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Analysis of the incidence of intraocular metastasis

Leonard Weiss

Abstract
The incidence of metastases to the uvea is
compared with that in eight other (extra-
ocular) target sites, in patients with meta-
static primary carcinomas of the breast,
colorectum, and lungs. The incidence of intra-
ocular metastases from breast cancer is lower
than in the eight other target organs surveyed;
in the other primary cancers, the incidences
were midway between those in the other sites,
However, when the incidence of intraocular
metastases is viewed in relation to the calcu-
lated numbers of cancer celis delivered via the
arterial route, the uveal tract is the most highly
favoured target site for the development of
metastases per unit of delivered cancer cells.
(BrJ Ophthalmol 1993; 77: 149-15 1)

It is now generally accepted that in common with
the brain and bone marrow, the most frequent
intraocular cancers are metastases.
The delivery of cancer cells to a target organ is

an absolute requirement for metastasis. The
incidence of haematogenous (arterial) meta-
stasis, however, does not correlate directly with
target organ blood flow,' which provides an
accurate index of cancer cell delivery.2 This
disparity between cancer cell delivery and meta-
stasis development at different sites is addressed
by the so-called 'seed-and-soil' hypothesis of
Paget,3 which recognises differential interactions
between the cancer cells and target organs occur-
ring after cancer cell delivery, which affect the
incidence of metastatic involvement.

Recently, an analytical technique, by means of
a metastatic efficiency index (MEI) has been
developed, to quantitate and compare the pro-
pensities of different target sites for metastatic
development. The MEI is calculated from the
incidence of metastases in different organs in
relation to their blood flow, and hence to the
delivery of cancer cells.4 This technique is used
here to evaluate intraocular sites as targets for
metastasis from primary cancers of the breast,
colorectum, and lungs, and to compare them
with other target organs.
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Department of
Experimental Pathology,
Rosweli Park Cancer
Institute, Buffalo, NY
14263, USA
L Weiss
Accepted for publication
28 October 1992

INCIDENCE OF OCULAR METASTASIS
Suitable quantitative data for the present study
of intraocular metastasis are sparse, compared
with those in other sites. This is mainly because
of exclusion of the eye from organs examined
during routine autopsies, and the failure com-
monly to make ophthalmic examinations in

patients with advanced metastatic disease. Com-
parisons of the incidence of intraocular meta-
stases from different primary cancers must also
take into account the differential incidence ofthe

primary cancers themselves. Thus, intraocular
metastases will be seen most often in patients
with the most common primary cancers, includ-
ing carcinomas of the breast' and bronchus.6
Some published data concern the incidence of
metastases in patients referred for ophthalmic
examination because of ocular symptoms'; the
relatively high incidence in these selected,
symptomatic cases is inappropriately high for the
calculation of overall incidence (for example,
38% reported by Mewis and Young8). Cases of
local non-metastatic and/or regional disease are
also inappropriate for the present study because,
in the majority of cases, arterial metastases are
generated by cancer cells released from meta-
stases rather than directly from primary
cancers.9-" The involvement of metastatic
'cascades' of this type is suggested by the
observation that in 85% of patients ocular meta-
stases were associated with pulmonary meta-
stases. 12
The results of a literature search for series

satisfying the above criteria, are summarised in
Table 1. The widely quoted incidence of meta-
stasis reported by Bloch and Gartner (37%),13 is
clearly much higher than that in the other four
reports (8-10%). However, Ferry and Font'4
have observed that Bloch and Gartner did not
indicate whether the 'metastatic foci' observed
by them were in fact metastases or intravascular
cancer cell emboli. This discrimination is
important because for many years it has been
appreciated that most intravascular emboli do
not in fact develop into metastases'5 16; the gross
disparity between the large numbers of cancer
cells entering the metastatic process and the
relatively small numbers of metastases subse-
quently developing, has been termed 'metastatic
inefficiency'.'7 Therefore, in this study, the
incidence of intraocular metastasis in patients
with disseminated breast cancer will be taken as
the weighted mean of 8-5%, with Bloch and
Gartner's high value discussed separately. This
extimated mean incidence of 8-5% is in accord
with that of 9-7% given by Nelson et al,"8 who
also give conservative estimates of 6-7% and
4-2% for intraocular metastasis from bronchial
and colonic carcinomas respectively.

Reports of the distributions of metastases
within the eye itself vary considerably, although
all indicate the preponderance of metastases in
the posterior choroid. For example, in Shields
and Shields'9 series, 81% of intraocular meta-

Table I Incidence ofocular metastasis in patients with
metastatic breast cancer

Incidenc () No ofcases Ref

8 4/52 7
8 11/135 25
9-2 9/98 8
9.7 3/31 18
37 19/52 13
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Table 2 Incidence (%) oftarget organ involvement

Skektal
Primary cancer Kidnes Brain Bone muscls Skin Heart Thyroid Adrenals

Breast* 17-0 22-8 61-8 15 5 19 5 10-3 24-0 31-2
Colorectumt 13-0 11 0 27-0 3-0 50 2-0 410 31-0
Bronchit 22-5 42-9 32-5 - <110 7-5 2-5 35-6

*Data from Weiss27
tData from Weiss et al"
fData from Abrams et al2"

Table 3 Metastatic efficiency indices (MEI) (% incidence + target organ bloodflow)

Target organs (bloodfloow, ml/min)*

Skeletal
Kidneys Brain Bonet muscles Skin Heart Thyroid Adrenals

Primary cancer (1000) (750) (600) (560) (400) (200) (100) (90)

Breast 0-017 0-030 0-103 0-028 01049 0-051 0-240 0-347
Colorectum 0-013 01015 01045 01005 0-013 0 010 0-040 0-344
Bronchi 0-023 01057 0-054 - - 0-038 0-026 0-396

*Blood flow data tabulated by Weiss4
tRed bone marrow

stases occurred in the choroid. However, too few
cases are available for meaningful calculations of
the individual incidence of metastasis in the
ciliary body, iris, and retina.

BLOOD FLOW TO THE EYE
Few quantitative data are available for human
choroidal blood flow.202' Recent observations of
pulsatile ocular blood flow,22 however, yielded a

mean value of 0-628 (0-040) ml/min, and most of
this is expected to supply the uvea.

In experimental animals detailed studies of
organ blood flow have been made using radio-
labelled microspheres,23 and Bill and his col-
leagues have made extensive use of labelled and
unlabelled, 15 [tm microspheres to determine
accurately the blood flow in different parts of the
uvea and retina in anaesthetised animals.
Following left ventricular injections into 15
monkeys (Macaca cynomolgus), counts indicated
mean blood flows (SE) of 0-677 (0-067) ml/min
for the choroid; 0-008 (0-001) for the iris; 0-081
(0 006) for the ciliary body; and 0 034 (O 002) for
the retina.23 The total ocular blood flow in these
primates was therefore approximately 0-8 ml/
min, which is remarkably close to the absolute
value for humans, and which represents approx-
imately 0-08% of cardiac output in these
primates,24 in contrast to approximately 0*013%
in humans.

Although there are well-known dangers in
extrapolation of blood flow data from other
animals to humans, the cited data for different
parts of the primates' eyes are considered to
justify the use of total blood flow as an approxi-
mation for choroidal blood flow in the present
study.

METASTATIC EFFICIENCY INDICES FOR THE EYE
The incidence ofmetastasis in various target sites
was obtained from published autopsy data
(Table 2), and the relative numbers of cancer
cells delivered via the arterial route to these sites
was assumed to be proportional to target organ
blood flow, which was retrieved from the physio-

logical literature.4 This assumption was based on
experiments made in mice, where organ blood
supply was estimated as fractions of total cardiac
output, by performing y counts on organs
removed from the animals shortly after left
ventricular injection (LVI) of radiolabelled
microspheres. These estimates of relative organ
blood flow closely correlated (r=0 99) with the
delivery of radiolabelled cancer cells given by
LVI.2
A metastatic efficiency index (MEI) was then

calculated for individual target sites for each type
of primary cancer:

% incidence of involvement
MEI=

Blood flow (ml/min)
In a study of the involvement of eight target

organs, excluding the eye, by metastases from 19
groups of primary cancers, sufficient data were
available to calculate the MEIs in 135 of 152
possible cases. The MEIs of65% of the 135 cases
fell into the range of 0-01 to 0-09 (mean 0-027
(SD 0-018)); 15% fell into the MEI range of
0 000 to 0 009 (0-005 (SD 0-003)), which was
interpreted as indicating a 'hostile' target organ
environment, with a relatively low incidence of
metastasis per 'unit' of cancer cells delivered to
these sites and, in contrast, 20% fell into the 0-1
to 0-9 range (0-277 (SD 0d129)), indicating a
'friendly' environment with a relatively high
incidence of metastasis per 'unit' delivered. The
incidence of metastases and MEIs for primary
cancers of the breast, colorectum, and bronchus
are shown in Tables 2 and 3. As shown in Table
4, in patients with metastatic breast, colonic, and
bronchial cancers, the calculated values for MEI
with respect to the eye are 13-5, 4v2, and 6-7
respectively.

Table 4 Metastatic efficiency indices (MEI)for intraocular
metastasis

Primary site Incidence ofintraocular metastasis (%) MEI*

Breast 8-5 13-5
Colon 4-2 6-7
Bronchus 6-7 10-7

*Calculated on the basis of an ocular blood flow of 0-628 ml/min22
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Analysis ofthe incidence ofintraocular metastasis

Discussion
The incidence- of intraocular metastases from
breast carcinomas (mean 8 5%; mainly to the
posterior choroid) is generally lower -than in the
eight other target sites (Table 1); it might
therefore be concluded incorrectly that this is a

relatively 'hostile' site for the growth of meta-
static breast cancer cells.

In the case of colorectal and bronchial carcino-
mas, the incidence of intraocular metastases'"
occupies a middle position among other target
organs; it might therefore be incorrectly con-

cluded that, for cancer cells from both of these
primary lesions, the uvea occupies a median
position in the hierarchy of target organs provid-
ing optimal conditions for metastatic develop-
ment.
The hierarchies of target sites with respect to

hostile or friendly interactions with cancers cells
(that is, 'seed-and-soil effects3), cannot be based
solely on the incidence of metastatic involvement
because this would overlook differential delivery
via the blood stream. However, incidence data
can be used to calculate the frequencies with
which intraocular metastases are expected to be
encountered in clinical practice.5 14

The MEI values for the uvea as a target site for
metastases from breast, colonic, and bronchial
cancers are the highest calculated for any investi-
gated cancer in any investigated target site.4 It is
extremely unlikely that the high values of MEI
are due to incorrect estimates of ocular blood
flow: on the one hand, if ocular blood flow in
humans is lower than 0-628 ml/min, this would
serve to increase the values of MEI still further.
On the other hand, if blood flow was under-
estimated by as much as a factor of 10, the MEI
would still have values in the high MEI range,
characteristic of a 'friendly' site. Parenthetically,
if the high incidence of intraocular metastasis of
37% reported by Bloch and Gartner'3 is used,
with all of the above values of blood flow, the
MEI would be even higher.
Comparison of the MEI value of 13-5 for

primary breast cancer with that for the adrenals
(0 347; Table 3) is particularly interesting,
because the adrenals were previously considered
to be the most favoured target sites for metastatic
breast cancer and, next to bone marrow, also
have the highest detected incidence of involve-
ment.

In the case of primary bronchial and colonic
carcinomas, the intraocular METs of 10-7 and 6 7
respectively, are considerably higher than those
for the adrenals (0-396 and 0-344), which pre-
viously were considered to have the highest
values for metastases from these primary lesions.

It will be noted that no attempt is made to
identify and stage the three types of primary

breast, colonic, and bronchial carcinomas used
in the present study; these data were not avail-
able! In addition, a literature search failed to find
detailed reports of sufficient numbers of cases of
ocular metastasis from other types of primary
cancers for this type of analysis. Hopefully, this
report will stimulate routine opthalmic examina-
tion of large numbers of patients with advanced
metastatic cancer.
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