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Syntactic structure analysis in uveal melanomas

Table ! Univariate survival analysis of minimum spanning tree (MST) variables in 92 uveal
melanomas
Variable Cut off Metastases Alive Mantel-
(mean value) points n (n) (%) p Value Cox
Points (n) <737 46 15 67 0-89 0-02
>73-7 46 13 72
MST length <638 46 15 67 0-86 003
>638 46 13 72
Mean line length <8:67 45 11 76 0-38 076
>8-67 47 17 64
Line length (min) <3-84 46 15 67 0-97 0:002
>3-84 46 13 72
Line length (max) <154 46 12 74 0-38 078
>15-4 46 16 65
Line length (SD) <2-31 45 14 69 0-80 0-06
>2-31 47 14 70
1 Neighbour (n) . <19-5 46 16 65 0-49 0-48
>19-5 46 12 74
1 Neighbour (%) <26-1 45 11 76 068 017
>26-1 47 17 64
2 Neighbours (n) <385 47 17 64 0-25 13
>38-5 45 11 76
2 Neighbours (%) <51-8 46 17 63 043 0:63
>51-8 46 11 76
3 Neighbours (n) <155 4 14 68 0-53 0-39
>15-5 48 14 71
3 Neighbours (%) <21-05 45 9 80 0:05 36
>21-05 47 19 60
4 Neighbours (n) <09 43 16 63 0-24 1-4
>0-9 49 12 76
4 Neighbours (%) <1-27 46 15 67 0-97 0-001
>1-27 46 13 72
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(p<0-05, Mantel-Cox value 3-6). The survival
curve is shown in Figure 2. In multivariate
analysis, none of the MST variables showed
additional prognostic value to significant vari-
ables, as established in a previous report of
analysis of this group of melanomas” (such as
LTD, cell type, glaucoma, or retinal detach-
ment).

There was a significant correlation between
cell type and the following MST parameters (see
Table 2): mean number of points (p<<0-003);
MST length (p<0-003); mean line length
(p<0-01); number of points with one neighbour
(p<<0-004); number of points with two neigh-
bours (p<0-02); and number of points with three
neighbours (p<0-005).

Table2 Correlation of minimum spanning tree parameters (MST) with classic uveal
melanoma prognosticators

Parameter (mean value) Metastases Cell type RD Glaucoma LTD
Points (n) NS p<0-003 NS NS NS
MST length NS p<0-003 NS NS NS
Mean line length NS p<0-01 NS NS NS
Line length (SD) NS NS NS NS NS
1 Neighbour (n) NS p<0-004 NS NS NS
1 Neighbour (%) NS NS NS NS
2 Neighbours (n) NS p<0-02 p<0-05 NS NS
2 Neighbours (%) NS NS NS NS NS
3 Neighbours (n) NS p<0-005 NS NS NS
3 Neighbours (%) p<0-008 NS NS NS NS

RD-=retinal detachment; LTD=largest tumour dimension; NS=not significant.

873

Discussion

In this preliminary study, syntactic structure
analysis of 92 uveal melanomas by construction
of the MST showed the percentage of nuclei with
three neighbours to be prognostically significant
(p<0-05). In multivariate analysis, MST vari-
ables did not provide any additional prognostic
information to LTD, cell type, or glaucoma but
there was a strong correlation between MST
variables and cell type.

The relevance of number of neighbours per
tumour cell depends on the tissue under observa-
tion. A tubular adenomatous structure would be
characterised by the presence of a maximum of
two neighbours per cell, whereas the presence of
an average of three to five normally distributed
neighbours is more typical of solid tissue such as
liver, brain, or muscle.” A cycling tumour cell
will produce first generation stem cells that
would be expected to be more closely related to it
geometrically than second generation cells. In a
study of lung carcinomas, Kayser et a/ demon-
strated that tumour cell nuclei of epidermoid cell
lesions, with two to three neighbours, showed a
higher DNA content than the isolated tumour
cell nuclei. Exactly the opposite was demon-
strated for large cell anaplastic carcinoma.” Van
Diest et al strongly correlated mean and standard
deviation values of nuclear area, volume percent-
age epithelium, and mitotic activity index with
MST analysis of invasive breast carcinoma.” It is
possible that the significant correlation of the
percentage of nuclei with three neighbours in
uveal melanoma cells with metastatic death may
also reflect increased nucleolar activity and cell
proliferation.

We were particularly interested in the relation
between syntactic structure analysis and the
Callender classification. Spindle cells and epithe-
lioid cells, while obeying the basic Callender
criteria for classification, vary considerably in
size and arrangements from tumour to tumour,
hence the difficulties encountered with repro-
ducibility of this classification.? The fascicular
arrangement of the spindle cell categories, in
contrast with the more haphazard (and more
malignant) mixed and epithelioid cell categories,
suggested a possible architectural association
with poor prognosis. The strong correlation
between Callender cell type and MST analysis
may indeed provide a numerical parameter
reflecting these differences. Comparing MSTs
from epithelioid and spindle cell tumours, it
could be seen that the cohesive fascicular
arrangement of the spindle cells was associated
with shorter distances between nuclei and an
increase in points per field. The epithelioid cells
reflect the pleomorphism, obvious nucleoli, and
loss of cohesiveness typical of cells with more
aggressive behaviour.

A major advantage of construction of an MST
over conventional morphometric measurements
is that it is unaffected by anisotropic properties
of the tumour cells.”® A tree drawn of a cross
section of spindle cells provides the same results
as one constructed of cells aligned in the same
plane. However, one of the dilemmas posed by
the current use of the Callender classification is
the separation of mixed cell tumours into prog-
nostically significant categories. An MST drawn
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in a spindle area of such a tumour would have
very different features to that drawn in an
epithelioid cell region. The average MST over
five fields would not necessarily reflect this
variation. This raises the question of the method
of syntactic structure analysis best suited to uveal
melanomas.

To date, four methods of application have
been used, and the condition for the most
appropriate algorithm depends on the organ
studied. Voronoi’s neighbourhood condition
was first described in 1902 and uses each point in
the field (for example, the nucleus) as the centre
of a circle. Connections between circles allow
simulation of cellular boundaries.”? This has
been shown to significantly classify bladder
mucosa’ and muscle disease,”® and has been
suggested to be most useful for solid tissue such
as skin, liver, or brain.” For adenomatous tissue,
the neighbourhood condition of O’Callaghan
seems suitable, while the MST can be applied to
any kind of tissue. The fourth method, adapted
for soft tissue tumours, has been a decomposi-
tion of the MST to identify clusters cells. This
has been used to significantly re-classify a range
of sarcomas. Fibrosarcoma and malignant
fibrous histiocytoma showed a lower number of
clusters with a higher number of tumour cells per
cluster, when compared with rhabdomyosar-
coma and osteosarcoma.? The variation in
clusters may be of particular use in mixed cell
uveal melanomas.

Syntactic structure analysis is a simple, fast
but newly evolving technique. This is the first
study to our knowledge on melanotic tumours.
The prognostic significance of the percentage of
cells with three neighbours, associated with the
strong correlation of MST variables with cell
type, has emerged using the MST approach.
There were, however, only 28 tumour related
deaths in the 92 patients studied. Further studies
of even larger sample sizes should reveal addi-
tional information regarding the significance of
MST variables. Greater numbers of measure-
ments per tumour, either by lower magnification
or larger field sizes, may further enhance repro-
ducibility. Alternative applications, such as
cluster analysis at various magnifications, decom-

- position of the MST, or use of O’Callaghan’s and

Voronoi’s neighbourhood conditions, remain to
be investigated. In conclusion, this preliminary
study has established a strong correlation
between tumour architecture, as described
numerically by syntactic structure analysis, and
the Callender cell types. Further investigations
of this new and easy technique are necessary to
optimise the role of syntactic structure analysis
in the prediction of prognosis in patients with
ocular melanoma.
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