largest basal dimension or height to either me-
dium- or large-size tumors [4]. Considering that choroi-
dal nevi can also grow in absence of malignant transfor-
mation [17], definition of “growth” that differentiates be-
tween benign growth (of choroidal nevi) and malignant 
growth (of choroidal melanoma) remains to be quanti-
fied. Moreover, the validity of the conceptual equivalence 
of “growth” and pathologic confirmation of the diagno-
sis, although generally assumed to be true, has not been 
tested for SCM. In fact, we could find only limited num-
ber of case series where melanocytic choroidal tumors 
had been evaluated pathologically after documented 
growth [6, 18–21].

Use of conservative methods for treatment such as 
thermotherapy and radiation precludes pathologic confir-
mation of diagnosis in most cases. Yet, in cases where vi-
sual potential is limited due to the location of the tumor 
or patient’s preference for pathologic confirmation prior 
to conservative therapy or enucleation, availability of tis-
sue offers unique opportunity for growth and pathologic 

correlation. We performed 3-way comparison between 
sets of patients in whom “growth” could be quantified pri-
or to therapy (growth-confirmed group), those with 
pathologic confirmation (pathology-confirmed group), 
and a combined group (growth and pathology confirmed). 
The primary aim of this study was to test the hypothesis 
that “growth” was clinically diagnostic of SCM with the 
secondary aim of quantifying the “malignant” growth 
rate.

Methods

Institutional review board approval was obtained. The study 
adhered to the Declaration of Helsinki. This retrospective study 
included 61 patients with a clinical diagnosis of SCM (Collabora-
tive Ocular Melanoma Study, COMS criteria) [4] defined as a pig-
mented choroidal melanocytic lesion of size 5.0–16.0 mm in the 
largest basal diameter and 1.0–2.5 mm in thickness, who were 
treated with primary enucleation, plaque brachytherapy, or trans-
pupillary thermotherapy from January 2010 to January 2019. For 
analysis of the institutional deidentified dataset, institutional re-
view board approval was obtained.

Data Collection
All patients were evaluated using a standard slit lamp and fun-

dus examination to make a clinical diagnosis of SCM. Detailed fun-
dus drawing depicting the entire extent of the lesion along with 
color fundus photography was performed for all the patients. The 
clinical records were reviewed for the following variables at the ini-
tial examination: patient age and sex, laterality, visual symptoms, 
presenting best-corrected visual acuity as measured by logMar 
chart, quadratic distribution (superotemporal, superonasal, infero-
temporal, inferonasal, juxtapapillary, or macular), posterior tumor 
margin in relation to the optic disc and foveola (<3 or ≥3 mm), and 
tumor dimensions. The largest tumor base diameter (BD) was es-
timated in millimeters by ophthalmoscopy, and the greatest tumor 
height in millimeters was measured by ultrasonography. Specific 
tumor features, such as the presence of subretinal fluid (SRF), sur-
face orange pigment, drusen, and retinal pigment epithelial (RPE) 
atrophy, were also assessed by 90D ophthalmoscopic examination 
and supplemented by ancillary studies such as optical coherence 
tomography and autofluorescence. The record of each patient was 
reviewed to establish if there was documented evidence of growth 
at any time before treatment. Growth was judged by an increase in 
BD of at least 0.5 mm by meticulous comparison of serial fundus 
photographs or by an increase in thickness of 0.3 mm by serial ul-
trasonograms. The interval time between the last stable examina-
tion and the documentation of tumor growth was recorded.

Review of Literature
Studies documenting growth rate (mm/12 months) of SCM/

nevus were identified, and relevant growth rates were tabulated as 
a mean change in BD (mm)/12 months for each study.

Study Groups
In this retrospective study, all included patients had been treat-

ed based upon clinical criteria. According to the available data, 
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each patient with SCM was assigned to one of the 3 study groups. 
The first group included patients with pathology-confirmed diag-
nosis (histopathology, cytology, GEP 1B, or class 2). Diagnostic 
cytology showing spindle or mixed-type melanoma cells [1] was 
included in the pathology group as previous reported studies have 
shown 100% correlation between cytologic and histopathologic di-
agnosis of choroidal melanoma in enucleated eyes [1, 22]. Also 
known from previous reported studies is a prognostic 15-gene ex-
pression profile (15-GEP) test which predicts 5-year metastatic 
risk with class 1A, 1B, and 2 results indicating low-, intermediate-, 
and high-risk groups, respectively [23–25]. The second group in-
cluded patients with documented growth prior to treatment 
(growth-confirmed group), and the third group comprised pa-
tients wherein both pathologic confirmation and documented 
growth were available (combined group).

Statistical Analysis
Patient and disease characteristics were summarized as the me-

dian and interquartile range for continuous variables and the fre-
quency and percentage for categorical variables. Comparisons of 
patient and disease characteristics between groups were made us-
ing the Wilcoxon rank sum test for continuous variables and either 
Fisher’s exact test or the χ2 test, as appropriate based on expected 
cell counts, for categorical variables. For the comparison across all 
3 groups, we used a p value threshold of 0.05 for statistical signifi-
cance. For pairwise comparisons, a Bonferroni correction was ap-
plied with a p value threshold of 0.017 for statistical significance to 
account for multiple testing. All statistical analyses were conduct-
ed using R software version 4.0 (R Core Development Team, Vi-
enna, Austria).

Results

Overall Patient Characteristics
We identified 61 patients of SCM that could be classi-

fied into the pathology-confirmed group (n = 19), growth-
confirmed group (n = 30), and with combined observa-
tions (n = 12) (Table 1). The median age of presentation 
was 61 years (range, 27–81 years) including 36 (59%) 
males and 25 (41%) females. Visual symptoms were pres-
ent in 24 (39%) patients. The presenting best-corrected 
visual acuity was <20/20 in 56% of patients. Median tu-
mor thickness was 2.1 mm (mean 2.0 mm, range 0.5–2.5 
mm), and the largest BD was 9.0 mm (mean 9.0 mm, 
range 3.0–15.0 mm). The tumor was located <3 mm from 
the optic disc and foveola in 33 (54%) and 30 (49%) cases, 
respectively. Various risk factors for growth such as pres-
ence of SRF in 43 (70%) cases, orange pigment in 47 (77%) 
cases, drusen in 26 (43%) cases, and RPE atrophy in 17 
(28%) cases were noted. The median follow-up period 
was 41 months (range, 1.1–104.2 months).

Pathology-Confirmed Group (n = 19)
In this group, 8 patients had histopathological confir-

mation following primary enucleation (patient prefer-
ence), 7 patients had cytologic confirmation, and 4 pa-

Table 1. Comparison of characteristics across growth-confirmed, pathology-confirmed, and both combined 
groups of melanoma patients

Characteristic Growth (N = 30) Pathology (N = 19) Combined (N = 12) p value

Age at presentation, years 59 (56, 68) 64 (54, 70) 60 (45, 66) 0.5
Male sex, n (%) 16 (53) 12 (63) 8 (67) 0.7
Laterality, n (%)

Left eye 13 (43) 11 (58) 7 (58) 0.5
Right eye 17 (57) 8 (42) 5 (42)

Symptoms, n (%) 6 (20) 13 (68) 5 (42) 0.004
Distance from the optic disc, n (%)

<3 mm 13 (43) 15 (79) 5 (42) 0.032
≥3 mm 17 (57) 4 (21) 7 (58)

Distance from fovea, n (%)
<3 mm 14 (47) 11 (58) 5 (42) 0.6
≥3 mm 16 (53) 8 (42) 7 (58)

LBD, mm 8.00 (7.50, 9.00) 9.00 (7.75, 11.50) 9.50 (8.62, 10.62) 0.068
Height, mm 2.00 (1.50, 2.20) 2.30 (2.00, 2.50) 2.05 (2.00, 2.32) 0.12
SRF, n (%) 18 (60) 17 (89) 8 (67) 0.081
Orange pigment, n (%) 20 (67) 17 (89) 10 (83) 0.2
Drusen, n (%) 18 (60) 2 (11) 6 (50) 0.003
RPE atrophy, n (%) 7 (23) 2 (11) 8 (67) 0.003

RPE, retinal pigment epithelial; SRF, subretinal fluid; LBD, largest basal diameter. Significant p values are in 
bold.
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tients GEP 2/IB. In the enucleation group, all the 8 pa-
tients had the tumor location within 3 mm from the optic 
disc and foveola, and histopathology showed mixed cell 
melanoma. In the cytology group (n = 7), patients were 
subjected to diagnostic FNAB [1] prior to plaque brachy-
therapy as a part of the prospective adjuvant systemic 

chemotherapy trial [26, 27]. Four patients were included 
in the pathology-confirmed group on the basis of prog-
nostic biopsy (GEP class 2 in 3 patients and class 1B in 1 
patient), which confers metastatic risk indicative of the 
tumor being a melanoma rather than a nevus.
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Fig. 1. Small choroidal melanoma. a Swimmer plot showing time to growth (months) for all cases with docu-
mented growth. b Waterfall plot showing absolute change in BD and height for all cases with documented growth. 
BD, basal diameter; SCM, small choroidal melanoma.
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Growth-Confirmed Group (n = 30)
The growth group had 30 patients with a small pig-

mented choroidal melanocytic lesion which over a certain 
period had documented growth with an increase in either 
BD or thickness. The median time to growth was 9 months 
(mean 9.7 months, range 3–24 months) (Fig. 1a). The me-

dian change in BD and height was 0.75 (range, 0–3 mm) 
and 0.3 mm (range, 0–1 mm), respectively (Fig. 1b). Out 
of 30 patients, 25 patients received primary plaque brachy-
therapy, and 5 patients received transpupillary thermo-
therapy. Prognostic fine-needle aspiration biopsy showed 
GEP class 1A in 14 (47%) patients.

Small choroidal melanoma: clinical variables
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Fig. 2. Small choroidal melanoma. a Box plots of age at presentation (years), LBD (mm), and tumor height (mm) 
in growth-confirmed, pathology-confirmed, and combined groups. b Distribution of clinical variables in growth-
confirmed, pathology-confirmed, and combined groups. RPE, retinal pigment epithelial; SRF, subretinal fluid; 
SCM, small choroidal melanoma; LBD, largest basal diameter.
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Combined Group (n = 12)
These 12 patients with confirmed growth also had 

pathologic confirmation either by diagnostic FNAB (4 
patients, mixed type [3 patients] and spindle type [1 pa-
tient]) or adverse-grade prognostic biopsy (8 patients, 
GEP class 2 [3 patients] and class 1B [5 patients]). The 
FNAB had been performed after growth had been docu-
mented and prior to ocular treatment. In other words, 
ocular treatment was agnostic to biopsy results. The me-
dian time to growth for all 12 patients was 10 months 
(mean 11.0 months, range 6–26 months), and the median 
change in BD and height was 1.6 (range, 0–5.5 mm) and 
0.4 mm (range, 0.1–0.8 mm), respectively (Fig. 1). In 6 
patients, the tumor location was within 3 mm from the 
optic disc and foveola.

Correlation between Groups
The comparison of disease characteristics (12 vari-

ables) between growth-confirmed, pathology-confirmed, 
and combined groups showed similar distribution of age, 
BD, and tumor height (Fig. 2a). Additionally, other clini-
cal variables such as gender, laterality, and presence of 
surface orange pigment and SRF also showed similar dis-
tribution among the 3 groups. The only difference noted 
was in the pathology group, wherein patients were more 
frequently presented with symptoms (68% pathology vs. 
20% growth vs. 42% combined, p = 0.004) and had juxta-

papillary location (<3 mm from the optic disc, p = 0.03). 
Also, the clinical features suggestive of chronicity such as 
drusen (11 vs. 60 vs. 50%, p = 0.003) and RPE atrophy 
were more frequently observed in the growth-confirmed 
and combined groups (11% pathology vs. 23% growth vs. 
67% combined, p = 0.003) (Table 1). Pairwise comparison 
of clinical characteristics between the growth-confirmed 
group and the pathology-confirmed group showed that 
the pathology-confirmed group more frequently present-
ed with symptoms while the growth-confirmed group 
more frequently had drusen. Similarly, comparison be-
tween pathology-confirmed and combined groups as well 
as between growth-confirmed and combined groups 
showed that RPE atrophy was more frequently associated 
with the combined group (Fig. 2b).

Growth and Growth Rate
In our study, we observed growth as change in BD 

(with or without change in height) in 40 cases and height 
only in 2 cases. The mean growth rate (BD) was 1.8 mm/12 
months (range, 0–7.4 mm; [95% CI: 1.32–2.28]). Litera-
ture review revealed only a few studies [6, 14, 19, 28] 
wherein the growth rate of SCM has been reported or 
could be calculated (with 95% CI) by the available data 
(Fig. 3). The mean growth rate of enlargement in BD for 
each study ranged from 0.4 mm/12 months [28] to 3.4 
mm/12 months [19]. For comparison, the growth rate of 
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Fig. 3. Growth rate of SCM. Published studies wherein the growth rate has been reported or could be calculated 
(with 95% CI) with the available data. For comparison, the growth rate of choroidal nevi (0.06 mm/12 months) 
is plotted (hollow box). SCM, small choroidal melanoma.



Small Choroidal Melanoma 407Ocul Oncol Pathol 2021;7:401–410
DOI: 10.1159/000517203

choroidal nevi (0.06 mm/12 months) could be retrieved 
only from 1 study [29].

Discussion

There is a significant disconnect in the literature 
wherein pathology-confirmed cases [18, 20, 21, 28, 30–
32] or tumors with metastatic potential [33–35] do not 
have associated reported growth rates (with a few excep-
tions [Table 2]) [6, 19], and the studies with growth rates 
do not include tumors with pathologic confirmation 
(without exception) [3, 4, 11, 14]. Therefore, we could 
extract data regarding growth rates only in 2 pathologic 
studies [6, 19]. In a series of 2 cases reported by Elner [6], 
“growth” was observed prior to enucleation in both cases, 
one case was confirmed as melanoma and the other was 
interpreted as nevus. Subsequently, others doubted the 
pathologic interpretation as a nevus and argued that the 
second case was also a melanoma [7]. An additional case 
of nevus with “growth” on a careful review appears to rep-
resent a case of a choroidal nevus that after documented 
stability of almost 6 years had transformed into melano-
ma [36].

Such compartmentalization of data is not surprising, 
given the current practice patterns of treating SCM with-
out diagnostic biopsy with conservative methods that 
preclude pathologic confirmation of diagnosis in most 
cases. Careful search of patients from various databases 

of the Department of Ophthalmic Oncology, Cole Eye In-
stitute, led to the identification of unique sets of patients 
with SCM wherein growth rates could be calculated 
(change in BD/12 months) in pathology-confirmed cases 
(combined group). Two additional sets of patients were 
identified in whom growth rate could be quantified prior 
to therapy (growth-confirmed group) and those with 
pathologic confirmation (pathology-confirmed group) 
allowing 3-way comparison of clinical variables between 
the sets.

The primary aim of this study was to test the hypoth-
esis that “growth” is clinically diagnostic of SCM. We 
could prove the hypothesis to be true by demonstrating 
that all cases with confirmed growth (n = 12, 100%) were 
indeed pathologically confirmed to be choroidal melano-
ma in the combined group. The pathologic confirmation 
of the clinical diagnosis was done by one of the 3 criteria: 
standard histopathology (postenucleation [n = 8, 26%]), 
cytopathology (n = 11, 35%), and GEP class (n = 12, 39%). 
As published previously by us and others, an experienced 
cytopathologist can achieve a high accuracy of diagnosis 
with a concordance of 96–100% between cytologic and 
histopathologic diagnosis [22, 26, 32], thereby highlight-
ing the role of cytology in diagnosis of SCM. This is not 
to say that small melanoma are likely to yield negative 
diagnostic FNAB due to insufficient biopsy material (9–
35%) [26, 31]. We only included those SCM that were 
positive for melanoma having undergone diagnostic 
FNAB as part of the adjuvant therapy trial [26]. We did 

Table 2. Growth rate of histopathology-confirmed SCM: published reports

Authors Small melanoma/
total cases

Pathology Growth rate,* mm/
12 monthshistopathology cytology bad prognosis

Char and Hogan [21] 11/11 9 – – Data unavailable
Mims and Shields [20] 7/7 7 – – Data unavailable
Gass [18] 28/35 28 – – Data unavailable
Augsburger et al. [19] 9/17 9 – – 3.4
Shields et al. [32] Unknown/54 38 54 – Data unavailable
Augsburger et al. [31] 34/34 4 23# – Data unavailable
Singh et al. [44] 6/10 6 – – Data unavailable
Elner et al. [6] 1/2 1 – 1.0
Singh et al. [26] 15/106 – 5 2^ Data unavailable
Shields et al. [33] 55/55 – – 25$ Data unavailable
Harbour et al. [34] 207/207 – – 84 Data unavailable
Binkley et al. [35] 25/215 – – 8 Data unavailable
Present study

SCM, small choroidal melanoma. * Change in basal diameter. # Includes 4 cases with histopathology. ^ Ascertained by fluorescent in 
situ hybridization. $ Ascertained by SNP array.
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not observe any case in any our databases that had been 
clinically diagnosed as SCM and was cytologically inter-
preted to be choroidal nevus because we do not perform 
diagnostic FNAB to differentiate nevus from melanoma. 
Augsburger et al. [31] also reported very low percentage 
(2%) of cytologically benign choroidal nevus among pa-
tients who underwent diagnostic FNAB for suspected 
melanoma. Also, reports on histopathology of choroidal 
nevi are very sparse [6, 36, 37] considering biopsy of such 
lesions is not recommended. The pathology-confirmed 
group also included 4 patients with GEP class 1B and 2, 
as tumors with such profile have metastatic potential [38, 
39], an important but not exclusive hall mark of malig-
nancy [34]. In the present analysis, we did not include 
cases with class 1A GEP as choroidal nevi may share the 
same GEP profile [34, 40].

The ancillary proof supporting the hypothesis that 
“growth” is clinically diagnostic of SCM comes from 
3-way comparison of clinical variables between groups: 
growth-confirmed, pathology-confirmed, and combined 
(growth and pathology confirmed) groups. Of the 12 
clinical variables that could be assessed, the majority (8, 
67%) of them were similar (absence of statistical signifi-
cance difference). Age, tumor dimensions (BD and 
height), presence of SRF, and surface orange pigment 
which have been identified as important predictors of the 
lesions growing in the future and hence being melanoma 
[3, 10–15, 34] were similar among all 3 groups. Only sta-
tistical difference between the growth-confirmed and pa-
thology-confirmed group was of symptoms (68 vs. 20%) 
and tumor location (<3 mm from ON) (79 vs. 43%), re-
spectively, which were primary indications for such eyes 
to be enucleated (due to guarded visual prognosis with 
radiation therapy). The growth group and the combined 
group had more patients with drusen (60%) and RPE at-
rophy (67%) perhaps due to pre-existing nevus that un-
derwent malignant transformation. Our comparative 
analysis provides indirect validation that the observed 
variables (high-risk factors) are indeed relevant in pre-
diction of future growth of SCM [3, 10–15] as they were 
consistently present in growing tumors. Similar distribu-
tion of observed clinical variables between pathology-
confirmed and growth-confirmed groups further sup-
ports our hypothesis that “growth” is a diagnostic surro-
gate of SCM.

Quantification of malignant growth is a prerequisite to 
validate conceptual equivalence of growth and patholog-
ic confirmation. Given the lack of quantification of ma-
lignant growth [6, 8], we explored it as the secondary aim 
of the present study. Growth of a small melanocytic cho-

roidal lesion (nevus and melanoma) can be determined 
by clinic-based growth parameters such as absolute 
change in BD and height or percentage change measured 
over a specified period. Growth rate calculated as tumor 
doubling times has also been reported [19, 28, 41]. We 
used absolute change in BD for the purpose of this study 
because tumor growth was observed predominantly in 
BD (with or without height) in 40 cases (Fig. 1). The tu-
mors may demonstrate asymmetric growth, and hence 
percentage change may not be an accurate representation 
of the change. Tumor doubling time estimates may also 
be misleading as they assume uniform shape (ellipsoidal) 
for all tumors [42]. We observed growth only in height 
without change in BD in the minority of cases (2, 5%) 
consistent with published reports [14, 28]. Considering 
the margin of error of ±0.2 mm while measuring tumor 
height by ultrasonography [43], absolute change in BD 
only was considered while comparing our data with the 
limited number of reported studies [6, 14, 19, 28]. Optical 
coherence tomography-based height measurements may 
be incorporated in future studies.

In our study, the mean growth rate of change in BD of 
1.8 mm/12 months (range, 0–7.4 mm; [95% CI: 1.32–
2.28]) is within the range of previously reported studies 
(0.4–3.4 mm/12 months). In the study by Gass (mean, 3.4 
mm) [28] and Augsburger (mean, 0.4 mm) [19], the di-
ameter measurements were estimated by indirect oph-
thalmoscopy which might explain some of the differenc-
es in growth rates. However, our results of mean growth 
rate of 1.8 mm/12 months are comparable to a recent con-
temporaneous report by Shields et al. [14] (1.0 mm/12 
months) with comparable methodology of documenting 
tumor growth by serial fundus photography.

An important aspect to be considered while report-
ing growth rate is the denominator (time). In our study, 
the median time to observe significant growth in all the 
cases of melanoma was 9 months (range, 3–26 months) 
which is comparable to that reported in the literature 
[3, 4, 14, 19]. The denominator used to calculate the 
growth rate represents time between clinic visits that 
are not necessarily scheduled or planned unless the pa-
tients are part of a prospective observational study [4, 
18]. Such a discrepancy in recorded time is not likely to 
influence the estimates of rates of benign growth rate 
(choroidal nevus growth). However, the malignant 
growth rates (choroidal melanoma) are likely to be un-
derestimated unless the patient was observed at defined 
periodic intervals [6].

As emphasized in the study by Harbour et al. [34], the 
growth rate, that is, growth observed over a defined time, 
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rather than growth (absolute or percentage) seems to be 
an important diagnostic parameter when differentiating 
nevus from SCM with melanoma exhibiting 10–20 faster 
growth rate than that of nevus. With a growth rate of 1.8 
mm/12 months (95% CI: 1.32–2.28), one can observe 
growth in suspected choroidal melanoma over an interval 
of 3–6 months (0.3 mm–0.6 mm) by careful ophthalmos-
copy and confirmed by serial photography. With current 
clinical available methods, growth of nevus will not be 
observable at such a short interval (0.015–0.03 mm) 
thereby differentiating nevus from a melanoma over a 
short period of careful observation. In our own clinical 
experience, we have not observed detectable growth in 
basal dimensions of a choroidal nevus over a period of 12 
months or less (unpublished data).

Limitations
Our interpretation is limited based upon a small num-

ber of patients who were selected specifically for this 
comparative study. Due to selection bias, the growth rate 
estimates may not be representative of the entire popula-
tion of SCM. Therefore, our results can only be consid-
ered as preliminary that need to be validated by larger 
datasets or a prospective study using standardized docu-
mentation and follow-up clinical protocols. In conclu-
sion, choroidal melanocytic lesions exhibiting a defined 
growth rate can be clinically diagnosed as SCM without 
a need for biopsy.
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