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ABSTRACT
Aim: To develop a system for clinically mapping
conjunctival melanomas, taking into account the tumour’s
stage of development, location and extent.
Methods: Baseline clinical features of 40 patients with
conjunctival melanoma, first treated at our centre
between 1993 and 2006, were studied. Maps showing
sectorial location and circumferential spread in all areas of
conjunctiva were digitally generated from numerical data.
Results: The patients (18 female; 22 male) had a median
age of 59 years. Three had multiple tumours and 20 had
mixed, invasive and intraepithelial disease. The Tumour
Node and Metastasis (TNM) T stage was I in 11 patients,
II in 20, III in eight and IV in one. The tumour was medial
in 19% of eyes with T stages I and II as compared with
67% of eyes with stages III and IV (Mann–Whitney,
,0.001). Within each T stage of the TNM system, there
was considerable variation in tumour dimensions,
circumferential spread and longitudinal extent.
Conclusions: A system for clinically mapping conjuncti-
val tumour location and extent has been developed. This
revealed tumour variation within TNM T stages and may
facilitate better collection of data for multicentre trials.

Conjunctival melanomas are rare.1 They may be
associated with primary acquired melanosis (PAM),
which we prefer to call ‘‘conjunctival in situ
melanoma.’’ Exenteration has been superseded by
local excision of any nodules together with adjunc-
tive therapy consisting of cryotherapy, topical
chemotherapy and radiotherapy, individually or in
combination.2–7 Local recurrence is common.8

Metastasis can occur to regional nodes and systemi-
cally. Sentinel node biopsy is controversial.9 The 10-
year melanoma-related mortality is 25–30% and is
higher with involvement of non-bulbar conjunctiva,
local tumour recurrence, multifocal tumours,
increased tumour thickness, high mitotic rate,
epithelioid cells and lymphatic invasion.8 10–13

The sixth version of the Tumour Node and
Metastasis (TNM) staging system of the American
Joint Committee on Cancer/International Union
Against Cancer (AJCC/UICC) categorises conjunc-
tival tumours only according to their degree of
invasion and radial extent but has not gained
widespread acceptance.14

The aim of this study was to develop a system
for mapping conjunctival melanomas.

PATIENTS AND METHODS
Patients were included in this study if treated for
conjunctival melanoma between January 1993 and
December 2006. They were excluded if they had
undergone any surgery before referral or if the
charts were no longer available (one patient).

Ocular examination included visual acuity and
intraocular pressure measurements, inspecting the

external eye, anterior segment and fundus with
slit-lamp biomicroscopy and indirect ophthalmo-
scopy. Each sector of the bulbar and inferior tarsal
conjunctiva was examined by retracting the eyelid
and asking the patient to look in the opposite
direction. The superior tarsal conjunctiva and
fornix were examined with a magnifying lens,
gently pulling the eyelid away from the eye (hence
avoiding double eversion of the eyelid). If a more
detailed examination of the superior tarsal con-
junctiva was indicated, this was done with a slit-
lamp after everting the upper lid. Regional lymph
nodes were palpated routinely. Patients were
photographed routinely. Towards the end of the
study, a formal protocol was instituted, imaging
each sector of the conjunctiva in turn, with the
patient looking away from that sector, retracting
the eyelids to expose the fornices, and everting the
eyelids to photograph the superior and inferior
palpebral conjunctiva. A ruler was held against the
lower lid to calibrate photographs.

The patients were identified by searching the
computerised database of the Liverpool Ocular
Oncology Centre and archives of the pathology
department at the Royal Liverpool University
Hospital. All case notes, computerised records,
histological sections and clinical photographs were
reviewed to define tumour location and extent. If
not documented adequately in the case notes at
the time of initial assessment, measurements such
as basal dimensions and distances from limbus and
lid margin were made from photographs.
Calibration for such measurements was based on
corneal diameter, which was assumed to be
12 mm. Tumour thickness and width were deter-
mined histologically.15 Sections were stained using
H&E and immunohistochemically.16 17

Clinical and histological data were summarised on
proformas and computerised in the ocular oncology
database, which was customised for conjunctival
tumours. The data were then exported to SPSS
(Chicago) for analysis. Tumour location and extent
were mapped using an Excel spreadsheet (Microsoft
Windows, Seattle, WA). This was done by generat-
ing a table in SPSS, with a score of 1 or 0 allocated to
each clock hour of every region of conjunctiva,
according to whether or not this was affected by the
tumour in question. This was done for up to three
tumours per patient. The tables were transferred
from SPSS to Excel so that bubble plots could be
generated, with invasive melanoma depicted in grey
and pigmented intraepithelial disease with a striped
texture. Cumulative bubble plots with data from
groups of patients (eg, with or without metastatic
death) were generated, with the bubble sizes
representing either the number or the proportion
of patients in the group having invasive tumour in
the relevant conjunctival area.
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The centre of the conjunctiva was defined as the central
cornea, with limbus, bulbar conjunctiva, fornix, tarsal con-
junctiva, eyelid margin and skin considered as being progres-
sively more peripheral. The plica was regarded as being an
extension of forniceal conjunctiva, and the caruncle was
considered to be at the same eccentricity as tarsal conjunctiva.
Circumferential spread along limbus, bulbar conjunctiva, fornix,
tarsal conjunctiva, eyelid margin and adjacent skin was
measured in clock minutes (which are different from minutes
of arc). Longitudinal and transverse basal tumour dimensions
were documented in millimetres. For tumours involving bulbar
conjunctiva, distance between central tumour margin and
limbus was measured in millimetres, with negative values if
the tumour extended into cornea. For tarsal tumours, distance
between peripheral tumour margin and inner eyelid margin was
measured, with negative values if this margin was located
within conjunctiva and positive values if it was in skin.

Our proforma was designed to store details on up to five
tumours per patient. The largest tumour was regarded as the
primary lesion. Invasive melanoma and intraepithelial disease in
the same eye were considered separately, even if confluent.
Clinically, only pigmented intraepithelial melanocytic prolifera-
tion could be mapped, with such ‘‘primary acquired melanosis
(PAM)’’ subsequently categorised histologically as (1) PAM
without atypia, (2) PAM with atypia resulting in invasive
melanoma or (3) secondary, diffuse, superficial spread from a
nodular melanoma. We now refer to ‘‘PAM without atypia’’
and ‘‘PAM with atypia’’ as ‘‘conjunctival melanocytic hyper-
plasia’’ and ‘‘conjunctival in situ melanoma’’ respectively.

Invasive tumours were defined as being pigmented or
amelanotic. Secondary effects included features such as feeder
vessels and inflammation.

The Tenets of the Helsinki Declaration were followed.
Patient consent was routinely obtained for the use of data,
images and tissues for research, audit and teaching. Ethical
Committee approval was not required.

RESULTS
Baseline data
The cohort comprised 40 patients (18 female; 22 male) with a
median age of 59 years (range 24 to 88 years). The tumour
involved the right eye in 18 patients and the left eye in 22. Three
patients had multiple tumours, and 20 had mixed tumours (ie,
invasive melanoma and intraepithelial disease) (fig 1). The
centre of the largest tumour was located in the following
sectors: superior (3); supero-temporal (1); temporal (18); infero-
temporal (4); inferior (2); infero-nasal (4); nasal (4); and supero-
nasal (4). The median largest basal tumour diameter was
6.8 mm (range 3 to 25), and the median tumour thickness was
2.2 mm (range 0.1 to 15.5). The central tumour margin was
located in cornea (20 patients), limbus (6), bulbar conjunctiva
(12), tarsal conjunctiva (1) and caruncle (1). The peripheral
tumour margin was located in bulbar conjunctiva (31), plica (1),
caruncle (5), tarsal conjunctiva (1), eyelid margin (1) and skin
(1). Six tumours involved the caruncle, with five of these also
involving the plica. Non-statistically, bubble plots suggested no
great interocular or gender differences but indicated that medial
conjunctival involvement correlated with local tumour recur-
rence and metastatic death (fig 2). The TNM stage was: I (11
patients); II (20 patients); III (eight patients); and IV (one
patient). Figure 3 shows the basal tumour dimensions, tumour
height, circumferential tumour extent and, for bulbar tumours,
the tumour-to-limbus distance, according to TNM stage. In
stages T1 and T2, the tumour location was medial in six (19%),

midline in two (7%) and temporal in 23 (74%) as compared with
medial in six (67%) and midline in three (33%) in stages T3 and
T4 (Mann–Whitney U = 39; z = 3.68; p,0.001).

DISCUSSION
We have developed a system for mapping conjunctival
melanomas clinically (table 1). Tumours were drawn from
numerical data, which enabled cumulative plots to be gener-
ated, thereby allowing different subgroups of patients to be
compared visually.

Staging of cancer progression at the time of initial treatment
is fundamental to prognostication, treatment selection and
clinical trials. The sixth version of the TNM staging system
classifies conjunctival melanomas as: TI for tumours involving
only the bulbar conjunctiva; TII for tumours with corneal
involvement; TIII for tumours involving fornix, caruncle or
tarsal conjunctiva; and TIV for tumours invading the eye, orbit,
central nervous system or skin. Our study revealed short-
comings of the TNM staging system. First, our cumulative plots
(fig 2) showed how local tumour recurrence and metastasis
correlated with involvement of medial conjunctiva. Second, as
shown in fig 3, our mapping demonstrated that within each T
stage, there was marked variation in tumour dimensions,
circumferential spread and longitudinal extent, which are
known to have prognostic significance. We have other concerns
regarding the TNM staging system. First of all, we are not
aware of any evidence indicating that tumours involving cornea
have a worse prognosis than those occurring only in bulbar
conjunctiva; if anything, the prognosis should be better, because
of the absence of lymphatics.18 Second, we intuitively suspect
that tumours invading the central nervous system have a worse
prognosis from those involving only the eyelid skin. For all these
reasons, we suspect that important prognostic information is
not fully utilised by the TNM system. The TNM system has
recently been revised, and the next edition19 will take account of
our findings. Large, multicentre studies are needed to determine
how circumferential tumour location and spread correlate with
survival and how continuous variables should be categorised.
Such studies will require accurate documentation of tumour
location and extent, which we hope will be facilitated by our
proposed mapping system.

Several authors have shown a correlation between non-
epibulbar tumour location and metastatic disease, but without
measuring circumferential spread.8 11 12 In their evaluation of
risk factors for metastatic death and other outcomes, Shields et

A clinical mapping system for conjunctival melanoma

c Displays the entire conjunctiva as a flat surface, with the
central point located at the centre of the cornea and concentric
regions such as limbus, bulbar conjunctiva, fornix, palpebral
conjunctiva and eyelid considered progressively more
peripheral.

c Plots whether or not each clock hour of every region is
affected by invasive melanoma (solid fill) or intraepithelial
disease (hatched drawing).

c Maps are drawn digitally from numerical data, allowing
cumulative plots comparing groups of patients.

c Clinical mapping improves documentation of tumour size,
location and extent, and should therefore facilitate data
collection for multicentre trials.
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al look at circumferential spread, but only in bulbar conjunctiva
and not in fornix and tarsal conjunctiva, which seem more
relevant to survival probability.13 We measured circumferential
spread in all conjunctival regions: limbus, bulbar conjunctiva,
palpebral conjunctiva, eyelid margin and skin. Such data are
likely to be useful not only in predicting survival but also in
evaluating ocular results following treatment of the conjuncti-
val tumour. We preferred clock minutes to clock hours, because
clock minutes may be more precise, also avoiding the need for
fractions or decimal points.

The number of patients in our study is small compared with
other investigations. This is because, unlike other studies, we
excluded all patients who had undergone any conjunctival
tumour surgery elsewhere before referral to our centre. There
are several reasons for this. First, in many such patients, we
were unable to define the presenting tumour, because it had
already been excised. Second, patients referred with recurrent
tumours may have had more aggressive disease so that they may
have introduced selection bias into our results. Third, outcomes
may have been worsened by suboptimal surgery elsewhere, as
previously suggested.20

A shortcoming of our study is that the tumour features at
initial presentation were defined retrospectively, and this was
because we conceived our mapping system only recently.
Nevertheless, with the exception of the tumour-to-lid-margin,
we felt we were able to describe most tumours adequately from
the patient records and photographs. Another limitation is that
the patients referred to us with untreated conjunctival
melanoma may not have been representative of all individuals
developing this disease. Prospective, multicentre studies are
needed, with patients being examined and photographed
according to a standardised protocol. Such a protocol would
also need to specify how primary acquired melanosis should be
defined and graded, and how histological data should be added
to any clinical maps.

The computer-generated maps shown in fig 1 showed only
whether a clock hour of a particular conjunctival region was
involved by tumour. Such a low resolution did not allow a full
description of tumour shape and did not define the precise
location of the central, peripheral and lateral tumour margins.
Furthermore, it did not identify two distinct tumours if these
were located close together. More detailed mapping using our

Figure 1 Maps of 40 conjunctival melanomas, showing computer-generated plots of tumour location and extent with invasive melanoma in dark grey
and intraepithelial disease in light grey, and recurrent disease (manually drawn) in black. Each spot represents involvement of a sector of conjunctiva
and not a separate tumour.
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current methods would be feasible but may prove excessively
laborious. We are hoping to develop a more user-friendly
program for mapping conjunctival tumours more precisely. This
will hopefully take into account not only the curvature of the
eye but also the maximal radial conjunctival dimensions that
occur with eccentric gaze. We measured tumour thickness from

histological sections, which is not ideal because of a slight
reduction in tissue volume after fixation and because of the risk
of tangential cuts. However, in the vast majority of cases,
orthograde sections were achieved, providing accurate measure-
ments. In the case of conjunctval melanomas associated with
surrounding inflammation, immunohistochemical staining

Figure 2 Tumour location and extent
according to (A) laterality; (B) sex; (C)
local tumour recurrence; and (D)
metastatic death. In (B), (C) and (D),
tumours in the left eye are transposed to
the right eye. In (A) and (B), the bubble
size represents the number of cases, and
in (C) and (D), the bubble size represents
the proportion of cases.

Figure 3 Basal tumour diameter and tumour height, tumour-to-limbus distance, and circumferential tumour extent according to the Tumour Node and
Metastasis T stage. Only one patient (case 17) had a TIV tumour (see fig 2). Tumours in the left eye were transposed to the right eye.
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highlighted the tumour cell population, enabling better identi-
fication of the tumour dimensions. A method using high-
frequency ultrasonography has been described.21 We have
recently used this technique to measure bulbar tumours, but
further evaluation is needed, especially with non-bulbar tumours.

We have not reported outcomes, which were not relevant to
the description of our mapping system. These are published
elsewhere.22 The cumulative plots in fig 2 were shown only to
demonstrate the potential of our mapping system. Our
treatment outcomes, including local tumour recurrence and
metastatic death, have been reported elsewhere.

In conclusion, mapping may facilitate data collection for
multicentre trials. There is scope for evaluating and refining this
system, not only with melanomas but also with other
conjunctival cancers, ideally in several different centres.
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