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ABSTRACT
Purpose: In conjunctival melanoma, tumor thickness and nonlimbal location are associated with poor prognosis. However, other
established high-risk features for cutaneous melanoma, including ulceration, mitotic figures, epithelioid cell type, and lymphovascular
invasion, have not previously been studied extensively for their prognostic value in conjunctival melanoma. We examined the
hypothesis that these features also predict regional nodal metastasis and death in conjunctival melanoma.
Methods: The medical records of 44 of 46 consecutive conjunctival melanoma patients treated between June 2003 and December 2009
were retrospectively reviewed; tumor tissue was not available for the two excluded patients. Demographic and clinicopathologic
features, including tumor location, tumor thickness, ulceration, mitotic rate, histology, lymphovascular invasion, and microsatellitosis,
were reviewed. Outcome measures included regional nodal metastasis, distant metastasis, and death.
Results: Twenty-six women and 18 men had a median age of 62 years. Regional nodal metastasis occurred in 7 patients (16%) and
distant metastasis in 9 (20%). Median follow-up was 40 months. At last follow-up, 10 patients (23%) had died of disease. Tumor
thickness >2.0 mm, ulceration, and mitotic figure >1/mm2 predicted regional nodal metastasis and death from disease. In addition to
these three histologic features, vascular invasion, epithelioid cell type, and microsatellitosis significantly predicted death from disease.
Tumor location (bulbar vs nonbulbar) was not correlated with regional nodal metastasis or death.
Conclusions: In conjunctival melanoma, as in cutaneous melanoma, thicker tumor, ulceration, and higher mitotic rate are correlated
with regional nodal metastasis. In addition, lymphovascular invasion, epithelioid cell type, and microsatellitosis are correlated with
melanoma-related death.
Trans Am Ophthalmol Soc 2012;110:64-73

INTRODUCTION
Conjunctival melanoma is an uncommon malignancy with the potential for significant morbidity and mortality.1 A study of 150
patients with conjunctival melanoma found a 5-year mortality rate of 8%.2 Recent studies on conjunctival melanoma have reported a
10-year estimated risk of regional nodal metastasis of 11%3 and a 10-year overall metastasis rate of 19%.4 Tumor thickness and a
nonlimbal location have been associated with poor prognosis in patients with conjunctival melanoma according to several previous
reports.3-6 In addition to tumor thickness, several other histologic features, including ulceration, mitotic figures, epithelioid cell type,
and vascular invasion, are known to be high-risk features for cutaneous melanoma.7-12 These histologic features have not been studied
extensively for their prognostic value in conjunctival melanoma.
The purpose of this study was to evaluate whether any of these other histologic features that are known high-risk histologic
features for cutaneous melanoma are also relevant for risk of regional lymph node metastasis and death associated with conjunctival
melanoma.

MATERIALS AND METHODS
After obtaining approval from the Institutional Review Board of The University of Texas MD Anderson Cancer Center (protocol
DR07-0795), we performed a retrospective chart review including all consecutive patients with a diagnosis of conjunctival melanoma
who were treated by the principal investigator or were enrolled in a prospective trial of sentinel lymph node biopsy for conjunctival
melanoma at our institution between June 2003 and December 2009. The study was in compliance with the Health Insurance
Portability and Accountability Act and adhered to the tenets of the Declaration of Helsinki. The Institutional Review Board waived the
requirement for informed consent because of the retrospective nature of the study.
We identified 46 consecutive patients with conjunctival melanoma who met the criteria for chart review; 44 of those patients were
included. Tissue from the conjunctival tumor was not available for review for the other 2 patients; they were excluded from the study.
Baseline clinical variables assessed included age, gender, race/ethnicity, and location of tumor (bulbar, palpebral, caruncular, or a
combination of these locations). For purposes of statistical analysis, any tumor that was either isolated to a nonbulbar anatomic
location or had a component that was nonbulbar was counted as “nonbulbar.” Viewed a different way, only tumors that were limited
to the bulbar conjunctiva were counted as “bulbar”; all other tumors were counted as “nonbulbar” even if they had a bulbar
component.
From the Section of Ophthalmology, Department of Head and Neck Surgery (Dr Esmaeli, Ms Fellman, Dr Cruz, Dr Kim), and Departments of Head and
Neck Surgery (Dr Roberts), Surgical Oncology (Dr Ross), Pathology (Dr Prieto), and Dermatology (Dr Prieto), The University of Texas MD Anderson
Cancer Center, Houston, Texas.
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Histologic features for each tumor were also reviewed, including tumor thickness (Figure 1), presence of ulceration (Figure 2),
mitotic rate (Figure 3), presence of tumor-infiltrating lymphocytes, perineural invasion, vascular invasion (Figure 4), predominant
histology (epithelioid vs spindle), vertical growth phase, and microscopic satellitosis (microsatellitosis) (Figure 5).

FIGURE 1
Conjunctival melanoma tumor thickness is measured
from the epithelial surface to the deepest tumor cell.
This lesion measures 2.4 mm in thickness
(hematoxylin-eosin stain, original magnification ×2).

FIGURE 2
Ulceration on the surface of conjunctival melanoma.
Arrow marks the extent of ulcer; asterisks mark a band
of fibrin and inflammatory cells that replaces the
epithelium
(hematoxylin-eosin
stain,
original
magnification ×20).

FIGURE 3
Conjunctival melanoma section with a high mitotic
rate. This high-power field has three mitotic figures
(arrows)
(hematoxylin-eosin
stain,
original
magnification ×40).

FIGURE 4
Conjunctival melanoma with vascular invasion. Note
the cluster of tumor cells located in a vascular space
with red blood cells (arrow) (hematoxylin-eosin stain,
original magnification ×20).

For each tumor, the entire surgical specimen was submitted. A minimum of five high-power fields were examined in all cases. For
patients with recurrent lesions at presentation at our institution, prior specimens were also reviewed.
Histologic ulceration is defined as absence of epithelium in the area overlying the melanoma and not caused by trauma (eg,
previous surgery).
For calculation of mitotic rate, using the recommendation of the College of American Pathologists
(http://www.cap.org/apps/docs/committees/cancer/cancer_protocols/2011/SkinMelanoma_11protocol.pdf), the pathologist looks for
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the “hot spot” in which mitotic figures are found and then counts at least 1 mm2 of tumor.
Microsatellitosis or microscopic satellitosis refers to the presence of discrete tumor nests that are separated from the main body of
the tumor by normal stroma and not by fibrosis, scar, regression, or similar findings.
The primary outcome measures included regional lymph node metastasis, overall survival, disease-free survival, and length of
follow-up time in months.

FIGURE 5
Conjunctival melanoma with microsatellitosis (arrow) (hematoxylin-eosin stain, original magnification ×10).
STATISTICAL METHODS
Two-tailed Fisher exact tests were done to examine correlations between variables and end points. Relative risks were calculated using
logistic regression. Effects of survival were measured by making Kaplan-Meier plots; the differences between the plots were tested
using the log-rank test. Cox proportional hazards test was used to establish proportional hazard ratios and to test the multivariate
model for disease-specific survival.

RESULTS
There were 26 women and 18 men. The median age was 62 years (range, 24-85). Thirty-nine patients were white, 2 Hispanic, 2 black,
and 1 Asian. Twenty patients (45%) had melanomas limited to the bulbar conjunctiva, 6 (14%) had melanomas limited to the
palpebral conjunctiva, 1 (2%) had a caruncular melanoma, and 17 (39%) had melanomas involving a combination of the above
locations. The median length of follow-up time from the date of presentation at MD Anderson to the date of last contact was 40
months (range, 12 to 119 months).
During the study period, 7 patients (16%) developed regional lymph node metastasis, and 9 patients (20%) had documented distant
metastasis. Three of the patients who had distant metastasis did not have preceding or simultaneous regional lymph node metastasis.
At the most recent follow-up, 10 patients (23%) had died of disease. The 3-year disease-free survival rate was 74.7% (Figure 6).
RELATIONSHIP BETWEEN TUMOR LOCATION AND METASTASIS AND DISEASE-SPECIFIC SURVIVAL
Tumor location (bulbar vs nonbulbar) was not significantly correlated with lymph node metastasis (P=1.000); lymph node or distant
metastasis (P=.150); or death from disease (P=.089) (Figure 7). Tumor limited to the bulbar conjunctiva was associated with a 15% (3
of 20 patients) risk of regional nodal metastasis. Tumor not limited to the bulbar conjunctiva was associated with a 16.67% (4 of 24
patients) risk of nodal metastasis. This difference was not statistically significant.
HISTOLOGIC FEATURES CORRELATED WITH METASTASES AND DISEASE-SPECIFIC SURVIVAL
Tumor thickness was measurable in 37 patients and not determinable in 7 patients because of tangential cutting of the surgical
specimen. Tumor thickness ranged from 0.12 mm to 50 mm (median, 1.8 mm). Seventeen of 44 patients (39%) had tumors >2 mm
thick; of these, 6 developed regional nodal metastasis, 8 developed distant metastasis, 5 had both lymph node and distant metastasis,
and 9 (53%) died. Tumor thickness >2 mm was significantly correlated with regional lymph node metastasis (P=.033), regional lymph
node or distant metastasis (P=.005), and death from disease (P=.004) (Figure 8).
The risk of regional lymph node metastasis was 35.3% for patients with tumors >2 mm thick and only 5% for patients with tumors
≤2 mm thick (Table 1).
Histologic ulceration was present in 15 tumors (34%). Presence of histologic ulceration was significantly correlated with regional
lymph node metastasis (P=.008) (Table 1), regional lymph node or distant metastasis (P=.001), and death from disease (P=.002)
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(Figure 9). The risk of regional lymph node metastasis was 42.9% for patients with ulceration and only 4.5% for patients without
ulceration.

FIGURE 6
Disease-specific survival for 44 patients with
conjunctival melanoma treated between 2003 and
2009.

FIGURE 7
Disease-specific survival for patients with conjunctival
melanoma as a function of tumor location.

FIGURE 8
Disease-specific survival for patients with conjunctival melanoma as a function of tumor thickness.
Mitotic figure count ≥1/mm2 was present in 21 tumors (48%). Mitotic figure count ≥1/mm2 was significantly correlated with
regional lymph node metastasis (P=.027) (Table 1) and death from disease (P=.0025) (Figure 10). The risk of regional lymph node
metastasis was 28.6% for patients with mitotic figure count >1/mm2 and 0% for patients with absence of mitotic figures.
Log-rank test comparisons of Kaplan-Meier plots of disease-specific survival indicated that in addition to tumor thickness >2 mm,
presence of ulceration, and mitotic figure count ≥1/mm2, three additional features were correlated with death from disease: vascular
invasion (P=.011) (Figure 11), epithelioid cell type (P=.037) (Figure 12), and microsatellitosis (P=.029) (Figure 13) (Table 2).
None of the other relationships examined between histologic features and outcomes revealed a significant correlation.
INDEPENDENT PREDICTORS OF DISEASE-SPECIFIC MORTALITY
On analysis using 2-tailed Fisher exact tests, all of the significant high-risk histologic features described above except microsatellitosis
were found to be correlated, indicating that these features were not independently associated with disease-specific survival (Table 2).
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A model that contained the presence of ulceration and microsatellitosis was significantly correlated with higher disease-specific
mortality (P<.001).

TABLE 1. RELATIONSHIP BETWEEN CHARACTERISTICS OF PRIMARY
CONJUNCTIVAL MELANOMA AND RISK OF REGIONAL LYMPH NODE AND
DISTANT METASTASIS
REGIONAL NODAL
METASTASIS
FACTOR
Tumor location
Bulbar

*

N

n

%

P

1.000

20

3

15.0%

Nonbulbar
Ulceration
Present

24

4

16.7%

14

6

42.9%

Absent
Tumor thickness
≤2 mm

22

1

4.5%

20

1

5.0%

>2 mm
Mitotic figures
≤1

17

6

35.3%

16

0

0.0%

21

6

28.6%

>1

†
P

0.008

0.033

0.027

DISTANT METASTASIS
n

%

P†
0.150

2

10.0%

7

29.2%

8

57.1%

1

4.5%

1

5.0%

8

47.1%

0

0.0%

9

42.9%

P

0.001

0.005

0.005

*The total number of patients for some variables does not equal 44 because of missing data.
†P values are from 2-tailed Fisher exact tests.

FIGURE 9
Disease-specific survival for patients with conjunctival melanoma as a function
of presence or absence of histologic ulceration.
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FIGURE 10
Disease-specific survival for patients with conjunctival
melanoma as a function of mitotic figure count.

FIGURE 11
Disease-specific survival for patients with conjunctival
melanoma as a function of presence or absence of vascular
invasion.

FIGURE 12
Disease-specific survival for patients with conjunctival
melanoma as a function of cell type.

FIGURE 13
Disease-specific survival for patients with conjunctival
melanoma as a function of presence or absence of
microsatellitosis.
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TABLE 2. COX PROPORTIONAL HAZARD RATIOS FOR EACH VARIABLE AND THE
MULTIVARIATE MODEL FOR DISEASE-SPECIFIC SURVIVAL FOR PATIENTS WITH
CONJUNCTIVAL MELANOMA
VARIABLE
Tumor thickness >2 mm
Ulceration
Mitotic figures >1/mm2
Vascular invasion
Epithelioid cell type
Microsatellites
Nonbulbar location
Model
Overall
Ulceration
Microsatellites

Log-rank P
.004
.003
.003
.011
.037
.029
.092
Significance
<.001
.010
.022

DISEASE-SPECIFIC SURVIVAL
Cox Proportional
Lower 95% CI
hazards ratio
10.816
1.370
7.797
1.641
Not calculable
7.409
1.753
6.264
0.789
41.768
3.596
3.497
0.742

16.625
17.203

1.981
1.510

Upper 95% CI
85.416
37.049
31.309
49.712
485.178
16.494

139.525
196.010

DISCUSSION
In this study, we confirmed previously reported predictors and identified new predictors of regional lymph node metastasis and
disease-specific survival in patients with conjunctival melanoma. Our findings confirmed our hypothesis except that two features that
we hypothesized would be predictive of survival were not.
We found that three histologic features were significantly correlated with regional lymph node metastasis: tumor thickness >2 mm,
histologic evidence of ulceration, and mitotic figure count >1/mm2. Several previous studies by other investigators and by our group
have shown that tumor thickness is an important predictor of lymph node metastasis for conjunctival melanoma.3,5,6,13-24 However,
none of these previous studies showed that histologic ulceration or mitotic figure count >1/mm2 was correlated with the risk of
regional lymph node metastasis for conjunctival melanoma. We previously reported our preliminary observations indicating that
histologic evidence of ulceration was correlated with a positive sentinel lymph node in patients with ocular adnexal (conjunctival or
eyelid) melanoma and with local recurrence in patients with conjunctival melanoma treated surgically.17,18 In the current study of a
larger cohort of patients, we confirmed that ulceration is correlated with regional lymph node metastasis in conjunctival melanoma in
general.
Thicker tumor, histologic ulceration, and mitotic figure count >1/mm2 are all well known to correlate with the risk of lymph node
metastasis for cutaneous melanoma. The relationships have been confirmed in several studies published in the last several decades,9-12
and these features are incorporated into the American Joint Committee on Cancer’s (AJCC) primary tumor classification for cutaneous
melanoma described in the 7th edition of the AJCC Cancer Staging Manual, which was published in 2009.19 However, to our
knowledge, the current study is the first to correlate these histologic features with outcomes for conjunctival melanoma. If additional
studies in conjunctival melanoma confirm our findings, it may be reasonable to incorporate histologic ulceration and mitotic figure
count >1 mm2 into future editions of the AJCC’s primary tumor classification for conjunctival melanoma,20 particularly as factors that
may be correlated with lymph node metastasis in early-stage disease.
We found that six histologic features were correlated with worse disease-specific survival in our cohort of patients with
conjunctival melanoma: tumor thickness >2 mm, histologic evidence of ulceration, mitotic figure count >1/mm2, lymphovascular
invasion, predominantly epithelioid histology, and microsatellitosis. To our knowledge, the only other investigators who have
systematically evaluated clinicopathologic features related to mortality in conjunctival melanoma are Tuomaala and colleagues.5 They
evaluated the impact of tumor location, tumor thickness, cell type, mitotic count, assessment of nucleoli, tumor-infiltrating
lymphocytes, and microvascular loops and networks on disease-specific mortality. These investigators concluded that only tumor
thickness and nonlimbal location were correlated with higher melanoma-related mortality. The same investigators have published
several other studies that come to the same conclusion that tumor thickness and nonlimbal location are the only high-risk features
predictive of mortality.3,6,23 In none of the publications by these esteemed colleagues has there been a mention of histologic ulceration
or lymphovascular invasion as features correlated with melanoma-related mortality.
We found that tumor location (bulbar vs nonbulbar) was not significantly correlated with regional lymph node metastasis or with
conjunctival melanoma-related mortality. This is in contrast with several other published reports.2-6,14,15 We wonder if this difference
in findings may be partly explainable by the fact that the practice of the principal investigator for the current study, who is an
oculoplastics and orbit specialist, attracts more patients who have complex and advanced melanomas involving not only the bulbar
conjunctiva but also multiple other anatomic units on the ocular surface, such as the palpebral and tarsal conjunctiva and the caruncle
(Figure 14); in the current study, 55% of the tumors were designated as nonbulbar and 39% of the tumors had both bulbar and
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nonbulbar (forniceal, palpebral conjunctival, or caruncular) components. Thus, the proportions of tumors in different anatomic
categories may be different in the current study compared with the previously published studies. In the patients included in the study
by Tuomaala and colleagues,5 which have been the subject of many publications by these investigators, only 36% of the lesions were
nonlimbal.3,5,6 In the recent study of Shields and colleagues,4 48% of tumors were labeled as involving the fornix or palpebral or
caruncular conjunctiva. Another possible explanation for the difference in findings between our study and previous studies with
respect to the prognostic value of tumor location is the heterogeneity of the classifications and designations of the anatomic sites
involved. Some studies designated tumors as limbal vs nonlimbal,3,5,6 some classified tumors as lesions touching the limbus vs not,2
and some classified tumors as bulbar vs palpebral vs forniceal vs caruncular.4 The most recently published AJCC staging system for
conjunctival melanoma divides tumor location into bulbar vs nonbulbar (which includes forniceal, palpebral, and caruncular).20
Furthermore, it is not clear from the review of the published literature or from the recent AJCC designation how lesions that involve
both the bulbar conjunctiva and other structures would be classified in terms of location. In the current study, any lesion that had any
extension beyond the bulbar conjunctiva was counted as “nonbulbar” even if it had a bulbar conjunctival component.

FIGURE 14
Example of a conjunctival melanoma not only involving large parts of the bulbar conjunctiva (small arrows) but
also involving the palpebral conjunctiva (large arrows) and caruncle (dotted arrow). The surgical specimen was
submitted over a drawing of the lesion on a Telfa sheet. Note that the canaliculi and medial upper and lower
eyelids were resected as a composite specimen with the bulbar and caruncular lesion because the melanoma
involved not just the bulbar or palpebral conjunctiva or caruncle but all three components. In our study, this lesion
was labeled as “nonbulbar” in line with the American Joint Committee on Cancer’s current designation. It is not
clear how this lesion would have been designated in other previously reported studies (original magnification
×5).3-6
A more uniform use of the AJCC classification for conjunctival tumors by all investigators and practitioners may help standardize
reporting of outcomes for conjunctival melanoma in future publications. In addition, perhaps future modifications of the AJCC staging
system can address the issue of how to designate lesions that involve not only the bulbar conjunctiva but also the palpebral
conjunctiva, fornix, and/or caruncle (Figure 14); addressing this issue would help ensure that reported data can be compared across
various studies of this rare cancer.
Comparison of the rates of metastasis and disease-related death between our study and previous studies yields some important
insights.3-5,14,15,25-32 Sixteen percent of the patients in our cohort had regional lymph node metastasis, and 20% had documented distant
organ metastasis. At the most recent follow-up, 10 patients (23%) had died of disease. The 3-year disease-specific survival rate was
74.7% (Figure 6). In the previously mentioned study of Shields and colleagues,4 which reports on the largest published series to date
of conjunctival melanoma, with 382 consecutive patients, the 5-year and 10-year melanoma-related death rates were 5% and 9%. The
investigators reported that metastasis was found in 19% of patients, but they did not specify whether metastasis was regional nodal or
distant. They also did not report the tumor thickness breakdown for these 382 patients. Thus, it is quite possible that the risk profile of
their large group of patients was very different from the risk profile of our cohort. In the study by Tuomaala and colleagues,5 the
estimated 10-year cumulative incidence of initial regional lymph node metastasis was 11%, and this risk was higher for patients with
tumor thickness >2 mm (18%).3 These investigators further reported that the incidence of systemic metastasis was 18%, and it was
higher for patients with nonlimbal tumors (38% vs 7%) and for tumors >2 mm thick (28% vs 6%). The real incidence of regional
lymph node metastasis in our cohort—16%—is similar to the estimated risk reported by Tuomaala and colleagues: 11%. In addition,
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our real incidence of distant metastasis—20%—is similar to the estimated risk of 18% reported by Tuomaala and colleagues. Any
differences in reported risks in subcategories is most likely due to the higher risk profile of the tumors in our series than of the tumors
in previous reports. Werschnik and colleagues,15 from Germany, reported a tumor-related death rate of 22.3%, similar to the 3-year
melanoma-related mortality rate of 25.3% in our series. Missotten and colleagues14 reviewed the experience with conjunctival
melanomas in the Netherlands and reported a 21% incidence of regional lymph node metastasis and a 25% incidence of distant organ
metastasis. They correlated these risks with tumor thickness and tumor diameter.
We particularly concur with Tuomaala and colleagues5 that tumor thickness >2 mm is an important prognostic factor for regional
lymph node metastasis, but other histologic features, such as ulceration and mitotic figures, also correlate with regional lymph node
metastasis and should be considered for patient selection for sentinel lymph node biopsy. Histologic evidence of ulceration and mitotic
figures was not analyzed specifically in the report by Tuomaala and colleagues in relation to regional lymph node metastasis.
In summary, the current study suggests that several new histologic features should be routinely evaluated and studied in
conjunctival melanoma because of their impact on the risk of regional lymph node metastasis and thus (1) the decision to consider
sentinel lymph node biopsy or not, (2) counseling of patients regarding their prognosis, and (3) determination of the best frequency of
surveillance of lymph nodes and distant organs to rule out metastasis. To aid in determining the risk of lymph node metastasis, we
advocate specific reporting of histologic ulceration and mitotic figure count >1/mm2 in addition to exact measurement of tumor
thickness at the time of evaluation of the primary tumor. Our study also suggests that several histologic factors correlate with
melanoma-related mortality; these are tumor thickness >2 mm, histologic ulceration, mitotic figure count >1/mm2, lymphovascular
invasion, predominantly epithelioid histology, and microsatellitosis. We recommend recording of all these features routinely and in a
systematic, standardized fashion for all melanomas of the conjunctiva so that our findings in this study can be validated in future
studies and so that it can be determined whether these features should be incorporated into future refinements of the AJCC
classification for conjunctival melanoma. We also believe that there is a need for a better definition of tumor location for conjunctival
melanoma, and we advocate a more uniform use of the AJCC classification to enable better determination of the impact of tumor
location on outcomes. There is also a need for clarification of how to categorize conjunctival melanomas that encompass not only the
bulbar conjunctiva but also other anatomic units on the ocular surface.
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