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Objective: To better define the effect of individual risk
factors and combinations thereof on the growth of small
choroidal melanocytic tumors.

Design: Retrospective analysis.

Setting: Clinical practice of ocular oncology.

Patients: The study included 1287 patients with small
suspicious choroidal melanocytic tumors, measuring 3
mm or less in thickness, managed with observation.

Results: On multivariate analysis, the clinical risk
factors predictive of growth of small choroidal melano-
cytic tumors include tumor thickness greater than 2.0 mm,
posterior tumor margin touching the disc, visual symp-
toms, orange pigment, and subretinal fluid. Tumor growth
was detected in 4% of those patients with no risk fac-
tors. Growth was detected in approximately 36% of
patients with 1 risk factor, 45% of patients with 2 risk

factors, 50% of patients with 3 risk factors, 51% of pa-
tients with 4 risk factors, and 56% of patients with all 5
risk factors. The combination of risk factors offering the
greatest risk for growth was tumor thickness greater than
2.0 mm, tumor margin touching disc, and subretinal fluid
that was associated with tumor growth in 63% of the af-
fected patients. The relative risk for growth was 1.9 for
1 factor, 3.8 for 2 factors, 7.4 for 3 factors, 14.1 for 4 fac-
tors, and 27.1 for all 5 risk factors combined.

Conclusions: Five risk factors for growth of small cho-
roidal melanocytic tumors have been identified. The com-
binations of various factors increase the risk for tumor
growth from 4% if no factors are present to more than
50% if 3 or more risk factors are present. These factors
may be important when counseling patients with small
suspicious choroidal melanocytic tumors.
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A COMPREHENSIVE dermatol-
ogy textbook opens with a
comment on cutaneous
melanoma, the dreaded
“black cancer.”1 In the

past, physicians feared that this cancer was
associated with a dismal prognosis. They
were instructed to recognize cutaneous
melanoma as a pigmented mass with dark-
ening, bleeding, ulceration, and docu-
mented growth. It was later realized that
the obvious features of bleeding and ul-
ceration were particularly suggestive of ad-
vanced disease and poor prognosis. In the
past 40 years, extensive investigation into
the clinical and histopathologic findings
of cutaneous melanoma has improved the
understanding of subtle features that pre-
dict eventual tumor growth and metasta-
ses and has stimulated interest in early de-
tection of cutaneous melanoma.2-4 This has
led to the establishment of diagnostic cri-
teria for detection of early-stage mela-
noma by visual inspection. These simple

criteria are known as the “ABCDs” of skin
melanoma—A for assymetry, B for bor-
der change, C for color change, and D for
diameter greater than a pencil eraser.5 Rec-
ognition of early cutaneous melanoma by
clinicians using these diagnostic criteria
has resulted in a dramatic improvement
of the prognosis for patients with cutane-
ous melanoma.

With regard to choroidal mela-
noma, detection of tumors at a small size
has been correlated with better prognosis
than detection at a medium or large size.6

Similar to cutaneous melanoma, there is
strong interest in identifying choroidal
melanoma early and thus offering pa-
tients a better prognosis. However, even
small tumors, measuring 3.0 mm or less
in thickness, can lead to metastatic dis-
ease.7,8 In 1995, Shields et al7 reported that
patients with small pigmented choroidal
tumors are at risk for metastases if the tu-
mor is greater than 2.0 mm in thickness,
is located at the optic disc, is associated
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with symptoms, and has evidence of growth. The pres-
ence of documented growth in these small tumors adds
3 times the risk for metastastic disease compared with a
tumor without growth.7 As physicians, the only risk fac-
tor for metastasis that we can modify or eliminate is docu-
mentation of tumor growth. We cannot change tumor
thickness, location, or symptoms at the initial visit. In
an effort to ascertain patients at risk for tumor growth,
we and others have identified clinical factors predictive
of eventual growth of small melanocytic choroidal tu-
mors.7,9-11 In this article, we further expand on these risks
for growth and specifically calculate the percent growth

and relative risk (RR) for each factor and every combi-
nation of risk factors. These calculations may be helpful
in the counseling of patients with borderline lesions and
may assist in identifying those tumors with greatest po-
tential for growth.

RESULTS

There were 1287 patients with small, melanocytic cho-
roidal tumors measuring 3.0 mm or less in thickness man-
aged with observation during the 20-year period of this
study. The median follow-up period was 51 months

Figure 1. Suspicious choroidal melanocytic lesion. Left, Clinical photograph (1985). This 37-year-old woman had photopsia and a 1.7-mm-thick choroidal
pigmented mass touching the optic disc. Note the prominent orange pigment and subtle subretinal fluid. This patient had 4 of 5 risk factors for tumor growth,
including symptoms, orange pigment, subretinal fluid, and margin touching the optic disc. In keeping with traditional management in 1985, serial observation was
advised. Right, Clinical photograph (1986). Growth was documented in base and in thickness 1 year later. Enucleation was performed. Eight years later, she died
from metastatic melanoma.

PATIENTS AND METHODS

We conducted further analysis on the database of a previ-
ously reported group of consecutive patients with small cho-
roidal melanocytic tumors (3.0 mm or less in thickness)
managed by observation at the Ocular Oncology Service
at Wills Eye Hospital, Philadelphia, Pa, between April 1970
and December 1990. Entry criteria for management by ob-
servation were small tumor size (3.0 mm or less in thick-
ness) and lack of previous documented growth. We iden-
tified patients who subsequently demonstrated growth of
the choroidal tumor over time (Figure 1). Growth was
defined by an increase in basal dimension of at least 0.3
mm or an increase in thickness of at least 0.5 mm. Clinical
factors predictive of tumor growth were found using a se-
ries of univariate Cox proportional hazards regressions. Sub-
sequent multivariate models included variables that were
significant at a univariate level (P,.05) and identified the
combination of factors best related to time to growth. The
significant factors from the multivariate analysis included
tumor thickness greater than 2.0 mm, tumor location at
the optic disc, visual symptoms, orange pigment, and
subretinal fluid, as determined in a prior report.7 We also

analyzed each of the 5 risk factors individually and the com-
bined effect of 2, 3, 4, and all 5 risk factors on ultimate tu-
mor growth. Empirical data regarding number and per-
cent of patients demonstrating tumor growth for individual
and a combination of factors were tabulated. Using Kaplan-
Meier methods, the raw percentages were then adjusted for
differing lengths of follow-up among the patients and 5-year
estimates of percentage tumor growth with various com-
binations of risk factors were calculated.

Relative risks for growth given a single factor or a con-
stellation of factors were calculated. The statistical method
usedtoderive theRRswasas follows:allof thecovariateswere
fit simultaneously intoa finalmultivariablemodelandtherisk
estimates were computed for each covariate. The formula for
computing the RR for combinations of factors12 was

RR = Exponentiation (b1 + b2 + bn).

For a 2-factor model, b1 was the parameter estimate
for the first factor (eg, symptoms = 0.665284) and b2 was
the parameter estimate for the second factor (eg, posterior
margin touch optic disc = 0.8426256). The combined risk
was then

Exponentiation (0.665284 + 0.8426256) =
Exponentiation (1.5079096) = 4.5.
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(range, 1-277 months). In an earlier report, we identi-
fied 5 factors predictive of growth of these tumors, in-
cluding thickness greater than 2.0 mm (P,.001), mar-
gin touching the optic disc (P = .001), visual symptoms
(P = .002), orange pigment (P = .004), and subretinal fluid
(P = .05).7 Of all 1287 patients, if none of the risk fac-
tors mentioned were present, growth was detected in only
4%. Growth was detected in 30% to 41% of patients with
1 risk factor, 35% to 58% of patients with 2 risk factors,
36% to 63% of patients with 3 risk factors, 39% to 62%
of patients with 4 risk factors, and 56% of patients with
all 5 risk factors (Figure 2). The various combinations
of individual risk factors as they affect ultimate tumor
growth are given in the Table. The combination of fac-
tors imparting the greatest risk for growth included mar-
gin touching optic disc, thickness greater than 2.0 mm,
and subretinal fluid (with or without symptoms), which
was associated with eventual tumor growth in more than
60% of patients (Table). Thirteen of the 31 combina-
tions of risk factors were associated with at least a 50%
risk for tumor growth. Using Kaplan-Meier 5-year esti-
mates, the percentage of tumors demonstrating growth
over time was found and is listed in the Table.

The RR for growth was 1.6 to 2.3 for 1 factor, 2.8 to
5.0 for 2 factors, 5.5 to 9.6 for 3 factors, 11.6 to 17.3 for
4 factors, and 27.1 for all 5 risk factors combined
(Figure 3). The various combinations of individual risk
factors as related to RR for growth are shown in Figure
3. The greatest RR for growth occurred when all 5 risks
were present, giving 27.1 times greater risk for growth
than a tumor with no risk factor. The computation of RR
assumes independence among the factors (eg, the pres-
ence of subretinal fluid conveys no information about
thickness). This may not be the case, given that there is
not a concomitant increase in the proportion of growth
with combinations of factors.

COMMENT

There is continued interest in methods of early detec-
tion and intervention for human cancers. Detection and
treatment of cutaneous melanoma at an early stage has
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Figure 2. Percent growth of 1287 small melanocytic choroidal tumors (3.0 mm or less in thickness) based on combination of clinical risk factors.

Tumor Growth in 1287 Small Melanocytic Choroidal Tumors
Measuring 3.0 mm or Less in Thickness Based on
a Combination of Clinical Factors*

Clinical Features

No. With
Growth/No. With
Feature(s) (%)

Kaplan-Meier
5-Year

Growth, %

No. With
Growth/

No. Without
Feature(s) (%)

No features 18/519 (4) 3
1 Feature

S 130/429 (30) 33 105/857 (12)
M 67/163 (41) 44 168/1124 (15)
T 108/301 (36) 38 127/986 (13)
F 114/308 (37) 39 121/979 (12)
O 115/337 (34) 37 120/950 (13)

2 Features
S + M 41/77 (53) 60 194/1209 (16)
S + T 51/131 (39) 39 184/1155 (16)
S + F 83/198 (42) 45 152/1088 (14)
S + O 77/168 (46) 51 158/1118 (14)
M + T 27/47 (58) 68 208/1240 (17)
M + F 36/68 (53) 60 199/1219 (16)
M + O 39/76 (51) 56 196/1211 (16)
T + F 57/156 (36) 38 178/1131 (16)
T + O 47/135 (35) 38 188/1152 (16)
F + O 69/171 (40) 47 166/1116 (15)

3 Features
S + M + T 15/26 (58) 69 220/1260 (18)
S + M + F 26/48 (54) 59 209/1238 (17)
S + M + O 27/47 (58) 62 208/1239 (17)
S + T + F 35/89 (39) 41 200/1197 (17)
S + T + O 26/67 (39) 40 209/1219 (17)
S + F + O 55/118 (47) 53 180/1168 (15)
M + T + F 17/27 (63) 66 218/1260 (17)
M + T + O 12/25 (48) 46 223/1262 (18)
M + F + O 26/47 (55) 56 209/1240 (17)
T + F + O 31/86 (36) 40 204/1201 (17)

4 Features
S + M + T + F 10/16 (62) 64 225/1270 (18)
S + M + T + O 6/14 (43) 43 229/1272 (18)
S + M + F + O 20/35 (57) 60 215/1251 (17)
S + T + F + O 20/51 (39) 42 215/1235 (17)
M + T + F + O 9/17 (53) 49 226/1270 (18)

5 Features
S + M + T + F + O 5/9 (56) 56 230/1277 (18)

*S indicates symptoms, M, posterior margin touches optic disc; T, thickness
greater than 2 mm; F, subretinal fluid; and O, orange pigment.
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been correlated with improved survival, especially no-
table in the past 40 years.3,4,13 Currently, cutaneous mela-
noma is recognized when the tumor is thinner, less in-
vasive, less likely to be ulcerated, and more likely to exhibit
radial growth (superficial spreading) than in the past.3 Be-
fore 1960, the median thickness of stage I cutaneous mela-
noma (without lymph node involvement) was 3.0 mm,
whereas in 1985, the median thickness had decreased to
1.0 mm for the same group owing to efforts of early detec-
tion.4 Tumor thickness is the single most important pre-
dictor of survival in stage I cutaneous melanoma.13,14 An
analysis of 4000 patients with cutaneous melanoma re-
vealed that the mean 10-year survival rate for patients with
stage Idisease (without lymphnode involvement)was71%.3

The mean survival rate for stage II disease (with associ-
ated lymph node involvement) was approximately 25%; for
stage III disease (with distant metastases), the survival rate
was very poor, with a median survival of only 6 months.
When considering only stage I cutaneous melanoma, the
prognosis was strongly correlated with thickness. The 10-
year survival rate for tumors smaller than 0.76 mm in thick-
ness was 90%; for those 0.76 to 1.50 mm in thickness, 79%;
1.51 to 2.50 mm in thickness, 62%; and 2.51 to 4.00 mm
in thickness, 48%.3 The prognosis worsened on a con-
tinuum of thickness with no natural breakpoints where
prognosis abruptly changed, even with very thin tu-
mors.3,15 Hence, with cutaneous melanoma, early detec-
tion is emphasized, especially when the tumor is thin and
before obvious nodularity develops.1,3,4

Similarly, with choroidal melanoma, thinner tu-
mors have a better prognosis than thicker tumors.6 In ad-
dition, there is no natural breakpoint at which the prog-
nosis abruptly changes. There is an evolving emphasis
toward early detection and management of these tu-
mors. However, controversy remains regarding the over-
lapping clinical features of small choroidal malignant
melanoma with benign choroidal nevus. Most clini-
cians rely on the observation of documented growth to
differentiate malignant from benign tumors, as growth
is more often found with malignant choroidal mela-
noma. In this article, we have specifically concentrated
on individual and combined clinical features predictive

of tumor growth. This information provides scientific data
that may be applicable to the clinician faced with a pa-
tient who has a small suspicious choroidal lesion. For ex-
ample, a patient with none of the identified risk factors
has only a 4% risk that the choroidal lesion will grow,
and cautious observation is reasonable. If a patient dem-
onstrates 1 risk factor, such as orange pigment, there is
a 34% chance for tumor growth, and observation still re-
mains a reasonable option, especially if the tumor is in a
visually important location. Only a few of the 1287 pa-
tients had 3 or more factors for growth as indicated in
the Table; however, the presence of growth in this small
group was impressive. For example, for the patient with
3 risk factors, such as tumor thickness greater than 2.0
mm, margin touching the optic disc, and overlying sub-
retinal fluid, a 63% chance for growth was found, strongly
predicting eventual growth and indicating the need for
early intervention. Therefore, the data from this report
can be quite helpful in making a decision regarding ei-
ther continued observation or therapy for patients with
small suspicious choroidal lesions.

We did not assess the effect of treatment on out-
come. Therefore, we cannot provide an opinion regard-
ing the efficacy of therapy.16 This would be best ad-
dressed in a randomized study with a long follow-up
period. In addition, we do not recommend that all small
pigmented choroidal tumors be treated, as most will not
grow and do not manifest risk factors for growth (Table);
however, those patients who have a tumor with substan-
tial risks for growth, as identified in this article, may be
considered for early treatment before documented growth,
as growth has been associated with an increased risk for
metastasis.7 Prospective validation of these risk factors
will be studied in the future.

We have constructed the mnemonic “TFSOM”(To
Find Small Ocular Melanoma), which is similar to the
ABCDs for early detection of cutaneous melanoma, to as-
sist in identifying early small choroidal melanoma at risk
for growth. TFSOM denotes tumor Thickness greater than
2 mm, subretinal Fluid, Symptoms, Orange pigment, and
a Margin at the disc. Hopefully, this simple mnemonic
will assist clinicians in detecting early choroidal mela-
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Figure 3. Relative risk for growth of 1287 small melanocytic choroidal tumors tumors (3.0 mm or less in thickness) based on combination of clinical risk factors.
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noma and in recommending timely treatment in se-
lected patients, with the hope of long-term improve-
ment in systemic prognosis.
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