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Preface

The management of patients with an ophthalmic tumor presents particular
challenges. Ophthalmic tumors are rare and diverse so that their diagnosis
can be quite complex. Treatment usually requires special expertise and equip-
ment and, in many instances, is controversial. The field is advancing rapidly,
because of accelerating progress in tumor biology, pharmacology, and instru-
mentation. Increasingly, the care of patients with an ocular or adnexal tumor
is provided by a multidisciplinary team, comprising ocular oncologists, gen-
eral oncologists, radiotherapists, pathologists, psychologists, and other spe-
cialists. For all these reasons, we feel that there was a continued need for a
textbook of ophthalmic oncology, which would amalgamate knowledge from
several different disciplines, thereby helping the various specialists to under-
stand each other better and to cooperate more efficiently eventually moving
ophthalmic oncology in the realm of evidence-based medicine.

As several important studies have been published in recent years, the pur-
pose of Clinical Ophthalmic Oncology (2nd edition) is to provide up-to-date
information on the whole spectrum of eyelid, conjunctival, intraocular, and
orbital tumors, including basic principles of chemotherapy, radiation therapy,
cancer epidemiology, angiogenesis, and cancer genetics. Several chapters
authored by radiation oncologists, medical physicists, pediatric oncologists,
hematologist-oncologists, and medical geneticists have been included to pro-
vide a broader perspective.

Although each section of Clinical Ophthalmic Oncology now represents a
stand-alone volume, each chapter has a similar layout with boxes that high-
light the key features, tables that provide comparison, and flow diagrams that
outline therapeutic approaches. Each chapter has been edited (with author’s
approval) to present a balanced view of current clinical practice, and special
attention has been paid to make the text easily readable.

The authors followed a tight timeline to keep the contents of the book cur-
rent. As we undertook this ambitious task of editing a multiauthor, multivol-
ume textbook, we were supported and guided by the staff at Springer: Sverre
Klemp, Ulrike Huesken, Ellen Blasig, and the staff at SPi Global, India.
Jennifer Brown kept the seemingly chaotic process under control.
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Preface

It is our sincere hope that readers will find as much pleasure reading this
volume as we had in writing and editing it. If you find Clinical Ophthalmic
Oncology informative, it is because (paraphrasing Isaac Newton), “we have
seen further, by standing on the shoulders of the giants.”

Cleveland, OH, USA Arun D. Singh, MD
San Francisco, CA, USA Bertil Damato, MD, FRCS
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is increasingly bundled in clinical guidelines.
The aim of this chapter is to provide the readers
with some basic knowledge to allow them to
judge the value of clinical epidemiological
papers and thus of the pillars of evidence-based
clinical guidelines. Examples from ocular oncol-
ogy will be used to illustrate the methodological
principles.

1.2  Research Question

A clinical epidemiological study should always
start with a well-defined research question.
Similarly, when reading a paper, one should
always first identify the question(s) the authors
wish to address (Fig. 1.1). Research questions
can be aimed at explanation or description.
Explanatory research examines causal relation-
ships, while descriptive research is merely
descriptive. In addition, research questions are
also often being categorized as etiological, diag-
nostic, or prognostic (Table 1.1). For example,
an explanatory research question related to etiol-
ogy in the field of ocular oncology is as follows:
are children born after in vitro fertilization at
higher risk of developing retinoblastoma as com-
pared to children born after natural conception?
[3] A correct explanatory research question
should contain information on the patients, inter-
ventions, contrast, and outcomes (PICO) at
issue.

1.3 Outcome Measures

Traditionally, prevalence, incidence, and mortal-
ity (survival) have been the outcome measures in
clinical cancer epidemiology studies. More
recently, quality of life measures have become
increasingly popular. In ophthalmic oncology,
visual acuity is also an important outcome
measure.

1.3.1 Prevalence

Prevalence refers to the proportion of the study
population with the condition of interest. Usually
prevalence is given for a specific moment in time

(point prevalence), but sometimes it is estimated
for a period of time (e.g., 1-year or lifetime
prevalences). For example, the lifetime preva-
lence of uveal melanoma in a Caucasian popula-
tion with oculo(dermal) melanocytosis is
estimated to be 0.26 % [4].

1.3.2 Incidence

Whereas prevalence relates to existing cases,
incidence relates to the proportion of new cases
in the study population. It is important that the
population under investigation is at risk of devel-
oping the condition. For example, persons with
bilateral enucleation are no longer at risk of
developing uveal melanoma. There are two dif-
ferent measures of incidence: cumulative inci-
dence (CI) and incidence density (ID). CI is the
proportion of new cases in a population at risk
over a specified period of time. For example, the
CI of second malignant neoplasms in hereditary
retinoblastoma patients is 17 % at the age of 35
years [5]. ID refers to the rate of developing the
condition during follow-up, usually expressed as
a proportion per person-year at risk.

1.3.3 Mortality

Mortality refers to the incidence of death. The
mortality rates can be all cause, indicating all
deaths or disease specific, for instance, mortality
caused by melanoma or retinoblastoma. Case
fatality rate refers to the proportion of patients
with a given disease who will die from that
disease and thus reflects the seriousness of the
condition. More formally put, it concerns the
cumulative incidence of death among the dis-
eased. Often the cumulative incidence of survival
is presented, typically labelled as survival rate.
For example, the 2-year survival rate after breast
cancer metastases to the choroid is 30 % [6]. This
means that of all the patients diagnosed with
choroidal metastases from breast cancer, 30 %
are still alive 2 years after diagnosis. It is impor-
tant to realize that these mortality figures will be
highly dependent on certain characteristics of the
population, such as age, stage of cancer, and
comorbidity.



1 Principles of Clinical Epidemiology

Research question(s)

Identify patients, interventions
(exposures), controls and outcome
(PICO)

Descriptive or explanatory purpose
Focus on aetiology (including
prevention), diagnosis or prognosis
(including therapy)

— T

Design

Case series
Cross sectional
Cohort study
RCT

Case control

Sample

Source population
Target population
Control population
Sampling strategy
Inclusion/Exclusion criteria

~
~
~
~

A
1
1
|
|
|
|
1
1

<+

Other considerations

* Ethical aspects
* Practical limitations
¢ Budget constraints

Fig. 1.1 Steps in designing a clinical epidemiological research

Table 1.1 Types of epidemiological research

Type of research

Etiology (including
prevention)

Diagnosis

Prognosis (including
interventions)

To examine possible etiological factors for the occurrence
of a disease

To examine the usefulness of diagnostic tests for the

To examine possible prognostic factors for the disease

Measurements

Outcome

Potential confounders
Validity, reproducibility and
responsiveness

Time to follow-up

Example

Association between ultraviolet
radiation and uveal melanoma
Accuracy of magnetic
resonance imaging in
determining choroidal invasion
of retinoblastoma

Association between external
beam therapy for retinoblastoma
and the incidence of second
malignant neoplasms
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1.3.4 Quality of Life

With the increasing survival rate and the severe
side effects of some treatment modalities, quality
of life measures have become increasingly
important in ophthalmic oncology. These mea-
sures encompass symptoms and physical, social,
and psychological functioning from a patient’s
perspective. Usually quality of life is assessed
with a structured questionnaire, and scores are
summarized assuming an interval scale. Several
questionnaires have recently been developed for
patients with ocular diseases, such as the measure
of outcome in ocular disease [MOODY]) [7].

1.4  Measures of Association

In epidemiological research we are usually inter-
ested in associations between certain interven-
tions or exposures and the outcomes, e.g., is there
an association between paternal age and retino-
blastoma in the offspring? [8] There are several

statistical approaches which can be used to quan-
tify associations, either as a ratio or as a differ-
ence, depending upon the study design and
statistical method used (Table 1.2).

1.4.1 Relative Risk

The ratio of cumulative incidences of exposed
and unexposed individuals (or between treated
and untreated patients) is the relative risk (RR).
For example, in the Netherlands, the RR of reti-
noblastoma in children conceived by in vitro fer-
tilization is between 4.9 and 7.2. This implies that
the risk of getting retinoblastoma is between 4.9
and 7.2 times higher for children conceived after
IVF than naturally conceived children.

1.4.2 Hazard Ratio

The ratio of incidence densities of unexposed and
exposed patients (or between treated and

Table 1.2 The relation between outcome, measures of association, study designs, and statistical methods

Measure of
Outcome association Computation Study designs Statistical methods
Prevalence Prevalence rate P,/P, Cross-sectional Chi-square test
Logistic regression
analysis
Prevalence P,-P, Cross-sectional Chi-square test
difference
Odds of exposure Odds ratio Odds of exposure Case-control study Chi-square test

Cumulative
incidence (CI)

Incidence
density (ID)

Quality of life

Relative risk
Risk difference
Hazard ratio

Risk difference
O/E ratio

Difference in mean
score

group 1/odds of
exposure group 2

CI/CL,
CIL-CL
ID,/ID,

1D, -1D,
Observed ID/
Expected ID in
general population
X=X,

(cohort study, RCT)

Cohort study/RCT
RCT
Cohort study/RCT

RCT

Cohort study/registry
study

Cohort study/RCT

Logistic regression

Chi-square test

Kaplan-Meier
Cox regression
Kaplan-Meier

Independent #-test

Linear regression
analyses

P, prevalence group 1, P, prevalence group 2, CI cumulative incidence, CI; CI group 1, CI, CI group 2, ID incidence
density, ID; ID group 1, ID, ID group 2, O/E ratio observed to expected ratio, RCT randomized controlled trial
X, =mean score group 1; X,=mean score group 2
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untreated patients) is the hazard ratio (HR),
which has a similar interpretation as the RR. This
measure is often used in relation to mortality,
because we are generally interested not only in
the proportion of patients that die but also in the
time from baseline (diagnosis or start of treat-
ment) until death. A special application of the
HR is the ratio of the observed to the expected
number of cases (O/E ratio). In this case the
observed incidence density is calculated for
the study population, and this is compared to the
expected incidence density derived from a popu-
lation registry (e.g., cancer registration). For
example, in a study of lifetime risks of common
cancers among 144 hereditary retinoblastoma
survivors, 41 cancer deaths were observed,
whereas only 7.58 deaths due to cancer were
expected. This data can be expressed as standard-
ized mortality ratio of 5.41 [9].

1.4.3 Odds Ratio

The odds ratio (OR) is the most commonly
reported measure of association in the litera-
ture, due to the fact that this is the statistic that
can be derived from the popular logistic
regression analysis. The OR is the ratio of the
odds of outcome of interest between the
exposed and the unexposed. Generally speak-
ing the OR is a good approximation of the RR
or HR.

1.4.4 Differences in Risk

Differences in risks (RD) are preferably reported
as outcome of randomized controlled trials. The
RD is easy to interpret and can be used to calcu-
late the number of patients needed to treat (NNT)
to prevent one extra event (e.g., death) compared
to the standard treatment or placebo. The NNT
can be calculated as inverse of RD (1/RD). A
related concept is that of the number needed to
screen (NNS). This refers to the number of
patients needed to screen to prevent one extra
event compared to the situation without a screen-
ing program. The NNS thus depends on the

predictive probability of the screening test as
well as on the efficacy of treatment for people
that are diagnosed with that screening test. The
value of routine neuroimaging screening of
pineoblastoma in retinoblastoma patients is
uncertain and a point of discussion [10].

1.4.5 Differencesin Mean Score

For scores on interval scales, such as quality
of life, differences in mean score between
exposed and unexposed participants are the
most important measure of interest. These can
be derived from independent samples #-test of
general linear models (e.g., linear regression
analysis).

1.5  Precision of the Estimate

When interpreting an outcome, we do not only
want to know the numerical value of the point
estimate, but also the precision with which it has
been assessed. In other words, can we be confi-
dent that the outcome is not just a chance find-
ing? The usual standard for accepting an outcome
as being beyond chance is p (probability) <0.05.
A more informative description is provided by
the 95 % confidence interval (CI). The rough
interpretation of the 95 % CI is that there is a
95 % probability that the real value lies within
the confidence interval.

Statistical significance and the width of con-
fidence intervals are strongly dependent on the
sample size of a study. This means that in very
large samples, weak (and potentially unimport-
ant) associations can be statistically significant.
In contrast, in small samples, strong (and poten-
tially important) associations are sometimes
not statistically significant. Such findings
should of course not be dismissed as being
irrelevant. Instead they should be replicated in
larger study populations. The associations,
although statistically significant, need not be
clinically important. Therefore, interpretation
of findings should never solely rely on statisti-
cal significance.
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1.6 Bias Exposure - .
(intervention) Isease
An estimate can be very precise, but still not be
accurate because of bias. Three main sources of r=0
bias exist: confounding, selection, and informa- r£0
tion bias. A
Confounder

1.6.1 Confounding

Confounding occurs when the association
between exposure and outcome is influenced by a
third variable that is both related to the exposure
and the outcome (Fig. 1.2). A recent study found
an association between cooking (as occupation)
and the incidence of ocular melanoma [11]. It
could be argued that as many cooks work at
night, it is possible that they could have relatively
high exposures to sunlight due to daytime leisure
activities compared to people working during the
daytime. It is implied that the association between
cooking and ocular melanoma could potentially
(in part) be explained by a higher exposure to
sunlight by cooks.

1.6.2 Selection Bias

Selection bias may occur when the chance of
being included in the study population is not ran-
dom for all members of the source population.
For example, patients with advanced tumor stage
are more likely to be referred to a special cancer
center than patients with a less advanced tumor
stage. This form of selection bias is called refer-
ral bias. Selection bias could also be introduced
in a study by choosing the wrong control group,
especially if controls are selected from hospital
patients.

1.6.3 Information Bias

Information bias occurs when outcome or expo-
sure variables are not accurately assessed. This
is especially problematic when this occurs dif-
ferently for exposed versus nonexposed or for
cases versus controls. A well-known type of

r = correlation

Fig.1.2 Schematic representation of confounding

information bias is recall bias. This refers to the
phenomenon that patients tend to remember
more details about exposures that are possibly
related to their disease than controls. For exam-
ple, the patients with uveal melanoma are prob-
ably more aware of the fact that their disease
could be related to sunlight exposure. In turn
they reflect upon their own past exposure to
sunlight in much more detail than healthy con-
trols. This can lead to a relative underestima-
tion of exposure in controls and hence an
overestimation of the association with sunlight
exposure.

1.7  Study Designs

There are several research designs, such as case
series, cross-sectional, cohort, randomized con-
trol trial, and case-control study that can be
adopted in order to address a research question.
Each of the study designs has its advantages and
disadvantages (Table 1.3).

1.7.1 Case Series

In case series the authors present the clinical
data regarding a group of patients, e.g., tumor
response to chemotherapy combined with diode
laser in retinoblastoma patients. The major dis-
advantage is that this kind of study does not have
a comparative design and does not permit an
answer to a question such as “there is a good
response, but compared to what, as there is no
control group? [12]
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Table 1.3 Advantages and disadvantages of different study designs.

Considerations Type of study

Methodological Cross-sectional ~ Cohort RCT Case control
Confounding = - + -
Selection bias — 4 + -
Information bias e et ER -
Prior exposure - + + -
Incident cases = + + +

Practical Length of study + = = +
Organization + = = e
Expenses + - +

RCT randomized controlled trial

Negative score (—) indicates disadvantage compared to other study designs
Positive score (+) indicates advantage compared to other study designs
Equivocal score (+) indicates neither advantage nor disadvantage as compared to other study designs

1.7.2 Cross-Sectional Study

In a cross-sectional study, the outcome (and expo-
sure) is assessed at one point in time. In prevalence
studies only the outcome is measured (e.g., preva-
lence of retinoblastoma in Denmark). In addition,
the outcome between exposed and unexposed
study participants can be compared in order to
explore etiological questions. In a cross-sectional
study on the association between iris color and
posterior uveal melanoma, melanoma patients
(N=65) with light iris color were significantly
more likely to have darker choroidal pigmentation
than controls (N=218) (p=0.005). In addition,
darker choroidal pigmentation was associated his-
tologically with increased density of choroidal
melanocytes (p=0.005). The authors concluded
that increased choroidal pigmentation, as a result
of an increase in the density of pigmented choroi-
dal melanocytes, is not protective but may actually
be a risk factor for the development of posterior
uveal melanoma in white patients [13].

The cross-sectional study design has the
advantage that it is relatively easy to plan, that
only one measurement is needed, and that it is
inexpensive and quick to perform. From a meth-
odological point of view, however, the design has
some disadvantages. As both exposure and out-
come are measured at the same time, we cannot
be sure that the exposure preceded the outcome
(the most important criterion for causality).

Moreover, the outcome is always measured in
terms of prevalent cases, and prevalent cases may
have a relatively better prognosis (they are still
alive) than the incident cases. Therefore, the asso-
ciations found in a cross-sectional study can only
be interpreted as being causal in rare instances.

1.7.3 Cohort Study

Some of the problems listed above can be over-
come by conducting a (prospective) cohort study.
At baseline, one starts with a cohort of people
free from the outcome of interest. During or at
the end of follow-up, incident cases in both the
unexposed and the exposed groups are identified,
and RRs or HRs can be calculated. Despite theo-
retical advantages of a cohort design, there are
some practical disadvantages. The cohort studies
often need large sample sizes and/or long follow-
up to accumulate enough incident cases for
meaningful analyses. These studies are often
expensive. From a methodological point of view,
the potential bias of (residual) confounding can
never be totally excluded.

1.7.4 Randomized Controlled Trial

Randomized controlled trials are a specific
type of cohort study. At the start of the study,
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participants are randomly assigned to the inter-
vention group (treatment under investigation) or
a control group (no treatment, placebo, or stan-
dard treatment). After the start of a treatment,
patients often get better. This may be due to the
treatment or to other circumstances such as spon-
taneous resolution, effective co-interventions,
and placebo effects. Only a sufficiently large ran-
domized, blinded trial is useful to estimate the
efficacy of drugs and other treatments. The best
comparison is often between the new treatment
and the best available one, not the sham treatment
[14]. The randomization, if successful, ensures
that confounding factors are evenly distributed
between the intervention and control groups. As
with the cohort studies, incident cases in both
groups are determined during or at the end of
follow-up, allowing for the risk estimates to be
calculated.

For clinicians interested in evidence pertain-
ing most directly to a particular class of patients,
subgroup analyses can be very informative. The
strength of evidence for subgroup effects depends
on the question whether hypotheses have been
defined prior to analysis, whether potential prob-
lems regarding multiple comparisons have been
considered, and whether there is biological plau-
sibility of the effects found. Using these guide-
lines, the reader of a trial report should be able to
decide if presented subgroup effects are of clini-
cal importance or if the overall result is a better
estimate of treatment effect [15].

1.7.5 Case-Control Study

In contrast to cohort studies, the starting point in
case-control studies is not to assess the exposure
status, but the disease status. People with the dis-
ease of interest are selected, and a control group
of people without the disease is subsequently
recruited. The control group should include peo-
ple from the same source population as the cases
implying that if any of the controls had devel-
oped the disease, they would have been eligible
for inclusion in the study as a case.

The selection of a valid control group is
important in case-control studies and has

therefore generated a fair amount of discussion in
the epidemiological literature. It is possible to
select population controls, hospital controls,
friends or relatives of patients, or any combina-
tion of these [16]. Case-control studies have the
advantage of being relatively quick and inexpen-
sive to conduct and are especially appealing in
rare diseases. A disadvantage is the large poten-
tial for selection bias, especially in the recruit-
ment of controls. In addition there is also a real
danger for information (recall) bias. Similar to
cohort studies, bias by confounding can never be
totally ruled out.

1.7.6 Pilot Study

A pilot study is often performed before the start
of a large study. Its aim is to improve the method-
ological quality and evaluate the feasibility. The
estimate of the effect of an intervention in a pilot
study is determined to a large extent by chance
and therefore cannot be considered as conclusive.
Howeyver, inclusion of such results in a later
cumulative meta-analysis may lead to sufficient
power so as to assess the efficacy of an experi-
mental intervention [17].

1.7.7 Systematic Review

In a systematic review all available evidence (lit-
erature) on a certain topic is reviewed in a sys-
tematic, transparent, and reproducible manner.
These studies can be especially useful when
results from single studies are contradictory and/
or have large confidence intervals due to small
sample size. When the studies in a systematic
review are reasonably homogenous, their results
can be pooled in meta-analyses. This results in
one effect size for all the studies together, with a
much smaller confidence interval than the indi-
vidual studies. An example is a systematic review
on the survival of patients with uveal melanoma
treated with brachytherapy. The result of this
meta-analysis showed that the 5-year melanoma-
related mortality rate was 6 % for small and
medium tumors and 26 % for large tumors [18].
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1.8  Analysis of Microarray Data
Microarrays are complex and sophisticated
assays, and so the methods for interpreting
microarray data are similarly complex. The pur-
pose of this section is to give a brief introduc-
tion to the analysis of microarray data with a
focus on understanding the main principles, and
not on the technical or theoretical details. There
are a number of software options for analyzing
microarray data. Software packages are
available commercially, such as GeneSight
(BioDiscovery), GeneSpring (Agilent Technolo-
gies), and Affymetrix [19]. Some are available
for free, such as Bioconductor [20], D-Chip
[21], and TM4 [22]. Other microarray analysis
tools are even available online, such as
ArrayMining.org [23] and WebArray [24]. The
ideal software to use depends on the goals and
constraints of the experiment. Steps in analysis
of gene expression microarray data are listed
below.

1.8.1 Image Processing

After the assay is completed, the microarray slide
is scanned with a confocal laser. The resulting
image file is saved digitally. An algorithm con-
verts fluorescence of each probe to relative abun-
dance; higher intensity fluorescence is the result
of more frequent hybridization with the probes,
suggesting higher levels of gene expression.
Different software packages approach this prob-
lem in different ways [25].

1.8.2 Scaling and Normalization

After the raw intensity data are collected, they
must be adjusted for background noise.
Additionally, the data from different samples
must be normalized in order to make direct com-
parisons. Otherwise, the differences in experi-
mental procedure will overwhelm any biological
differences. Methods for normalization differ
depending on the specific assay and experimental
objectives [19, 26-29].

1.8.3 Strategies for Analyzing Gene
Expression Data

The end product of the data preprocessing is a
gene expression matrix, where each row has the
expression for a gene across all samples and each
column has the expression for a sample for all
genes. The researcher now has many options in
terms of moving forward with the analysis. The
following is a brief discussion of three of the
most common approaches to analyzing microar-
ray data.

1.8.3.1 Unsupervised Analysis

In an unsupervised strategy, the researcher does
not assign any information about the samples in
the analysis (Fig. 1.3). Rather, they assess the
natural groupings of the samples by assessing the
similarity between samples measured by a num-
ber of different metrics. The two most popular
methods are Euclidean distance and Pearson’s
correlation-coefficient distances [30]. Once the
number of groups in the sample is assessed, cor-
relations between the groups and certain pheno-
types can be explored. This strategy is helpful for
exploratory data analysis, but interpreting the
results might not be so straightforward. Classes
may be defined not on any biological basis, but
perhaps by experimental artifact. For example, a
researcher might find that her cancer samples
neatly separate into two classes but that these
classes correspond to experimental batch, as
opposed to any phenotype of interest.

1.8.3.2 Supervised

In a supervised strategy, the investigator has
already defined the groups of interest and wants
to determine the transcriptomic differences
between the groups. For example, a researcher
might be interested in finding the gene expres-
sion differences between metastatic and nonmet-
astatic tumors. Depending on the design of the
experiment, platform used, and goal of researcher,
there are a number of different algorithms that
can be used to identify these differences [23].
When searching for these differences, special sta-
tistical techniques must be employed, since the
number of features analyzed is far greater than
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Fig. 1.3 Unsupervised hierarchical cluster analysis of
gene expression microarray data from 25 primary uveal
melanomas, showing the natural segregation of tumors
into two groups, class 1 and class 2 (a). Kaplan-Meier sur-
vival analysis showing no deaths among class 1 patients
and five metastatic deaths among class 2 patients. This
difference in survival was highly significant (b)
(Reproduced with permission from Singh et al. [31])

the number of samples. Usually, these techniques
employ some form of correction for multiple test-
ing, which is a method to reduce the number of
false-positive results.

A supervised strategy is helpful in identifica-
tion of novel biomarkers that might aid in diagno-
sis, prognosis, or treatment stratification. But,
this technique may be unreliable as identified
groups within study sample might not correspond
to any true biologically distinct groups.

1.8.3.3 Pathway Analysis

For improved detection of biologically relevant
significance, there is a trend towards analyzing
the differences in expression of genes belonging
to a biological pathway rather than single genes.

The argument goes that gene-level expression is
too granular to understand how the difference in
biology between phenotypes. Pathway-level
expression is calculated as a function of the genes
that comprise the pathway [32].

Conclusions

In general, ophthalmic tumors are rare com-
pared to other ophthalmic diseases. Therefore,
it is difficult to conduct large studies with
enough power to get statistically significant
and clinically relevant results. A lot of stud-
ies are published each year, most of them are
descriptive and concern retrospective patient
series. To conduct randomized clinical trials,
international collaboration is necessary to
include enough patients in the different treat-
ment arms of the study. Furthermore, uniform
definitions and study methodology are very
important to compare the different studies in
the literature and to be able to perform system-
atic reviews and meta-analyses. Microarrays
generate large datasets that need special sta-
tistical methods of analysis.
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occupational, environmental, and therapeutic),
electromagnetic radiation [i.e., ultraviolet
(UV), X-ray, gamma-ray], and immunosuppres-
sive (HIV, immunosuppressive medications)
(Table 2.1).

2.3  Chemical Carcinogens

Several hundred chemicals have been shown to
be carcinogenic in humans. Exposure to these
chemical carcinogens can be a result of occupa-
tion (asbestos, aniline dyes), environmental
(alcohol, tobacco), or iatrogenic (chemotherapy).
While many carcinogens are directly mutagenic

- I - II =» Cancer
% |

- II =» Cancer

Fig. 2.1 Schematic representation of Knudson 2-hit
hypothesis in which a normal cell requires two successive
mutations to delete both functional copies of a given gene
to develop cancer. In contrast, cells with germline muta-
tions only require a single genetic event to develop
malignancy

Sporadic cancer

(2 sequential mutations acquired)

Hereditary cancer

(1 inherited mutation, 1 acquired mutation)

Table 2.1 Various types of carcinogens

to DNA, the majority of carcinogens undergo
activation after exposure to reactive metabolites
that are responsible for genetic damage.

2.3.1 Environmental Exposure

Of the known environmental carcinogens, per-
haps the most well-documented agent known to
cause cancer is asbestos. Asbestos is a naturally
occurring mineral that has a broad range of indus-
trial and commercial applications, but aerosol-
ized fibers of asbestos are known to lodge in
small airways and lead to tissue damage and sig-
nificantly predispose exposed individuals to both
lung cancer as well as mesothelioma [2].

In addition to asbestos, a number of other
agents have been associated an elevated risks of
various cancers through epidemiologic studies.
For example, several agents have been implicated
in leading to lung cancer including heavy metals
(arsenic, cadmium, chromium, and nickel), as
well as BCME (bis chloromethyl ether) [3].
Aromatic amines (such as 4-AMP, 4-aminobi-
phenyl, naphthylamine, and benzidine) are asso-
ciated with an increased risk of bladder cancer
[3]. Aflatoxin and vinyl chloride are associated
with liver cancers. An exhaustive list of known
environmental carcinogens is beyond the scope
of this text but should be considered when

Chemicals Radiation Infectious Dietary Iatrogenic
Occupational UV light Virus Fat Radiation
Arsenic X-ray HPV Calorie Immunosuppression
Asbestos Gamma-ray EBV Low fiber Chemotherapy
Coal tars Nuclear KSHV
Soot radiation HTLV-1
Benzene HEP B/C
Vinyl chloride
Behavioral Bacteria
H. pylori
C. psittaci
Tobacco Fungus
A. flavus
Alcohol Parasite
Schistosoma

Clonorchis
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obtaining the occupational and social history of
patients with newly diagnosed cancer.

2.3.2 Behavioral Exposure

2.3.2.1 Tobacco

Tobacco is responsible for over 30 % of the cancer
deaths and represents the single greatest cause of
preventable cases of cancer. Cigarettes as well as
smokeless tobacco are associated with cancers of
multiple organs including the oral cavity, pharynx,
larynx, lung, esophagus, stomach, pancreas, colon,
rectum, kidney, bladder, ureter, and cervix. Over
60 carcinogens have been identified in tobacco,
with the highest carcinogenic potency attributed to
polycyclic aromatic hydrocarbons, nitrosamines,
and aromatic amines [4]. The risk of tobacco-
associated cancer is proportional to total lifetime
cigarette smoke exposure. The risk of lung cancer
among long-term heavy smokers is approximately
10-20 times greater than nonsmokers.

2.3.2.2 Alcohol

Excessive and repeated alcohol intake has been is
associated with liver, rectal, and breast cancers.
Interestingly, simultaneous exposure to alcohol and
cigarette smoke results in synergistic increased risk
of oral cancer, with a relative risk relative to non-
smoker, nondrinkers of over 35-fold for the heavi-
estconsumers. Similar tobacco-alcohol interactions
are also known for esophageal cancer.

24  Electromagnetic Radiation

2.4.1 Ultraviolet Light
Ultraviolet light B (UV-B) has a wavelength
between 280 and 320 nm and is the primary
oncogenic form of UV light, whereas ultraviolet
A (UV-A, wavelength 320400 nm) has insuffi-
cient energy to induce DNA damage and ultravi-
olet light C (UV-C, 200-280 nm) is absorbed by
the atmospheric ozone and is not a significant
source of environmental cancer.

UV light induces cancer by formation of
pyrimidine dimers in affected DNA which can

result in inactivation of tumor suppressor genes
such as p53. Patients with the autosomal reces-
sive disorder xeroderma pigmentosum (XP) lack
the ability to repair DNA damage caused by UV
light owing to a defect in the nucleotide excision
repair pathway (NER), resulting in an increased
risk of skin cancer at least 2,000-fold relative to
unaffected individuals [5, 6].

UV light from sun exposure is associated
with increased incidence of several types of skin
cancer including squamous cell carcinoma,
basal cell carcinoma, and melanoma [7]. In the
eye, UV exposure increased the risk of ocular
surface squamous neoplasia (OSSN), which
includes dysplasia, carcinoma in situ, and squa-
mous cell carcinoma of the conjunctiva or cor-
nea. In the case of uveal melanoma, sunlight
exposure has not been implicated as a cause for
this condition, whereas known risk factors
include Caucasian race, light skin color, blond
hair, and blue eyes [8].

2.4.2 lonizing Radiation (X-Rays

and Gamma-Rays)

In the early twentieth century, it was first recog-
nized that radiation could cause tissue damage
and subsequently cancer including acute leuke-
mia and skin cancer. Ionizing radiation causes
cell death by DNA damage leading to the induc-
tion of apoptosis and cell cycle arrest. In general,
a dose response relationship is well described,
with both duration and intensity of radiation
affecting relative risk of developing cancer.
Sources of ionizing radiation include occupa-
tional exposure such as X-rays or exposure to
nuclear power or atomic weapons. latrogenic
sources of radiation for cancer treatment are also
a significant source of secondary malignancy.
The best described data on radiation-induced
cancers comes from the study of the survivors of
the Chernobyl nuclear power plant disaster and
Hiroshima and Nagasaki atomic bomb events of
World War II [9, 10]. In the latter case, the rela-
tive risk of all cancers was 1.53 and included
multiple solid tumors including breast, lung,
esophagus, stomach, and GU cancers. All of
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these solid tumors had a relative risk between 1.2
and 2.4. A notable outlier was a relative risk of
leukemia in this patient population, which had a
relative risk of 5.6 [9].

2.5 Infections Agents

A number of infectious agents are carcinogenic.
The mechanisms by which each pathogen leads
to the development of cancer are diverse and
include induction of genomic instability as a
result of chronic inflammation, impairment of
host immunity, and in some cases, a modulation
of the balance between proliferation and antipro-
liferation signals.

2.5.1 Viruses

A significant proportion of human cancers are
caused by DNA and RNA viruses. Human papil-
loma virus (HPV), Epstein-Barr virus (EBV),
hepatitis viruses B and C, and Kaposi sarcoma
herpes virus (KSHV) are examples of the most
well-described oncogenic viruses.

2.5.1.1 Human Papillomavirus (HPV)

HPV was one of the first viruses to be identified as
causing human cancer. Almost all of the 200+
genotypes of HPV infect epithelial cells, causing
benign papillomas (warts) or squamous cell carci-
noma of the oral, laryngeal, cervical, and anogen-
ital region. The strongest association between
invasive cervical carcinoma is with HPV subtypes
16 and 18, which can be identified in approxi-
mately 85 % of cases. HPV causes uncontrolled
cellular proliferation by inactivating the tumor
suppressor proteins pS3 and pRB. DNA of HPV
with high oncogenic potential has been identified
in dysplastic and malignant lesions of the con-
junctiva and cornea suggesting that HPV may
contribute to the development of OSSN [11, 12].

2.5.1.2 Epstein-Barr Virus

Epstein-Barr virus (EBV) has been implicated in
the pathogenesis of a number of cancers includ-
ing the African form of Burkitt lymphoma, B-cell
lymphomas in immunosuppressed individuals

such as posttransplant lymphoproliferative disor-
der (PTLD), and nasopharyngeal carcinomas.
The mechanism by which EBV transforms B
lymphocytes is not clearly defined but most likely
involves viral protein expression that leads to a
viral latency program associated with prolifera-
tion. This is particularly relevant to the pathogen-
esis in the absence of a host antiviral response as
in the case of HIV-associated lymphoma and/or
PTLD. EBV infection is not clearly linked to
ophthalmic cancer. Although EBV viral DNA
has been identified in both primary intraocular as
well as ocular adnexal lymphoma, this is of
uncertain significance [13].

2.5.1.3 Kaposi Sarcoma Herpesvirus
Kaposi sarcoma herpesvirus (KSHV), also
known as human herpesvirus 8, is the causative
agent of Kaposi sarcoma (KS). KS can affect the
skin of any site but also can involve the eyelid
and the conjunctiva. Uncommon in immunocom-
petent individuals, the incidence of KS increased
significantly during the AIDS epidemic of the
1980s. Since the introduction of highly active
antiretroviral therapy (HAART), the incidence of
KS lesions including those of the eyelid and con-
junctiva has decreased significantly.

2.5.1.4 Human T-Cell Lymphotropic
Virus-1

Human T-cell lymphotropic virus type 1 (HTLV-
1) infection is endemic in Asia, Africa, and much
of Latin America. The most well-described can-
cer associated with HTLV-1 is T-cell leukemia/
lymphoma. Known ophthalmic manifestations of
HTLV-1 include direct ocular infiltrates in patients
with adult T-cell leukemia/lymphoma, but it can
also be associated with nonmalignant ocular com-
plications including retinal degeneration, neuro-
ophthalmic disorders, uveitis, necrotizing retinal
vasculitis, and keratoconjunctivitis sicca [14].

2.5.1.5 Hepatitis B and C Virus

Chronic infection by hepatitis B or hepatitis
C viruses is a well-defined risk factor for hepatocel-
lular carcinoma. In addition, extranodal marginal
zone lymphoma is increased in patients with hepati-
tis C. Importantly, from the standpoint of ophthal-
mic cancers, there have been conflicting reports of
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an increased incidence of hepatitis C in patients
with ocular adnexal lymphoma [15, 16].

2.5.2 Bacteria

2.5.2.1 Helicobacter pylori

Helicobacter pylori (H. pylori) infection is asso-
ciated with peptic ulcer disease, gastric carci-
noma, and mucosa-associated lymphoid tissue
(MALT) lymphoma of the stomach [17, 18]. A
prevailing theory on the pathogenesis of H. pylori-
associated malignancy is that chronic inflamma-
tion from the infection leads to atrophic gastritis
and consequent achlorhydria, which in turn favors
bacterial growth. Excessive gastrointestinal flora
can result in excess reduction of nitrates to nitrites,
which have been associated with DNA damage
and, thus, carcinogenesis of bystander tissues
including the gastrointestinal epithelium as well
as mucosa-associated lymphoid tissue. In the case
of isolated gastric MALT lymphoma, treatment
with H. pylori eradication can lead to complete
and durable remission, thereby obviating the need
for chemotherapy or radiation.

2.5.2.2 Chlamydia psittaci

A number of human diseases including cancers
are strongly associated with infection by
Chlamydia. C. trachomatis and C. pneumoniae
have been associated with cervical carcinoma
and lung cancer. In addition, C. psittaci has been
associated with ocular adnexal lymphomas,
although there appears to be geographic variation
in the strength of this association [19].

2.5.3 Fungus

Aspergillus flavus is a fungus found in grains and
peanuts. It produces aflatoxins that cause a large
proportion of liver cancer in the developing
world China and South Africa.

2.5.4 Parasites

Schistosoma, Clonorchis, and Opisthorchis cause
chronic inflammation, thereby leading to the

development of cancer. The best described asso-
ciation of a cancer with parasitic infection is that
of bladder cancer with schistosomiasis.

2.6 Dietary Factors

A significant proportion of cancer deaths can be
attributed at least partially to dietary factors.
Diets with excessive calories from saturated fat
are known to increase the risk of hormone-
dependent cancers such as breast, ovarian, endo-
metrial and prostate cancers. In contrast, a
low-fiber diet is associated with an increased risk
of colorectal cancer, possibly causing increased
exposure of colonic mucosa to potential
mutagens.

2.7 Genetic Susceptibility

There are a number of well-defined cancer syn-
dromes, including Li-Fraumeni, hereditary non-
polyposis colon cancer, and polyposis colon
cancer syndromes; mutations in the BRCA-1
and BRCA-2 oncogenes; and others. In the case
of breast cancer, however, only approximately
10 % of patients have an identifiable germline
mutation. Many of the inherited cancer predis-
position syndromes such as BRCA-1 and
BRCA-2 involve defects in DNA repair
pathways.

In the case of ophthalmic cancers, inheritance
of the retinoblastoma gene is particularly relevant
because it shows an autosomal dominant inheri-
tance pattern. In contrast, xeroderma pigmento-
sum displays an autosomal recessive inheritance
pattern. A more comprehensive discussion of can-
cer genetic factors is discussed in Chap. 6.

2.8 latrogenic Cancers

2.8.1 Immunosuppression

Immunosuppression increases the risk of cancer,
particularly lymphoma. After solid organ trans-
plantation, lifelong immunosuppression with
calcineurin inhibitors is well known to increase
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the risk of PTLD, which is commonly EBV-
positive. Inhibitors of tumor necrosis factor-alpha
(TNF-a) such as infliximab also increase the risk
of lymphoma. In addition, solid tumors are also
more commonly observed after organ transplant
relative to the general population.

2.8.2 Chemotherapy

Treatment-related cancer can occur after both
radiation and chemotherapy, but for patients who
have received chemotherapy alone, the rate of
secondary malignancy may be as high as 10 %. In
general, diseases with higher cure rates are more
at risk, due to the longer duration of risk — most
notably Hodgkin lymphoma, testicular cancer,
and small-cell lung cancer. The most commonly
implicated agents for causing secondary malig-
nancies are alkylating agents such as cyclophos-
phamide and topoisomerase inhibitors such as
etoposide.

2.8.3 Radiation Therapy

Therapeutic radiation causes DNA damage and can
result in solid tumors including sarcoma and breast
cancer, depending on the anatomic site. Hematologic
malignancies including MDS and acute leukemia
are also well described. In the case of patients with
retinoblastoma, an increased risk of sarcomas after
radiation is well documented [20].

29  Summary

The development of cancer can rarely be attrib-
uted to as single cause. Genetic predisposition
confers significant risks for developing cancer in
a minority of patients. Rather, risk can be modi-
fied by carcinogen exposure, immunosuppres-
sion, and environmental/iatrogenic causes. It is
difficult to quantitate the individual contribution
of several potential risk factors for most cases
(Fig. 2.2). Furthermore, it is noteworthy that with
few exceptions, ultimately most cancer treatment
is independent of its etiology.

Infectious Chemical
causes carcinogens

Genetic
predisposition \ / /

Radiation

exposure

Genetic
instability

Fig. 2.2 Schematic representation of multiple factors
potentially involved in malignant transformation

References

1. Nordling CO. A new theory on cancer-inducing
mechanism. Br J Cancer. 1953;7(1):68-72.

2. Mossman BT, Gee JB. Asbestos-related diseases. N
Engl J Med. 1989;320(26):1721-30.

3. International Agency for Research on Cancer. IARC
monographs on the evaluation of carcinogenic risks to
humans. Overall evaluation of carcinogenic risks to
humans. 1971-current; Monographs 1-76. Lyon: IARC
Press.

4. Department of Health and Human Services, Public
Health Service, Office of Surgeon General. How
tobacco smoke causes disease: the biology and behav-
ioral basis for smoking-attributable disease: a report
of the Surgeon General. Atlanta: Centers for Disease
Control and Prevention; 2010.

5. Kraemer KH, Lee MM, Andrews AD, Lambert WC.
The role of sunlight and DNA repair in melanoma and
nonmelanoma skin cancer. The xeroderma pigmento-
sum paradigm. Arch Dermatol. 1994;130(8):1018-21.

6. Harris CC, Hollstein M. Clinical implications of the
p53 tumor-suppressor gene. N Engl J Med. 1993;
329(18):1318-27.

7. Cleaver JE, Crowley E. UV damage, DNA repair and
skin carcinogenesis. Front Biosci. 2002;7:d1024-43.

8. Singh AD, Rennie IG, Seregard S, et al. Sunlight
exposure and pathogenesis of uveal melanoma. Surv
Ophthalmol. 2004;49(4):419-28.

9. Pierce DA, Shimizu Y, Preston DL, et al. Studies of the
mortality of atomic bomb survivors. Report 12, Part I.
Cancer: 1950-1990. Radiat Res. 1996;146(1):1-27.

10. Williams D. Cancer after nuclear fallout: lessons from
Chernobyl accident. Nat Rev Cancer. 2002;2:543-9.

11. McDonnell JM, Mayr AJ, Martin WJ. DNA of human
papillomavirus type 16 in dysplastic and malignant
lesions of the conjunctiva and cornea. N Engl J Med.
1989;320(22):1442-6.



Etiology of Cancer

19

12.

13.

14.

15.

16.

Nakamura Y, Mashima Y, Kameyama K, et al.
Detection of human papillomavirus infection in squa-
mous tumours of the conjunctiva and lacrimal sac by
immunohistochemistry, in situ hybridisation, and
polymerase chain reaction. Br J Ophthalmol. 1997;
81(4):308-13.

Chan CC. Molecular pathology of primary intraocular
lymphoma. Trans Am Ophthalmol Soc. 2003;101:
275-92.

Buggage RR. Ocular manifestations of human T-cell
lymphotropic virus type 1 infection. Curr Opin
Ophthalmol. 2003;14(6):420-5.

Arnaud P, Escande MC, Lecuit M, et al. Hepatitis C virus
infection and MALT-type ocular adnexal lymphoma. Ann
Oncol 2007;18(2):400—1; author reply 1-3.

Ferreri AJ, Viale E, Guidoboni M, et al. Clinical
implications of hepatitis C virus infection in

17

18.

19.

20.

MALT-type lymphoma of the ocular adnexa. Ann
Oncol. 2006;17(5):769-72.

. Parsonnet J, Friedman GD, Vandersteen DP, et al.

Helicobacter pylori and the risk of gastric carcinoma.
N Engl J Med. 1991;325:1127-31.

ParsonnetJ, Hansen S, Rodriguez L, et al. Helicobacter
pylori infection and gastric lymphoma. N Engl J Med.
1994;330(18):1267-71.

Ferreri AJM, Guidoboni M, Ponzoni M, et al.
Evidence for an association between Chlamydia psit-
taci and ocular adnexal lymphomas. J Natl Cancer
Inst. 2004;96:586-94.

Wong FL, Boice Jr JD, Abramson DH, et al. Cancer
incidence after retinoblastoma. Radiation dose and
sarcoma risk. JAMA. 1997;278(15):1262-7.



Cancer Pathology

Katarina Bartuma, Charlotta All-Ericsson,
and Stefan Seregard

Contents 3.1 Introduction
3.1 Introduction...............ccoeeeneiniinninicnne 21
39 Classification of Neoolasi ” This text is intended as an overview of cancer
. assification of Neoplasia...............c........... . . .

3.2.1  Benign TUMOTS ...cceceureiiriiccicicieieieeceeeee 21 pathology Wlth pgrtwulgr refere.nce to classifica-
3.2.2  Malignant TUMOTS.........occorvrvrereerreniereriennnens 22 tion, tumorigenesis, microscopic features, sam-
3.3 Tumorigenesis...........cccocovriieeeeennenenecnennne 22 pling, and diagnostic techniques for ocular cancer.
3.3.1 Genomic Instability and Mutations .. 22
3.3.2 Evading Immune Destruction..............ccc....... 23 . . .
333 Proliferative Signaling 3.2 Classification of Neoplasia

and Reprogramming Energy Metabolism........ 23
3.3.4  Resisting Growth Suppressors 23 Tumors may be either benign or malignant, where
3.3.5 Escaping Cell Death ............... 24 . .
3.3.6 Replicative Immortality .......... 24 benign tumors may. be.: precursors to malignant
3.3.7 Angiogenesis..........ccccccoerennn. 24 tumors. The most significant difference between
3.3.8 Invasion and Metastasis ........c..ceeerrvrrerrennenns 24  benign and malignant tumors is that the malig-
3.3.9 The Tumor Microenvironment....................... 25 nant tumors have metastatic potential’ whereas
3.4  Microscopic Features of Neoplasia............. 26 benign tumors do not metastasize. However, any
3.4.1 Cellular Proliferation..............c.......... 26 benign or malignant tumor may cause death lf
3.4.2 Cellular Pleomorphism.... 27 . . o .
343 Cellular Differentiation. . 28 inappropriately IOf:ated. Chal.‘acterlstlc differ
3.4.4 Nuclear Cytoplasmic Ratio..........c.ccccoeuveeee. 28 ences between benign and malignant tumors are
3.4.5 Invasion of Surrounding Tissues.................... 28 summarized (Table 3.1). Below, different benign
3.4.6 Tumor Infiltration by Normal Cells................ 28 and malignant tumors are exemplified.
3.5  Tissue Sampling and Processing................. 28
3.5.1 Cytological Sampling ..........ccccecvevnnnne. .. 28 .
3.5.2 Histopathologic Sampling and Processing....... 30 3.2.1 Benign Tumors
3.6  Diagnostic Techniques .................ccccevenennn. 30 )
3.6.1  Light MiCIOSCOPY.....cvveruereeerrerreereresierreennans 30  Benign tumors are usually labeled by the suffix -oma.
3.6.2 Immunohistochemistry ........ccccccevevveiienennne 30  Some exceptions tend to cause confusion; lym-
3.6.3 Additional Techniques...........ccccccoeviieiiiinnine 31 phoma and melanoma are by definition malignant,
References............cccooeieiiiiiniiinineeeeee 32 irrespective of the suffix -oma. To emphasize this,

terms like malignant lymphoma and malignant

K. Bartuma, MD, PhD e C. All-Ericsson, MD, PhD melanoma are sometimes used:
S. Seregard, MD, PhD (D<) * Adenoma is composed of cells originating
Department of Vitreoretinal Diseases, : :
St Eriks Eye Hospital and Karolinska Institutet, from glandul'ar epithelium. . .
Polhemsgatan 50, 112 82, Stockholm, Sweden e Hamartoma is composed of physiologic cells
e-mail: stefan.seregard @sankterik.se originating at the affected site.
A.D. Singh, B. Damato (eds.), Clinical Ophthalmic Oncology, 21

DOI 10.1007/978-3-642-40489-4_3, © Springer-Verlag Berlin Heidelberg 2014



22

K. Bartuma et al.

Table 3.1 Characteristic differences between benign and
malignant tumors

Feature Benign  Malignant

Cellular pleomorphism None Mild to severe
or mild

Cellular dedifferentiation None or  Mild to severe
mild

Necrosis Rare Occasionally

Basement membrane Never Frequent

invasion

Metastatic spread Never Occasionally

e Choristoma is composed of cells not normally
occurring at the affected site, but otherwise
histologically physiologic.

e Teratoma is composed of pluripotent cells
forming different types of tissue originating
from one or more of the three germ cell layers.
A teratoma may be either benign or malignant.

3.2.2 Malignant Tumors

e Carcinoma is a neoplasm of epithelial origin.
For example, an adenocarcinoma of the lacri-
mal gland is a cancer derived from the glandu-
lar epithelium of the lacrimal gland.

e Sarcoma is derived from mesenchymal tissue.

e Blastoma is a malignant tumor of embryonic
origin. For example, retinoblastoma is derived
from retinoblasts in the developing retina.

e Leukemia is a malignancy of blood cells that
arises from the bone marrow precursor cells
and is present in the peripheral blood.

e Lymphoma is a malignancy derived from lymph
nodes, but may occasionally be present in other organs
such as the lacrimal gland or in peripheral blood.

e Melanoma is a malignant tumor that originates
from melanocytes, i.e., cells containing intracy-
toplasmic pigment lodged in specific organelles,
melanosomes. These cells appear in the skin,
uvea, conjunctiva, and a variety of other tissues.

3.3  Tumorigenesis

Tumorigenesis is a multistep process in which
normal cells progressively evolve to a neoplas-
tic state. Advances in techniques for studying

cancer genetics have revolutionized our knowl-
edge of tumorigenesis [1]. The rapidly accumu-
lating information on the genetic and epigenetic
constitution of malignancies has made it pos-
sible to tailor novel therapeutic agents, several
of which are in clinical use. Hanahan et al.
structured a succession of “hallmarks” of tumor
cells which mark the steps of tumorigenesis
[1]. These hallmarks include genomic instabil-
ity and mutations, evading immune destruction,
proliferative signaling and reprogramming
energy metabolism, resisting growth suppres-
sors, escaping cell death, replicative immortal-
ity, angiogenesis, invasion and metastasis, and
the tumor microenvironment. The hallmarks
are briefly outlined below; the genes involved
in tumorigenesis are discussed in greater detail
elsewhere (Chap. 6).

3.3.1 Genomic Instability

and Mutations

Believed to underlie many of the hallmark capa-
bilities in neoplastic cells, genomic instability
generates random mutations including chro-
mosomal rearrangements (Fig. 3.1). Tumors
progress by stepwise accumulation of enabling
genetic mutations. Random mutations occur in
genomic regions that drive malignant progres-
sion. Non-tumorigenic regions may also harbor
“passenger” mutations that are not pathogenic
but may serve as biomarkers [2]. Recurrent
genetic aberrations and mutations across several
different tumor types indicate that some genetic
regions are important drivers of tumorigenesis
[3]. The recent application of deep sequencing
of entire cancer cell genomes will increase our
knowledge of these apparently random muta-
tions [4]. Studies have shown that mutations of
telomerase and telomeres are required to achieve
endless replication and survival [5]. However,
recent evidence suggests that cells that survive
the telomere erosion enter breakage-fusion-
bridge cycles with resulting gross genetic aber-
rations. Tumor cells with these complex genetic
alterations will have an accelerated acquisi-
tion of mutations and rapidly progress to more
malignant states [6].
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Fig.3.1 Chromosomal abnormalities in human cancer. A
multitude of different chromosomal aberrations underlie
tumorigenesis. These may lead to the formation of fusion
gene or over- or underexpression of structurally normal
gene. The most common are included in this figure. (a)
Translocation: one chromosomal segment is translocated
from one chromosome to another and vice versa. (b)

3.3.2 Evading Immune Destruction

The immune system plays an important role in
eliminating both micrometastases and late stage
tumors [1]. Studies on mouse models have revealed
that deficiencies of NK and T cells result in a higher
risk of developing cancer, which suggests that both
the adaptive and innate immune systems serve as
barriers to tumor progression [7, 8]. Tumor cells
must therefore be able to evade immunological kill-
ing in order to thrive. This can be achieved, e.g., by
altering immunological reactions by secreting
immunosuppressive factors such as TGF- [9].

3.3.3 Proliferative Signaling
and Reprogramming
Energy Metabolism

Proliferative signaling has been recognized as one of
the earliest and most important steps in tumorigene-
sis [1]. It is mediated in large by growth factor
ligands that bind to cell-surface receptors (frequently

Insertion: a chromosomal segment is inserted into another
chromosome. (¢) Inversion: a 180° rotation of a segment.
(d) Copy number gain can occur through, e.g., complete
or partial trisomy, intrachromosomal, and extrachromo-
somal amplifications. (e) Copy number loss includes copy
number neutral loss of heterozygosity (LOH), submicro-
scopic, or large-scale deletions

tyrosine kinase domains), which mediate prolifera-
tive signals, such as progression through the cell
cycle, growth, survival, and energy metabolism [1].
By altering the proliferative signaling network, neo-
plastic cells become independent of their environ-
ment and are placed in a continuous state of “‘on.”
The genes involved in growth signaling are referred
to as oncogenes. Recently, new light has been shed
on the adjustments of energy metabolism to suit the
rapid growth of cancer cells [1]. The energy metabo-
lism of cancer cells has been demonstrated to be dif-
ferent compared to normal cells; by using aerobic
glycolysis tumor cells can increase their uptake and
utilization of glucose, which has been documented
in many tumor types and is utilized to visualize
tumor dissemination in PET-scan examination [10].

3.3.4 Resisting Growth Suppressors
Apart from activating proliferation, tumor cells

must also be able to avoid signaling pathways
that negatively regulate cell proliferation. The
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genes controlling progression in the cell cycle
and inhibitory signaling are commonly referred
to as tumor suppressor genes. One of the most
common suppressor genes is the RB/I gene. This
gene is mutated in a wide range of tumors [11].
Individuals with germline mutations of RB/ suffer
a great risk of developing bilateral retinoblastoma
at young age, as well as several other tumor types.
In normal cells, cell-to-cell contact mediates sup-
pression of growth [1]. If normal cells lose the
cell-to-cell contact, they undergo programmed
cell death. This inhibitory signal is often lost in
tumor cells. A set of cell-surface adhesion mole-
cules, most notably the cadherins (E-cadherin and
N-cadherin), are commonly altered in tumor cells
enabling the tumor cell to let go and then reattach,
thus serving as an important step in metastatic
spread [12, 13].

3.3.5 Escaping Cell Death

Apoptosis is triggered by, e.g., environmental
stress, elevated levels of oncogene signaling, and
loss of attachment to other cells and functions as a
guardian against malignant genetic change [14].
By escaping programmed cell death, tumor cells
manage to survive even though they harbor multi-
ple genetic changes.

3.3.6 Replicative Inmortality

Normal cells are only able to replicate a limited
number of times before they enter either senes-
cence or cell death. Telomeres and telomerase
protect the ends of chromosomes and are inti-
mately involved in replicative immortality [1].
While telomerase is barely expressed in normal
cells, its overexpression in malignancies allows
the cells to escape destruction [4, 15].

3.3.7 Angiogenesis
Tumors must acquire new vasculature by angiogen-

esis to be able to grow beyond a size of approxi-
mately 2 mm? (Chap. 4).

3.3.8 Invasion and Metastasis

Tumor metastases account for approximately
90 % of tumor-related death [16]. By pinpoint-
ing the processes underlying metastasis, greater
understanding and treatment options will emerge
[17]. The metastatic process is thought to start
with individual tumor cells dislodging from the
primary tumor and spreading by blood or lym-
phatic vessels. The timing of tumor dissemina-
tion remains a subject of debate. There are two
major models: the linear progression model
where a cell acquires a set of characteristics
through stepwise alteration before dissemination
and the parallel progression model where cells
that are not yet fully neoplastic are circulating,
suggesting that they are disseminated from an
early malignant lesion [18, 19]. The invasion-
metastasis cascade is a complex, multistep pro-
cess where tumor cells must be able to invade
locally through the extracellular matrix and stro-
mal cell layers. The precisely organized archi-
tecture of surrounding normal epithelium serves
as an effective barrier, which is overcome by
invading tumor cells when the metastatic process
starts [17]. The matrix metalloproteinases
secreted by macrophages at the tumor periphery
contribute to the loss of the basement membrane
by proteolysis, which facilitates invasion of the
stromal compartment [17, 20]. Invading cells
must also become motile to escape the primary
tumor; this is achieved by alterations in cell-sur-
face proteins that promote migration. Alteration
of the cytoskeleton allows for movement along
the extracellular matrix and surface of other
cells. Further, the Ras family of GTPases alters
actin and myosin activity, which promotes move-
ment [1].

After leaving the primary tumor and invading
the stroma, the tumor cells must intravasate into
blood or lymph vessels. Intravasation into blood
vessels is enabled because malignant blood ves-
sels have insufficient pericyte coverage and the
interaction is weak between adjacent endothelial
cells [17]. Acquiring an intrinsic vasculature is
important for primary tumors in order to metasta-
size and for metastases to grow beyond a certain
size. Indirect evidence for this has been obtained
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in uveal melanoma (and several other tumors) as
tumor vessel counts have been associated with a
poor prognosis [21]. Following intravasation, the
tumor cells must survive the detachment from the
supporting tumor matrix, the hemodynamic
forces in the circulation, as well as the hostile
immune system. The process of extravasation
begins when the cell attaches to the vessel wall in
the target tissue. This is achieved either by a
tumor forming in the vessel wall, which eventu-
ally ruptures the vessel wall, or by penetrating
the endothelial cells and pericyte layers and
thereby establishing micrometastasis (Box 3.1)
[22]. Tumors originating within the eye undergo
hematogenous dissemination, because there is no
lymphatic drainage. Tumors originating in the
orbit or eyelids may undergo either hematoge-
nous or lymphatic spread, depending on the
tumor type.

Box 3.1: Steps in Metastatic Process

e Tumor invasion of the vasculature or
lymph vessels

e Tumor cell survival in the circulation

¢ Cellular extravasation

¢ Establish a metastasis at a distant site

* Acquiring an intrinsic vasculature

Little is known about the predilection for par-
ticular metastatic targets, but two major theories
have emerged: the mechanistic theory where
tumor cells arrest within capillary beds due to
size restrictions of the capillary vessels. The
other theory describes receptor-ligand binding
between tumor cells and capillaries, also known
as the “seed and soil” theory: the provision of a
fertile environment in which compatible tumor
cells can grow [23]. Most likely the combination
of both theories is true for the majority of meta-
static malignancies. Some microenvironments
seem to be more hospitable than others, exempli-
fied by preferential dissemination by a wide
range of different tumor types to the liver, bone
marrow, and lung tissue. Extravasation of tumor
cells is more challenging than intravasation since
intravasation occurs at the primary tumor site

where the vasculature is already quite leaky and
therefore easy to traverse [17]. After intravasa-
tion the cancer cells must be able to adapt to a
very different environment from that of the pri-
mary tumor. The process of metastasis is very
inefficient. Indeed, it has been suggested that
only <0.01 % of tumor cells that enter the circula-
tion go through the metastatic process to estab-
lish clinical metastasis [24]. Even if the tumor
cells initially survive in the new microenviron-
ment, it is not certain that they will grow rapidly.
On the contrary, most micrometastasis seems to
go through a state of dormancy. This may be
because of incompatibilities with the foreign
environment; it may also be that the cells prolif-
erate, though a net increase does not occur
because of the counteracting effects of a high
apoptotic rate [17]. An explanation of the high
cell turnover and dormancy may be the failure to
form new vessels [24].

3.3.9 The Tumor Microenvironment

Tumors are rarely isolated masses of homoge-
nous proliferating cells, but rather a makeup of
different tumor subpopulations as well as tumor-
associated stroma, normal tissue, and infiltrating
lymphocytes. Recent studies have shed light on
the importance of recruitment of normal cells,
which play a distinct role in the development of
neoplasms, and also have been implicated in
processes such as drug resistance [25]. The
stroma surrounding the tumor is frequently reac-
tive and shares similar upregulated pathways,
e.g., chronic inflammation or wound healing tis-
sue [26]. The tumor-associated stroma is induced
by the neoplasm, and in turn, the stromal cells
may increase the aggressive behavior of the
tumor by releasing growth stimulating factors
[17,27]. Other incidents in the tumor microenvi-
ronment may increase the reactivity of the tumor
surrounding stroma further. As an example,
necrotic cell death releases pro-inflammatory
signals into the surrounding microenvironment,
which recruits inflammatory cells [26]. These
cells may promote angiogenesis, cancer cell pro-
liferation, and invasiveness [28]. Necrosis may
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Fig. 3.2 The cells of the tumor microenvironment.
Upper: An assemblage of distinct cell types constitutes
most solid tumors. Both the parenchyma and stroma of
tumors contain distinct cell types and subtypes that col-
lectively enable tumor growth and progression. Notably,
the immune inflammatory cells present in tumors can
include both tumor-promoting as well as tumor-killing
subclasses. Lower: The distinctive microenvironments of
tumors. The multiple stromal cell types create a succes-
sion of tumor microenvironments that change as tumors
invade normal tissue and thereafter seed and colonize

therefore act tumor promoting; indeed tumors
with necrosis are associated with worse clinical
prognosis.

Solid tumors constitute a mixture of different
tumor clones at different stages of development,
which lead to genetic heterogeneity [29]. The exis-
tence of cancer stem cells as an important composition
of the proliferating neoplasm has been a source of
ongoing discussion (Fig. 3.2). Cancer stem cells
are defined by their ability to seed new tumors
when inoculated in host mice [30]. They have been
suggested as the culprits of acquired chemotherapy
resistance as well as disease recurrence after suc-
cessful debulking of primary disease where no
residual disease can be detected [31].

Invasive tumor
microenvironment

Metastatic tumor
microenvironment

distant tissues. The abundance, histologic organization,
and phenotypic characteristics of the stromal cell types, as
well as of the extracellular matrix (hatched background),
evolve during progression, thereby enabling primary,
invasive, and then metastatic growth. The surrounding
normal cells of the primary and metastatic sites, shown
only schematically, likely also affect the character of the
various neoplastic microenvironments (Reprinted from
Hallmarks of Cancer: The Next Generation, 144, Douglas
Hanahan, Robert A. Weinberg, Page No 662, Copyright
(2012), with permission from Elsevier [1])

3.4 Microscopic Features

of Neoplasia

Certain histopathologic features differentiate
benign and malignant tumors from surrounding
normal tissues. In general, the differences from
the normal tissue are more marked in malignant
tumors than in benign tumors.

3.4.1 Cellular Proliferation

Many malignant tumors feature a large number
of dividing cells with abnormal mitotic patterns
(Fig. 3.3a). Cell proliferation markers like



3 Cancer Pathology

27

Fig.3.3 Many malignant
tumors feature a large
number of dividing cells
with abnormal. mitotic
figures (a). Cell proliferation
markers like proliferating
cell nucleolar antigen and
Ki-67 often reveal a larger
proportion of proliferating
cancer cells than detected
by mitotic counts alone (b)

proliferating cell nucleolar antigen (PCNA) and
Ki-67 often reveal a larger proportion of prolif-
erating cancer cells than detected by mitotic
counts alone (Fig. 3.3b). A high mitotic index
(mitotic count per unit of microscopic area) is
often found in rapidly growing tumors although
this is usually balanced by the presence of many
apoptotic cells. Not all cancers show high cell
proliferation rates; typically uveal melanoma
features comparatively low counts, but nonethe-
less may metastasize. However, in many can-
cers, including uveal melanoma, a high cell
proliferation rate is associated with poor prog-
nosis [32, 33].

3.4.2 Cellular Pleomorphism

When tissue and cellular architecture is distorted,
the tissue is classified as dysplastic. Epithelial dys-
plasia may be divided into mild, moderate, and
severe dysplasia. Severe dysplasia is characterized
by full thickness dysplasia with prominent cellular
atypia and is synonymous with carcinoma in situ.
It is debatable whether a slight or even moderate
degree of dysplasia is precancerous, a condition
inevitably leading to cancer. When tissue architec-
ture is considerably distorted with individual cells
showing a significant degree of variation in shape
and size including abnormal nuclei sometimes
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featuring binucleate or multinucleate forms, this is
referred to as pleomorphism at the cellular level.
Cellular pleomorphism, including the extreme
state when the tissue of origin is no longer recog-
nizable (anaplasia), is a hallmark of cancer.

3.4.3 Cellular Differentiation

Typically, cancers recapitulate the architecture of the
tissue of their origin to some extent. This recapitula-
tion may closely resemble the original structure and
such cancers are highly differentiated, whereas others
are poorly differentiated or even anaplastic. Usually,
poorly differentiated cancers carry a worse prognosis
than cancers more closely mimicking the original tis-
sue appearance. In retinoblastoma, the rosettes
appearing in moderately and highly differentiated
retinoblastoma are believed to be an attempt to reca-
pitulate the original retinal structure (Fig. 3.4a). In
uveal melanoma, the tumor spindle cell morphology
resembles the original melanocytes, and the presence
of less differentiated epithelioid cells is associated
with an adverse outcome (Fig. 3.4b, ¢) [34].

3.4.4 Nuclear Cytoplasmic Ratio

Most neoplastic cells have a relatively large
nucleus in relation to the amount of cytoplasm.
However, this varies significantly with the type of
neoplasia. Clear cell carcinoma of the kidney fea-
tures large cells with abundant cytoplasm,
whereas the retinoblastoma typically is com-
posed of cells with relatively large nuclei and
small amounts of cytoplasm.

3.4.5 Invasion of Surrounding

Tissues

Tumor cells invade surrounding tissue by direct
infiltration or by dissemination along blood or
lymphatic vessels. In carcinoma, breakdown of the
basement membrane and stromal invasion signify
the progression of an in situ carcinoma to invasive
carcinoma. Cancers with minimally invasive fea-
tures are sometimes referred to as microinvasive.

Some malignant tumors show a particular affin-
ity for spread along peripheral nerves extending a
considerable distance away from the primary site
(e.g., perineural growth in adenocystic carcinoma of
the lacrimal gland). In some of these tumors, severe
pain due to invasion or compression of sensory nerve
fibers may be the first clinical presentation.

3.4.6 Tumor Infiltration
by Normal Cells

In some malignant tumors, infiltration by macro-
phages or lymphocytes is a characteristic feature
reflecting recruitment of the immune system as
well as physiologic cells by neoplastic tissue.
Macrophage infiltration in uveal melanoma is
associated with a poor prognosis [35].

3.5 Tissue Sampling
and Processing
3.5.1 Cytological Sampling

Sampling typically includes a number of individual
cells disrupted from their original tissue. Diagnosis
is therefore usually made on the morphological
appearance of individual cells because the relation-
ship to surrounding cells is lost. Cytological sam-
ples may be used for immunocytochemistry, which
is conducted to characterize protein expression,
and for auxiliary techniques such as flow cytome-
try. Two basic techniques are used for sampling.

3.5.1.1 Exfoliative Cytology

Exfoliative cytology involves sampling of cells
that are dispersed in fluids (e.g., cerebrospinal
fluid sampled by lumbar puncture) or forcibly
removed by a spatula, brush, or some other instru-
ment or filter paper. Cells may also be dislodged
from a surface by a touch preparation, for
example, imprint cytology for conjunctival
tumors. The exfoliative sample is then spread on a
glass slide and stained. Vitrectomy samples may
be filtered though a membrane (e.g., Millipore fil-
ter), centrifugated in a pellet (cytospin prepara-
tion) or paraffin embedded as a cell block.
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Fig.3.4 Highly differentiated
retinoblastoma with tumor
cells arranged in a radiating,
flowerlike pattern referred

to as Flexner-Wintersteiner
rosettes (a). Uveal melanoma
specimens featuring
spindle-type tumor cells (b)
and cells with epithelioid
appearance (c)
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3.5.1.2 Aspiration Cytology

Aspiration cytology may be applied to palpable
lesions, guided by ultrasound or computerized
tomography imaging. Intraocular fine-needle
aspiration biopsy (FNAB) is performed with
needles between 21 and 25 gauges [36]. A pars
plana approach guided by indirect ophthalmos-
copy may be used, but clear cornea and transs-
cleral routes have also been advocated [37-39].
The various techniques of intraocular biopsy are
discussed in detail under uveal tumors. Local
tumor spread using FNAB in loosely cohesive
tumors is a concern. For this reason, FNAB
should only be used with extreme caution and
almost never in suspected cases of retinoblas-
toma. The requirements for tissue handling vary
between laboratories; therefore, it is advisable
to contact the local cytopathologist before
sampling.

3.5.2 Histopathologic Sampling
and Processing

Tissue is obtained by incisional or excisional
biopsy of the lesion. Caution not to coagulate or
otherwise maltreat the tissue sample is recom-
mended. Incisional biopsies or core needle biop-
sies should be avoided in tumors prone to local
recurrence, e.g., the pleomorphic adenoma of the
lacrimal gland. In such tumors, primary complete
excision or possibly diagnostic FNAB followed
by complete excision is recommended. The opti-
mal fixative for the surgical biopsy varies depend-
ing on the local setting and the technique used for
histopathologic examination, but for most cases,
formaldehyde is sufficient.

When biopsying tissues like the conjunctiva
or iris, care should be taken to orientate the speci-
men and to make sure the tissue is maintained flat
and does not curl. This can be achieved by attach-
ing the tissue to a piece of filter paper and anno-
tating the specimen mount before immersion in
the fixative. Assessment of the surgical margins
is pivotal in any excisional tumor biopsy. To
facilitate this, the surgical margins may be
marked by the pathologist before gross section-
ing and paraffin embedding. Also, special tech-

niques like Mohs technique using cryosectioning
or modifications using vertical paraffin-embedded
sections have been advocated for eyelid and skin
tumors [40, 41]. Cryosectioning allows for a
rapid assessment (within 30 min) of margins or
malignancy and can be used as a preoperative
procedure; however, paraffin sections allow a
more reliable microscopic assessment. Specific
guidelines for histopathology reports on cancer
specimens from the eye and adnexa have been
discussed elsewhere [42].

3.6 Diagnostic Techniques
Traditionally, cancer diagnosis was made using
light microscopic examination, but recent
advances in molecular diagnostics have created a
completely new set of tools with which tumors
may be more accurately diagnosed and better
characterized. Some of these techniques are out-
lined below.

3.6.1 Light Microscopy

When processed for routine light microscopy,
samples are usually fixed in formaldehyde and
then embedded in paraffin. This allows for the
cutting of 3—4 pm sections. Paraffin sections are
usually routinely stained with hematoxylin and
eosin, although this may differ depending on the
local routine (Fig. 3.5a). Other stains like the
periodic acid-Schiff dye preferentially stain
mucopolysaccharides and glycogen and are
appropriate for study of basement membrane
material like the lens capsule.

3.6.2 Immunohistochemistry

This technique has rapidly evolved from a
research tool to a diagnostic technique and has
revolutionized diagnostic pathology. Several
commercially available antibodies may be used
in combination with routine fixatives like formal-
dehyde and staining may be enhanced by antigen
retrieval techniques (Fig. 3.5b). Fixation over
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Fig.3.5 Langerhans’ cell
histiocytosis. Light
microscopy (a) and
immunohistochemical
stain recognizing S-100
protein (b)

prolonged periods of time may cause reduced
staining and the wary pathologist uses negative
and positive controls.

3.6.3 Additional Techniques

Recent advances in molecular pathology have
generated numerous techniques for the genetic
and epigenetic study of ocular tumors. One of
the most important laboratory techniques is the
polymerase chain reaction (PCR). Several differ-
ent types of PCR have been developed, including
competitive or real-time PCR, which allows for
sensitive assays of gene expression at the RNA
level. Further, several experimental laboratory

techniques have been translated into clinical use,
e.g., flow cytometry in lymphoma and tissue
imprints for gene rearrangements in rhabdomyo-
sarcoma. In several cases, tissue needs to be sub-
mitted fresh, which requires close collaboration
with the examining laboratory for optimal results.
Microarrays have revolutionized our understand-
ing of the tumor genome and transcriptome by
making it possible to study thousands of genes
in one experiment at a single gene resolution.
Distinct cancer biomarkers and gene expression
profiles have been identified through microarray
studies. After vigorous evaluation, several assays
have been developed and are now in clinical use.
Two of the earliest assays developed include
the MammaPrint® and Oncotype DX® assays
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[43, 44]. These assays predict prognosis and
assess the likely benefit from treatment by ana-
lyzing signatures of multiple genes. In uveal
melanoma, genome-wide expression profiling
has identified two subsets of tumors: nonmetasta-
sizing low-grade tumors and metastasizing high-
grade tumors [45]. From these results, a 15-gene
assay has been developed, which successfully
separates the tumors into two distinct subgroups
[12, 46]. Through fine-needle biopsies, the assay
can be used to determine metastatic potential and
patients can be selected for interventions like
adjuvant therapies [47, 48]. Functional analysis
of the genes involved in the high-grade profile
has allowed identification of upregulated genes
and pathways in uveal melanomas. This con-
stitutes an important basis for novel strategies
for early tumor identification and application of
targeted therapies. Several antibodies have been
investigated in ocular tumors, including afliber-
cept (VEGF-Trap) and ipilimumab (anti-CTLA4)
[49, 50]. Ipilimumab is applied in routine clinical
treatment, and several drugs are in various stages
of clinical investigation (www.clinicaltrials.gov).
In line with the findings in microarray studies,
proteomics hold a similar promise and generate
vast amount of data on protein expression.

Next generation sequencing of the whole
genome has become a groundbreaking tool in the
study of cancer cells. It is used for the character-
ization and identification of, e.g., DNA, RNA,
exome, and transcriptome sequences of tumor
cells. It enables identification of, e.g., copy num-
ber variants, sequence variants, mutations, and
structural changes such as chromosomal translo-
cations, and fusion genes. Various open source
projects aim at collecting sequence variants and
mutations critical in the development of human
cancers. Public sharing of data has enabled inclu-
sion in larger data sets for reanalysis and con-
struction of databases of cancer profiles.

Described here are only a handful of the tech-
niques developed for research and clinical study
of tumors. In the near future many of the tech-
niques used for experimental purposes will delin-
eate central pathways in cancer cells with
prognostic, diagnostic, and treatment implications
in human cancer.
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Angiogenesis, the growth of new blood vessels
from preexisting vasculature, is both a physi-
ologic and pathologic process. The formation
of new vessels is important during embryogen-
esis, wound healing, and in the uterus during the
menstrual cycle and pregnancy. Interest in tar-
geting angiogenesis for the treatment of cancer
began in the early 1970s, when it was postulated
that the formation of new vessels in tumors is
essential for tumor growth and metastasis [1].
Subsequently, our improved understanding of
the regulation of angiogenesis has revealed an
important role in other diseases, such as pro-
liferative diabetic retinopathy and age-related
macular degeneration, rheumatoid arthritis, and
psoriasis [2]. In this chapter we provide a brief
review of mechanism(s) of tumor angiogenesis,
current applications in general and more specifi-
cally in ophthalmic oncology, and experimental
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drugs with potential for clinical applications. The
final section of this review deals with angiogenic
aspects of a few specific ophthalmic tumors.

4.2 Tumor Angiogenesis
Tumorigenesis is a multistep process, caused by
mutations in the course of time [3]. Small micro-
scopic tumors can obtain their nutrients and oxy-
gen by diffusion alone. However, with increasing
distance from a capillary vessel, oxygen supply is
insufficient for the proliferation of tumor cells
(Fig. 4.1) [4]. Only those tumors that can recruit
new vasculature will grow to a visible size if
experimentally implanted into another location.
The others remain microscopic in size, without
any sign of growth, a phenomenon called “no
take.”

4.2.1 Cooption

At an early stage, some tumors and metastases
can invade healthy vascularized tissue, forming
microcylinders up to a diameter of 200 pm
around preexisting healthy capillaries, via a
mechanism called cooption [5].

Fig. 4.1 With increasing
distance from a capillary
vessel, oxygen supply is
insufficient for the prolifera-
tion of tumor cells. Note
viable cells surrounding the
central vessel. Areas of tumor
necrosis are evident away
from the vascular channels
(untreated retinoblastoma)
(hematoxylin and eosin;
original magnification 10x)

4.2.2 Angiogenic Switch

Ultimately, all tumors rely on the formation of new
blood vessels to grow to a clinically detectable size.
Tumor cells implanted in a rabbit cornea show a
low growth rate as long as the cornea remains avas-
cular. With the onset of revascularization, the tumor
cells switch to a higher proliferation rate, and the
tumor grows rapidly [6]. The same is observed for
tumors in the anterior chamber of a rabbit eye.
Although revascularization of the iris develops
early, the tumors do not grow to a large size until
they are in touch with the iris and the newly formed
vessels [7]. The ability of a tumor to induce growth
of its own vessels usually develops after malignant
transformation in response to hypoxia and nutrient
deprivation and is called angiogenic switch [8].
However, cervical dysplasia demonstrates an
angiogenic phenotype even before definite signs of
malignancy are present [9].

4.3  Stepsin Angiogenesis

The angiogenic response to a tumor is influenced
significantly by tumor environment, which is
comprised of multiple cell types [10]. In addition
to sprouting angiogenesis

from preexisting
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vessels, it is now apparent that in tumors, new ves-
sels can originate from cancer stem cells as well as
from endothelial progenitor cells recruited from
the bone marrow. Angiogenesis begins with vaso-
dilation and an increase in vascular permeability
because of dissolution of adherens junctions and
detachment of perivascular pericytes with conse-
quent vascular leakage leading to extravasation of
plasma [11]. Matrix metalloproteinases degrade
the basement membrane and the surrounding
extracellular matrix, facilitating the vascular
remodeling and amplifying the angiogenic stimu-
lus by releasing angiogenic and inflammatory fac-
tors. Proliferating endothelial cells now migrate
away from the vessel. The new sprout appears a
solid column, until a lumen is formed, either by
intracellular vacuolar fusion or by arrangement of
cells around a central lumen [12]. The new capil-
lary then builds anastomoses with other capillar-
ies, and the new vessel is stabilized by a new basal
membrane and pericytes. Concomitantly with this
sprouting response, platelets are recruited to the
site of basement membrane degradation and upon
activation release angiogenic factors into the
tumor microenvironment. Bone-marrow-derived
endothelial progenitor cells and myeloid cells are
also recruited to this site and release additional
factors. In addition, cancer stem cells can differen-
tiate to become endothelial cells or can form vas-
cular tubelike structures without differentiation
(a process called vascular mimicry) [13].

44  Tumor Vessels

The vascular density in a tumor can be many
times the density of normal tissue [14]. However,
the vessels remain functionally insufficient. They
are disorganized and tortuous and show a chaotic
blood flow [15]. Tumor blood vessels are gener-
ally leaky and poorly perfused. So despite high
vascular density, the tumor remains hypoxic.

4.5 Metastatic Cascade

The metastatic cascade is a series of complex
events that allow a tumor to disseminate and grow
at a distant secondary site. Tumor cells must first

access the circulation to disperse malignant cells
into the blood stream (Fig. 4.2). The capillaries in
the tumor often lack a proper basement membrane,
making it easier for cell to invade the lumen; and
the higher the density of vessels within a tumor, the
more cells can escape to the circulation [16]. For
uveal melanoma, a correlation between tumor cell

Fig. 4.2 Metastatic cascade. The metastatic cascade
begins, when tumor cells escape from the primary solid
tumor and enter the general circulation. It seems that this
shedding of tumor cells starts at an early stage, and uveal
melanoma cells have been detected in the peripheral blood
long before metastasis could be seen clinically. (/)
Different parts of the tumor can show different vascular
density, a fact that might contribute to the number of the
cells that can give rise to metastasis. However, only
very few of those tumor cells can survive in the general
circulation. (2) Formation of larger cell aggregates, which
also include platelets, contributes to an increased survival
of tumor cells. At their target site they embolize a capil-
lary or adhere to the vessel wall, pass it, and settle in the
new organ. The mechanism behind the organotropism of
metastasis is not fully understood. Besides hemodynamics
specific properties of the vessels, properties of the endo-
thelium as well as characteristics of the target organ, like
the expression of certain growth and chemotactic factors,
might be important
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ingrowth into blood vessels and the development of
distant metastasis has been established [17]. Once
the metastatic cells reach their target organ, they
start to proliferate to form a secondary tumor under
permissive conditions. However, without inducing
the growth of new vessels, these secondary tumors
will grow slowly and might never reach a size that
is clinically detectable. In fact the proliferation rate
does not differ significantly in such a dormant
metastasis and in growing metastases, rather the
total number of cells is balanced by a high rate of
apoptosis [18].

4.6 Promoters of Angiogenesis
Angiogenesis can be induced by a variety of fac-
tor and conditions. Inflammation, hypoxia, and
mechanical factors can induce the production or
the release of proangiogenic factors and cyto-
kines. It has also been shown that the products of
many oncogenes are proangiogenic and that this
angiogenic activity might be one of their mecha-
nisms of action [19].

Vascular Endothelial Growth
Factor

4.6.1

Vascular endothelial growth factor (VEGF) was
discovered in 1989 for its ability to increase vascu-
lar permeability and named as vascular permeabil-
ity factor (VPF) [20]. Since then we have learned
that it is a central player in physiologic and patho-
logic angiogenesis. The lack of a single VEGF
gene leads to abnormal blood vessel formation
that results in early embryonic death [21].

4.6.1.1 Functions

In vitro and in vivo experiments have demon-
strated that VEGF is a strong mitogen and sur-
vival factor for endothelial cells, promoting
endothelial cell motility and the growth of new
blood vessels and lymphatic vessels [22]. The
VEGF-induced vasculature consists of a primi-
tive vascular plexus, which is highly fragile and
hemorrhagic [23]. In vivo it is physiologically
expressed in areas of wound healing, bone

growth, and the female reproductive organs [24].
VEGF plays a role in the pathogenesis of reti-
nopathy of prematurity (ROP), choroidal neovas-
cularization in age-related macular degeneration,
and neovascularization of the iris [25-27]. It is
believed that the modulation of VEGF function
would be therapeutic in these diseases.

4.6.1.2 Subtypes (VEGF-A)

The VEGF family of growth factors consists of a
least six members binding to different VEGF
receptors (VEGFR) on the cell surface. In gen-
eral terms, when VEGF is mentioned, it is the
VEGF-A that is being referred to. VEGF-A is a
secreted, freely diffusible glycoprotein, with a
half-life time in the circulation of only 3 min. It
forms homodimers and binds to VEGFR-1 and
VEGFR-2 on the surface of endothelial cells. The
gene for VEGF is located on the short arm of
chromosome 6 (6p21) [28], and alternative splic-
ing results in the different isoforms of the protein,
which are named after the number of their amino
acids [29]. VEGF 121, 145, 165, 189, and 206
differ in their affinities to the VEGF receptors
and to structures of the extracellular matrix.

4.6.1.3 VEGF Receptors

The function of VEGF is mediated by different cell
surface receptors, the VEGF receptors VEGFR-1
(Flt-1), VEGFR-2 (KDR/Flk-1), VEGFR-3 (Flt-
4), and neuropilin (NRP-1 and NRP-2) receptors.
The VEGFRs are a family of transmembrane
receptor tyrosine kinases. They all have an extra-
cellular immunoglobulin-like domain, a lipophilic
transmembrane region, and an intracellular domain
that includes the tyrosine kinase (TK) [30].

4.6.1.4 Regulation of VEGF

Hypoxia

An important factor for the upregulation of VEGF
under physiologic and pathologic conditions is
hypoxia. When tumors grow to a larger size, they
usually show areas of necrosis, surrounded by
underperfused regions, showing upregulation of
VEGF [31]. Hypoxia in those regions with low
oxygen concentration induces the expression of
two hypoxia-inducible factors (HIF-1 and HIF-2)
[32]. The-a subunits translocate to the nucleus,
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bind to subunit-f and to hypoxia response ele-
ments. This induces the expression of VGEF and
more than 60 other genes [33]. Under normoxic
conditions, however, HIF undergoes rapid degra-
dation. The von Hippel-Lindau (vHL) protein
plays a key role in this process by forming an
ubiquitination complex and labelling HIF for
degradation by the proteasome [34]. If the vHL
protein is missing, mutated, or not functional,
HIF is not inactivated properly and normoxic tis-
sue behaves like under hypoxic conditions.

Other Factors

Apart from hypoxia several other growth factors
can upregulate VEGF expression in vitro and in
vivo. Epidermal growth factor (EGF), transform-
ing growth factor-beta (TGF-f), keratinocytic
growth factor (KGF), and insulin-like growth
factor (IGF) can all induce VEGF in vitro or in
vivo, as can prostaglandin (PGE),, interleukin
(IL)-1a, thyroid-stimulating hormone (TSH),
and angiotensin II.

4.6.2 Fibroblast Growth Factor

Fibroblast growth factor (FGF) belongs to a fam-
ily of at least 22 proteins, of which only a few are
related to angiogenesis. FGF was the first angio-
genic protein to be purified. It has a strong affin-
ity for heparin and heparan sulfate and is stored
in the extracellular matrix. Proteases can release
FGF, which then can bind to tyrosine kinase FGF
receptors on the cell surface and lead to activa-
tion of the MAPK pathway by protein kinase C
(PKC)-dependent signaling.

The basic fibroblast growth factor (bFGF or
FGF-2) and the acid fibroblast growth factor
(aFGF or FGF-1) have been shown to induce
angiogenesis [35]. FGF is elevated in the serum
of cancer patients and also seems to play a role in
Kaposi’s sarcoma and hemangioma [36].

4.6.3 Angiopoietins

The four members of the angiopoietin family,
ang-1, ang-2, ang-3, and ang-4, all bind to

another group of receptor tyrosine kinases
(RTK), the Tie (Tie-1 and Tie-2) receptors. All
the four angiopoietins are known to bind to the
Tie-2 receptor. They do not induce proliferation
but influence cell migration, sprouting, tube for-
mation, and cell survival. Additionally, Ang-1
reduces vascular leakage induced by VEGF [37].
A ligand for the Tie-1 receptor has not yet been
identified. However, Tie-1 deficiency in mice
results in severe vascular defects [38]. This sug-
gests that Tie-1 is an important inhibitor of
angiogenesis.

4.7 Inhibitors of Angiogenesis
Angiogenesis inhibitors can be classified in two
ways based on their mechanism of action and
whether they are endogenous or synthetic (phar-
maceutical). Based on their mechanism of action,
angiogenesis inhibitors can be classified as indi-
rect or direct. Indirect inhibitors block endothe-
lial cell stimulation by preventing the release of
angiogenic factors by tumor cells, neutralizing
the angiogenic factors, or blocking the receptors
to which angiogenic factors bind. Direct inhibi-
tors block the response of endothelial cells
directly, inhibiting their response to any proan-
giogenic stimulus. As direct inhibition targets the
genetically stable endothelial cell instead of the
tumor cells, it is less prone to drug resistance and
treatment failure.

Angiogenesis inhibitors can also be classi-

fied into endogenous and pharmaceutical
inhibitors.
4.7.1 Endogenous

4.7.1.1 Thrombospondin

Thrombospondin was the first naturally occur-
ring inhibitor to be identified. It acts indirectly by
inhibiting matrix metalloproteinase MMP-9 but
also has a direct effect on the endothelial cells.
During tumorigenesis it is downregulated by sev-
eral oncogenes (ras, c-myc, v-src, c-jun), while
tumor suppressor genes (p53, PTEN) induce
thrombospondin.
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4.7.1.2 Angiostatin

Angiostatin is a fragment of plasminogen that is
generated from plasminogen by, among others,
urokinase plasminogen activator (uPA) and
matrix metalloproteinases (MMP). It can be
found in the urine and serum, only in the pres-
ence of a tumor, and its half-life time in the circu-
lation is approx. 2.5 days, much longer than for
VEGEF. The effects of angiostatin are very selec-
tive for endothelial cells including induction of
cell arrest and apoptosis, and it can reduce the
number of circulating precursor endothelial cells
from bone marrow. This makes angiostatin an
interesting candidate for antiangiogenic therapy.
It has been successfully used in animal models
[39] and has been transfected to uveal melanoma
in dogs [40]. As angiostatin levels decrease in the
serum after radiation therapy of the primary
tumor, additional therapy with angiostatin could
be used to prevent accelerated growth of meta-
static tumors [41].

4.7.1.3 Endostatin

Like angiostatin, endostatin is a fragment of a
larger molecule. Proteolytic enzymes, elastase,
cathepsin L, and matrix metalloproteinases
cleave an internal fragment of collagen XVIII,
generating endostatin. The gene for collagen
XVIII is located on chromosome 21, and patients
with Down’s syndrome show higher levels of
endostatin and, interestingly, have a lower over-
all incidence of solid tumors. Like angiostatin its
effects are very specific for endothelial cells,
inhibiting many steps in angiogenesis. It inhibits
VEGF and matrix metalloproteinases, downregu-
lates c-myc, inhibits cyclin D-1, and promotes
endothelial cell apoptosis. Another effect is the
decrease of vascular permeability, and reduction
of edema could enhance the effect of chemother-
apy (see further down). In animal models it
shows regression of tumors, sometimes to micro-
scopic lesions, and until now no toxicity and no
drug resistance has been observed. Endostatin
plays also a critical role in the development of the
retinal vessels. In Knobloch syndrome, a defi-
ciency of endostatin, the hyaloid artery of the vit-
reous fails to regress [42], and endostatin levels
are elevated in eyes with proliferative diabetic

retinopathy [43]. Phase I clinical trial testing end-
ostatin in advanced solid tumors demonstrated
low toxicity and showed reduced blood flow and
increased apoptosis of tumor and endothelial
cells [44, 45].

4.7.2 Pharmaceutical

4.7.2.1 Anti-VEGF Agents

VEGF is one of the most important factors in
angiogenesis and big efforts have been made to
block VEGF effects to inhibit angiogenesis.
There are direct and indirect ways to inhibit
VEGEF, which include blocking the VEGF at the
mRNA level with small interfering RNA
(siRNA); [46] targeting the soluble VEGF
ligand with antibodies, antibody fragments, or
decoy receptors; blocking the extracellular
domain of the VEGF receptors (VEGFR-2); and
inhibition of the intracellular signaling pathway
by blocking the receptor tyrosine kinase domain
(Fig. 4.3) [47].

Bevacizumab (Avastin®)

Bevacizumab is a monoclonal anti-VEGF antibody
that binds the free soluble ligand. By doing so,
bevacizumab inactivates VEGF and has been
shown to reduce the VEGF level. Bevacizumab is
currently being used in general oncology combina-
tion with chemotherapy and has been shown to
improve outcome for previously untreated patients.

Ranibizumab (Lucentis®)

Ranibizumab is an antibody fragment binding
with high affinity to VEGF and approved for
treatment of age-related macular degeneration
(AMD). In a monkey model, it can penetrate
through the internal limiting membrane into the
subretinal space [48].

Pegaptanib (Macugen®)

Pegaptanib is an aptamer, a small 28-base oligo-
nucleotide that binds to VEGF with very high
affinity, and blocks specifically the 165-amino
acid isoform of VEGF from binding to its recep-
tor. Like ranibizumab, it is approved used for
treatment of AMD.
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Fig. 4.3 Direct and indirect ways of inhibiting angio-
genesis. Antiangiogenic therapy can interfere with pro-
angiogenic stimuli on different levels. (/) Antisense
oligonucleotides bind to mRNA of proangiogenic fac-
tors, thus inhibiting translation by the ribosome and
inducing degradation. (2) Small molecules, oligonucle-
otides, and (3) antibodies against diffusible circulating

Aflibercept (VEGF Trap®)

Aflibercept is a fusion protein, consisting of the
extracellular parts of the VEGF receptors (1 and 2)
bound to the Fc portion of the human immuno-
globulin G. It has been approved for neovascular
age-related macular degeneration, and macular
edema following central retinal vein occlusion,
and has shown some beneficial effect in inoperable
metastatic cutaneous and uveal melanoma [49].

SU5416, Semaxanib

Semaxanib, SU5416, is a small molecule inhibi-
tor of receptor tyrosine kinases (RTK). As its
effect targets more than one receptor, it is called
a multitargeted tyrosine kinase inhibitor (TKI). It
inhibits the intracellular domain of the VEGF
receptor 2 (KDR) but also KiT and FIt-3, two
other RTKs that are important in hematopoiesis
[50]. SU5416 has no direct cytotoxicity; how-
ever, it shows inhibition of tumor growth in ani-
mal models for many types of tumors. It has been
used with promising results for treatment of cen-

angiogenic factors bind and inactivate those factors,
before they reach the endothelial cell. (4) Antibodies
can also bind to the cell surface/transmembrane recep-
tor and prevent stimulation by angiogenic factors. (5)
Direct inhibitors bind to the cell surface or get internal-
ized, exerting an inhibiting function on their target
cells

tral nervous and retinal hemangioma in von
Hippel-Lindau disease and also for suppression
of choroidal neovascularization [47].

Celecoxib

Celecoxib is a cyclooxygenase 2 (COX 2) inhibitor
showing antiangiogenic effects, probably due to a
downregulation of endostatin. In a murine model of
retinoblastoma and in retinoblastoma cell lines, it
has failed to inhibit cell proliferation [51].

Trastuzumab (Herceptin®)

Trastuzumab is a recombinant monoclonal
antibody against an epidermal growth factor
receptor (EGFR)-related tyrosine kinase,exerting
- besides others - some anti-angiogenic effects.
The corresponding gene HER-2 (ERBB2/NEU)
is over expressed in 20-25 % of breast cancers
(primary tumor and metastasis). Though many
tumors show progression after 1 year of treat-
ment, Herceptin® could be an alternative to radia-
tion treatment for choroidal metastases.
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Interferon a2a

Interferon (INF) a2a was the first angiogenesis
inhibitor to be tested in clinical trials. As it works
in part by downregulation of bFGEF, it shows the
best results for tumors that express bFGF. It is
used for life- or vision-threatening hemangioma,
but because of its neurologic toxicity, it has to be
used carefully, and improvements often cannot
be seen until 6 weeks of treatment [52].
Angioblastomas and giant-cell tumor of the man-
dible have also shown to improve after prolonged
treatment up to 1 year [53]. Used as an adjuvant
treatment for uveal melanoma however, inter-
feron a2b failed to improve survival [54, 55].

4.8 Antiangiogenic Therapy

in Clinical Practice

A detailed review of the clinical applications of
several commercially available antiangiogenic
agents is beyond the scope of this chapter.
Moreover, excellent reviews on this topic have
been published [56]. Nevertheless, it is impor-
tant to point out that despite the effects of anti-
VEGEF therapy on tumor vessels [57], anti-VEGF
monotherapy (i.e., without chemotherapy or
radiation therapy) has failed to produce improve-
ments in overall patient survival [56]. However,
the beneficial effects of prolonging overall sur-
vival are apparent when bevacizumab (Avastin®)
is added to standard chemotherapy for patients
with colorectal and lung cancer and progres-
sion-free survival in breast cancer patients [56].
Multitargeted tyrosine kinase inhibitors today
are standard first-line and second-line treatment
in patients with renal cell carcinoma [58, 59].
The relationship between anti-VEGF therapy
and the usual methods of treatment, such as radia-
tion therapy and chemotherapy, is complex and
perhaps best explained by the concept of “vascular
normalization.” [60] It is suggested that anti-VEGF
therapy does not only reduce vascular density but
induces structural and functional changes in the
tumor vasculature that improve cellular oxygen-
ation and perfusion (“normalization™) [60].

Improved oxygenation consequently increases the
efficacy of radiation therapy and normalized perfu-
sion improves the delivery of chemotherapy.
However, bevacizumab has also been shown to
increase VEGF expression in vitro and in animal
models (“pseudohypoxic phenomenon”), presum-
ably an adaptive tumor response [61]. Theoretical
considerations of combining novel anti-VEGF
therapies with standard forms of therapy are
discussed in detail elsewhere [56].

49 Angiogenic Aspects of
Specific Ophthalmic Tumors
4.9.1 Retinoblastoma

4.9.1.1 Introduction

Retinoblastoma is the most common primary
intraocular malignant tumor in children. The
average annual incidence of retinoblastoma in
the United States is 10.9 per million for children
younger than 5 years [62]. Leukocoria or white
pupil and strabismus are the most common pre-
senting signs.

4.9.1.2 Pathogenesis
Retinoblastoma is a genetic disorder with an
autosomal dominant inheritance and can be clas-
sified as familial or sporadic, bilateral or unilat-
eral, and heritable or nonheritable. The human
retinoblastoma susceptibility gene (RB1), a
tumor suppressor gene, is located on the long arm
of chromosome 13 (region 13-14) [63].
Histopathologic examination shows a highly
vascular tumor in which the vessels are cuffed
by a layer of viable cells having a mean thick-
ness of 90-100 pm and surrounded by necrotic
debris (Fig. 4.4) [64]. The extent of angiogenesis
in retinoblastoma tumors may be a predictor of
metastatic potential [65]. In a pilot study of patients
with unilateral retinoblastoma treated solely by
enucleation, it was observed that a tumor’s rela-
tive vascular area was a better predictor of disease
dissemination than either choroidal or optic
nerve invasion [65]. Retinoblastoma expresses
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Fig. 4.4 Retinoblastoma. Note prominent feeder vessel
(a). Vitreous seeds are about 200 pm in diameter, which
is the maximum attainable size in absence of intrinsic cir-
culation. Islands of viable tumor cells surrounding a cen-
tral blood vessel (b; hematoxylin and eosin stain; original

magnification 10x) and with endothelial stain

(c; CD 34 stain; original magnification 10x)

large amounts of VEGF [66]. Moreover, retino-
blastoma cell lines, which express low levels of
VEGF under normal culture conditions, show a
strong increase in VEGF secretion under hypoxia,

suggesting that focal hypoxia may act as a stimu-
lus for VEGF production in retinoblastoma, which
in turn contributes to tumor growth by stimulating
angiogenesis [66].

4.9.1.3 Treatment

In recent years there has been a trend away from
enucleation, with the increased use of alternative
globe conserving methods of treatment including
laser photocoagulation, cryotherapy, transpupil-
lary thermotherapy, plaque radiotherapy, external
beam radiotherapy, and chemotherapy.

Specific antiangiogenic treatment modalities
have not been applied in the clinical routine until
now. However, several antiangiogenic drugs have
been evaluated for their effects on retinoblastoma
incell cultures and animal models. Combretastatin
A-4 phosphate (CA-4P) induces dose-dependent
decrease in microvessel density and consequent
tumor volume reduction in an animal model of
hereditary retinoblastoma [67, 68]. Similarly,
anecortave acetate (AA) could induce apoptosis
and reduce tumor burden used alone or in combi-
nation with glycolytic inhibitors [69, 70].
Bevacizumab has also shown an inhibitory effect
on angiogenesis and growth of retinoblastoma
[71]. However, the clinical challenge in the man-
agement of advanced retinoblastoma is the pres-
ence of vitreous seeding, which is not vasculature
dependent (Fig. 4.4). Effects on the differentia-
tion of retinoblastoma cells have been demon-
strated, however, without direct cell toxicity [72].
Therefore, solely on theoretical grounds, it is
unlikely that antiangiogenic therapies will play a
major role in management of advanced intraocu-
lar disease associated with vitreous seeding.

49.2 Uveal Melanoma

4.9.2.1 Introduction

Uveal melanoma is the most common primary
intraocular malignant tumor [73]. Even so,
melanomas of the ocular and adnexal struc-
tures only comprise approximately 5 % of all
melanomas [74]. The majority (85 %) of ocular
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melanomas are uveal in origin whereas pri-
mary eyelid, conjunctival, and orbital melano-
mas are very rare [73, 74]. Based on anatomic
location, uveal melanoma has three types: iris
melanoma, ciliary body melanoma, and cho-
roidal melanoma. The diagnosis of uveal mela-
noma is essentially clinical, based on indirect
ophthalmoscopy, angiographic studies, and
ultrasonographic pattern. Survival in patients
with uveal melanoma is compromised by its
tendency to undergo hepatic metastasis.

4.9.2.2 Pathogenesis

Primary Uveal Melanoma

Primary uveal melanoma is a malignant tumor
arising from uveal melanocytes. Although, uveal
melanocytes and cutaneous melanocytes share a
common embryologic origin and some morpho-
logic properties, several significant differences
exist between cutaneous and uveal melanomas in
terms of the prognostic factors, sites of distant
metastasis, and the response of metastatic disease
to chemotherapy.

Pseudovascular Channels (Vasculogenic

Mimicry)

Among other factors, tumor size, tumor cell type,
pseudovascular channels, and presence of cyto-
genetic changes are significant prognostic factors
in uveal melanoma [75, 76]. The pseudovascular
channels are identified as PAS-positive loops or
networks in histological preparations as well as
in vitro studies (Fig. 4.5) [75]. It is now believed
that pseudovascular channels are laminin-rich
extravascular matrix patterns that conduct plasma
[77]. As these channels lack endothelial cells, are
independent of angiogenesis, and do not conduct
blood cells, the term “vasculogenic mimicry” is
used to describe their origin. The angiogenesis-
independent supply of the tumor with nutrients
and oxygen via those channels might limit the
effect of antiangiogenic therapy in the treatment
of primary uveal melanoma.

Microvessel Density

There are contradictory reports about the pres-
ence [78, 79] or absence [80, 81] of a relationship
between microvessel density and prognosis in

uveal melanoma. Furthermore, the relationship
between microvessel density and pseudovascular
patterns is not clearly established [79, 82]. Such
conflicting results may be due to variations in the
methodology used by different investigators [83].

Tumor Ingrowth into Blood Vessels

Getting access to the systemic circulation is a
crucial step at the beginning of the metastatic
cascade. Choroidal melanomas arise in a highly
vascularized location and show a dense intrinsic
vascularity. Intratumoral vessels can be seen on
angiography (“double circulation”) [84], and
their presence has been used as a diagnostic fac-
tor in standardized echography [85].

Indocyanine Green Angiographic Patterns

In addition to the prominent intrinsic tumor ves-
sels visible on angiography (“double circula-
tion”), small microcirculatory patterns have been
identified and shown to be correlated with the
risk of growth (malignant transformation) of a
small choroidal melanocytic lesion [86, 87].
However, there are different interpretations of the
nature of the microcirculatory patterns observed
with ICG. One group believes that these repre-
sent pseudovascular channels [86, 88], whereas
the other believes that they represent microcircu-
latory patterns derived from true vessels [87].
The latter view is compatible with the concept of
“angiogenic switch” outlined above.

VEGF Expression

Despite an initial study indicating a lack of over
expression of VEGF in uveal melanoma [66],
subsequent studies have indicated significant
over expression of not only VEGF [89-91] but
also of BFGF in uveal melanoma [90]. However,
there seems to be no correlation between level of
VEGF expression and tumor microvascular
density [91], 6p21 region copy number (locus of
the VEGF gene) [92], and metastasis [91]. Tumor
necrosis [91] and previous radiotherapy [93] cor-
relate with the level of VEGF expression in uveal
melanoma. Overall, BFGF expression is more
frequently observed than VEGF expression in
uveal melanoma [90]. VEGF is also found in the
vitreous and aqueous humor of eyes harboring
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choroidal melanoma [94], and vitreous level cor-
relates with tumor size [95].

Metastatic Uveal Melanoma

Besides the growth of the primary tumor, angio-
genesis also plays an important role in the growth
of metastasis. Of the four clinical patterns of pre-
sentation of metastases (early metastasis, simul-
taneous metastasis, occult primary, long-term
dormancy) [2] uveal melanomas seem typically
to manifest a pattern of long-term dormancy [96].

Different explanations for the different patterns
have been given including accumulating genetic
mutations over time, changes in immunologic
surveillance, and hormonal stimuli. However,
with growing insight into the mechanisms of
angiogenesis, an explanation based on a balance
of proangiogenic and antiangiogenic factors
becomes persuasive [18]. The lack of angiogenic
switch can explain the long-term dormancy of
micrometastasis. Production of antiangiogenic
factors such as thrombospondin, angiostatin, and

Fig. 4.5 Uveal melanoma. Intrinsic vessels within an
amelanotic tumor (a). The abnormal choroidal vessels
are best visualized with indocyanine angiography (b).
Pseudovascular patterns are discernible (¢; PAS stain;
original magnification 20x). These “channels” are not
lined by endothelium as shown by absence of staining

with CD 34 (d; original magnification 20x). Note the
presence of true tumor vessels that are stained brown.
The exact nature and role of these “channels” is
still investigational but they do not contain
collagen (e; Masson trichrome stain; original magnifi-
cation 20x)
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Fig. 4.5 (continued)

endostatin by the primary tumor keeps metastatic
tumors at a small size [97, 98]. Because these
antiangiogenic factors have a longer half-life
time than the proangiogenic stimuli, their effects
on metastases are stronger. With the removal of
the primary tumor, the proangiogenic stimuli pre-
dominate, resulting in growth of metastasis [99].

Although such a pattern of post-enucleation
rise in mortality with uveal melanoma
was attributed to the shedding of cells

(Zimmerman-Mclean-Foster Hypothesis) [100],
recent critical appraisal of the published evidence
confirms such a trend in mortality but does not
attribute it to mechanical shedding of the cells
[101]. Rather, alternate explanations based on
cell-doubling models have been put forward
[101-103]. Additional investigations are neces-
sary to explain clinically observed relationship
between primary and metastatic uveal
melanoma.
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4.9.2.3 Treatment

Primary Uveal Melanoma

The treatment of primary uveal melanoma is
essentially surgical or radiational. In a murine
model of uveal melanoma, topical application of
1 % anecortave acetate (angiostatic agent) signifi-
cantly slowed the tumor growth [104]. However,
accidental use of bevacizumab in three reported
cases did not lead to growth arrest [105]. More so,
an animal model even showed acceleration of
tumor growth after addition of bevacizumab [61].

Radiation Retinopathy

Another potential application of antiangiogenic
therapy is in the treatment of radiation retinopa-
thy, which today is essentially untreatable over
the long term (Chap. 11). Recent reports suggest
encouraging responses of radiation-induced iris
neovascularization and radiation retinopathy to
intravitreal injections of bevacizumab (Avastin®)
and ranibizumab (Lucentis®), which however
need to be repeated over long term [106—108].

Metastatic Uveal Melanoma

The COMS data indicate approximate melanoma-
related mortality at 5 years of 1, 10, and 25 % for
small, medium, and large choroidal melanoma
[109]. The chemotherapy regimens currently used
in the treatment of metastatic cutancous mela-
noma are ineffective against metastatic uveal mel-
anoma [110]. Sorafenib, a tyrosine kinase
inhibitor targeting multiple receptors (VEGF and
PDGF receptors, c-Kit and Flt-3), is currently
being evaluated alone and in combination with
fotemustine. Sunitinib, another tyrosine kinase
inhibitor, has also shown clinical benefit as is
evaluated in clinical trials [111]. Intravenous
aflibercept (VEGF Trap) also improved survival
in metastatic cutaneous and uveal melanoma;
however, it showed significant toxicity [49].

4.9.3 Von Hippel-Lindau Disease

4.9.3.1 Introduction

Clinical, statistical, and genetic studies of von
Hippel-Lindau disease (VHL) have suggested
that tumor formation in VHL disease follows the

“two-hit model” initially hypothesized by
Knudson for retinoblastoma (Chap. 6) [112, 113].
According to this model, in inheritable cases, one
allele is constitutionally inactivated (first hit) and
the second allele is inactivated in specific tissues,
(second hit) whereas in acquired cases, both
alleles are inactivated in the specific tissues.

4.9.3.2 Pathogenesis

The VHL gene is represented in 3 exons contained
within a 20 kb region at chromosome 3p25-26
[114]. Patients with VHL disease show an overex-
pression of hypoxia-inducible genes. The role of
VEGHEF, as one of the upregulated genes, in retinal
hemangioma, CNS hemangioblastoma, renal cell
carcinoma, and pheochromocytoma in vVHL syn-
drome, is well established (Fig. 4.6) [115].

4.9.3.3 Treatment

Retinal capillary hemangioma is usually treated
with laser photocoagulation and cryotherapy. In
cases not amenable to usual therapies, systemic
use of SU5416 (Semaxanib) and bevacizumab
(Avastin®) has been described [116-118]. In the
reported cases, there was stabilization of the
lesion, reduction of retinal edema, and improved
visual function. SU5416 has also been used for
CNS hemangioblastomas in small series of
patients [119]. For renal cell carcinoma in VHL,
bevacizumab has been replaced by sunitinib
(Sutent®) and sorafenib (Nexavar®) as standard
first-line and second-line treatment [59].

49.4 Hemangioma of the Eyelid

4.9.4.1 Introduction

Infantile hemangiomas are common and are pres-
ent in 1 % of neonates. Eyelid and orbit are fre-
quent sites of involvement and because of their
location they may cause amblyopia and astigma-
tism (Fig. 4.7).

4.9.4.2 Pathogenesis

These tumors rapidly grow in the first year of life,
slowly grow over the next 5 years, and eventually
regress by age 10—15 years. The tumors are com-
posed of endothelial cells, endothelial progenitor
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Fig.4.6 Retinalcapillary hemangioma. Ophthalmoscopic ~ Fluorescein angiogram initially fills the supplying
appearance of a large hemangioma with retinal exudation  artery (c¢) and the draining vein fluoresces few seconds
and detachment (a). Note prominent feeder vessels (b). later (d)

Fig. 4.7 Capillary heman-
gioma of the eyelid.
Courtesy: Elias Traboulsi,
MD, Cleveland, Ohio
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Fig. 4.8 Squamous cell carcinoma of the conjunctiva. Clinical appearance with prominent feeder and intrinsic vessels
(a). The vessels are best visualized with fluorescein angiography (b)

cells, and perivascular and hematopoietic cells
that respond to various proangiogenic and antian-
giogenic factors [120].

4.9.4.3 Treatment

Steroids (oral or intralesional) are the most fre-
quently prescribed method of treatment [121].
Intralesional bevacizumab has successfully been
used to shrink a cutaneous capillary hemangioma
of the lower lid after unsuccessful steroid injec-
tion in an adult [122]. Life-threatening hemangi-
omas have responded well to interferon o2a
therapy [123, 124]. In a series of 15 children with
sight-threatening hemangioma unresponsive to
steroid that were treated with antiangiogenic
interferon alfa-2b (3 million units/m? subcutane-
ously daily for 3 months), there was a significant
regression of the hemangioma in all patients that
had completed treatment [52]. Moreover, inter-
feron alfa-2b was well tolerated by all children.
Similar observations for capillary hemangioma
extending into the orbit and pharynx have also
been reported [125]. More recently, regression of
infantile hemangioma with propranolol has been
observed [126—128]. However, the mechanism of
this regression, possibly through blocking of pro-
angiogenic signals (VEGF, basic fibroblast
growth factor, matrix metalloproteinase), is not
well understood [127].

4.9.5 Conjunctival Squamous
Cell Carcinoma

4.9.5.1 Introduction

Squamous cell carcinoma (SCC) is the most
common malignancy of the conjunctiva in the
United States (Fig. 4.8) [129]. Most squamous
tumors originate from the interpalpebral limbus
and involve both the conjunctiva and the cornea.

4.9.5.2 Pathogenesis

Ultraviolet-B light exposure has consistently
emerged as a major etiologic factor [130]. Human
papillomavirus infection (subtypes 16 and 18)
has been associated with SCC but is probably not
an independent cause of conjunctival neoplasia
[131]. Systemic immunosuppression, as seen in
acquired immune deficiency syndrome, is also a
risk factor [132].

4.9.5.3 Treatment

Management is influenced primarily by the extent
of the lesion. Surgical excision with 2-3 mm mar-
gins has been the preferred approach for localized
disease. Application of intraoperative supple-
mental cryotherapy (double freeze-thaw cycles)
to conjunctival margins reduces the risk of tumor
recurrence [133]. Topical chemotherapy has been
advocated as an adjuvant for incomplete excision
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of large and diffuse primary or recurrent tumors
[134]. While mitomycin-C is the best-studied of
the chemotherapeutic agents, other topical agents
including interferon alpha-2b have also been
investigated [135, 136]. The antineoplastic effects
of interferon alpha-2b are due to direct antiprolif-
erative effect, indirect antiangiogenic effects, and
immune-mediated effects [137]. In recurrent
multifocal conjunctival carcinoma, repeated sub-
conjunctival injections of ranibizumab induced
(partial) regression in the majority of cases over a
mean follow-up of 19 months [138].

Conclusions

Advances in technology offer possibilities for
designing pharmaceutical agents that specifi-
cally target cellular pathways. Angiogenesis
represents one important such pathway.
Optimal clinical application and the efficacy of
angiogenic inhibitors are currently under inves-
tigation. Treatment with angiogenic inhibitors
already has a broad spectrum of applications
in the management of intraocular and adnexal
tumors, which is expected to expand.
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5.1 Introduction

Understanding the fundamental immunological
processes that play a role in tumor development
will help us to better understand how to develop
safe and efficient immune intervention strategies
against ocular tumors and their metastases.
Antitumor immune responses by T cells and anti-
bodies may limit tumor growth, while on the other
hand, the presence of tumor-infiltrating leukocytes
may lead to the production of cytokines that stimu-
late tumor growth. In addition, environmental fac-
tors may have an influence on the tumor, as may
aging, because aging is associated with a phenom-
enon known as para-inflammation, which is a local
increase in infiltrating leukocytes and cytokines.

5.2 Innate and Specific Inmune

Responses

One can differentiate between basic general
immune responses and induced specific ones.
The most primitive and direct defense against
microbes, trauma, or abnormal cells is the innate
immune response. As soon as “danger” is encoun-
tered, granulocytes and macrophages are alerted
and will try to inactivate the danger. If this
response is inadequate, antigen-presenting cells
will pick up parts of the microbes or abnormal
cells and take them to the regional lymph node.
Proteins of the microbe or the abnormal cells are
degraded into peptides, which will be presented
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by the antigen-presenting cell to T lymphocytes.
If the appropriate T cell encounters its own anti-
gen, it will proliferate and become an activated T
cell. There are different kinds of T cells, such as T
cells that can kill (cytotoxic T cells, CTLs), those
that can cause local inflammation (delayed-type
hypersensitivity T cells), and regulatory T cells
that are able to suppress other T cells.

Furthermore, T cells are necessary to stimu-
late B cells to begin the production of specific
antibodies. Finally, the different T and B cells
will try to deal with the aggressor, and the end
result is usually that the body takes care of the
“danger”. If not, the lack of an effective response
may lead to the death of the host.

5.3 Immunological Escape

It appears that the immune responses that do exist
are limited in their effectiveness inside the eye,
which is known to be an immunologically privi-
leged site. This implies that, similar to the brain
and the placenta, many immunological reactions
are actively or passively downregulated, leading
to the suppression of effective immunity. The
development of effective antitumor antibodies
or cytotoxic T lymphocytes (CTLs) is halted,
as well as their activity. It is even possible that
the presence of the tumor in the eye will induce
systemic tolerance, thereby inhibiting effective
immune responses against metastases. The pres-
ence of regulatory T cells may suppress an effec-
tive immune response. This is observed when
antigens are injected into the anterior chamber
of the eye of a mouse, which leads to the induc-
tion of an unusual immune response known as
anterior chamber-associated immune deviation
(ACAID) [1]. ACAID is characterized by the
presence of regulatory splenic T cells that prevent
the development of delayed-type hypersensitivity
and prevent the maturation and differentiation
of precursor CTLs [2]. In experimental animal
models, it has been shown that tumor cells that
are rejected when placed in the skin enjoy an
immune-privileged ocular environment when
placed inside the eye.

5.4 Immunological Aspects

of Uveal Melanoma

As much is known about the immunology of uveal
melanoma (UM), this chapter will illustrate the
role of immune responses specifically in that
malignancy. For UM, an age-related influence can
clearly be identified, as this malignancy is typi-
cally a disease of middle-aged people. One of the
early changes that leads to the development of UM
is a mutation in one of the GNAQ or GNA1l G
proteins, which stimulates cell proliferation [3]. In
addition to the occurrence of a mutation in a mela-
nocyte stem cell, the soil for growth should be fer-
tile, and one of the important parameters may be
the local inflammation that occurs in the eye and
other parts of the body during aging [4]. An
increased availability of blood vessel formation
may be the environmental factor that helps in the
development of the intraocular tumor, leading to a
clinically significant lesion. Finally, a specific
change is associated with metastasis formation,
which is loss of one chromosome 3. This genetic
aberration together with a mutation in the BAP1
gene on the remaining chromosome 3 leads to a
significant change in gene expression, which is
associated with metastatic spread [5].

5.4.1 Immune Responses Against

UM in Humans

The eye is known as one of the immune-privileged
organs. Even though intraocular tumors are partly
shielded from immunological attack due to this
immune-privileged environment, this does not pre-
vent their detection by the immune system. However,
intraocular tumors, just like tumors in other body
sites, try to circumvent immune responses that
endanger their survival, but this evasion is not always
successful: UM contains all kinds of tumor-infiltrat-
ing leukocytes (TIL), as demonstrated by immuno-
histochemical analysis (see below).

Clinical observations support the fact that an
active immune system may be able to attack the
intraocular tumor. Spontaneous eradication of UM
has been described in some patients [6, 7]. Serum
antibodies against melanoma-associated antigens
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were detected in 16 out of 22 patients [8]. Also,
positive cutaneous delayed-type hypersensitivity
reactions against melanoma-associated antigens
occur in patients with UM, and the blood of UM
patients often contains lymphocytes that are cyto-
toxic to uveal and skin melanoma cells [9].
Melanoma-specific CD8* T cells from patients
with UM were able to recognize autologous and
allogeneic uvea melanoma cells, indicating that
tumor-associated antigens are shared between the
various uvea melanoma cell lines [10, 11].
Unfortunately, these immune cells are unable to
reject the intraocular tumor in vivo.

A variety of cutaneous melanoma antigens rec-
ognized by anti-melanoma CTL have been identi-
fied [12]. Similar to cutaneous melanomas, UMs
have been shown to be antigenic: UM express
tyrosinase, MART-1, and GP100 [13], while dis-
cussion exists regarding the expression of MAGE
antigens in primary and metastatic UM [14]. UM
patients have precursor lymphocytes that can rec-
ognize and kill target cells presenting peptides of
these antigens [15].

5.4.2 HLA Antigen Expression

Tumor antigens can only be recognized by CD8+ T
cells in an MHC class I-restricted manner. In
humans, the MHC complex is referred to as human
leukocyte antigen (HLA) system. Alterations in
HLA expression levels will have serious conse-
quences for the host defense against tumor growth.
In many tumors, including cutaneous and UM,
expression of HLA class I varies between tumors
[16-18]. Absence of allele-specific HLA class 1
molecules may prevent recognition of the tumor
cells by cytotoxic T cells. While HLA class I loss is
associated with a worse patient survival in cutane-
ous melanoma, in contrast, in UM, a low HLA class
I expression is correlated with a better patient sur-
vival [16, 19, 20]. Similarly, absence of HLA class
1L is correlated with a better survival of patients with
UM [19, 20]. A lack of expression of HLA class I
on UM causes the cells to become more susceptible
to natural killer (NK) cell-mediated lysis in vitro
[21]. TGFp has been shown to decrease HLA
expression [22]. Although NK cell-mediated lysis

of UM is inhibited in the eye by macrophage
migration inhibitory factor (MIF), it has been sug-
gested that melanoma cells that disseminate from
the eye into the liver are at risk for surveillance by
NK cells [23, 24]. Progressive intraocular tumor
growth and an increase in hepatic metastases were
observed in experimental animal models deficient
of NK cells [21, 25].

5.4.3 Leukocyte Infiltrate

Various tumor-infiltrating leukocytes such as
CD3*, CD8*, and CD4* T cells are present in UM
[17, 26]. Previous studies did not always clearly
reveal the relevance of these TIL in UM, as the
presence of these cells was considered either
favorable or unfavorable for the survival of patients
[27, 28]. Recent studies analyzed the presence of
different cell subtypes including Foxp3+ regula-
tory T cells (Tregs); the majority of T cells were
CDS8 positive, but CD4* and Foxp3* cells were
usually also present and it was noticed that the
presence of TILs was highly variable between
tumors. A high number of Tregs was linked to a
bad prognosis [29, 30]. The presence of any of the
T-cell types was increased in tumors with loss of
one chromosome 3.

In addition to T cells, infiltrating leukocytes may
be macrophages: the presence of high numbers of
tumor-infiltrating macrophages within the primary
ocular melanoma is associated with loss of one
chromosome 3 and an increased mortality [31, 32].
Macrophages can belong to different subtypes: the
M1 macrophages that play a role in antigen presen-
tation and the M2 macrophages that have a pro-
angiogenic function. The majority of intra-tumoral
macrophages in UM are of the pro-angiogenic M2
type, which supports the prior finding of an associa-
tion between the number of infiltrating macro-
phages and the presence of blood vessels in UM
[33, 34]. The presence of different T-cell types was
correlated with the number of infiltrating macro-
phages, especially the number of M2 macrophages
[33]. It has been suggested that Tregs may support
the differentiation of monocytes to tumor-promot-
ing M2 macrophages [35]. The strong correlation
between tumor cell type and amount of infiltrate
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Fig.5.1 Cancer-related
inflammation in uveal
melanoma. Inflammation is
proposed to drive some
cancers to more aggressive
phenotypes. Studies show
the presence of CD8*, CD4*,
and FoxP3* Treg cells in

a Uveal melanoma cell

Chromosomal abberration

F
Inflammatory factors secreted

Lymphocytes:
CcD8*
CD4*
FoxP3*

uveal melanoma, suggesting
that they can induce a local
immune response at the
tumor site (a). Tumor-
associated macrophages
could also play an important
role in inhibiting immune
responses and angiogenesis,
which has been linked to
cancer development and

progression (b)

indicates that basic tumor characteristics determine
the influx of immune cells (Fig. 5.1) [36]. The
amounts of different types of TIL were also corre-
lated to the HLA class I and II expression levels, in
keeping with the idea of a tumor-encompassing
inflammatory phenotype [31].

5.4.4 Previously Irradiated Tumors

As irradiation of a tumor may affect tumor charac-
teristics and potentially induce an increased
immune cell infiltration, immunohistochemistry to
determine the amount of infiltrate was performed

on a series of 46 UMs [37]. These UMs were enu-
cleated after previous irradiation had taken place,
and a complication that necessitated enucleation
had occurred. This could be lack of responsive-
ness, tumor recurrence, or, e.g., the development
of untreatable glaucoma. Similar to previous stud-
ies, on nonirradiated UM-containing eyes, a wide
variation in the numbers of TIL was observed.
Irradiated tumors did not contain more macro-
phages than nonirradiated UM, but the numbers of
lymphocytes were significantly higher in previ-
ously irradiated eyes. This was true for CD3, CD4,
CDg, as well as Foxp3* cells and independent of
the reason for enucleation. Tumors containing
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epithelioid cells showed significantly more lym-
phoid infiltration.

These observations show an association
between the presence of an infiltrate and a bad
prognosis in irradiated and nonirradiated tumors.
How the innate immune response is related to a
worse prognosis is as yet poorly understood, but
it may be that the influence of the intraocular
environment is such that it leads to systemic
immunosuppression instead of immune stimula-
tion; this may have important implications for
prospective immunotherapy, as discussed below.

5.4.5 Immunotherapy

Tumors that do activate innate immune signals and
do recruit T cells also show high expression of
selected immune suppressive pathways. This sug-
gests that promoting better innate immune activa-
tion, facilitating T-cell trafficking, and blocking
specific negative regulatory pathways could support
improved immune-mediated rejection of UM. At
present no useful adjuvant or systemic treatment is
available. Encouragingly, many drugs that target
cancer-related inflammation are currently in clinical
trials for other diseases. Obstacles to such studies
include the rarity of UM, and clinical trials have only
attracted limited numbers of patients with different
characteristics (often unresectable or metastatic UM
patients) in phase I or II trials [38]. Immune-based
therapies have a long history in the treatment of cuta-
neous melanoma [39], and sometimes also UM
patients are included. Some new immunotherapeutic
approaches in (ongoing) trials in UM patients
include fully human monoclonal anti-CTLA4 anti-
body (ipilimumab), anti-PD-L1, IFN-alpha 2b, and
a dendritic cell vaccine therapy program.

5.4.5.1 Ipilimumab

The monoclonal antibody ipilimumab activates
the body’s immune system to fight cancer by
blocking a protein known as fully human anti-
cytotoxic T-lymphocyte antigen-4 (CTLA-4).
CTLA-4 is a molecule on T cells, known to play a
critical role in regulating immune responses.
CTLA-4 suppresses the immune system’s response
to disease, so blocking its activity stimulates the

immune system to fight the melanoma. Ipilimumab
was one of the first agents to show a survival ben-
efit of patients with advanced cutaneous mela-
noma in a phase 3 trial; however, UM patients
were excluded in the first trials. The assessment of
the activity and safety of ipilimumab in a small
group of 13 patients with UM showed overall no
objective response [40]; the median survival was
36 weeks (1 year up to 172 weeks), with two
patients developing stable disease, and with a third
patient achieving stable disease after initial pro-
gressive disease. Another small group of five
patients was recently reported [41]. Except for two
disease stabilizations, the three other patients
developed progressive disease. Despite initial sta-
bilization, one maintained disease control at 11
months, and the second patient progressed after 15
months. Furthermore, despite its different biology,
the tumor kinetics and response patterns resem-
bled that of ipilimumab in cutaneous melanoma.
Therefore, ipilimumab may potentially benefit
patients with advanced UM, which will be further
investigated in clinical trials.

5.4.5.2 Programmed Death-Ligand 1

A cell membrane-bound molecule, programmed
death-ligand 1 (PD-L1) is a component of the
immune suppression by the tumor microenviron-
ment. It may contribute to the tumor’s capacity to
evade immune elimination, induced by IFN-y and
by suppressing IL-2 production [42]. Interaction
of PD-1 with PD-L1 downregulates T-cell prolif-
eration and cytokine production and induces T-cell
apoptosis, hereby promoting UM’s escape from
T-cell-mediated immune surveillance. The immu-
nological approach by selective blockade of the
immunological synapse anti-PD-L1 is also being
studied in ongoing trials (NCT 00729664).

5.4.5.3 Interferon-Alpha 2b

Another experience was reported with adjuvant
IFN-alpha 2b [43]. Among 39 patients, serious
side effects (e.g., leucopenia, thrombopenia)
were seen, and the initial dose had to be reduced
or therapy had to be withdrawn. Neither a uni-
variate approach nor a multivariate approach
could show a protective effect of interferon treat-
ment on survival.
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5.4.5.4 Dendritic Cell Therapy

A currently ongoing nonrandomized phase II
intervention study (NCT00929019) uses den-
dritic cell therapy as an immunological adjuvant
following local therapy (enucleation or irradia-
tion) in UM patients. This immune vaccine trial
has already shown promising results in cutane-
ous melanoma patients [44]. Based on tumor-
specific genetic changes in loss of chromosome
3, high-risk patients can easily be selected at an
early stage in order to eliminate circulating
tumor cells and micrometastatic lesions. Patients
are immunized by their own dendritic cells,
which stimulates T cells to detect remaining
tumor cells and metastases. Tumor cell destruc-
tion is initiated by presenting tumor particles
to cytotoxic T cells. In this way, one hopes to
induce a specific and long-lasting immunity to
prevent recurrent disease.

5.4.6 Immune-Related Response

to Therapy

In those studies, besides survival, there is partic-
ular focus on the immune-related responses and
adverse events, and sometimes, absolute lympho-
cyte counts are also evaluated. For example, a
regressing lesion in one cutaneous melanoma
patient revealed a significantly increased and
selective CD8" T-cell infiltrate and an acute
decline in CD3* T cells following anti-PD-1 ther-
apy [45]. In light of these observations, it is inter-
esting to speculate that the therapy may cause
redistribution of lymphocyte subsets from the
blood into tumor and tissue sites (of course, vali-
dation has to be performed on larger numbers).
In other UM studies, which were initiated to
inhibit tumor cell growth, not much is documented
about the immunological effects. Contrary to pri-
mary UM, the immunological characteristics of
its metastases are not well established. The pres-
ence of mononuclear inflammatory infiltrates in
UM metastases has been reported. One important
consideration that should be made when design-
ing clinical trials testing effectiveness of various
therapies of metastatic UM, is the fact that, in
metastatic UM, monosomy 3 is associated with

highly aggressive, rapidly progressive disease,
while a prominent mononuclear inflammatory
infiltrate in the metastases is associated with a
better prognosis [46]. It is in contrast to what
had been found in primary tumors. This recent
study of exclusive metastasis material (and only
studying 11 cases) indicates that host factors are
relevant in the development and progression of
metastatic disease and implies that immunologi-
cal therapies to treat metastatic UM may have the
potential to impact patient survival. In addition,
one group found that hepatic metastases had a
significantly more intermediate and dendritic
types of CD68-immunopositive macrophages
than round ones [34]. The difference in the type
of inflammatory cellular infiltrate between pri-
mary and metastatic tumors might have to be
taken into account. In addition to a combination
of anti-inflammatory approaches that target the
tumor microenvironment with more knowledge-
based selective tumoricidal drugs, future thera-
pies should also take notice of the natural genetic
variation (e.g., monosomy 3 or gene expression
class 2) that affects inflammation and immunity.
A still open question is whether leukocyte infil-
tration predicts the response to therapy, as sug-
gested by a previous study [47]. As reviewed
[48], pre-therapeutic immune response can deter-
mine the efficacy of conventional chemothera-
pies, and therefore anticancer immune responses
may be indispensable for the achievement of
optimal therapeutic results.

Conclusions

Immune cells often infiltrate in and around
uveal melanoma, and it is suggested that the
cancer cells can modulate and regulate these
immune cells. The nature of the uveal mela-
noma microenvironment offers therapeutic
opportunities. Preclinical studies have sup-
ported this premise and clinical translation of
many of these strategies is ongoing. Ultimately,
by combining selective impairment of the neo-
plastic cell populations residing in the eye with
immunotherapy — as this may be more effective
than single therapy regimes — it may be possi-
ble to bring UM growth, invasion, and metasta-
sis to a halt.
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6.1 Introduction

A fundamental characteristic of cancer cells is their
ability to proliferate and survive outside of their
normal physiologic context. This ability is acquired
through genetic and epigenetic alterations that
modify the cell’s interaction with its environment.
As such, some of the most common cancer-related
genes are involved in cell cycle, differentiation,
apoptosis, and angiogenesis. These genes are often
referred to as oncogenes and tumor suppressor
genes, depending on whether cancer-causing muta-
tions result in gain or loss of function, respectively.
Here we will review some of the genes and path-
ways that commonly are deregulated in cancer.

6.2  Proliferation and the Cell
Cycle

6.2.1 Growth Factor Signaling

Pathways

Since a fundamental characteristic of cancer cells
is their uncontrolled proliferation, it is not surpris-
ing that many of the cancer-related genes are
involved in cell cycle regulation. Normal cells are
limited in their proliferative capacity by the avail-
ability of mitogenic (growth-stimulating) signals.
Cancer cells often overcome this limitation and
become independent of growth signals by acquir-
ing gain-of-function mutations in growth factor
receptors such as the epithelial growth factor
receptor and the c-Kit receptor. Such mutations
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Fig. 6.1 This diagram illustrates some of the major
components of proliferative and apoptotic pathways that
are linked through a complex, interdependent network of
interactions that pose a formidable obstacle to neoplastic
transformation and cancer progression. Rb and p53 path-
ways are interconnected and form a cornerstone for the
cellular strategy against neoplastic transformation. When
Rb is hypophosphorylated and able to bind E2F transcrip-
tion factors, it inhibits proliferation and promotes cell cycle
exit (differentiation or senescence). However, when Rb is
phosphorylated as a result of upstream signaling through
the Ras-Raf-MAPK, TGF-p or signaling pathways, cell
cycle progression is permitted. If this cell proliferation
is deregulated, for example, when an oncogene such as
Ras is mutated, excessive levels of E2F are released from

circumvent the requirement for growth factors and
can lead to constitutive growth signaling and auto-
crine stimulation. Alternatively, growth factor sig-
naling can be disrupted by mutations downstream
of the receptor. For example, mutations in GNAQ
or GNA11, G protein subunits involved in down-
stream signal transduction of G protein-coupled
receptors, have been found in 85 % of uveal mela-
nomas [1, 2]. These mutations result in constitu-
tive activation of their cognate G protein-coupled
receptor, leading to activation of signaling path-
ways such as the mitogen-activated protein kinase
(MAPK) pathway, a pathway that is frequently
disrupted in cancer [3]. Components of the MAPK

Proliferation

inhibition by Rb and trigger apoptosis through activation of
p53. Likewise, DNA damage and other cellular abnormali-
ties can activate p53, which serves to arrest or sacrifice the
cell if potentially neoplastic aberrations are encountered.
Cancer cells overcome these tumor suppressor mechanisms
by many different strategies that aim to disrupt the Rb-p53
network. Mutations in the G-coupled protein receptor
alpha-q subunits, GNAQ or GNA11, are mutually exclusive
and occur in almost all uveal melanomas. These mutations
lead to constitutive MAPK activation. Mutations in BAP1
and SF3B1 are mutually exclusive in uveal melanoma, sug-
gesting that they may function in overlapping pathways.
BAPI1 functions at least in part as an epigenetic regulator.
SF3B1 is an RNA splicing factor but may also participate
in epigenetic regulation

pathway include the RAS and RAF families of
oncogenes [4, 5]. GNAQ/GNA11 mutations also
are found in blue nevi, a benign melanocytic
lesion, and are not prognostic of clinical outcome
in uveal melanoma [6]. Thus, mutations in GNAQ/
GNAT11 likely represent early and perhaps initiat-
ing events in uveal melanoma, but other molecular
events are likely necessary for metastasis to occur
(Fig. 6.1).

The tumor growth factor (TGF)-p pathway acts
on its receptors to regulate a broad range of physi-
ologic events and is a frequent target of cancer
mutations [7]. One of the key activities of TGF- 8
is to induce nuclear localization of the transcription
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factor Smad4, which activates cell cycle inhibitory
genes such as pl5Ink4b, p21CIP, and p27KIP.
Cancer cells can disrupt this pathway through vari-
ous mechanisms, including mutation of the TGF-
receptor or Smad4. Uveal melanomas frequently
exhibit defects in the TGF-  pathway, although
specific mutations are yet to be identified [8].

6.2.2 Rb-p16ink4a-CyclinD
Pathway

A major downstream target of most growth sig-
naling pathways is the retinoblastoma (Rb) path-
way, which is disrupted in virtually all cancers
[9]. While the Rb gene itself is mutated in only a
small subset of cancers, mutations in other mem-
bers of the Rb pathway are common. Typically,
the effect of these other pathway mutations is to
maintain Rb in a hyperphosphorylated (inactive)
state where it is incapable of inhibiting cell prolif-
eration. In uveal melanomas, for example, Rb is
inappropriately phosphorylated as a result of
cyclin D overexpression or pl6Ink4a inactivation,
both of which result in excessive Rb kinase activ-
ity [10]. Not surprisingly, cyclin D overexpression
is associated with poor prognosis [11, 12].

6.2.3 MYCFamily of Oncogenes

The MYC family of oncogenes are often upregu-
lated or amplified in cancer [13]. The Myc proteins
regulate many cellular processes, including prolif-
eration and apoptosis. The c-Myc gene is located at
chromosome 8q24 within the region that is fre-
quently amplified in uveal melanoma [14], and
many uveal melanomas overexpress high levels of
the c-Myc protein [15].

6.3  Apoptosis and Senescence

Normal cells undergo apoptosis (programmed cell
death) or senescence (permanent cell cycle with-
drawal) if they stray from their normal environmen-
tal restraints [16]. The success of cancer cells
depends on their ability not only to proliferate but

also to avoid apoptosis and senescence. As such, the
rate of tumor growth represents a balance between
cell proliferation and cell attrition. Mutations in
apoptosis regulators are ubiquitous in cancer cells,
indicative of their importance in tumor suppression.

6.3.1 p53 and MDM2

The p53 tumor suppressor can activate senescence
and apoptotic programs in response to abnormalities
associated with neoplastic transformation, such as
excessive proliferation and DNA damage [17]. Over
half of all cancers contain loss-of-function mutations
in the p53 gene, and the p53 protein is functionally
inhibited in most other cancers. In uveal melanoma,
pS3 is rarely mutated and exhibits normal activation
in response to DNA damage [11, 18]. However, the
p53 pathway is functionally impaired, and this is
explained at least in part by overexpression of the
p53 inhibitor MDM2 [11, 18]. Similarly, pS3 muta-
tions are rare in retinoblastoma [ 19], but these cancer
cells are exquisitely sensitive to MDM?2 inhibition,
suggesting that p53 is functionally inhibited by
MDM?2 in this cancer as well [20].

6.3.2 Bcl-2

Bcl-2 is an antiapoptotic factor and the namesake
of a family of pro- and antiapoptotic proteins that
interact in a complex manner to regulate apopto-
sis by the intrinsic mitochondrial pathway [21].
Bcl-2 is overexpressed in many cancer types as a
mechanism for inhibiting apoptosis. The major-
ity of uveal melanomas express high levels of
Bcl-2 [20], and inhibition of Bcl-2 causes tumor
cell apoptosis [20], indicating that Bcl-2 is impor-
tant to uveal melanoma cell survival.

6.3.3 Telomere Maintenance

Cell cycling is normally accompanied by short-
ening of the telomeres until they are reduced to a
critical length that triggers a DNA damage response
and p53-mediated senescence or apoptosis [22].
Telomerase is an enzyme capable of extending the
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length of telomeres [22]. Consequently, cancer cells
often hijack this enzyme by upregulating its cata-
lytic subunit, TERT, to maintain telomere length.
Telomerase is highly active in uveal melanomas [23].

6.3.4 BRCA and BAP1

BRCA-1 and BRCA-2 are DNA damage repair
proteins, and mutation of these genes leads to an
accumulation of DNA damage and an increased
likelihood of acquiring cancerous mutations [24].
The BRCA genes were originally identified as
common mutations associated with familial
breast cancer, but they have since been linked to
many other cancers. For instance, germline
BRCA-2 mutations have been found in up to 3 %
of uveal melanoma patients [25, 26].

Recently, mutations in BRCA-1 associated pro-
tein 1 (BAP1) have been found in metastasizing
class 2 uveal melanomas [27]. Thus, BAP1 appears
to act not only as a tumor suppressor but, more spe-
cifically, as a metastasis suppressor in uveal mela-
noma. Somatic and germline mutations in BAP1
have subsequently been identified in cutaneous
melanoma, mesothelioma, renal cell carcinoma,
and other cancers, revealing a newly described
BAPI familial cancer syndrome [28-31].

6.4  Splicing Factor Mutations

Gene transcription requires a number of process-
ing steps, including the removal of intronic
sequences and joining of exonic sequences to
create mature mRNAs. Alternative splicing of
introns can result in multiple mRNAs and pro-
teins from the same transcript, resulting in a large
diversity of proteins from a single transcript.
Aberrant regulation of RNA splicing can confer
dramatically different properties to the protein
and can significantly affect growth and differen-
tiation pathways of cells which may lead to can-
cer [32]. Mutations in splicing factors are rapidly
being reported in an increasing number of cancer
types [32]. Recently, mutations in SF3B1, a sub-
unit of an RNA splicing complex, were reported
in less aggressive class 1 uveal melanomas and,

as such, are associated with better prognosis [33].
SF3B1 mutations appear to be mutually exclu-
sive with BAP1 mutations, suggesting that the
two genes may function in an overlapping path-
way. In addition to its role in RNA splicing,
SF3B1 may also interact with epigenetic regula-
tors such as Polycomb proteins [34]. The precise
role of SF3B1 mutations in uveal melanoma is
yet to be determined.

6.5 Angiogenesis

Cancer cells require a supply of nutrients and
oxygen to survive. Passive diffusion of nutrients
is limited to about a distance of 3 mm [35]. Thus,
for tumors to grow beyond this size, they must
develop a blood supply. Tumor angiogenesis can
involve many mechanisms, the most familiar of
which are discussed here.

6.5.1 VEGF

Vascular endothelial growth factor (VEGF) and
fibroblast growth factor (FGF) are two important
angiogenic factors that are often involved in tumor
angiogenesis [35]. Retinoblastomas are highly vas-
cular tumors that express VEGF [36]. Recent work
suggests that targeting the tumor vasculature may
be an effective treatment for retinoblastoma [37].
Uveal melanomas also express VEGF, but it remains
unclear whether VEGF alone accounts for the com-
plex tumor vasculature in these tumors [38].

6.5.2 HIF/VHL

Hypoxia-inducible factor (HIF) is a sensor of
hypoxia and regulator of the cellular hypoxic
response. HIF is a heterodimeric complex com-
prised of an o-subunit, usually HIF-1a, and a
-subunit, usually the aryl hydrocarbon receptor
nuclear translocator (ARNT). Under normoxic
conditions, HIF-1a is polyubiquitylated and tar-
geted for proteasomal degradation. However,
under hypoxic conditions, HIF-1 a is no longer
polyubiquitylated and accumulates, allowing it to
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dimerize with ARNT and activate transcription
of target genes. HIF appears to be able to func-
tion as an oncogene, since it is overexpressed in
some cervical, breast, ovarian, endometrial, and
stomach cancers, and is associated with poor
prognosis [39].

Von Hippel-Lindau syndrome (VHL) is a pha-
komatosis that features retinal and cerebellar
hemangioblastomas, as well as renal cell carcino-
mas and other tumors. The VHL gene encodes a
tumor suppressor that binds to HIF-1a and tar-
gets it for degradation via the ubiquitin pathway,
thereby maintaining HIF in an inactive state.
VHL binds a domain of HIF-la that must be
hydroxylated for binding to occur. This hydrox-
ylation in turn requires molecular oxygen as a
substrate. Thus, when oxygen levels are low,
VHL binding to HIF-la is impaired, thereby
freeing HIF-la to activate genes involved in
angiogenesis, such as VEGF [40].

Conclusions

All cancers face a similar set of obstacles that
they must overcome to survive and proliferate.
The tissue-specific regulatory environment
determines the specific details of how these
obstacles must be overcome, but there is a com-
mon theme throughout most cancers: circum-
vention of cell cycle control, suppression of
apoptosis, avoidance of senescence, and induc-
tion of angiogenesis. Ocular cancers are no
exception to this rule, and in fact, uveal mela-
noma and retinoblastoma are ideal models for
studying some of these mechanisms, with mul-
tiple genetic mutations now identified in uveal
melanoma. As we gain further understanding
of these molecular processes, it will become
increasingly possible to design targeted thera-
pies to delay or prevent cancer progression.
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7.1 Introduction

Informatics is transforming medicine. As electronic
medical records (EMR) become ubiquitous
throughout the world, government committees
hope to sift through scientific data in efforts to
prove or disprove the efficacy of medical practice.
In this new world, eye cancer specialists will be
required to prove efficacy for their methods and
“statistical significance” will challenge “the art” of
medicine.

We can see the early changes in our meetings,
publications, and textbooks [1-3]. Presentations
are transitioning from single-center case series to
large multicenter retrospective studies [1-9].
Cooperative clinical and eye cancer research orga-
nizations are being created [2, 4, 5]. Our journals’
instructions for authors are becoming increasingly
complex, including more standardization of terms,
increased prominence of and requirements for
clinical trials, and a greater emphasis on evidence-
based medicine.

Staging systems have long served as an
important building block for the development of
medical evidence. For example, past uveal mela-
noma staging systems have included Callender’s
prognostic classification related to histopathol-
ogy and the clinically driven Collaborative
Ocular Melanoma Study (COMS) [6, 7]. Using
COMS-staged definitions of “medium” tumor
size, plaque radiation was found equivalent to
enucleation for the prevention of metastasis [8].
COMS also found no survival benefit to pre-
enucleation external beam radiation therapy
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melanoma [9, 10]. Radiation retinopathy has also

been staged for risk of vision loss [11]. Though past AJCC staging systems were

Retinoblastoma was initially staged for
response to radiation therapy by Reese and
Ellsworth [12]. Then, as clinical practice evolved
away from radiation, others devised classifi-
cations to predict retinoblastoma response to
chemotherapy [13-15]. Lommatzsch evalu-
ated published TpNM staging to predict mor-
tality [16]. Staging also helped the Intergroup
Rhabdomyosarcoma Study succeed in evaluation
of treatment [17-19].

Thus, ophthalmic oncology has already bene-
fited from staging to predict metastasis, response
the therapy and the evolution of side effects.
However, clinical staging also offers an oppor-
tunity to define epidemiological factors, biomet-
ric findings, as well as results of treatment and
their side effects. In sum, staging systems serve
as a standardized language for research, clini-
cal practice and interdisciplinary communica-
tion. However, only universal staging can serve
as a foundation for data collection, sharing for
meta-analysis, and determinations of statistical
significance.

7.2  Universal Staging and the
AJCC-UICC Ophthalmic

Oncology Task Force

The American Joint Committee on Cancer
(AJCC) together with the Union International
for Cancer Control (UICC) prompted the cre-
ation of The AJCC-UICC Ophthalmic
Oncology Task Force (OOTF) [4, 5]. Its mis-
sion was to create a universally accepted stag-
ing system for all eye cancers [1]. Though these
staging systems would continue to be anatomi-
cally based, the OOTF was also charged to pro-
vide practice guidelines for clinical data
collection as well as pathology. For the first
time, evidence-based genetic and molecular
biomarkers were to be included for prospective
data collection. Most importantly, the OOTF
was to be made more robust and “international-
ized” with members of the UICC.

comprehensive, eye cancer specialists did not
typically use them. Even when the 6th edition
made uveal melanoma staging roughly equiva-
lent to the COMS classification, it failed to attract
clinical use. Therefore, it was clear that the OOTF
had to be reinvented. Rules, structure, and new
concepts were required to guide the 7th edition
toward universal acceptance (Table. 7.1).

The 7th edition, AJCC-UICC Ophthalmic
Oncology Task Force was expanded to include 46
eye cancer specialists from 11 countries (France,
England, Sweden, Finland, the United States of
America, Canada, India, Japan, the Netherlands,
Hungary, and Germany). Though weighted toward
ophthalmic oncologists, orbital adnexal surgeons,
and ophthalmic pathologists, the OOTF included
input from radiation, medical, and pediatric oncol-
ogists as well as nonphysician specialists involved
in the care of eye cancer patients [20].

7.2.2 TheProcess

Starting in 2004, the OOTF embarked on a 5-year
peer-review process. Each tumor section (uveal
melanoma, retinoblastoma, eyelid carcinoma, con-
junctival squamous, conjunctival melanoma, lacri-
mal gland carcinoma, and orbital sarcoma) was
reviewed for clinical methods and pathology tech-
niques. The 7th edition staging system included but
was not to be limited to rumor, node, and metastatic
(TNM) grading. There was general agreement that
all changes were to be based on the “best data.”

Table 7.1 Basic concepts: there is power in numbers!
What is made by the community will be used by the
community
Sating systems will function as “common language” to
collect patient data
Eye tumor specific electronic medical records
(ETS-EMR) will facilitate prospective, multicenter data
collection
Statistically significant evidence will be used as
threshold to determine the allocation of resources

Database analysis will improve patient care
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There was an emphasis on statistical significance.
As available, evidence-based medicine was incor-
porated to achieve the highest possible standards.

Each 6th edition AJCC section was reviewed
by a committee. Then a team consisting of a cli-
nician and pathologist were tasked with writing a
first draft revised staging system. In peer-review
fashion, that draft was reviewed by a second,
internal clinician pathologist team. Once found
acceptable, the text was sent for multiple outside
reviewers leading to secondary internal revisions
and (in some cases) further external review for
internal adjudication of conflicts. Lastly, prior to
publication, each section was vetted by the AJCC
executive committee, the publisher, and tumor
registry representatives.

Despite all our efforts to create community
consensus, the OOTE, the AJCC, and UICC all
realize that tumor classification will be an ever-
evolving process. For example, new biologic fac-
tors may help predict cancer outcomes and
response to treatment, and they will have to be
included in future revisions. As evidence-based
and statistically significant data becomes avail-
able, it will be evaluated for incorporation into
subsequent iterations.

7.2.3 Acceptance

So far, the 7th edition AJCC-UICC staging sys-
tem has been accepted and used by ophthalmic
oncologists, ophthalmic plastic surgeons, radia-
tion oncologists, ophthalmic pathologists, tumor
registries, and many related eye cancer special-
ties. This is in part due to their participation in its
creation as well as its general acceptance by the
College of American Pathology (CAP), the
American Society of Ophthalmic Plastic and
Reconstructive Surgeon (ASOPRS), medical
journals, associated ophthalmic societies, and
organizations [21-23]. To date, over 12 ophthal-
mic journals now either require or suggest that
manuscripts use the 7th edition AJCC staging
system in manuscript preparation. Further, over
130 world cancer agencies use the AJCC-UICC
staging. This brings ophthalmic oncology into
the mainstream of world cancer care.

7.24 Impact
7.2.4.1 Language: Do You Speak

Ocular Tumor?
Language is defined as the human use of spoken
or written words as a communication system.
Sharing a common language allows us to com-
municate our ideas and thus enables progress. In
order for the staging system to function as a uni-
versal language, it needed to be accepted by the
entire community [1]. From this measure, the 7th
edition AJCC-UICC staging system has indeed
become “universal.”

7.2.4.2 Patient Care

This is not a trivial point, because the use of the
7th edition staging system will save lives. For
example, when a researcher publishes staged
results of a new treatment for conjunctival
melanoma, he or she will not only better under-
stand the relative size, location, and distribution
of the tumors treated, but can better compare
those results against other published clinical
studies. Staging will allow the clinician to better
understand if the results of two differing treat-
ments are confirmative or dissimilar.

Our clinical decisions are primarily based on
ideas and studies and what we have heard in lec-
tures or read in the literature, coupled with our
medical experience. Therefore, the quality of
those life and death decisions is only as good as
the information we acquire. Universal staging
will allow us to better categorize and understand
that information. Future clinical decisions will be
increasingly based on a foundation of defined
tumor sizes and distribution.

Speaking “ocular tumor” will also affect
informed consent. Much of our time as clini-
cians is spent explaining the current knowledge
and ophthalmic practice to patients. A typical
explanation of the risks and benefits includes
what has been proven by statistics-based
research and what is offered as traditional
practice. Universal staging allows us to tell our
patients that tumors of certain sizes and loca-
tions are more or less likely to respond to spe-
cific treatments or exhibit particular side
effects [24, 25].
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A common eye tumor language will change
the way we practice medicine and help us cope
with the current medical information explo-
sion. From a time when there was only surgery,
radiation, and chemotherapy, we currently have
to widen our mindset to incorporate immuno-
therapy, epidemiology, genetics, and molecular
biology (Table. 7.2). All these disciplines and
their associated specialists must be linked to
determine evidence-based best medical practice.
This is particularly difficult for rare diseases like
eye cancer, where research funds and statisti-
cally significant evidence are scarce. Excellence
in ophthalmic oncology will increasingly require
a multifaceted approach to individualize and
maximize of patient care.

7.2.4.3 Eye Tumor-Specific
EMR-Based Database

The evolution of staging systems will generate
data fields that will be used to form intelligently
structured, eye tumor-specific electronic medical
records (ETS-EMR). In turn, this ETS-EMR will
be used to link eye cancer specialists throughout
the world. A form of this approach called
“e-cancer Care” is currently being implemented
for retinoblastoma linking Canada, India, and
Kenya [26].

To accomplish this, each center will have an
overlay ETS-EMR that virtually sits on top of
their clinic-specific medical record. Each of these
two programs will work symbiotically. That is,
each EMR will be able to both withdraw and dis-
tribute what information is required to accom-
plish their individual functions.

Table 7.2 The evolution of cancer care

Since
1500 BC

Surgery

1903 1940s
Surgery  Surgery
Radiation Radiation

Present
Surgery
Radiation
Chemotherapy Chemotherapy
Genetics
Immunotherapy

Molecular
biology

Epidemiology

Once installed, multiple international centers
will be empowered to collect large amounts of
equivalent data that can be added to derive statis-
tical significance [20, 21]. This will enable fur-
ther refinements in staging systems, incorporation
of valid genetic and molecular biomarkers, com-
parisons of commonly used diagnostic and thera-
peutic methods, as well as monitoring of newly
devised interventions.

7.2.4.4 Multicenter Collaboration
Multicenter collaboration will allow recruitment
of larger numbers of patients and/or clinical sam-
ples in shorter periods of time. They will prevent
duplication of effort, loss of resources, and
encourage cooperation. In comparison to single-
center studies that are particularly sensitive to
selection bias, poor quality data collection and
analysis; prospective multicenter studies are
more likely to be better funded, organized, and
thereby higher quality.

Universal staging and multicenter collabora-
tion will accelerate the development of new
methods of eye cancer diagnosis and treatment.
In this case, speed will save lives. For example,
what if by the year 2023, 20 ophthalmic oncol-
ogy centers had been collecting standardized
ETS-EMR data from each and every choroidal
melanoma patient encounter for 10 years. This
would be the best quality data, derived at the time
of the specialist—patient interaction using the
community-designed data fields and standards
embedded within ETS-EMR. Given each center
was able to enter 100 cases per year for 10 years,
these 20 centers could draw on a database of
20,000 cases of choroidal melanoma. By the year
2033, it would be 40,000 cases or more. These
are unprecedented numbers of choroidal mela-
noma patients from which we could discover sta-
tistically significant epidemiological features as
well as differences in efficacy of our methods of
diagnosis and treatment. There would also be
opportunities to examine large numbers of less
common tumors (e.g., adenoid cystic carcinoma
of the lacrimal gland, conjunctival melanoma). In
addition, consider the value of a database collec-
tion of rare therapeutic side effects and their
treatments.
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What if a future researcher thinks he or she
has discovered “a cure” for retinoblastoma? But
that researcher’s single megacenter treats only 40
new patients per year and they require 1,000
patients for a statistically significant prospective
randomized clinical trial. If that researcher were
to employ that “new treatment” for each and
every patient in their center, it would take 25
years to enroll patients for that one study and
may take another 5 years to follow the last patient
for local recurrence or metastasis (Table. 7.3).
Simply put, it would take an academic career or
30 years to properly study this one treatment. On
the other hand, with a multicenter cooperation of
10 centers each recruiting 40 patients per year,
prospective recruitment would take just 2.5 years.
Even with the additional 5 years of follow-up,
multicenter cooperation would reduce the total
project time from 30 to 7.5 (a reduction of 22.5
years). Plus, those 25 centers can go on to evalu-
ate the next diagnostic method or treatment after
just 2.5 years of recruitment (Table. 7.3).
Multicenter cooperation would enable recruit-
ment for up to 12 studies during that same
researcher’s 30-year career.

Multicenter cooperation could also function
as an early detection system for failed treat-
ments. A large database could anonymously
collect the few cases from here and there where
a treatment failed but was not published. Rather
than allowing failed treatments to proliferate
and fade away, recording the outcomes of unsuc-
cessfully treated patients will spare future
patients to repetition of those suboptimal or
failed treatments and keep us from wasting pre-
cious resources.

Table 7.3 Testing a new cancer treatment

Single center
40 patients per year
%25 years

=1,000 patients
5 years follow-up
One study =30 years

A lifetimes work testing
one treatment hypothesis

Multi-center

40 patients per yearx 10

centers x 2.5 years
=1,000 patients

5 years follow-up

One study =7.5 years

Plus another study every
2.5 years or 10 completed
studies within 30 years

Lastly, consider the wealth of patient informa-
tion that can be permanently embedded in an
electronic database. A functioning eye cancer
bioinformatics grid will not lose data when phy-
sicians retire or move elsewhere. Quite the con-
trary, a functioning bioinformatics grid will gift
opportunities for retrospective data analysis for
future generations of eye cancer specialists.

7.3  Summary

The OOTF composed of members of the AJCC,
UICC, representatives of our journals, and societies
have developed universal 7th edition AJCC-UICC
staging, a foundational element for an eye cancer
bioinformatics grid (http://eyecancerbig.com). Our
next step is to provide evidence that these data
points and tumor stages are valid. Therefore, the 7th
edition system is currently being tested within the
framework of large multicenter retrospective stud-
ies that will be used to evolve eye cancer staging in
the 8th edition, improve universal staging, and serve
as a foundational element for the multicenter
ETS-EMR eye cancer-specific bioinformatics grid.

Our generation is standing at the forefront of a
new medical information age. Many of the
advances in medicine will stem from or be
enabled by multicenter cooperative data analysis.
It is time for ophthalmic oncology to evolve from
megacenter to multicenter in the best interest of
our patients. Bioinformatics can be used as a tool
to improve the standards of our medical practice
by supporting evidence-based preferred (the
proven) diagnostic techniques and therapeutic
options. Cooperation will allow us to speed the
wheels of progress, shape the destiny of ophthal-
mic oncology and, most importantly, save the
vision and lives of our patients.
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8.1 Introduction

Cryotherapy (or cryosurgery) is the technique of
precise freezing and thawing of undesirable tis-
sue resulting in cell death and regression. It is a
highly effective technique available to the oph-
thalmologist for local control and eradication of
various intra- and periocular tumors and can
serve as an alternative or adjunct to other methods
such as surgery or radiotherapy.

Arnott described crushed ice and salt (NaCl)
used to freeze advanced breast and uterine malig-
nancies in the mid-nineteenth century [1]. By the
beginning of the twentieth century, solid CO, was
being used to treat various skin and gynecologic
cancers [1]. During this period, most freezing
devices were crude and were only able to pene-
trate superficial layers of tissue, which limited its
clinical application.

The commercial availability of liquid nitrogen

Conclusions............cooeeveineinincncineeneeeeenes 81 . .
and the introduction of the cryoprobe by Cooper
References..............ccooooiiiiiiiiiie 81 : I
and Lee in the 1960s heralded significant
advancements in the field [1, 2]. For the ophthal-
mologist, modification of the cryoprobe led to
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e-mail: dgombos @mdanderson.org various intra- and periocular tumors.
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8.2  Mechanism of Tissue Injury
Initially, the cryoprobe begins cooling the tissues
with removal of heat. Over time, tissue in contact
with the probe freezes. Subsequently, the freez-
ing interface progresses in an outward direction
resulting in a temperature distribution that is
coldest at the point of contact with the probe.
Once freezing is complete, thawing is facilitated
by heat from the adjacent tissues [1, 6].

8.2.1 Direct Effects

Microscopically, the initial decline in tempera-
ture in the extracellular space forms crystals,
leading to a hyperosmotic environment,
extracting water from the cells, and causing
them to shrink. As the temperature lowers,
intracellular crystals form, leading to disrup-
tion of organelles and cell membranes. This
affects the ability of membrane proteins to
control intracellular ionic content. During the
thawing phase, as the frozen water crystals dis-
solve, the extracellular space becomes hypo-
tonic. Limited only by a defective cell
membrane, extracellular water enters the cell
and disrupts it [7]. In addition, the cold tem-
perature physically disrupts the cellular cyto-
skeleton and denatures proteins [1, 6].

8.2.2 Indirect Effects

Freezing temperatures are also associated with
vascular stasis and cellular anoxia. Initially, the
cold temperatures lead to vasoconstriction fol-
lowed by vasodilation, increased vascular per-
meability, and edema during the thawing
process. Endothelial damage leads to stagnation
of blood and thrombus formation. The resultant
hypoxia promotes tissue necrosis. Some experi-
ments suggest that this mechanism is more

important in the death of tumor cells than direct
injury from freezing.

8.3  Technical Aspects

Certain technical factors such as tissue tempera-
ture, cooling rate, freeze-thaw cycle, and the
number of repetitions influence the efficacy of
cryotherapy [8, 9].

8.3.1 Tissue Temperature

Tissue temperature is the most important factor
with cell death occurring at temperatures between
—20 and -50 °C [10].

8.3.2 Cooling Rate

A rapid cooling rate is more effective in causing
cell death.

8.3.3 Freeze-Thaw Cycle

Studies indicate that a slow thaw is among the
most important variables contributing to cell
death.

8.3.4 Number of Repetitions

Multiple freeze-thaw cycles further increase cell
damage and death [11].

8.4 Indications

Over the past 40 years, the indications for cryo-
therapy have expanded to a number of intra- and
periocular tumors. In some instances, it serves as
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primary treatment, while in others it functions in
an adjuvant setting.

8.4.1 Eyelid Tumors

Eyelid lesions including actinic and seborrheic
keratosis are generally amenable to cryother-
apy sometimes combined with surgical exci-
sion. Basal cell carcinoma particularly lesions
less than 1 cm in diameter can be cured with
this approach. Select cases of squamous cell
and meibomian gland carcinoma of the lid
have also been treated with cryotherapy as an
alternative to surgery and/or radiotherapy
[12-15].

8.4.2 Conjunctival Tumors

In the adjuvant setting, cryotherapy plays an
important role in the management of conjunctival
lesions. Conjunctival intraepithelial neoplasia
and squamous cell carcinoma [16], conjunctival
melanoma, and primary acquired melanosis with
atypia [5] are amenable to adjuvant cryotherapy
[17]. Tt has also been described in the manage-
ment of large bulky lesions where complete exci-
sion was challenging including papillomas and
lymphomas [18].

8.4.3 Intraocular Tumors

Certain intraocular tumors (particularly those
anterior to the equator) are amenable to cryo-
therapy as the treatment of choice. Small
peripheral retinal capillary hemangiomas [19],
Coats’s disease, and retinoblastoma foci (those
less than 2 mm in thickness) respond well to
cryotherapy [20].

8.4.4 Orbital Tumors

The cryoprobe can be used intraoperatively to
assist in the excision of orbital lesions such as cav-
ernous hemangiomas and dermoid cysts. The probe
is applied directly to the lesion allowing for traction
and careful dissection from adjacent structures.
The technique of freezing uveal melanoma, prior to
transection of the optic nerve (“no touch” enucle-
ation) is currently used infrequently [21, 22].

8.5 Techniques of Cryotherapy
Cryotherapy can be applied in various fashions
depending upon the indication and location of the
tumor.

8.5.1 Eyelid Tumors

Eyelid tumors can be treated with a liquid nitro-
gen spray. Following local anesthesia, the area is
draped and an ocular protector is placed over the
eye to prevent freezing of the globe or adjacent
structures. A thermocouple is inserted into the
center of the lesion to monitor its temperature
(recommended target temperature -50 °C).
Freezing is applied to the lesion and a margin of
adjacent normal appearing skin. A double freeze
cycle is usually administered.

8.5.2 Conjunctival Tumors

Conjunctival tumors are generally treated with a
hammerhead-shaped cryoprobe. In most instan-
ces, cryotherapy is performed as an adjunct to sur-
gical excision. Following removal of the tumor,
double or triple cryotherapy is administered to
the underside of the conjunctiva (adjacent to the
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resection) and the scleral bed [17]. Cryotherapy
as primary therapy can also be performed with
newly designed cryoprobes [23].

Fig.8.1 A retinal cryoprobe. Note the ice ball on the tip
of the probe

Fig.8.2 Technique for
transcleral cryotherapy

of an intraocular tumor under
indirect ophthalmoscopic
visualization

8.5.3 Intraocular Tumors

Intraocular lesions (such as retinoblastoma and
retinal capillary hemangioma) are generally
treated using a nitrous oxide retinal cryoprobe
(Fig. 8.1). Local (retrobulbar) or general anes-
thesia (for children) is indicated. Using indirect
ophthalmoscopy and scleral indentation, the
lesion is isolated (Fig. 8.2). It is frozen under
direct visualization such that the resulting ice
ball completely encompasses the entire tumor
(usually to a temperature of —70 °C). The lesion
is allowed to slowly thaw, and the freeze-thaw
cycle is repeated twice [20]. The tumor is reex-
amined in 3—4 weeks and may require additional
therapy (Fig. 8.3). Most lesions can be treated
transconjunctivally; however, those significantly
posterior to the equator may require a conjuncti-
val incision [20].

8.6 Complications

While cryotherapy is generally safe and effective,
there are numerous complications that must be
considered [24]. In most instances, transient
edema and injection occur at the site of treatment.
Lesions on the eyelid and close to the lash margin
can develop ptosis, trichiasis, and ectropion.
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Fig.8.3 (a) Retinal capillary hemangioma treated with cryotherapy. (b) Ten months later, the hemangioma appears as
a gliotic nodule in an area of chorioretinal atrophy (Reproduced with permission from Singh et al. [25])

Hypertrophic scarring can occur as can skin
depigmentation in darker patients.

The conjunctiva generally tolerates freez-
ing well. However, repeated application can
lead to limbal stem cell failure, dry eye, and
symblepharon formation. Periocular edema
and pain are not uncommon following cryo-
therapy of intraocular lesions. Uveitis may
develop requiring the use of topical steroids.
Cryotherapy can increase the risk of exudative
and rhegmatogenous retinal detachments as
well as vitreous hemorrhage. Muscle paresis
and changes in pupillary response have also
been described.

Conclusions

Cryotherapy is an excellent means of treating
certain intra- and periocular tumors. In oph-
thalmic oncology, this generally translates to
high cure rates and minimal ocular morbidity.
Cryotherapy is effective in treating small and
well-defined tumors. Good technique is criti-
cal, with a rapid freeze and slow thawing
being most effective in causing the cell death.
Multiple freeze-thaw cycles further increase
treatment effectiveness. When indicated,
cryotherapy can serve as an alternative to
more destructive treatment modalities such as
surgical excision, chemotherapy, and radiation
therapy.
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Fig.9.1 Electromagnetic
spectrum of lasers used
in ophthalmology AF KiF
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9.2 Basic Considerations

9.2.1 Laser Properties

Laser is an acronym for light amplification by the
stimulated emission of radiation. A laser beam is
a monochromatic (single wavelength), coherent,
and parallel beam of light, usually of high energy.
The range of laser radiation extends from the
ultraviolet through the visible to the infrared
regions of the optical spectrum (Fig. 9.1) [4].

9.2.2 Laser Output

The output of a laser can be continuous wave or
pulsed. Retinal photocoagulation is usually per-
formed with a continuous wave laser. The output
for retinal photocoagulation is usually delivered
over a time interval of from 0.1 to 1.0 s.

9.2.3 Tissue Effects

There are two forms of interaction between light
and ocular tissue: absorption and ionization.
Tonization is primarily used to incise tissues of
the eye, e.g., in YAG capsulotomy. Absorption
interaction is used in laser photocoagulation,
thermotherapy, and photodynamic therapy.

9.2.4 Treatment Variables

Optical clarity of ocular tissues, the degree of
absorption by ocular pigments, specific wave-
lengths used, spot size, power applied, and the
exposure time are some of the important vari-
ables that influence the treatment effects.

9.2.4.1 Clarity of the Media

It is important to take opacities of the media into
consideration as scattering and absorption of
energy may occur while the laser travels toward
the target tissue [5]. Longer wavelengths have
less scattering and are more efficient in deliver-
ing energy to the retina.

9.2.4.2 Tissue Absorption

The absorption spectrum of the three ocular
pigments (melanin, hemoglobin, and xantho-
phyll) varies and can be used to achieve tissue
selectivity of laser effects. Melanin has a maxi-
mum absorption between 400 and 600 nm
(blue, green, yellow, and red) with greater
absorption for shorter than longer wavelengths
(Fig. 9.2) [6]. Hemoglobin has a narrower
range of maximum absorption that includes
blue, green, and yellow wavelengths but
excludes red wavelengths. Xanthophyll has
maximal absorption limited only to the blue
wavelengths [3].
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Fig.9.2 Absorption of
visible wavelengths by three
ocular pigments (melanin,
hemoglobin, and xanthophyll)
(Modified with permission
from Peyman et al. [6])
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Table 9.1 Multiplication factors for retinal spot size in
an emmetropic eye

Type of lens Multiplication factor
60-Diopter 0.92
Area Centralis 1.01
Three-mirror Goldmann 1.08
Transequatorial 1.43
Quadraspheric 1.92

9.2.4.3 Spot Size

The laser burn is round and proportional to the
square of the radius. Many more small spots are
required to ablate the same area of retina as a few
large burns. This is an issue in panretinal photo-
coagulation. Decreasing a spot size requires a
decrease in power level, while increasing a spot
size requires a power increase.

9.2.4.4 Magnification Factor

The actual spot size on the retina and, therefore,
laser irradiance is influenced by the magnifica-
tion induced by the type of contact lens used
(Table 9.1) [7, 8]. With area centralis of the three-
mirror Goldmann lens, the spot size setting on
the slit lamp is about the same size as the actual
burn on the retina.

550
Wavelength (nm)

600 650 700

9.3 Types of Lasers

9.3.1 Ruby Laser

A solid-state laser based on a pulsed ruby laser was
the first commercially available ophthalmic laser
photocoagulator and operated at a constant coagula-
tion or exposure time of about 500 ps. The drawback
of the ruby laser was its pulsed and uneven output.

9.3.2 Argon Laser

The argon laser was the first laser system to enjoy
broad acceptance. It is a continuous wave laser and
emits two wavelengths: 514 nm (green) and 488 nm
(blue). It is ideally suited for retinal use, since there is
excellent absorption at the level of the retinal pigment
epithelium and the hemoglobin. Blue light-induced
photochemical damage to the macula (due to xantho-
phyll) can be reduced by incorporating a green filter.

9.3.3 Krypton Laser

Krypton laser sources emitting 647 nm as a con-
tinuous wave overcomes the absorption difficulties
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of the argon laser. Krypton is poorly absorbed by
hemoglobin because it is a red source, so acciden-
tal coagulation of blood vessels can be avoided.
The disadvantage of the argon laser and krypton
laser is a low efficiency of laser production [9].

9.3.4 DyelLaser

Dye lasers have the same disadvantages of an
argon or krypton laser. Additionally, the dye (rho-
damine) is carcinogenic and requires special han-
dling. Therefore, dye lasers are infrequently used
today [10].

9.3.5 Diode Laser

Diode lasers are compact and portable due to
their small size. Despite their low input power,
diode lasers may represent a significant hazard to
vision, especially when the output is collimated,
invisible, and of higher power (>3-5 mW)
[7, 11, 12].

9.3.6 Holmium Laser

The holmium laser has a CO,-laser-like action.
The holmium laser crystal is similar to the
Nd:YAG laser in that the holmium atoms are dis-
tributed throughout a YAG host.

9.3.7 Excimer Laser

The excimer laser is a gas laser, which generates a
powerful ultraviolet beam. This technique can be
used to ablate cornea to any depth. The intensity is
graded from the center to the periphery of the cir-
cular field so as to control the depth of ablation.

9.4 Techniques of Laser Therapy

9.4.1 Laser Photocoagulation

Laser photocoagulation is the thermal denatur-
ation of tissues using a high-intensity laser of the

wavelength range that is intensively absorbed by
hemoglobin or other ocular pigments.

9.4.1.1 Indications

Laser photocoagulation is used for a variety of
chorioretinal diseases such as diabetic retinopa-
thy, retinal tears or holes, age-related macular
degeneration, and chorioretinal tumors such as
retinal capillary hemangioma, choroidal heman-
gioma, and retinoblastoma [3].

9.4.1.2 Complications

With proper attention to detail, complications
are infrequent. During laser treatment, focal
breaks in Bruch’s membrane and retinal hemor-
rhage may occur. Following photocoagulation,
exacerbation of diabetic macular edema, retinal
pigment epithelial metaplasia, subretinal fibro-
sis, and absolute scotomas are seen infrequently.
Patients may develop choroidal effusion if a
large number of burns are applied during a sin-
gle treatment session. Laser photocoagulation
applied over extensive intraretinal hemorrhage
can cause damage to the nerve fiber layer [2, 7,
12, 13].

9.4.2 Transpupillary
Thermotherapy

Similar to laser photocoagulation, transpupil-
lary thermotherapy (TTT) is based on the con-
cept of tissue hyperthermia [3, 14]. However,
TTT delivers less thermal energy compared
with traditional laser and is based on the absorp-
tion of near infrared light (810 nm) by the mel-
anin-filled pigment epithelium. In contrast to
laser photocoagulation (argon and krypton
lasers), TTT uses a lower irradiance with a pro-
longed exposure and is designed to gently heat
the choroidal lesion (sub-photocoagulation
level), thus limiting damage to the overlying
photoreceptors [15]. Variations in blood flow
and chromophore concentrations can strongly
influence the treatment effect of TTT. The most
common use is the treatment of age-related
macular degeneration and small choroidal
melanocytic lesions including small choroidal
melanoma [14, 15].
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9.4.3 Photodynamic Therapy

In PDT, light and light absorbing agents such as
verteporfin are combined in an oxygen-rich envi-
ronment. The chemical reactions follow three
main pathways, which start from the common
metastable triplet state of the photosensitizer.
During the first pathway, a hydrogen atom
exchange between the photosensitizer and the
substrate molecule leads to the formation of per-
oxide radicals and oxidized substrate molecules.
The second pathway includes an electron trans-
fer between photosensitizer and substrate mole-
cules leading to the formation of radical ions
(superoxide radical anion, H,0O,, and hydroxyl
radical). Processes 2 and 3 together are called
type I reactions. The third pathway is an energy
transfer, which is called type II reaction, leading
to bleaching of the photosensitizer itself (“cage”
reaction) or oxidization of the adjacent biomo-
lecular target [16].

9.4.3.1 Practical Considerations

PDT is a two-step process. During the first step,
the patient receives a verteporfin infusion over
10 min through a cubital vein. Verteporfin is a
special dye with a light absorption peak at
692 nm. It is prepared in a 30-ml glucose solu-
tion at a dose of 6 mg per m? of the body sur-
face area.

The second step implies the exposure of the
lesion with laser light, i.e., the photoirradiation.
Fifteen minutes after the start of the infusion, the
fundus lesion receives a diode laser application
via a slit-lamp delivery system and a handheld
contact lens. A light dose of 50 J/cm? is delivered
at an intensity of 600 mW/cm? for 83 s as one
spot covering the lesion in its greatest linear
diameter plus a safety zone of 500 pm. The cur-
rently recommended treatment protocol has been
proven to be safe and effective in the TAP and
VIP trials [17].

9.4.3.2 Indications

In ophthalmology, PDT is used in the treatment
of choroidal neovascularization due to AMD
and secondary CNV in high myopia, following
presumed ocular histoplasmosis syndrome

(POHS), central serous retinopathy, and other
conditions leading to ingrowth of choroidal ves-
sels following an alteration of Bruch’s mem-
brane [16], as well as retinal capillary
hemangioma [18, 19] and circumscribed choroi-
dal hemangioma [3, 20, 21].

9.4.3.3 Complications

One of the most important problems with cur-
rent PDT regimen is the high rate of recur-
rence of choroidal neovascularization in the
setting of AMD. Recurrence is triggered by a
transient occlusion of the adjacent choriocap-
illary layer leading to an increased expression
of vascular endothelial growth factor (VEGF)
[22]. In occult lesions with RPE detachment, a
severe loss in vision may occur in 2-4 % of
treated eyes. RPE rips were described early
after PDT due to enhanced exudation or later
during follow-up as a result of a reactive fibro-
sis of the membrane. Excessive and multiple
additive treatments can cause atrophy of the
choriocapillaris and retinal pigment epithe-
lium [21, 23].

9.5 Summary

Laser is an acronym for light amplification by
the stimulated emission of radiation. There are
several diagnostic and therapeutic applications
of lasers in ophthalmology. Laser radiation is a
parallel, high energy, coherent, and monochro-
matic beam of light. Tissue effects of laser can
be either due to absorption or ionization. The
ionization is primarily used to incise tissues of
the eye, e.g., in YAG capsulotomy. Absorption
interaction is used in laser photocoagulation,
thermotherapy, and photodynamic therapy.
Laser photocoagulation is the thermal denatur-
ation of tissues by using laser wavelengths that
are absorbed by ocular pigments. In contrast to
laser photocoagulation, thermotherapy uses a
lower irradiance with a prolonged exposure and
is designed to gently heat the choroidal lesion.
Photodynamic therapy offers selective tissue
laser effects by using light absorbing agents
(such as verteporfin).
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10.1 Introduction

Radioactivity was first described by Henri
Becquerel and Pierre and Marie Curie in the late
1890s. Wilhelm Roentgen discovered x-rays in
1895, and subsequent physics and biology research
revealed the therapeutic properties of radiation.
X-rays were first used to treat cancer in 1897.
Soon after, the concept of brachytherapy was
developed when radium was implanted into
tumors for therapeutic effect. Low-voltage x-ray
machines were built in the 1920s for the external
treatment of superficial tumors. The first cyclotron
(used to accelerate heavy particles such as protons,
neutrons, and deuterons) was invented in 1932 in
California. In 1951, the first clinical cobalt-60 unit
was built in London, Ontario, Canada. It created a
gamma ray photon beam from the emissions of a
cobalt-60 source as it went through nuclear decay.
External beam radiation therapy was further
refined in 1953 with the development of linear
accelerators (linacs) that could produce megavolt-
age electron and x-ray photon beams using pulsed
microwaves and an electron gun.

With  improvements in  radiographic
imaging techniques such as CT and MRI, con-
formal radiation therapy has been developed.

A.D. Singh, B. Damato (eds.), Clinical Ophthalmic Oncology, 89
DOI 10.1007/978-3-642-40489-4_10, © Springer-Verlag Berlin Heidelberg 2014



90

A.L. Stockham et al.

Three-dimensional conformal radiation therapy
(3D-CRT), intensity-modulated radiation ther-
apy (IMRT), stereotactic radiosurgery, and
charged particle therapy focus therapeutic dose
while minimizing damage to surrounding nor-
mal structures. In this chapter we will review the
basic principles of radiation therapy and its
application as the definitive, adjuvant, salvage,
and palliative management of a variety of oph-
thalmic cancers.

10.2 Basic Principles

The unique characteristics of an individual ele-
ment are determined by its atomic structure — the
number and configuration of electrons, protons,
and neutrons. Radiation therapy takes advantage
of the energy created by interaction of electrons,
protons, and neutrons with each other. This
energy can break chemical bonds and create ions
such as oxygen radicals.

10.2.1 Dual Nature of Radiation

Radiation can be in the form of electromagnetic
waves, particles, or both.

10.2.1.1 Electromagnetic Radiation
Electromagnetic or photon radiation has a
broad spectrum of wavelengths ranging from
107 m (radio waves) to 1073 m (ultrahigh
energy x-rays) (Fig. 10.1). Energy is propa-
gated at the speed of light (¢) with the fre-
quency (v) and wavelength (1) being inversely
related: c=vA. Linear accelerators produce
photon beams with wavelengths in the range of
107" to 107" m.

10.2.1.2 Particle Radiation

Particle radiation can be neutral (neutrons) or
charged (protons, electrons). As the particles
travel through space, they interact with matter
and produce varying degrees of energy transfer
to the medium. Linear accelerators and cyclo-
trons are used to produce this type of
radiation.

Wavelength  Frequency Energy T

(m) (cycles/s)  (eV)
—13 21 7
10 3x10%'  1.24x10"  Gamma rays,
X-rays and
Cosmic rays
1078 3x10"® 1.24x102  Ultra violet
Visible light
Infrared
1073 3x10'" 124x10=3 Microwaves
Radar
102 3x10° 1.24x10°8 TV
Radio
107 3x10"  1.24x107" 1

Fig. 10.1 The electromagnetic spectrum. Therapeutic
x-rays and gamma rays are in the high frequency, high
energy range. Ranges are approximate

10.2.2 Radioactive Decay

Radioactive elements are in an unstable, high-
energy state and emit radiation to return to a sta-
ble, low-energy state. This process of returning to
stability is called decay. Three different types of
radiation can be emitted from the nucleus during
this process: alpha particles with a positive elec-
trical charge (helium nucleus), beta particles with
a negative charge (electrons), and gamma rays
with no electrical charge. Radioactive decay is
the process utilized in cobalt-60 machines and
Gamma Knife radiotherapy.

10.2.3 lonizing and Nonionizing
Radiation

Radiation has both ionizing and nonionizing effects
on tissues. lons are created when an atomic particle
or photon hits another atom resulting in loss of an
electron, proton, or neutron. lons interact with DNA
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resulting in single-strand breaks, double-strand
breaks, or base-pair alterations, impairing a cell’s
ability to regenerate and duplicate. Nonionizing
effects cause excitation of the outermost electrons
of an atom. This is of less clinical significance.

10.3 Teletherapy Sources

Teletherapy is the process of delivering radiation
from a remote distance. In modern clinical prac-
tice, a cobalt-60 unit, linear accelerator, or cyclo-
tron is used to generate and deliver external beam
photon therapy and particle radiotherapy.

10.3.1 Cobalt-60 Unit

A cobalt-60 unit holds a radioactive cobalt source
that is emitting gamma radiation as it decays to
nickel-60. The average energy of the gamma
photon beam is 1.25 million electron volts
(MeV), with the maximum dose being delivered
to a depth of 0.5-1 cm.

10.3.2 Linear Accelerator

A linear accelerator uses high-frequency elec-
tromagnetic waves to accelerate electrons to
high energies through a linear vacuum tube. The
monoenergetic electron beam can be used to
treat superficial tumors. Typical energies used

range from 6 to 18 (MeV), with 80 % of the
maximum dose delivered to a depth of 2-6 cm
and a relatively steep dose drop-off beyond
(Fig. 10.2).

When deeper tumors need to be treated, or the
skin needs to be spared, the linear accelerator
electron beam is directed at a target (usually
tungsten). The resultant atomic interactions pro-
duce a range of high-energy x-rays, also called
photons. Photons are characteristically more pen-
etrating than electrons. As an example, a 6 MeV
electron beam creates a photon beam with a max-
imum energy of 6 megavolts (MV). Typical ener-
gies of photon beams range from 6 to 18 MV,
with the depth of maximum dose ranging from
1.5 to 3.5 cm and a more gradual dose drop-off
beyond (Fig. 10.3).

10.3.3 Cyclotron

A cyclotron is a heavy particle accelerator capa-
ble of producing neutron and proton beams.
Neutrons and protons have a higher linear
energy transfer than photons, meaning they
cause more damage as they pass through tissue.
They cause direct damage to the nucleus of an
atom, making them potentially more effective at
treating hypoxic tumor cells because there is no
dependence on the production of oxygen
radicals.

Proton beams have a unique dose distribution
characteristic called the Bragg peak. There is a

Electron percent depth dose

120 -
—— 9 MeV
100 1 —— 12MeV
% 80 — 15 MeV
Fig.10.2 Percent depth S —— 18 MeV
dose curves for commonly ”g 60 -
used electron beams. %
Divide the beam energy by a 40
3 to estimate the depth in
tissue of 80 % of the 20 1
maximum dose. Divide the 0
beam energy by 2 to 0 5 4 6 8 10 12

estimate the range of
penetration

Wavelength (nm)
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100 Table 10.1 Relative biological effectiveness (RBE) val-
ues of commonly used radiations
Radiation RBE
g T\;I)\t/on peam Standard (250 kVp x-rays) 1.0
£ =0 Linac (6-15 MeV) ~0.8
e Modified PROTON beam Cobalt-60 0.8-0.9
(%]
8 250 Mev Protons ~1.1
Native PROTON beam Neutrons (19 MeV) 1-2
250 MeV
o
0 10 20 30

Depth in tissue (cm)

Fig.10.3 The Bragg peak allows for low energy deposi-
tion along the entrance pathway, very high dose delivery
over a narrow depth, with minimal exit dose. The spread
out Bragg peak allows for dose deposition over a greater
distance for treatment of a larger volume of tissue.
Available at http://upload.wikimedia.org/wikipedia/com-
mons/1/12/BraggPeak.png

steep peak of maximal dose deposit with sharp
distal drop-off (Fig. 10.3). This Bragg peak can
be directed accurately and precisely onto the
tumor [1]. The sharp distal drop-off and minimal
scatter from proton beams translate into less dose
to surrounding normal tissues. Proton beam
radiotherapy is used for treatment of uveal mela-
noma and retinoblastoma [2, 3]. Proton beam
radiotherapy of uveal melanoma is discussed
under uveal tumors.

producing a specific biological response. This
can be expressed in the following equation:
RBE=D/D,, where D, and D, are the doses of
standard radiation (250 kVp x-rays) and a test
radiation (r) needed to produce an equivalent bio-
logical response (Table 10.1). Protons and neu-
trons have greater biological effectiveness than
photons and electrons.

10.4.3 Cobalt Gray Equivalents

The amount of absorbed dose from neutron and
proton beams is higher than with x-ray or gamma
ray beams. In order to compare to standard doses,
the term cobalt gray equivalents (CGE) was
developed: CGE=dose in proton or neutron gray
x corresponding RBE value.

10.4 Radiation Parameters
10.4.1 Radiation Dose

Radiation absorbed dose is defined in gray (Gy),
which represents one joule of energy absorbed per
kilogram of mass. Centigray (cGy) is also com-
monly used and it is 1/100th of a gray. The previ-
ous convention was to define dose in 100 ergs
absorbed per gram or rad (1 centigray =1 rad).

10.4.2 Relative Biological
Effectiveness

Relative biological effectiveness (RBE) is a mea-
sure of the efficiency of a specific radiation in

10.5 Treatment Parameters
10.5.1 TargetVolume

Several target tissue volumes are considered
when determining the prescription dose. Gross
target volume (GTV) is the visible tumor exten-
sion or the surgical bed. Clinical target volume
(CTV) is the GTV plus margin to cover micro-
scopic tumor extension. Planning target volume
(PTV), the volume ultimately treated, is CTV
plus a safety margin accounting for set-up varia-
tions and organ motion. The treatment margin
beyond the GTV typically ranges from 0.5 to
2 cm, depending on the accuracy of the treat-
ment machine, immobilization device, and the
tumor type.
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Table 10.2 External beam Dose per Number of
radia.tion Fherapy dose/ Disease Total dose fraction fractions
fractionation schedules for Uveal melanoma 60-70 CGE 14-15CGE ~ 4-5
common ophthalmic cancers (protons)
Retinoblastoma 40-50 Gy 2-2.5 Gy 20-25
Uveal/orbital metastasis 40 Gy 2 Gy 20
Orbital lymphoma 30 Gy 2 Gy 15
Basal or squamous cell 35-42.5 Gy 4.25-7 Gy 5-10
carcinoma of the eyelid
Palliation 30 Gy 3 Gy 10
CGE Cobalt gray equivalent
Table 10.3 Normal tissue Complication rate at 5 years
tolerance dose to external Organ 5% 50 % Clinical endpoint
beam radiation (cGy) [5] i o i
Brain 6,000 7,500 Necrosis, infarction
Optic nerve 5,000 6,500 Visual acuity <20/200
Optic chiasm 5,000 6,500 Visual acuity <20/200
Lens 1,000 1,800 Symptomatic cataract
Retina 4,500 6,500 Visual acuity <20/200

10.5.2 Total Dose

The total given dose depends on the tumor
responsiveness, gross versus microscopic dis-
ease, and purpose of the radiation (curative or
palliative).

10.5.3 Fractionation

In general, total dose is broken into fractions
delivered over many weeks. Fractionation is used
to minimize late radiation side effects. The larger
fraction size (>200 cGy) is associated with
greater tendency for late side effects such as
severe dry eye, cataract, and optic neuropathy.
On the other hand, reducing the fraction size
diminishes the therapeutic effects of radiation
(tumor kill). Conventional fractionation uses one
treatment per day, at a dose of 180-200 cGy/frac-
tion, for 5 days a week. Recent data suggests that
hyperfractionation (1.10-1.20 Gy/fraction; twice
daily) may reduce the risk of radiation retinopa-
thy in patients treated for head and neck cancer
[4]. Palliative radiation therapy often utilizes
larger fraction sizes given over a shorter period of
time, with the assumption that the natural history
of the disease precludes development of the late

radiation effects. Some common dose/fraction-
ation schedules are listed in Table 10.2.

10.5.4 Tissue Tolerance

In treating ophthalmic tumors with external
beam radiation, radiation exposure to several
critical structures such as lens, optic nerve,
opposite orbit, pituitary, and brain must be taken
into account. Normal tissue tolerance to exter-
nal beam radiation (180-200 cGy/fraction) and
the total doses that result in 5 and 50 % compli-
cation rates 5 years after treatment are listed in
Table 10.3 [5]. Ophthalmic complications of
radiation therapy are discussed in detail else-
where (Chap. 11).

10.6 Teletherapy Techniques
10.6.1 External Beam Therapy

When a patient is scheduled for external beam
therapy, the first appointment is for simulation.
During simulation, the patient is placed in the
treatment position, including immobilization
devices such as a mask. An MRI scanner, CT
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Fig. 10.4 Axial CT with en face photon beam demon-
strating coverage of the planning target volume (PTV)
covered by the 95 % isodose line (aqua)

scanner, or fluoroscope is used to take images of
the patient’s anatomy in the treatment position.
The tumor area and the surrounding normal
structures are identified and contoured on the
simulation images. The beam arrangement may
be set at the time of simulation, or a dosimetrist
may later create several plans to determine the
best beam arrangement, which may include a
simple technique of one electron beam en face
(Fig. 10.4) two photon beams delivered at
oblique, perpendicular “wedged pair” (Fig. 10.5),
opposing angles (Fig. 10.6), or other beam
arrangements (Fig. 10.7). Several techniques of
beam design and arrangements, so-called lens-
sparing radiation therapy, have been developed in
order to minimize radiation exposure to the lens
and avoid radiation-induced cataracts [1, 6-12].

10.6.2 Conformal Radiation Therapy

Standard or conventional radiation therapy uses
bony landmarks on fluoroscopy or external land-
marks on physical examination to determine
gross anatomical boundaries for field shapes and

Fig. 10.5 Axial CT with “wedged pair” photon beam
demonstrating coverage of the planning target volume
(PTV) covered by the 95 % isodose line

Fig. 10.6 Opposed lateral photon beams demonstrating
coverage of the bilateral orbits (100 % isodose line in
yellow)

sizes. With simulation images from MRI and CT
scanners, a radiation oncologist can precisely
identify tumor and critical structures, calculate
the dose they will receive, and design beam
arrangements that will minimize long-term dam-
age. This is termed conformal therapy.
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Penca Beam
Déspiay: 2 0m|

Fig. 10.7 Radiotherapy plan demonstrating isodose dis-
tributions with intensity modulated radiotherapy (IMRT),
which conform to the planning treatment volume (pink)

10.6.3 Three-Dimensional Conformal
Therapy

Three-dimensional conformal therapy or 3D-CRT
is the technique of using CT or MRI simulation
images to create a three-dimensional target.
Various beam arrangements are entered into the
planning computer and altered until an acceptable
dose distribution is reached for both the tumor
and normal structures. This process of first enter-
ing the beam arrangements and then looking at
the dosimetric outcomes is termed forward
planning.

10.6.4 Intensity-Modulated
Radiation Therapy

In intensity-modulated radiation therapy (IMRT),
a process of inverse planning is often used, which
means that the dose criteria are set before beam
arrangements are designed. The computer gener-
ates a plan that best fits the specified criteria.
During treatment, a multi-leaf collimator moves
dynamically to create hot and cold spots within
the volume of treated tissue. The intention is to
place the majority of the hot spots within the
tumor volume rather than the surrounding normal

tissue, while minimizing delivery of high doses
of radiation to nearby critical structures, includ-
ing the lens.

10.6.5 Stereotactic Radiosurgery

Stereotactic radiosurgery uses highly focused, pre-
cisely aimed radiation (usually within 0.5 mm of the
specified isocenter) to treat small tumors (<4 cm)
at very high doses per fraction. A stereotactic
frame fixed to the patient’s skull is used for pre-
cise localization and positioning. Planning CT and
MRI images are taken with the frame in place, so
that accurate coordinates can be established for
the target. Two forms of stereotactic radiosurgery
exist: linac based and Gamma Kanife.

10.6.5.1 Linac-Based Stereotactic
Radiosurgery

In linac-based stereotactic radiosurgery, special-

ized cones are used to target the tumor during

multi-arc therapy [13]. Stereotactic radiosurgery

for uveal melanoma is discussed under uveal

tumors.

10.6.5.2 Treatment Delivery

Advances in technology have allowed for the
development of highly conformal treatment plans
through the ability to fuse MRI with CT for target
delineation, development of complex treatment
machines, and progress in the capabilities of treat-
ment planning systems. However, with increasing
treatment complexity and smaller amounts of sur-
rounding normal tissue included in treatment tar-
gets, accuracy of reproducibility of the simulation
set-up  becomes increasingly  important.
Historically, physical frames were applied to
patients to ensure precise treatment delivery.
Verification of treatment set-up, or image guid-
ance, for large treatment fields and simple fields is
achieved with portal images. Patients treated with
complex treatment plans, small set-up margins,
and small numbers of fractions undergo daily
image guidance with more advanced systems
including low-resolution CT scans (cone-beam
CT), orthogonal x-rays, fiducials, and motion-
based gating systems being developed [14-19].
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Fig.10.8 A small, single
energy linear accelerator
mounted on an industrial
robotic arm may be utilized
for delivery of stereotactic
radiotherapy (CyberKnife
Robotic Radiosurgery
System, Accuray, Sunnyvale
CA). The robotic arm allows
for greater freedom of
movement. Image guidance
is obtained through
orthogonal planar radio-
graphs. Reproduced with
permission from http://www.
cyberknife.com/uploaded-
Files/CyberKnife_
Overview/500929.A_
CyberKnife_Patient_
Brochure_FINAL.pdf.
Accessed 24 Dec 2012

Patients treated with IMRT, fractionated ste-
reotactic radiotherapy, or SRS may be treated
with the Cyberknife® system [20-22]. This con-
sists of a small, single energy linear accelerator
mounted on a robotic arm (Fig. 10.8). Advantages
of the Cyberknife® system include nearly unlim-
ited treatment angles, whereas traditional linear
accelerators rotate around a point in space and the
treatment table must be moved to accomplish
similar treatment angles. However, image guid-
ance is limited to orthogonal x-rays, whereas con-
firmation of patient positioning may be achieved
with pretreatment cone-beam CT imaging prior to
treatment with standard linear accelerators. Also,
standard linear accelerators allow for treatment
with either electrons or low-energy photons.

10.6.5.3 Gamma Knife Radiosurgery

With Gamma Knife, gamma ray beams from 201
cobalt-60 sources are collimated to focus on a
single point. The patient’s head is positioned to
place the tumor at that isocentric point [23].
Gamma Knife radiosurgery for uveal melanoma
is discussed under uveal tumors.

PP
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10.7 Charged Particle Therapy

The use of charged particles for the treatment of
ophthalmologic tumors is well studied. Charged par-
ticles are well suited for the treatment of ophthalmo-
logic tumors as the treatment target is often in
proximity to several nearby critical structures includ-
ing the uninvolved orbital contents, optic nerves, and
brain. The physical dose distribution characteristics
of charged particle beams allow for treatment of
small structures to high doses while sparing nearby
critical structures. Charged particles deliver a high
concentration of energy over a discrete range, known
as the Bragg peak, with a dramatic drop in dose-
deposition beyond the depth of maximum. The
range of the Bragg peak may be widened, known as
the “spread out Bragg peak,” to allow for treatment
of tumors of any depth and diameter [14, 24].

The very sharp dose gradients offer a dosimet-
ric advantage by delivering high doses of radiation
to the treatment target while minimizing treatment
of nearby normal structures. To maximize the
benefits of high dose gradients, accuracy of deliv-
ery is paramount. Treatment frames, thermoplastic
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mesh masks molded to the anatomy of the indi-
vidual, fiducial placement, video-based systems,
orthogonal x-rays, and cone-beam CTs are used to
ensure accurate set-up prior to, and in some cases
during, treatment delivery. This therapy offers
dosimetric advantages, but is not widely available.
At the writing of this chapter, there are 10 centers
offering proton radiotherapy in the United States.

10.8 Brachytherapy

Brachytherapy is the process of placing a radio-
active source next to or within a tumor. The dose
characteristics of the isotopes used in brachyther-
apy are such that a very high dose of radiation is
given within millimeters of the source and there
is a steep dose drop-off outside of that range, thus
protecting  surrounding normal  structures.
Isotopes that have been employed include
cobalt-60, iridium-192, ruthenium-106, gold-
198, palladium-103, and iodine-125 [25].
Brachytherapy is used for the treatment of intra-
ocular tumors such as choroidal metastasis [26],
uveal melanoma [25, 27], and retinoblastoma
[28]. Brachytherapy for uveal melanoma is dis-
cussed under uveal tumors.

10.9 Summary

Radiation therapy takes advantage of the energy
created when electrons, protons, and neutrons
interact with each other. Radiation can be in the
form of particles and electromagnetic waves.
Linear accelerators and cyclotrons are used to
produce radiation. In addition, radioactive decay
of an isotope can generate radiation. Radioactive
decay is the process utilized in cobalt-60 machines
and Gamma Knife radiotherapy. Radiation inter-
acts with DNA, resulting in single-strand breaks,
double-strand breaks, or base-pair alterations,
impairing a cell’s ability to regenerate and dupli-
cate. Protons and neutrons have greater biological
effectiveness than photons and electrons. Several
treatment parameters such as target volume, total
dose, and fractionation influence tissue effects.
The larger fraction size (>200 cGy) is associated

with greater tendency for late side effects such as
severe dry eye, cataract, and optic neuropathy.
Normal tissues vary greatly in their tolerance to
external beam radiation. Teletherapy techniques
include conventional external beam therapy,
three-dimensional conformal therapy, intensity-
modulated radiation therapy, stereotactic radio-
surgery, and Gamma Khnife radiosurgery.
Brachytherapy is the process of placing a radioac-
tive source next to or within a tumor.
Ruthenium-106, palladium-103, and iodine-125
are commonly used isotopes for the treatment of
ophthalmic tumors. With continued improve-
ments in radiographic imaging techniques and
better understanding of radiation tissue effects at
the molecular level, it will be possible to precisely
focus therapeutic dose while minimizing damage
to surrounding normal structures.
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1.1 Introduction

Although radiotherapy is the standard treatment
for most intraocular malignancies, various ocular
complications may occur, including radiation-
induced dry eye, cataract, secondary glaucoma
from neovascularization of the iris, scleral necro-
sis, retinopathy, and optic neuropathy. In this
chapter we review the ocular side effects of radia-
tion administered from brachytherapy, proton
beam radiotherapy, and external beam radiother-
apy and their potential treatments. Particular
emphasis will be placed on radiation retinopathy
and optic neuropathy, the two most visually sig-
nificant complications of radiotherapy.

A.D. Singh, B. Damato (eds.), Clinical Ophthalmic Oncology, 929
DOI 10.1007/978-3-642-40489-4_11, © Springer-Verlag Berlin Heidelberg 2014
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The ideal method to deliver radiation to
malignant tissue is to reduce the dose to critical
normal structures without decreasing dose to
the tumor. Within the realm of brachytherapy,
these methods can be broadly separated into
two categories: low-penetrating brachytherapy
isotopes and intraocular radiation blocking.
The radioisotope iodine-125 was chosen for the
Collaborative Ocular Melanoma Study because
it emits relatively low-energy gamma ray pho-
tons and is readily commercially available [1].
Its low energy results in ease of shielding,
which reduces dose to the patient outside the
eye and protects medical personnel involved in
the treatment. Theoretically, lower-energy
gamma radiation results in lower penetration
through the eye itself due to increased photo-
electric interactions, which would lead to spar-
ing of critical ocular structures. For that reason,
the isotope palladium-103 with a steeper dose
falloff in the eye than iodine-125 results in a
modest decrease in predicted dose to critical
structures [2, 3]. Although its use has been
accepted by the American Brachytherapy
Society [4], this isotope is not in wide use as its
clinical benefit has not been demonstrated in
controlled clinical trials.

In contrast to gamma radiation, which has an
approximately exponential dose falloff, beta
(electron) radiation is characterized by a much
steeper dose falloff after the depth of maximum
dose. The beta emitter ruthenium-106 has been in
use for ocular melanoma for several decades, pri-
marily in Europe. The rapid dose falloff indicates
a theoretical benefit to critical structures dis-
placed from the tumor and, however, also means
that it can be safely used only with low-height
tumors, up to about 5 mm [5]. Thus, in principle,
ruthenium-106 therapy would be most suited to
treatment of low-height tumors in the anterior
portion of the eye [6].

As early as 1990, Finger et al. discussed the
concept of intraocular radiation blocking [7].
Finger used a rabbit model to investigate attenu-
ating radiation with intraocular iodinated contrast
agent. Significant attenuation was obtained, but

the technique was limited by the fact that the con-
trast agent exited too rapidly from the eye. More
recently, our group demonstrated the use of sili-
cone oil as an attenuating agent [8]. As with
iodinated contrast agents, silicone oil works in
this case because of the combination of an
absorber with a significantly higher atomic num-
ber compared to water and a low-energy gamma
radiation, leading to enhancement of the photo-
electric effect. Our Monte Carlo simulation and
experimental study found up to 55 % attenuation
inside the human eye, relative to saline, was pos-
sible with the silicone oil. Clinical use of this
technique is facilitated by the fact that vitrectomy
with silicone oil endotamponade is an established
surgical technique for treatment of non-oncologic
ocular diseases.

11.2 Adnexa

11.2.1 Extraocular Muscles

Extraocular muscles are theoretically shielded
from most of the iodine-125 radiation as only
0.1 % of radiation passes through a 0.5-mm-
thick gold foil [1]. However, with the current
plaque design, extraocular muscles may actually
be exposed to a significant amount of laterally
directed and uncollimated radiation. Kiratli et al.
[9] compared biopsy specimens from radiation-
exposed extraocular muscles with nonirradiated,
extraocular muscles from enucleated controls
and found that the radiation-exposed muscles
had a focal decrease in muscular tissue with
increased fibroblasts and collagen. Furthermore,
on electron microscopy, a loss of sarcoplasmic
reticulum with mitochondrial swelling was
noted. The authors argued that the sarcoplasmic
reticulum loss, vascular wall thickening, and
focal muscle tissue loss suggested radiation
injury rather than pure mechanical injury due to
stretching and ischemia. Although these may
simply represent nonspecific ultrastructural
changes, they may affect extraocular muscle
function.
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11.2.2 Dose Relationship

Sener et al. [10] observed that 60 % of their
patients (12/20) had ocular alignment and motility
problems following plaque brachytherapy.
However, only 10 % (2/20) of patients complained
of diplopia. Dawson et al. 67 found that 1.7 %
(16/929) of their patients developed persistent
diplopia or strabismus following plaque brachy-
therapy during an 8-year follow-up. For 69 %
(11/16) of these patients, the onset occurred within
the first year. Whether these findings are attribut-
able to radiation or simply mechanical injury from
muscle manipulation, patients and physicians
should be aware of this potential complication.

11.2.3 Treatment

Sener et al. [10] suggest using either prism cor-
rection or botulinum toxin A injections in the
early postoperative period and recommend wait-
ing at least 6 months before pursuing surgical
correction of strabismus as radiation effects may
be variable for some time.

In our experience, patients may require strabis-
mus surgery in the long term to correct exotropia
secondary to the loss of fixation in a poor seeing
eye. We find it helpful to avoid use of an eye patch
after brachytherapy in order to stimulate fixation
to the greatest extent possible in the treated eye
and encourage orthophoric alignment.

11.3 Periorbital Skin

11.3.1 Acute

Loss of eyelashes is one of the first and most
common adverse effects to occur after radiother-
apy, although they do wusually grow back
(Fig. 11.1). Erythema may occur within hours of
radiotherapy [11]. Desquamation and scaling of
the skin can follow lower-dose (10 Gy) radiation
exposure, and more severe dermatitis occurs with
higher doses (40 Gy) [12].

11.3.2 Late

Loss of eyelashes and eyebrows may be perma-
nent [11, 12]. Other late sequelae of regular and
high-dose radiotherapy (40 Gy or higher) to the
eyelids include trichiasis, telangiectasia, hyper-
pigmentation, hyperkeratosis, entropion, ectropion,
and punctal occlusion. Eyelid atrophy, necrosis,
and frank ulceration are uncommon.

11.3.3 Management

Mild acute radiation effects can be relieved
with the administration of topical corticoste-
roids, such as 1 % hydrocortisone. Late effects
may be remedied by wound debridement, anti-
biotic therapy, and reconstructive surgery.

11.4  Conjunctiva

11.4.1 Acute

Conjunctivitis, chemosis, and a clear or purulent
discharge may occur when radiotherapy doses of
>5 Gy are used [11, 12].

11.4.2 Late

Effects of radiotherapy on the conjunctiva include
telangiectasia, symblepharon, and sequelae of
loss of goblet cells (keratinization and scarring).
Doses of approximately 50 Gy lead to conjuncti-
val scarring. Severe contracture occurs with
doses of more than 60 Gy, and symblepharon is
frequent with doses above 80—100 Gy [13].

11.4.3 Management

Topical corticosteroids are indicated for early
conjunctivitis and chemosis. Atrtificial tears and
ointment help replace the moisture lost due to
damage to goblet cells and keratinization.
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Fig.11.1 Acute complica-
tions of radiotherapy. (a)
Radiation dermatitis. (b)
Loss of eyelashes. (¢)
Punctate keratitis

11.5 Cornea

11.5.1 Radiation-Induced Dry Eye
and Keratitis

Dry eye and keratitis are complications fre-
quently seen after external beam radiotherapy for
uveal metastases and proton beam radiotherapy
for uveal melanoma, but are infrequent following
brachytherapy (Fig. 11.1). An increase in con-

junctival epithelial stratification and reduction in
goblet cells contribute to dry eye [14]. Tear film
instability and dysfunction may cause punctate
epithelial erosions [15].

At our center, dry eye after iodine-125 brachy-
therapy is not more frequent than other proce-
dures that involve alteration of the conjunctiva,
such as scleral buckling. Dry eye was reported in
8.3 % of patients and occurs an average of
20.7 months after treatment with iodine-125
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plaque [16]. In contrast, another study found that
keratitis was present in 20.9 % of patients at
2 years after treatment, and this decreased to
2.8 % of patients by 5 years after treatment [17].
Few other studies reporting on iodine-125
brachytherapy describe this complication.

There is greater literature on developing dry
eye after external beam radiation therapy and in
particular its relationship to lacrimal gland dose.
Parsons et al. reported on the University of
Florida experience of patients treated with exter-
nal beam radiation that included the entire orbit
for head and neck cancers and found all patients
developed dry eye who received doses >57 Gy,
whereas 19 and 0 % did at doses of 30-45 Gy
and <30 Gy, respectively [18]. The dose threshold
for the lacrimal gland is different for fractionated
stereotactic radiotherapy with one study that
treated patients with 50 Gy in 5 fractions show-
ing a median dose of 10 Gy/fraction resulting in
a 50 % probability of dry eye syndrome, while a
median dose of 7 Gy/fraction causing a 50 % risk
of low Schirmer results [19]. Using a single frac-
tion approach, dose to the lacrimal gland has also
been shown to significantly correlated with
Schirmer test values at 24 months when compar-
ing the treated eye to the nontreated one [20].
Ultimately the dose to the lacrimal gland is an
important factor in the development of a dry eye
and efforts should be made to respect its toler-
ance as much as possible without compromising
tumor coverage.

11.5.2 Treatment

Symptomatic treatment is recommended including
topical lubricants and lacrimal punctal occlusion.

11.6  Scleral Necrosis

Scleral necrosis following plaque brachytherapy
has been reported, often in association with post-
operative brachytherapy. Petrovich et al.
described the histologic appearance of enucle-
ated eyes with choroidal melanoma that had
been treated with plaque brachytherapy. Scleral

Fig. 11.2 Scleral atrophy 10 months following plaque
radiotherapy for a large ciliochoroidal melanoma

atrophy was seen in 33 % of post-plaque eyes
(Fig. 11.2) [21]. However, in the studies with
iodine-125 brachytherapy, few reports mention
scleral atrophy or necrosis as a complication.
Stack et al. [22] documented that none of their
84 patients developed scleral necrosis after
iodine-125 brachytherapy. Kaliki et al. recently
reported a scleral necrosis rate of 1 % following
iodine-125 brachytherapy with ciliary body
location being the strongest risk factor.
Observation was indicated in the majority of
cases [23].

11.7 Iris

Radiation-Induced Iris
Neovascularization and
Neovascular Glaucoma

11.7.1

Though complications of the anterior segment
occur frequently with external beam radiation,
they also occur with plaque brachytherapy [24].
Ischemia associated with radiation retinopathy
may result in iris neovascularization. This pres-
ents clinically as rubeosis iridis and neovascular
glaucoma (Fig. 11.3). A careful examination of
the iris and anterior chamber angle prior to pupil-
lary dilation may detect early signs of
neovascularization.
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Fig. 11.3 Neovascular glaucoma following radiation
therapy

Rubeosis iridis following iodine-125 plaque
brachytherapy is reported at rates of 4-23 %, occur-
ring at a mean of 26.7 months. Neovascular glau-
coma rates ranged from 2 to 45 %. Numerous
factors may contribute to iris neovascularization.
Studies using cobalt-60 and palladium-103 have
associated increased neovascularization with an
anterior tumor location [25, 26]. Increased tumor
thickness is associated with higher rates as well as
decreased time to the development of iris neovascu-
larization and may be related to the elevated levels
of tumor-related angiogenic factors [24, 27]. Recent
data on a cohort of patients treated with stereotactic
radiotherapy where six underwent enucleation for
neovascular glaucoma and four because of tumor
progression showed a lack of conclusive anterior
segment changes attributable to radiation [28].
Mechanistically it is thought that proangiogenic
factors released from radiation damage to endothe-
lial cells diffuse through the vitreous to reach the
anterior segment thereby promoting the formation
of neovascularization on the iris and in the angle.
This proposed mechanism is similar to other retinal
vascular diseases like diabetic retinopathy [29].

11.7.2 Treatment

Currently, there are few studies supporting any
specific treatment for radiation-induced neovas-

cular glaucoma or rubeosis iridis (Chap. 16).
Enucleation has traditionally been indicated for
eyes with neovascular glaucoma in the setting of
media opacity and poor vision. The rate of enucle-
ation secondary to neovascular glaucoma after
iodine-125 brachytherapy ranges from 1 to 12 %
and indicates the difficulty in managing this com-
plication. Although controversial, tube shunt
procedure with vitrectomy and endolaser in eyes
with good visual prognosis may also be consid-
ered. A report by Yeung et al. suggests that intra-
vitreal bevacizumab may be used to treat
neovascular glaucoma and salvage the eye follow-
ing proton beam radiotherapy (Fig. 11.4) [30].

11.8 Lens

11.8.1 Clinical Features

Ionizing radiation is known to damage the lens
equatorial fibers because of their high mitotic rate
[31]. The compensatory mitosis occurs with dis-
rupted organization and leads to deposition of
Wedl cells at the posterior pole. The clinical
appearance of a radiation cataract is of a small dot
at the posterior pole of the lens and subsequently
increases to a diameter of 1-2 mm [32]. The
opaque region is comprised of scattered granules
and vacuoles. As the cataract continues to develop,
the center of the opacity clears, and the overall
appearance is that of a doughnut with a total
diameter of 3—4 mm. Radiation exposure may
also lead to the development of cortical cataract or
exacerbate existing nuclear sclerotic cataract [33].

11.8.2 Dose Relationship

The development of cataract is associated with a
dose-dependent increase in radiation to the lens. In
the largest study to date, the Collaborative Ocular
Melanoma Study followed the incidence of cata-
ract development in phakic patients over the first
5 years following iodine-125 brachytherapy [34].
The study found that 68 % (362/532) of study eyes
developed vision-limiting cataract or underwent
cataract surgery after iodine-125 brachytherapy
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Fig. 11.4 Gonio-
photograph showing
neovascularization and
bleeding in the anterior
chamber angle (a) Eight
weeks after treatment with
pan-retinal photocoagula-
tion and intravitreal
injection of bevacizumab
(1.25 mg/0.05 ml). Note
that the angle neovascular-
ization and hyphema has
resolved completely (b)

with a greater proportion developing cataract fol-
lowing higher doses to the lens. With a cumulative
dose to the lens of 24 Gy or more, the 5-year
cumulative incidence of cataract was 92 % com-
pared with 65 % in those with less than 12 Gy.

The radiation dose to the lens is affected by
both tumor size and location. Increasing tumor
height has been shown to decrease the time to cata-
ract development and a greater tumor diameter
increases the risk of cataract [17, 24]. The location
of the tumor is also important as treatment of an
anterior tumor exposes the lens to more radiation.
Fontanesi et al. [35] found that cataract developed
earlier with anterior tumors (median 11 months
posttreatment) compared with posterior tumors
(median 26 months posttreatment) with a greater
proportion of cataract occurring in eyes with ante-
rior tumors. Data from patients treated with stereo-
tactic radiation (10 Gy x5 fractions) also suggests
a dose response relationship with cataract forma-
tion and dose to the lens and ciliary body with a
median dose of 5 Gy/fraction causing a cataract in
50 % of cases and an overall rate of CTCAE ver-
sion 3 grade 3 cataracts of 10 % [36].

11.8.3 Treatment

Radiation-induced cataract may be success-
fully treated with standard surgical techniques
with improvement in vision (Chap. 15) [34].
Patients whose vision may fail to improve fre-
quently have comorbidities, including radia-
tion retinopathy, vitreous hemorrhage, retinal
detachment, or optic neuropathy. We have
found that eyes developing cataract following
iodine-125 plaque brachytherapy tolerate stan-
dard phacoemulsification with lens implanta-
tion well.

11.9 Radiation Retinopathy

11.9.1 Clinical Features

Radiation retinopathy was first described in 1933
and includes microaneurysms, telangiectases,
neovascularization, vitreous hemorrhage, hard
exudates, cotton wool spots, and macular edema
(Fig. 11.5). The pathogenesis of radiation reti-
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Fig. 11.5 Characteristic ophthalmoscopic features of
nonproliferative radiation retinopathy, such as cotton
wool spots, telangiectasia, retinal hemorrhages, and mac-
ular edema following brachytherapy for choroidal mela-

nopathy begins after radiation exposure with the
preferential loss of vascular endothelial cells and
relative sparing of pericytes [11]. It has been
hypothesized that the differential sensitivity
between retinal endothelial cells and pericytes
may be related to the direct exposure of the endo-
thelial cells to high ambient oxygen and iron
from blood that generates free radicals and dam-
ages cell membranes [37]. In acellular, poorly
supported capillaries, microaneurysms emerge
and telangiectatic-like channels appear, strad-
dling regions of nonperfusion. Ultimately, the
inner retinal ischemia leads to neovasculariza-
tion, vitreous hemorrhage, tractional retinal
detachment, and macular edema. On fluorescein
angiography, the earliest changes that appear are
focal capillary closure with neighboring areas of
irregular capillary dilation and microaneurysms
(Fig. 11.5).

noma (a). Retinal capillary nonperfusion in the macula
and microaneurysms are most evident on the fluorescein
angiography (b). Cystoid macular edema and foveal atro-
phy on the optical coherent tomograph (c)

11.9.2 Dose Relationship

The rate at which radiation-induced retinopathy
and maculopathy develop ranges from 10 to
63 % and 13 to 52 %, respectively. The mean
time to develop maculopathy was found to be
25.6 months after treatment [26]. The risk of
radiation retinopathy and maculopathy after
plaque therapy is related to radiation dose and
factors affecting radiation dose, such as the
height and location of tumor (Fig. 11.6). Higher
radiation dose and tumors with thickness greater
than 4 mm increase the risk for radiation macu-
lopathy. Stack et al. [22] found a 63 % risk for
radiation maculopathy if the dose to the macula
exceeded 90 Gy. With the advent of ocular
coherence tomography to evaluate the macular
anatomy and wide-field angiography, which
detect preclinical features of altered retinal
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Fig. 11.6 Total dose of 50
radiation and risk of Retinopathy
radiation retinopathy and |
radiation optic neuropathy 40 - Optic neuropathy
(Modified with permission
from Monroe et al. [51]
and Bhandare et al. [52])
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anatomy and function, radiation retinopathy is
likely to occur in almost every patient treated
with radiation over time.

11.9.3 Treatment

Numerous treatment modalities have been uti-
lized in the management of radiation retinopathy
and maculopathy. Recent studies and their results
include intravitreal injections of triamcinolone
and bevacizumab, laser photocoagulation, and
hyperbaric oxygen treatment (Box 11.1).

Box 11.1: Salient Features of Radiation

Retinopathy

» Total dose and fraction size of radiation
are the key determinants

» Presence of diabetes and history of prior
chemotherapy increases the risk and
severity of radiation retinopathy

* Doses of less than 45 Gy (fractions
size <2.0 Gy) are unlikely to cause sig-
nificant retinopathy in the absence of
coexisting host risk factors

Total Radiation (GY)

* Insult to vascular endothelial cell is the
underlying basis of radiation retinopathy

* Discrete foci of capillary nonperfusion
(cotton wool spots) and telangiectasia
are the earliest features

e The incidence peaks 2-3 years after
radiation exposure

* At present, there is no effective treat-
ment of radiation retinopathy

Intravitreal triamcinolone acetonide is used
to treat macular edema secondary to other reti-
nal vascular diseases. Although the mechanism
is poorly understood, triamcinolone may help
to restore a compromised inner blood-retinal
barrier [38]. Triamcinolone acetonide is thought
to modulate cytokines and regulate capillary
permeability [39]. However, steroid-induced
glaucoma necessitating topical therapy and or
surgery may complicate this treatment
modality.

Bevacizumab has been used to treat exuda-
tive age-related macular degeneration, diabetic
retinopathy, and vein occlusion. Bevacizumab is
a humanized monoclonal antibody to vascular
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endothelial growth factor (VEGF), and blocking
VEGF is thought to decrease vascular perme-
ability and inhibit abnormal neovascularization
[40]. Twenty-one patients with radiation reti-
nopathy following palladium-103 brachytherapy
were treated with intravitreal bevacizumab
(1.25 mg/0.05 ml) every 6-12 weeks. After a
mean follow-up of 7.8 months, 86 % (18/21) had
stable or improved visual acuity, with 14 % (3/21)
regaining 2 or more Snellen lines [38].

However, some studies utilizing bevacizumab
suggest that the improvement is likely temporary
[41]. It is our experience that intravitreal bevaci-
zumab in patients with recent onset visual
decrease secondary to radiation maculopathy
have only a transient subjective response.
However, vision usually returns to pre-injection
treatment levels within a year. It is generally
believed that the role of bevacizumab for radiation
maculopathy is limited, as the initial damage has
occurred at the time the radiation was delivered.

Laser photocoagulation has also been used to
treat or prevent radiation retinopathy and macular
edema. Pan-retinal laser photocoagulation has
been shown to successfully treat proliferative
radiation retinopathy, whereas focal photocoagu-
lation has been used to treat or prevent macular
edema with a more variable degree of vision
improvement [42-44]. In 19 patients with
radiation-induced macular edema, focal laser
therapy led to resolution of edema in 26 % (5/19)
at 6 months compared with 4 % (1/19) in the
untreated group [42]. However, after 2 years,
there was no significant difference in visual acu-
ity between treated and untreated eyes.

11.9.4 Preventive Strategies

As the current experience with treating radiation
damage of the retina remains disappointing,
recent efforts to attenuate iodine-125 with vitre-
ous substitutes at the time of treatment have been
reported. Oliver et al. were the first to demon-
strate an attenuating effect of silicone oil 1,000
centistokes, silicone oil 5,000 centistokes, per-
fluorocarbon, and heavy liquid against iodine-125
in cadaver eyes, in an in vitro model, and with
Monte Carlo modeling. The effect of silicone oil

1,000 centistokes was the most robust at approxi-
mately 55 % when compared to vitreous [8].
Therefore, performing vitrectomy with silicone
oil 1,000 centistokes at the time of iodine-125
plaque surgery may be a feasible method to
reduce the exposure of healthy tissues to
iodine-125 radiation and is currently being
offered as a treatment option for uveal melanoma
at some centers.

11.10 Radiation Optic
Neuropathy

11.10.1 Clinical Features

Although poorly understood, ionizing radiation
is believed to damage the optic nerve through
injury to both glial and endothelial cells. Over
time, these injured cells accumulate and lead to
demyelination and neuronal degeneration.
Damage to the vascular endothelial cells leads to
vascular occlusion and necrosis. Pathology spec-
imens show a decreased number of endothelial
cells and endothelial cell-lined vessels as well as
fibrosis of vessel walls, reactive gliosis, ischemic
demyelination, and perivascular inflammation
[45, 46]. The slow cellular turnover rate of endo-
thelial and glial cells is consistent with the
delayed onset of radiation-induced optic neurop-
athy [47].

Clinically, radiation-induced optic neuropathy
may present with sudden, painless, monocular
vision loss. Radiotherapy may lead to ischemic
insult anterior to the lamina cribrosa, which
causes swelling of the optic nerve head [48].
Other features of optic neuropathy may include
disc swelling, peripapillary hard exudates, and
hemorrhages (Fig. 11.7). Optic nerve head swell-
ing eventually resolves resulting in a pale and fea-
tureless nerve associated with limited vision [49].

11.10.2 Dose Relationship

Important risk factors for developing postradiation
optic neuropathy include close proximity of the
tumor to the optic disc, greater dose to the optic
disc, and large tumor size (Fig. 11.6) [33, 44, 45].
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Fig. 11.7 Typical appearance of radiation optic neuropa-
thy. Note optic disc swelling with surrounding exudates
and hemorrhages

11.10.3 Treatment

There are some reports of spontaneous improve-
ment of anterior radiation-induced optic neuropa-
thy. However, most cases progress to severe
monocular vision loss and optic atrophy.
Although there are studies examining treatment
for optic neuropathy secondary to external beam
radiation with bevacizumab, hyperbaric oxygen,
corticosteroids, and pentoxifylline and vitamin E,
few reports describe successful treatment for
optic neuropathy after plaque brachytherapy.

Of all the complications associated with radio-
therapy, optic neuropathy is the most devastating
to visual function. It is our experience that most
cases of severe visual loss following treatment
are the results of this unavoidable and untreatable
complication.

Conclusions

Although radiation therapy has become the
treatment of choice for intraocular malignan-
cies, there are numerous posttreatment com-
plications of relevance to the ocular oncologist
and referring ophthalmologist. Anterior seg-
ment pathology occurs in 4-23 % of treated
patients with enucleation rates for neovascu-
lar glaucoma found to be as high as 12 % after
treatment, perhaps greater in eyes undergoing
proton beam radiation. Radiation-induced

cataract develops in 8-83 % by 5 years post-
radiation, and radiation retinopathy may
occur in at least 10-63 % of treated eyes, if
not more over time. Optic neuropathy has
been reported in up to 16 % of patients. All of
these complications affect overall visual acu-
ity, and 26-62 % of treated eyes experience a
loss of at least 2 Snellen lines. Although cata-
ract surgery for radiation-induced cataract
may be effective in improving visual acuity,
other treatment modalities, such as intravit-
real triamcinolone or bevacizumab injections,
hyperbaric oxygen treatments, and laser pho-
tocoagulation, for radiation-induced retinopa-
thy, maculopathy, and optic neuropathy
appear to be far less effective. Ocular compli-
cations associated with radiotherapy are well
known, and the incidence of reported compli-
cations is highly variable. Complications not
only depend on tumor size and location but
also may be related to radiation planning and
surgical technique that may vary between
treatment centers.

While radiation complications are difficult to
compare between brachytherapy and stereotac-
tic fractionated and single fraction therapy
because of differences in fraction size, total
dose, dose rate, and treatment volumes, it is
clear that the risk of many complications
increases above certain dose thresholds. Future
efforts may be directed toward limiting the
exposure to healthy tissue at the time that the
radiation is delivered [50] such as has been
demonstrated with silicone oil 1,000 centistokes
placement at the time of brachytherapy [8].
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12.1 Introduction
The overall survival rate for cancer has improved
dramatically since the institution of chemother-
apy for the treatment of childhood leukemia in the
1940s [1]. The ultimate prognosis for each cancer
is contingent on the histologic type, extent of dis-
ease, and several other biologic parameters [2].
Recent progress in molecular biology, bio-
chemistry, and genetics has provided new insights
into understanding of the complex molecular
changes associated with malignant transformation
of a cell. These discoveries are offering new
classes of drugs that are being currently evaluated
in clinical trials along with conventional agents
[3]. This chapter will review some of the basic
principles and complications of chemotherapy
with examples from common ophthalmic cancers.

12.2 BasicPrinciples

Most conventional anticancer drugs have
nonselective mechanisms of action that target
DNA, RNA, or metabolic pathways in both
malignant and normal cells. The latter result in
undesirable and potentially severe toxic effects.

12.2.1 Mechanism of Action

Alkylating agents such as cyclophosphamide,
cisplatinum, and carboplatinum damage DNA
by covalently binding to and cross-linking
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Table 12.1 Commonly used antineoplastic agents and their mechanism of action

Group Drug
Antimetabolites Mercaptopurine
Methotrexate
Cytosine arabinoside
5 Fluorouracil
Alkaloids Vinca alkaloids: vincristine, Velban

Etoposide (VP-16)
Taxanes

Camptotecans: topotecan, irinotecan

Alkylating agents
Cisplatinum, carboplatinum

Antibiotics

Miscellaneous Corticosteroids
L-asparaginase
Rituxan
Thalidomide

Retinoic acid

nucleosides within the DNA. Antimetabolites such
as methotrexate block the synthesis of nucleotide
precursors or are directly incorporated directly
into DNA as fraudulent bases. Topoisomerases are
nuclear enzymes that maintain the three-dimensional
structure of DNA, critical for DNA replication, tran-
scription, and recombination. Etoposide (VP-16),
anthracyclines (doxorubicin), and camptothecins
(topotecan, irinotecan) interfere with religation of
DNA, resulting in DNA strand breaks. Commonly
used antineoplastic agents and their mechanisms of
actions are summarized in Table 12.1.

A relatively new class of chemotherapy
drugs, such as monoclonal antibody Rituxan
(anti-CD 20), has been used successfully in the
treatment of CD-20 positive non-Hodgkin’s
lymphomas. Other agents such as prednisone,
cyclosporine, and interferons alter the immune
system. Thalidomide, because of its antiangio-
genic effects, has become an important drug
in the treatment of chemotherapy-resistant
brain tumors. Advances in basic research con-
tinue to offer new cancer therapies based on

Cyclophosphamide, melphalan, ifosfamide

Anthracyclines: Adriamycin, daunomycin

Mechanism of action

Arrests purine synthesis, interrupts DNA/RNA
synthesis

Prevents thymidine synthesis, arrests conversion
of folate to active form

Disrupts DNA by inhibiting DNA polymerase

Disrupts DNA/RNA synthesis, inhibits
thymidine synthesis

Inhibits mitosis by binding tubulin

DNA strand breaks (topoisomerase II mediated)
Mitotic arrest by stabilizing microtubules

DNA strand breaks (topoisomerase I mediated)
DNA disruption by intrastrand and interstrand
cross-linking

Intra- and interstrand cross-linking of DNA by
platination

DNA strand breaking, free radical formation,
interference of DNA religation (topoisomerase IT
mediated)

Lympholysis

Inhibition of protein synthesis by L-asparagine
Anti-CD-20 antibody

Antiangiogenesis

Differentiating agent

understandings of the pathogenesis of cancer.
For example, the development of tyrosine kinase
inhibitor such as Gleevac®, which allows for
apoptosis of the cancer cells, is effective for the
treatment of chronic myeloid leukemia.

12.2.2 The Cell Generation Cycle

Drugs affect different stages of the cell cycle
(Fig. 12.1). Knowledge of the normal cell cycle
and how different chemotherapeutic anticancer
drugs disrupt this cycle is integral in helping to
develop effective chemotherapy regimens.
Agents that are cell cycle phase specific will
kill a fraction of cells passing through that
phase of cycle. On the other hand, agents that
are not phase specific produce a continuous
exponential decrease in cell survival because
they affect all cells regardless of their phase in
the cell cycle [4, 5].

Combining agents that enhance the disruption
of vital intracellular processes through concurrent
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Fig. 12.1 The cell generation cycle is divided into four
phases. GI begins immediately after mitosis. It is a period
when the cell carries on its usual non-mitotic functions. It
lasts until the beginning of the S phase. The S phase is the
synthetic period when synthesis of DNA occurs and the
genome is replicated. G2 is the period between the end of
DNA synthesis and the beginning of cell division. M
phase is the mitotic phase during which chromosome con-
densation occurs, the mitotic spindle appears, sister chro-
mosomes separate, and the process of cell division occurs.
GO cells are those that have left the cycling pool, either
temporarily or permanently. Cells that are temporarily in
GO can be recruited back into the proliferative cycle by
appropriate stimuli or growth factors. Some GO cells may
be terminally differentiated and cannot be recruited back
into the proliferative cycle

N

and/or sequential blockade of the cell cycle as
well as inhibition of specific metabolic pathways
has been a traditional approach in designing che-
motherapy protocols [4].

12.2.3 Tumor Cell Kinetic Model

Exposing a tumor to a drug, at a determined con-
centration, over an established period of time,
will result in a constant fraction of tumor cell kill,
regardless of the tumor size. This fractional cell
kill hypothesis forms the rationale for repeated
courses of therapy at maximum tolerated doses.
The chemotherapy is given in cycles as soon as
blood counts recover to achieve the goal of tumor
cells reduction to zero [5].

12.2.4 Combination Regimen

The importance of administering anticancer drugs
in combination regimens was first recognized
in the treatment of childhood cancers. In acute
lymphocytic leukemia, for example, a complete
remission can be achieved in 60 % of the patients
treated with a single agent such as aminopterin,
prednisone, vincristine, L-asparaginase, or dauno-
mycin. However, most of these patients relapsed
despite the continued use of that agent [6]. Patients
retreated with the same agent at the time of relapse
do not respond. These observation implied emer-
gence of a preexisting drug-resistant subclone and/
or residual subclinical disease. The use of combi-
nation chemotherapy with alternating regimens of
non-cross-resistant drugs decreases the incidence
of the development of drug resistance. The most
successful combination chemotherapy uses agents
that also have additive or synergistic mechanisms
of action with nonoverlapping toxicities (if pos-
sible) to allow each agent to be used at optimal
dosing [4]. This approach has contributed to the
significant improvement in survival (90 % cure
rate) in acute lymphocytic leukemia [2].

12.3 Drug Resistance

Resistance to anticancer drugs is the primary rea-
son for treatment failure in cancer patients. Drug
resistance can be present at diagnosis or may
develop over time by exposure to chemotherapy.
Cancer cells undergo spontaneous generation of
drug-resistant clones by mutation, deletion, gene
amplification, translocation, or chromosomal
rearrangement. This is due to the inherent genetic
instability of each cancer cell. Drug resistance
can target a single drug or multiple drugs. For
example, P-glycoprotein (P-gp) expression leads
to the reduction of the intracellular concentration
of drug due to increased activity of membrane
bound ATP-dependent drug efflux pumps [3].
Drugs like verapamil, calcium channel blocker,
and cyclosporine can act as chemosensitiz-
ers and reverse multidrug resistance caused by
P-gp. Multidrug resistance is also the result of
the cancer cell’s enhanced ability to repair DNA,



116

M.G. Levien et al.

decreased levels of the target enzyme (topoisom-
erase II), and suppression of apoptotic pathways.
The mechanism of drug resistance is important
to consider in designing treatment protocols for
relapsed patients.

12.4 DrugDevelopment

The initial critical step in anticancer drug develop-
ment is to identify new candidate drugs. The
National Cancer Institute’s Drug Screening Program
uses a panel of 60 human tumor cell lines to identify
new candidate drugs. The screening program identi-
fies more than 10,000 new chemical agents per year.
New gene chip technology has now been incorpo-
rated into the NCI's drug screening program.
Candidate compounds are then tested in mice and
dogs to determine the maximum tolerated dose
(MTD). Pharmacokinetic parameters are also stud-
ied in animals to establish a safe starting dose for
human clinical trials [3, 5, 7].

12.5 Clinical Trials
12.5.1 Phase | Trials

A Phase I trial is designed to determine the MTD
for a specific dosing schedule, define toxicity pro-
file in humans, identify dose-limiting toxicities,
and study the pharmacokinetics. Phase I studies
are open to patients who have had relapse(s) and
have exhausted standard and established thera-
pies. Usually small numbers of patients (15-30)
are enrolled, and the dose is then escalated in suc-
cessive cohorts of 3—6 patients until a dose-limit-
ing toxicity is consistently observed.

12.5.2 Phase ll Trials

After the optimal dose and schedule for a new
drug is determined, phase II trials are con-
ducted to determine the spectrum of antitumor
activity and the response rate of drugs against a
number of different tumors. Patients who have
failed standard therapy are eligible for phase II
trials [3, 8].

12.5.3 Phase lll Trials

New chemotherapy agents, which have success-
fully been tested in phase I and II trials enter into
phase III trials. Phase III trials are randomized stud-
ies in which new agents are studied in previously
untreated patients (standard therapy and new agent
vs. standard therapy alone). Additional factors that
must be considered in the development of treatment
protocols include drug mechanism of action, phar-
macokinetics, toxicities, potential drug interactions,
and mechanisms of drug resistance [1, 6].

12.6 Multimodality Therapy

At times, other modalities of treatment such as sur-
gery and radiation therapy are used in conjunction
with chemotherapy for maximal clinical benefit.

12.6.1 Adjuvant Chemotherapy

Adjuvant chemotherapy is in a setting wherein
patients receive local therapy at diagnosis (sur-
gery and/or radiation therapy) to the primary
tumor prior to chemotherapy (Table 12.2).

12.6.2 Neo-adjuvant Chemotherapy

In the neo-adjuvant setting, patients receive chemo-
therapy first at diagnosis to reduce cancer burden
prior to local measures are undertaken. In retino-
blastoma, chemotherapy is used as a chemoreduc-
tive approach (neo-adjuvant therapy). Currently
six cycles of vincristine, etoposide (VP-16), and
carboplatinum are given every 3—4 weeks. This is
followed by local measures such as thermother-
apy, cryotherapy, and plaque radiotherapy to treat
intraocular tumors so as to avoid use of external
beam radiotherapy and enucleation [8].

12.7 Complications

Antineoplastic drugs have the lowest therapeu-
tic index of any class of drugs. They therefore
predictably produce significant and at times
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Table 12.2 Multidisciplinary treatment of common ophthalmic tumors
Tumor Chemotherapy Surgery Radiotherapy
Orbital rhabdomyosarcoma (embryonal: Vincristine actinomycin D + +
nonmetastatic)
Optic nerve glioma Vincristine + carboplatin g +
Vincristine + actinomycin D (age>5 years)
Velban
Retinoblastoma (nonmetastatic) Vincristine + etoposide + carboplatin + +
Retinoblastoma (metastatic) Vincristine + etoposide + carboplatin + +
Uveal melanoma (nonmetastatic) Multiagent +
Uveal melanoma (metastatic) Multiagent +
Conjunctival melanoma (nonmetastatic) = + -
Conjunctival squamous cell carcinoma = + -

(nonmetastatic)

Table 12.3 Systemic side effects of commonly used antineoplastic agents®

Group Drug Toxicity
Antimetabolites Mercaptopurine Hepatotoxicity

Methotrexate Hepatotoxicity, nephrotoxicity

Cytosine arabinoside Hepatotoxicity, nephrotoxicity, neurotoxicity
Alkaloids Vinca alkaloids: vincristine, Velban Neurotoxicity, constipation

Etoposide (VP-16)
Alkylating agents Cyclophosphamide
Cisplatinum, carboplatinum
Antibiotics
Miscellaneous Corticosteroids
L-asparaginase
Interferon alpha
Thalidomide

Retinoic acid

Anthracyclines: Adriamycin, daunomycin

Hepatotoxicity, nephrotoxicity
Hepatotoxicity, nephrotoxicity, cystitis
Nephrotoxicity, ototoxicity
Hepatotoxicity, cardiotoxicity

GI bleed, Cushing’s syndrome, diabetes
Pancreatitis

Fever, malaise, myalgia

Teratogenicity

Hypervitaminosis A

“Bone marrow depression, alopecia, nausea, and vomiting are frequent side effects of many antineoplastic agents

life-threatening toxicities (Table 12.3). The
oncologist must balance the risk of toxicities
against the risk of relapse as a result of inade-
quate treatment. Even a small reduction or delay
in therapy to mitigate toxicities can result in
tumor recurrence, which may lead to the death
of the patient.

Systemic chemotherapy may also be
associated with ocular side effects that may
be acute or chronic. With the development of
newer cancer therapies and the use of more
aggressive regimens of already existing agents/
combination of agents, the list of associated
ocular side effects may well increase. This
may be particularly true knowing the increased
patient survival rate that many of these agents
have helped achieve.

Several commonly used chemotherapeutic
agents have been reported to induce ocular mor-
bidity [9-14]. Although a comprehensive review
of the literature related to ocular side effects of
chemotherapeutic agents is beyond the scope of
this chapter, some of the commonly used agents
and their ocular toxicity are summarized
(Table 12.4). Some agents affect various ocular
and periocular structures as well as the optic nerve,
cranial nerves, and central nervous system compo-
nents serving vision and the oculomotor function.
For some agents, the mechanism of a particular
side effect is known, but for the most part the exact
etiology behind many of the ocular side effects
associated with these agents remains uncertain.

It is important to realize, however, that while
ocular side effects related to these agents are
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Table 12.4 Ocular side effects of commonly used chemotherapeutic agents

Chemotherapeutic agent/class
L-asparaginase, taxans, and

platinum salts

Methotrexate

5-Fluorouracil capecitabine

Interferon

Mitomycin-C

Carmustine

Tamoxifen

Cytarabine
Cisplatin and etoposide

Cisplatin, vinblastine, and
vincristine

Intracarotid cisplatin

Chlorambucil

Cyclophosphamide

Rituximab

Paclitaxel
Docetaxel

Anatomic location
Ocular adnexal structures

Ocular adnexal structures
Anterior segment
Posterior segment

Optic nerve/oculomotor nerves

Ocular adnexal structure

Anterior segment
Ocular adnexal structures
Anterior segment
Posterior segment

Optic nerve
Anterior segment

Anterior segment
Posterior segment

Optic nerve
Anterior segment

Posterior segment

Optic nerve
Anterior segment
Posterior segment

Optic nerve and CNS

Ocular adnexal structures
Posterior segment

Optic nerve

Anterior segment
Posterior segment

Optic nerve

Ocular adnexal structures
Anterior segment
Posterior segment
Ocular adnexal structures
Anterior segment
Posterior segment
Anterior segment

Specific ocular side effect

Hyperpigmentation, sclerodermiform
dermatitis, photosensitivity. and
hypersensitivity reactions

Periocular edema, blepharitis
Conjunctivitis

Retinopathy with reduced b-wave amplitude
on electroretinography, macular edema
Optic neuropathy and internuclear
ophthalmoplegia

Blepharitis, eyelid dermatitis, cicatricial
ectropion, punctual/canalicular/ductal
stenosis, alopecia, phlebitis, chemical
cellulitis, diffuse sclerosis, sterile
folliculitis, and flushing reactions

Conjunctivitis, keratitis
Alopecia, trichomegaly, and hypertrichosis
Acute corneal graft rejection, glaucoma

Retinopathy with retinal hemorrhages,
cotton wool spots, macular edema, and
retinal ischemia

Anterior ischemic optic neuropathy
Conjunctivitis and keratitis, worse with
topical application

Conjunctivitis and keratitis

Retinal hard exudates, hemorrhages,
infarcts, and retinal artery occlusion

Optic neuropathy

Corneal subepithelial deposits, whorls and
linear opacities, posterior subcapsular
cataract

Pigmentary retinopathy, macular crystals
and drusen, macular edema

Optic neuritis
Conjunctivitis and keratitis

Retinopathy, reduced a-wave and absent
b-waves on ERG, retinal ischemia, and
neovascularization

Optic neuritis with disc edema, transient
cortical blindness or homonymous
hemianopia, cranial nerve dysfunction

Orbital myositis

Central retinal artery occlusion, uveal
effusion

Optic neuritis

Keratitis

Retinal hemorrhages
Papilledema

Blepharitis, lacrimal duct stenosis
Kerato-conjunctivitis sicca
Retinal hemorrhages
Transient periocular edema
Conjunctivitis

Cystoid macular edema
Canalicular stenosis
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Fig.12.2 A 30-year-old male presented with complaints
of mild visual distortion in both eyes of several weeks
duration. He had been in good health until 5 months prior
to presentation when he was diagnosed with a malignant
cutaneous melanoma. The patient underwent surgical
resection, and on histopathologic review, the primary
tumor was graded T4bN2aMO. There was no evidence of
metastatic disease. The patient received 20 days of high-
dose IV interferon alpha 2-b (30-36 million IU over
30 min) and was then switched to subcutaneous inter-
feron injections. One week prior to presentation at the
ophthalmology department, the patient was hospitalized
for an acute stroke that presented with symptoms of
right-sided facial droop, dysarthria, and right upper
extremity weakness. MRI of the brain revealed an infarct
in involving the left caudate nucleus and a portion of the
left posterior limb of the internal capsule. On examina-
tion, the patient’s vision measured 20/20 without correc-
tion at distance and near. Dilated fundus examination
revealed scattered cotton wool spots throughout the

usually not preventable, many of them are revers-
ible with discontinuation of the drug or dose reduc-
tion (Fig. 12.2). Thus the role of the ophthalmologist
in baseline evaluation of patients receiving

posterior pole in both eyes (a, b). The rest of the ophthal-
mic examinations including visual field testing, color
vision, and slit lamp exam were normal. Fluorescein
angiogram confirmed retinal capillary non perfusion
(ischemia) corresponding to the cotton wool spots (c, d).
A recent history of stroke along with findings of focal
micro-retinal infarctions prompted a complete review of
coagulation and cardiovascular system, which were all
reported as normal except for an ejection fraction of
30 % suggestive of cardiomyopathy. Interferon treatment
was discontinued promptly, and the patient was moni-
tored clinically. At 10-month follow-up, there was com-
plete resolution of retinopathy and full recovery from the
stroke with no residual neurological symptoms. A strong
temporal relationship between the onset of symptoms
and the initiation of interferon therapy and absence of
any other probable cause of vasculopathy suggested that
stroke, cardiomyopathy, and retinopathy observed in our
patient had a shared underlying pathogenetic mechanism
of interferon-induced ischemia

chemotherapy, screening for potential side effects,
and early diagnosis may be critical. While the table
lists the common direct ocular side effects, it is
important to recognize that some of these agents
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may be associated with indirect ocular side effects
such as ocular opportunistic infections (Fig. 12.3)
and retinopathy (Fig. 12.4) resulting from compro-
mised immunity and hematologic disorders (such
as anemia and thrombocytopenia), respectively. In
some instances, it may be difficult to differentiate
whether an ocular presentation is the result of a

Fig. 12.3 A 58-year-old man referred for evaluation of
floaters OD for past couple of weeks. He had a history of
colon cancer s/p resection and had received chemother-
apy. Visual acuity was 20/50 OD and 20/25 OS. Anterior
segment examination was normal. Fundus examination of
the right eye revealed a hemorrhagic white retinal lesion
of CMV retinitis

Fig. 12.4 A 30-year-old female with diffuse large B-cell
lymphoma after 4 cycles of chemotherapy presented with
blurred vision of 2 weeks duration. Examination revealed
visual acuity of 20/70 OD and 20/40 OS. Fundus examina-
tion showed bilateral localized retinal hemorrhages (a, b).

direct or an indirect effect of a chemotherapeutic
agent. Therefore, a close collaboration between the
ophthalmologist and the treating oncologist may be
critical to reach the proper diagnosis and
management.

12.8 Summary

Most conventional anticancer drugs have nonse-
lective mechanisms of action that target DNA,
RNA, or metabolic pathways in both malignant
and normal cells. Recent progress in molecu-
lar biology, biochemistry, and genetics is offer-
ing new classes of targeted drugs (Chap. 13).
Exposing a tumor to a drug, at a determined
concentration, over an established period of
time, results in a constant fraction of the tumor
cell kill, regardless of the tumor size. This frac-
tional cell kill hypothesis forms the rationale for
repeated courses of therapy at maximum toler-
ated doses. Combining agents that work through
concurrent and/or sequential blockade of the
cell cycle as well as inhibition of specific meta-
bolic pathways has been a traditional approach
in designing chemotherapy protocols. The use of
combination chemotherapy with alternating regi-
mens of non-cross-resistant drugs decreases the

Optical coherence tomography confirmed sub-ILM location
of the hemorrhage (¢, d). Eight weeks later, the hemorrhage
had completely resolved with full visual recovery associated
with normalization of blood counts (e, f)
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Fig.12.4 (continued)

incidence of the development of drug resistance.
Antineoplastic drugs have the lowest therapeutic
index of any class of drugs. The oncologist must
balance the risk of toxicities against the risk of
relapse as a result of inadequate treatment.
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13.1 Introduction

The rapid advancements in the field of oncology
have resulted in the transition from cytotoxic
chemotherapeutic agents to molecularly targeted
therapies that interfere with cellular signaling
pathways important for the survival and propaga-
tion of neoplastic cells. Some of these agents
have changed the landscape in the management
of several hematologic and solid malignancies.
Molecularly targeted agents are selected and
designed to provide the maximal antitumor affect
with the minimal functional alteration of the nor-
mal healthy cells [1]. However, the complexity of
cellular pathways proves very difficult to design
therapeutic agents that do not overlap with the
physiologic activities of the normal human tis-
sues. The recognition of a myriad of distinct
adverse effects related to the molecularly tar-
geted therapies has emerged over the last decade
with their increased clinical usage [2, 3].

Molecularly targeted agents act through the
variety of specific mechanisms, which results in
the unique side effects related to a specific agent.
Clinically recognized side effects depend on the
cellular pathways which are inhibited and their
expression in the different ocular and adnexal tis-
sues. Most ocular tissues have been found sus-
ceptible to the development of side effects
secondary to these drugs, from the periocular
skin to the central nervous system visual path-
ways. Familiarity of the ophthalmologists with
the potential ocular side effects is important for
the early recognition of ocular toxicities.

A.D. Singh, B. Damato (eds.), Clinical Ophthalmic Oncology, 123
DOI 10.1007/978-3-642-40489-4_13, © Springer-Verlag Berlin Heidelberg 2014
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13.2 Specific Agents
13.2.1 Tyrosine Kinase Inhibitors

Tyrosine kinases are enzymes involved in signal
transduction pathways regulating cell growth and
response to the extracellular stimuli. Human
malignant cells develop mutations that can lead
to constantly activated tyrosine kinase enzymes
resulting in uncontrolled cellular growth and pro-
liferation. Inhibition of aberrantly activated tyro-
sine kinase enzymes was the first success story of
molecularly targeted therapy [4].

Imatinib (Gleevec™), also known as signal
transduction inhibitor (STI)-571, was the first
FDA-approved molecularly targeted agent in
May 2001, which inhibits abnormally fused
break point cluster-Abelson (BCR-ABL) tyrosine
kinase in chronic myelogenous leukemia (CML)
caused by the 9:22 translocation. Subsequently,
it was discovered that imatinib also blocks the
activity of tyrosine kinases associated with
platelet-derived growth factor receptor (PDGFR)
and c-Kit (CD117), the receptor for stem-cell
factor (SCF). Blockade of mutated c-Kit results
in apoptosis of gastrointestinal stromal tumor
(GIST) cells and dramatic regression of neoplas-
tic lesions [5, 6].

PDGFR and c-Kit tyrosine kinases are preva-
lent in dermal dendrocytes that reside in normal
human skin including periorbital area. There is
some evidence that PDGRF signaling pathway
plays a role in the regulation of interstitial fluid
pressure and its inhibition in dermal dendrocytes
may lead to the extravasation of plasma into the
extracellular space. Anatomical structure of the
periorbital skin makes it very susceptible to the
interstitial fluid changes. It is not surprising that
the most common ophthalmic side effect of ima-
tinib therapy is the development of periorbital
swelling affecting around 70 % of treated
patients. Peripheral edema occurs less frequently
affecting about 29 % of patients. The severity of
periorbital edema may range from mild to mod-
erate, which is the most common presentation, to
severe swelling resulting in the obstruction of
visual axis. Edema usually develops 2—-3 months
after the initiation of therapy, but it can be seen as

soon as 1 day or up to a year after the beginning
of medication. The increased dose may be associ-
ated with the higher rates of periorbital edema.
The management of periorbital edema in cancer
patients treated with imatinib depends on the
severity of symptoms and may include observa-
tion for mild edema, low-dose diuretics such as
furosemide for moderate edema, and surgical
debulking of the excessive edematous tissue in
very severe cases. Periorbital edema almost never
requires the cessation of cancer therapy because
it can be successfully managed by medical or sur-
gical approaches [7-9].

Epiphora is also a common complaint in
patients treated with imatinib. It occurs in about
18 % of treated patients occurring almost exclu-
sively in patients who also had concomitant peri-
orbital edema. Clinical evaluation of these
patients showed no evidence of punctual,
canalicular, or nasolacrimal duct obstruction as
probing or irrigation revealed patent tear outflow
system. Half of the patients were noted to have
conjunctival chemosis related to the fluid collec-
tion underneath the conjunctiva or conjunctivo-
chalasis partially blocking the opening of inferior
puncta. Concomitant periorbital edema may dis-
rupt the functional force of pretarsal orbicularis
oculi muscle and result in lacrimal pump dys-
function. Imatinib metabolism may also lead to
by-product secretion and its accumulation in tear
film, which could act as an irritant causing over-
production of tears. Most patients with mild
epiphora can be observed. If symptoms are severe
enough to interfere with quality of life, 40 mg of
furosemide daily and prednisolone acetate (1 %)
four times a day were found to be effective in
alleviating symptoms [9, 10].

Increased intraocular pressure (IOP) is a possi-
ble complication from imatinib therapy in patients
with CML, and the literature reports supporting it
are very scarce. A report from Italy showed that
1.6 % of 250 patients treated with imatinib devel-
oped increased IOP, which required either discon-
tinuation of therapy or reduction in dose. One
patient required glaucoma surgery. The same
group also reported several patients developing
recurrent conjunctival hemorrhages in spite of no
evidence of thrombocytopenia or coagulation
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abnormalities. It is postulated that the inhibition of
c-kit enzyme found on mast cells that populate the
conjunctival substantia propria make the mucosa
more vulnerable to mild trauma [11].

Imatinib can very rarely lead to vision-
threatening complications compromising the
function of retina or optic nerve. Experimental
models demonstrated widespread apoptosis of
retinal ganglion cells (RGCs) in the cell culture
treated with imatinib for up to 48 h due to down-
stream disruption of PDGF receptor signaling
mediators that promoted the survival of RGCs.
Animal experiments indicated that high-dose
(1.65 mg) intravitreal injection of imatinib
resulted in extensive retinal necrosis in contrast
to low-dose (165 or 825 pg) injection that showed
no ocular toxicity [12]. These experimental mod-
els only underline possible retinal toxicities and
in no way simulate in vivo imatinib effect from
the current oral dosing of the medication.
Nevertheless, there are very sparse reports of
imatinib causing optic disc edema, retinal hemor-
rhages, retinal neovascularization, and cystoid
macular edema. There was a resolution of side
effects and improvement in visual acuity after the
dose reduction or cessation of imatinib therapy in
these reports [11, 13-16].

It is of paramount importance to rule out neo-
plastic infiltration of the optic nerve prior to sus-
pecting imatinib toxicity as a culprit for the optic
nerve disease.

Dasatinib and nilotinib are newer inhibitors of
tyrosine kinases, including the BCR-ABL tyro-
sine kinase, that are used for the treatment of
Philadelphia chromosome-positive CML that is
resistant to imatinib. Their safety profile may be
distinct from imatinib, but given the similar
mechanism of action between these agents, the
potential for development of ocular side effects
will remain present [17].

13.2.2 Epidermal Growth Factor
Receptor Inhibitors

The epidermal growth factor receptor family
(also known as ErbB) consists of four receptors:
the epidermal growth factor receptor (EGFR/

ErbB1/HER1), ErbB2 (HER2/neu), ErbB3
(HER3), and ErbB4 (HER4). Their function is
essential for the normal growth and differentia-
tion of epithelial cells. It is highly expressed in
the various ocular tissues including the periocu-
lar skin, hair follicles, meibomian and lacrimal
gland, conjunctiva, and cornea. It is not surpris-
ing that the most side effects of EGFR inhibitors
are related to the ocular surface [18].

Erlotinib (TarcevaTM) is a potent inhibitor of
EGFR tyrosine kinase competitively blocking
ATP binding site at the active tyrosine kinase
region and disrupting downstream cellular signal-
ing cascade, used for the treatment of locally
advanced or metastatic non-small cell lung cancer
and pancreatic cancer. Ocular side effects were
reported in up to 12 % of treated patients during
the clinical trial mostly consisting of the ocular
surface disease. Inhibition of EGFR may disrupt
keratin gene expression within the eyelash folli-
cles leading to the abnormal growth cycle and tri-
chomegaly affecting 29 % of patients [18, 19]. The
aberrant eyelashes can rub against the ocular sur-
face resulting in corneal abrasion and ulceration.
The mechanical trauma caused by trichomegaly is
accentuated by the EGFR inhibition causing mei-
bomian gland secretion abnormalities, the abnor-
mal quality and quantity of the tear film and
delayed corneal epithelial healing. The prompt
recognition of these side effects is important to
prevent vision-threatening corneal infections.
Eyelash trimming, aggressive lubrication, and top-
ical antibiotic instillation with careful monitoring
are common therapeutic approaches. The tear film
abnormality can be treated with oral doxycycline
and artificial tears. Erlotinib was also reported to
cause periorbital rash, blepharitis, hyperemia, and
telangiectasia that can be treated with topical
Maxitrol eye ointment and fluorometholone
(0.1 %) ointment (Fig. 13.1) [18-20]. Cessation of
therapy can lead to the healing of persistent epithe-
lial defect, but it is rarely necessary to discontinue
therapy unless severe corneal disease develops.
Corneal perforation was reported in a patient
treated with erlotinib for stage IV lung squamous
cell carcinoma that required surgical intervention
and discontinuation of therapy due to severe
vision-threatening side effects [21].
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Fig.13.1 Periorbital rash,
hyperemia, and telangiec-
tasia induced by erlotinib
(Tarceva™)

Gefitinib (Iressa™) inhibits the EGFR tyro-
sine kinase activity by competitive blockade of
ATP binding site, used for the treatment of non-
small cell lung cancer in patients who have acti-
vating mutations in EGFR gene caused by
in-frame deletions within exon 19 and the L858R
point mutation, which are more prevalent in non-
smokers, Asians and women [22]. The ocular
side effects of gefitinib overlap with the side
effects of erlotinib given its similar mechanism of
action. During the clinical trial, gefitinib therapy
was found to cause trichomegaly, meibomitis,
tear film abnormalities, and reversible recurrent
corneal erosions in 8 % of patients. The side
effects can be managed by eyelash epilation, sys-
temic doxycycline, topical corticosteroids, and
antibiotic ointments [20, 23].

Cetuximab (Erbitux™) is a chimeric antibody
targeting the extracellular domain of EGFR that
prevents ligand-dependent signaling and receptor
dimerization. Its antitumor activity differs from
erlotinib and gefitinib, even though these medica-
tions target the same enzyme. It is used in con-
junction with radiation therapy for regionally
advanced squamous cell carcinoma of the head

and neck and as a single agent for EGFR-positive
metastatic colorectal cancer [24]. Ocular side
effects of cetuximab are similar to the side effects
noted in the patients treated with erlotinib or gefi-
tinib. In one report, tear film abnormalities and
dry eye symptoms were noted in 67 %, blephari-
tis (63 %), trichomegaly or trichiasis (38 %), and
eyelid rash or hyperemia (38 %) of treated
patients [18]. Most commonly, side effects of
cetuximab are mild and can be easily managed;
however, if not addressed promptly, recurrent
corneal irritation may cause scarring and perma-
nent blindness.

Panitumumab (Vectibix™) is a fully human-
ized, recombinant IgG2k antibody against the
extracellular domain of EGFR. The binding of
EGEFR on cell surface by panitumumab does not
mediate antibody-dependent cell-mediated cyto-
toxicity that is a characteristic of cetuximab. It is
used for the treatment of metastatic colorectal
carcinoma [25]. Ocular side effects from panitu-
mumab are rarely reported, but they are expected
to be similar to the side effects caused by other
EGFR inhibitors such as cetuximab, erlotinib,
and gefitinib. There is a single case report of
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severe bilateral multiple epithelial defects result-
ing in corneal melting and perforation in one of
the eyes after the infusion of panitumumab in a
patient with metastatic colorectal cancer. The
perforation was sealed with a conjunctival flap,
and aggressive bilateral lubrication was initiated
to prevent further progression of corneal disease,
which resulted in significant clinical improve-
ment. Symptoms recurred after the second pani-
tumumab infusion, which prompted the cessation
of therapy secondary to the blinding ocular side
effects [21]. Evaluation of patients with ocular
complaints is important to recognize early toxic-
ity and prevent rare devastating corneal
decompensation.

Trastuzumab (Herceptin™) is a humanized
IgG1 kappa monoclonal antibody against the
external domain of HER2 (ErbB2). It is used
for the treatment of HER2-positive breast can-
cer and HER2-positive metastatic gastric or
gastroesophageal junctional adenocarcinoma.
It was the first monoclonal antibody approved
for the treatment of a solid malignancy [26].
Experimental animal models showed that trastu-
zumab was effective in preventing corneal neo-
vascularization by blocking EGFR upregulation
of angiogenic factors, which could potentially
be beneficial in patients with corneal neovas-
cularization [27]. Ocular side effects of trastu-
zumab therapy are usually mild and rarely
reported. In a study of 112 patients treated with
trastuzumab combined with antimicrotubule
agent DM1, 31.3 % of patients reported ocu-
lar problems most commonly consisting of dry
eyes, increased lacrimation, conjunctivitis, and
blurred vision [28]. Bilateral ischemic macu-
lopathy was reported in a single case manifest-
ing as the enlargement of foveal avascular zone
and cystoid macular edema after trastuzumab
infusion for the treatment of metastatic breast
cancer. Discontinuation of therapy resulted in
stabilization of the disease, and reintroduction
of trastuzumab treatment caused the progression
of capillary dropout and vision loss. It is pos-
tulated that trastuzumab blockade of pro-angio-
genic factors by inhibition of HER2 receptors
might have resulted in damage of susceptible
retinal capillary network [29].

13.2.3 Inhibitors of Angiogenesis

Bevacizumab (Avastin™) is a humanized mono-
clonal IgG1 antibody against vascular endothe-
lial growth factor (VEGF-A) with molecular
weight of 149 kD. It binds VEGF and prevents its
activation of surface receptors VEGFR-1 and
VEGFR-2 found on the surface of endothelial
cells. This disrupts the receptors activation and
downstream molecular cascade, which is a criti-
cal step in angiogenesis. Bevacizumab has
received the FDA approval as a combination
therapy for metastatic colon cancer, non-small
cell lung cancer, renal cell cancer, and glioblas-
toma multiforme [30]. It has been used as an off-
label treatment of age-related macular
degeneration (AMD) since 2005. Multiple stud-
ies have demonstrated the safety of intraocular
bevacizumab, and the reported side effects are
mostly related to the injection procedure rather
than the medication [31, 32]. Ocular side effects
from systemic bevacizumab therapy are rarely
reported in the literature. Severe optic neuropa-
thy has occurred in 1.2 % of 503 glioblastoma
patients treated with bevacizumab and 0.2 % of
567 glioblastoma patients treated without bevaci-
zumab suggesting its possible role in develop-
ment of optic nerve disease [33]. Bevacizumab
has also been implicated in the development of
posterior reversible encephalopathy syndrome
(PRES), which causes reversible cortical blind-
ness by disruption of CNS visual pathways.
Patients with PRES are found to have vasogenic
edema primarily involving parietal and occipital
lobes [34, 35]. It is hypothesized that PRES
develops due to combination of increased arterial
blood pressure and changes in endothelial func-
tion from bevacizumab leading to dysfunction of
blood-brain barrier and resulting in posterior
cerebral edema. Withdrawal of bevacizumab and
blood pressure control lead to resolution of
symptoms and visual recovery [36].

Sunitinib (Sutent™) is a VEGFR, EGFR, and
PDGFR inhibitor used to treat kidney and liver can-
cers. Several cases of posterior reversible enceph-
alopathy syndrome have been reported following
sunitinib therapy. It is thought that mechanism of
PRES development related to sunitinib is similar
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to that of bevacizumab and includes increased sys-
temic blood pressure and changes in endothelial
cells function of cerebral vasculature [36, 37]. A
single case report described development of bilat-
eral optic disc edema in a patient treated with suni-
tinib for advanced renal cell carcinoma (RCC).
The resolution of edema was noted 2 months
after stopping sunitinib [38]. Neurosensory retinal
detachment is also a potential side effect of suni-
tinib therapy. Bilateral serous retinal detachments
developed in a patient treated for metastatic RCC.
Two weeks after discontinuation of therapy, sub-
retinal fluid was reabsorbed and the normal retinal
contour was reestablished. The same clinical pic-
ture developed following re-initiation of sunitinib.
Since anti-VEGF agents such as bevacizumab can
be used to treat neurosensory detachment, it is
thought that sunitinib inhibition of target enzymes
other than VEGF is likely responsible for this side
effect [39].

13.2.4 mTOR Pathway Inhibitors

Perifosine is an inhibitor of phosphoinositide-3
kinase (PI3K)/Akt/mammalian target of rapamy-
cin (mTOR) pathway specifically blocking Akt
activity at low micromolar concentrations. It also
affects other signal transduction pathways, includ-
ing the c-Jun N-terminal kinase pathway, all of
which are associated with programmed cell death,
cell growth, cell differentiation, and cell survival.
Perifosine is used to treat myeloma and neuroblas-
toma. It is being investigated for the treatment of
metastatic colorectal carcinoma [40]. Cases of
ulcerative keratitis presenting with perilimbal
ring-shaped infiltrates resembling autoimmune
keratitis have been reported in patients treated with
combination therapy of imatinib and perifosine for
gastrointestinal stromal tumors resistant to ima-
tinib monotherapy. Withdrawal of perifosine
resulted in improvement of keratitis in several
patients. It has been speculated that combination
therapy might have provoked this reaction; how-
ever, no similar cases of ulcerative keratitis have
been reported following imatinib therapy. The
exact mechanism of corneal toxicity remains
poorly understood, but it is postulated that perifos-

ine might have triggered sensitization to corneal
self-antigens resulting in autoimmune-like kerati-
tis. A combination of oral and topical corticoste-
roids, topical antibiotics, and lubricating agents
was used to successfully treat peripheral ulcerative
keratitis in the effected patients [41]. Rapidly pro-
gressive corneal ring infiltrates leading to com-
plete corneal opacification, and peripheral corneal
thinning occurred in a patient treated with perifos-
ine monotherapy for Waldenstrom’s macroglobu-
linemia. Aggressive systemic immunosuppressive
therapy halted the progression of disease and
resulted in resolution of autoimmune reaction;
however, the patient ultimately required penetrat-
ing keratoplasty to clear visual axis [42]. Ocular
complaints should be promptly investigated in
patients treated with this agent, since early therapy
might prevent serious ocular sequelae.

13.2.5 Anaplastic Lymphoma Kinase
(ALK) Inhibitor

Crizotinib (Xalkori™) is a first-in-class inhibitor of
the anaplastic lymphoma kinase (ALK), a protein
kinase involved in carcinogenesis. It is approved
for the treatment non-small cell lung cancer posi-
tive for ALK gene rearrangements. Visual com-
plaints including blurred vision, photopsia,
photophobia, floaters, and diplopia were reported
in 62 % of treated patients in the phase I and phase
II clinical trials. The visual disturbances (unknown
mechanism) usually commenced within 2 weeks of
the initiation of therapy and were transient in nature
minimally impacting, the patients’ quality of life.
No vision-threatening or permanent ocular side
effects have been reported in the studies [43].

13.2.6 Mitogen-Activated Protein
Kinase RAS-RAF Signaling
Pathway

Mitogen-activated protein kinase pathway is a
complex cellular signaling pathway that regu-
lates multiple essential cell functions including
growth, survival, differentiation, and inflam-
mation. Deregulation of this critical cellular
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transduction cascade may lead to abnormal
cell proliferation and tumorigenesis, which is
found to be present in multiple human cancers.
Numerous molecularly targeted agents inhabit-
ing the RAS-RAF-MEK-ERK/MAPK signal-
ing pathway are currently being investigated for
the treatment of multiple different malignancies
[44]. Ocular toxicities related to these medica-
tions have emerged. Transient blurring of vision,
photopsias, and colored spots have been reported
with several agents. A phase I trial of MEK inhib-
itor trametinib for the treatment of multiple dif-
ferent advanced solid malignancies demonstrated
ocular toxicity in 31 (15 %) out of 206 patients
involved in the trial, mostly including blurred
vision and photophobia. Four patients developed
serious ocular events with three cases of central
serous retinopathy (CSR) and one case of central
retinal vein obstruction (CRVO). CSR resolved
upon withdrawal of trametinib [45]. Another
MEK Inhibitor RO4987655 (CH4987655) also
demonstrated ocular toxicities in 13 (27 %) of
treated patients including a case each of CRVO
and CSR [46]. Mitogen-activated protein kinase
inhibitors are promising targets of abnormally
activated transduction molecules in this criti-
cal regulatory pathway of cellular metabolism.
Most of these agents are currently being investi-
gated in phase I or phase II clinical trials, but the
increased rate of ocular toxicities has been recog-
nized necessitating careful monitoring of vision
complaints in treated patients (Fig. 13.2).
Vemurafenib  (Zelboraf™) received FDA
approval in August 2011 for the treatment of mela-
noma harboring V60OE mutations in the BRAF
gene. The protein kinase BRAF is one of the criti-
cal enzymes in RAS-RAF cellular signaling path-
way, and its deregulation leads to abnormal cellular
proliferation and survival independent of extracel-
lular growth factors. One of the most common side
effects of vemurafenib therapy occurring in 26 %
of treated patients was development of cutaneous
neoplasms including basal-cell carcinoma, kerato-
acanthoma, and squamous cell carcinoma, which
may potentially arise from the periocular area.
Several ocular complications were reported in
clinical trials. Most common ophthalmic side
effect in phase I1I clinical trial was development of

Fig. 13.2 This 50-year-old woman underwent enucle-
ation for a large choroidal melanoma in January 2008. She
was started on experimental MEKI for breast metastasis 6
months ago. Visual acuity 20/20 in the left eye. Fundus
examination revealed multiple sub-RPE deposits of yel-
low/vitelliform material (Courtesy: Dr. Louise Mawn and
Dr. Anita Agarwal, Nashville, TN)

iritis which was reported in ten patients, who were
managed with topical corticosteroids and mydri-
atic ophthalmic drops (Fig. 13.3). One case of
CRVO was reported in phase II clinical trial requir-
ing discontinuation of therapy [47, 48].

13.2.7 Immunotherapy

Ipilimumab (Yervoy™) is a fully humanized
monoclonal antibody against the cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4)
preventing its interaction with the co-stimulatory
molecules CD80 and CD86 (B7-1 and B7-2) on
antigen-presenting cells. CTLA-4 acts as a regu-
latory molecule suppressing T-cells and its inhibi-
tion results in activation of T-cell lymphocytes
enhancing immune response directed toward
immunogenic tumor cells. It was FDA approved
for the treatment of metastatic melanoma.
Development of episcleritis and uveitis were
reported in 1 % of patients in clinical trials usually
occurring 2 months after initiation of therapy.
Mild intraocular inflammation responded well to
topical corticosteroids therapy. However, severe
cases of ocular inflammation required cessation



130

D. Jusufbegovic et al.

Fig.13.3 Iritis is the most common ophthalmic side effect of vemurafenib (Zelboraf™). Right eye (a) and left eye (b)

of ipilimumab therapy and initiation of systemic
corticosteroids to prevent severe ocular damage
[49, 50]. Abrupt development of drug-induced
Graves disease was reported in a single case after
a second infusion of ipilimumab presenting as
severe proptosis, diplopia, and exposure keratitis.
MRI demonstrated fusiform extraocular-muscle
enlargement characteristic of Graves disease. The
patient required cantholysis and responded well
to systemic corticosteroids [51].

Conclusions

With increased clinical usage of molecularly
targeted agents, distinct adverse effects have
emerged. As molecularly targeted agents act
through specific mechanisms, they result in
unique side effects. Most ocular tissues are
susceptible to the development of side effects
from the periocular skin to intraocular struc-
tures (iritis) and central visual pathways.
Familiarity of ophthalmologists with the poten-
tial ocular side effects is important for the
early recognition of ocular toxicities.
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14.1 Introduction

All involved in cancer care need to understand
their patients’ needs and fears. They must also be
able to recognise and respond to patients’ psy-
chological concerns appropriately. Every oncol-
ogy service should have systems for providing
appropriate psychological support to patients and
their relatives.

14.2 Emotions and Fears

It is common for people with cancer to experi-
ence psychological distress, which is an under-
standable response to a traumatic and threatening
life event (Box 14.1). On receiving a diagnosis of
cancer, many patients experience a range of
strong emotions, such as fear, anger, sadness and
many others, which may be overwhelming in
their intensity. For the majority, this distress will
be a short-lived experience, not causing lasting
problems [1]. In such cases, it can be understood
as part of the patients’ normal adjustment to their
diagnosis. However, for some, the diagnosis and
treatment of cancer increase the risk of develop-
ing depression, anxiety and other forms of
psychological morbidity such as adjustment
disorder.

Uncertainty is always unsettling so that it is
only natural for patients to be afraid of ‘the
unknown’ and to worry about what side effects
might occur as a result of their treatment, whether
their tumour will recur and how long they might
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Box 14.1: Patients’ Emotions and Fears

When Informed of Their Diagnosis and

Treatment

e Uncertainty about local tumor control
and survival

* Sense of ‘unfairness’

e Concerns about possible
independence

» Fears about facial deformity

loss of

live. These valid concerns make many individu-
als feel ‘like a walking time-bomb’ or ‘in limbo’
as if their life is ‘put on hold’.

Not surprisingly, the diagnosis of eye cancer
comes as a shock to most patients. Many want to
know why this has happened to them ‘out of the
blue’. They wonder whether they have done any-
thing to deserve their illness and can feel angry,
especially if they feel they have led a healthy life
so that they perceive their situation as being
‘unfair’. In addition to worries about their gen-
eral health and mortality, patients with ocular
malignancy are concerned about visual loss and
all its implications. Some fear that they will lose
their ability to work and their independence,
becoming a burden to others. Their self-esteem
and identity are therefore threatened.

Quite reasonably, patients are also afraid that
they might lose their eye and that this may cause
disfigurement, which might disrupt social rela-
tionships, work and other important aspects of
life.

Many patients are concerned about the poten-
tial for tumour recurrence or metastatic disease.
Indeed, feelings of uncertainty have fertile
ground in which to develop, and the fear of
recurrence is highly relevant in these patients.
Other than their ocular symptoms, if any, they
are most likely to be asymptomatic with regard
to metastatic disease. Furthermore, fear of
recurrence has been associated with psychologi-
cal morbidity in patients with cancer [2]. Some
aspects of uncertainty may diminish temporarily
when the objective situation can be ameliorated,
for example, following a clear scan, a normal
blood result or a reassuring clinic review.

However, there will be further follow-up, and
uncertainty about recurrence often re-emerges
before those episodes.

Giving information can help reduce uncer-
tainty but needs to be sensitive to patients’ chang-
ing needs and to take into account individuals’
contextual factors such as stage of disease, prior
life experience, age and degree of social support.
Information alone may, however, not reduce
uncertainty. It is important to recognise the criti-
cally important role of caring professionals
whom patients can trust. It is not just the security
of the relationship with the clinician that is
important; it is the hope that if disease is found,
there is the medical expertise and technology
available to treat it [3]. Furthermore, while it may
be a relief when an intensive course of treatment
ends, patients may feel insecure because they
receive less attention from the clinician [4].

Some individuals can learn to live with uncer-
tainty. For many, however, this is not possible
without help and support. Professionals therefore
need to be alert to the distress that can develop as
a result of uncertainty at different times during
the cancer trajectory.

14.3 Coping Mechanisms

Patients develop their own individual coping
mechanisms, with varying degrees of success
depending on their personality, background, pre-
vious experiences of challenges, illness percep-
tions and support from family and friends. Crying
and other manifestations of distress sometimes
make patients feel that they are not coping, which
is not the case. It is often helpful to remind peo-
ple that their emotions are quite understandable
given the circumstances. In the early stages,
some people reduce their distress by retreating
into a form of temporary denial or avoidance of
their illness. Such responses represent normal
psychological defences that can be adaptive in
the short term. However, a complication for
patients with ocular malignancy is that some
common distraction strategies, such as watching
TV or reading, might be difficult if vision is
impaired.
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14.4 Patients’ Needs

Understandably, patients desperately want to sur-
vive and resume normal life as quickly and pain-
lessly as possible (Box 14.2). They are anxious to
do everything possible to achieve these ends.
They therefore want to know that they are receiv-
ing the best possible treatment. Most want to be
informed about their condition and its treatment
and are usually keen to be involved in decisions
about their treatment and care. However, it should
be noted that patients vary in the amount of infor-
mation they want and that this changes over time
[5]. Furthermore, while patients wish to feel
involved in decision-making, this does not neces-
sarily mean they want to take responsibility for
medical decisions [6]. Above all, patients want to
be treated as individuals, with dignity and respect.
They wish to have their say and need to feel
understood. Different patients have different
needs at different stages of their illness, and psy-
chological management needs to be responsive to
this variability [7].

Box 14.2: Patients’ Emotional Needs

* Reassurance that they are receiving best
possible treatment

* Involvement in decision-making

e To be treated with dignity, as
individuals

» To feel they are understood

14.5 Eliciting and Addressing
Patients’ Emotional Needs

Although the potential for psychological distress
among cancer patients is recognised, in many
cases, it remains undetected and untreated [8].
Eliciting and addressing patients’ emotional
needs should not be considered as something
separate from medical care. Instead it should be
recognised as routine clinical practice [7].

Many barriers inhibit this process, some attrib-
utable to patients’ attitudes, beliefs and behaviour
and some to clinicians [9]. It is often the case that

patients normalise or somatise their feelings, and
this may reduce their chances of detection.
Furthermore, many feel that their concerns are
unreasonable or consider it inappropriate to raise
them with the clinician [9]. Some clinicians also
feel that it is not their role to address patients’
psychological needs [9]. They may feel uncom-
fortable or may consider themselves inadequately
trained to respond to patients’ emotional distress.
As a result, clinicians might employ techniques
such as changing the subject, ignoring the cues,
normalising distress and/or offering false or pre-
mature reassurance, which inhibit patients’ dis-
closure [9]. Practitioners may also be concerned
that by responding to patients’ distress, they may
lengthen the consultation, whereas research indi-
cates the opposite is often the case [10].

Even when clinicians feel that it is their role to
address patients’ psychological concerns, they
sometimes lack the necessary skills to elicit
symptoms [9]. It is therefore important that
clinicians are trained in techniques that increase
their confidence and encourage rather than dis-
courage emotional disclosure. Such techniques
might include demonstrating empathy through
active listening, the use of open questions,
responding to emotional cues (verbal and non-
verbal), acknowledging patients’ distress and the
use of a patient-centred consulting style [9].

14.6 Communication

Effective communication is key to eliciting and
addressing  patients’  psychological needs
(Box 14.3). It also fosters good relationships
between the patients and their carers. Patients’
psychological well-being is greatly influenced by
the way in which they are informed about their
diagnosis and treatment. The manner in which
healthcare staff respond to patients’ concerns is
also important [11, 12]. If information is poorly
communicated and patients concerns are left
undisclosed and unresolved, patients can become
confused and resentful and have a high risk of
developing clinical anxiety or depression [11, 13].
If done well, communication can lessen distress
and assist understanding and adaptation [12, 13].
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Box 14.3: Requirements for Effective

Communication

* Quiet surroundings, free of interrup-
tions and distractions

* Compassion and empathy

* Close friend or relative accompanying
patient

* Respect for how much they wish to
know

e Opportunity to ask questions
express opinions

* Help remembering what was said

e Chance to speak to previously treated
patients

and

Consequently, it is important to ensure that
patients receive as much information as they
want and that this information is provided hon-
estly and compassionately in simple and unam-
biguous language [14]. When counseling patients
about their condition, it is useful to describe the
ocular anatomy and the tumor briefly, using a
model eye and pictures of the tumor. Next, the
patient is informed of how the tumor is likely to
behave and what might happen to the eye and
vision if it is not treated. This is a good lead-in to
a short discussion on the objectives of treatment,
explaining what is and what is not achievable.
The preferred treatment is introduced, together
with the logistics involved (i.e. anesthesia and
days in hospital). Estimates of the chances of
achieving the main objectives and of developing
complications are given, in terms that the patient
can understand. Alternative treatments are dis-
cussed, with reasons why they are less suitable
than the preferred approach. The patient is then
informed of plans for early aftercare and long-
term follow-up. The scope of adjuvant therapy
and screening for metastasis is discussed. The
impact of the patient’s condition on driving and
other activities is considered. Finally, any family
implications are discussed, whether or not the
disease is hereditary.

The information given to the patient should be
summarised in the charts. The senior author (BD)

has prepared a list of outcomes and complications
so that any estimates given to patients are
recorded. It is preferable if these discussions are
conducted by a senior clinician having special
skills in counseling cancer patients. Ideally, these
discussions should be held in surroundings that
are quiet, private and comfortable. Enough time
for proper discussion should be allowed, and pre-
cautions should be taken to prevent interruption
by nonurgent phone calls and distractions. If pos-
sible, a close relative or friend should be present.
The physician should try to find out how much
the patient wishes to know about prognosis and
other sensitive issues and should respect the
patient’s wishes. The patient and any accompany-
ing persons should be given plenty of opportunity
to ask questions and to express their views. The
physician should confirm that the patient has
understood what has been said. It is often difficult
for patients to remember what they were told at
times of high emotion [14]. Therefore, for several
years, the senior author has given each new
patient an audio recording of the actual consulta-
tion on cassette tape or CD-ROM. Feedback has
been positive, although a few patients have pre-
ferred not to listen to the recording [15]. Other
useful aids to communication are a dedicated
website (e.g. www.looc.uk.com); a guidebook to
the oncology service, which can be mailed to the
patient before the first appointment; information
leaflets specific to the selected treatment; and an
information sheet regarding aftercare, which is
given to the patient on discharge from hospital.
Immediately after the consultation, it is helpful
if the patient and any accompanying persons can
spend some time with a specialist nurse in a quiet
room. There are usually many questions that
patients consider too trivial to trouble a doctor
with. It is often necessary for the nurse to provide
consolation, reassurance and other psychological
support. Some patients find it helpful to speak to
someone who has been through a similar experi-
ence, and it is useful to have a ‘bank’ of volunteer
patients who are available on the telephone.
During their stay in hospital, patients find it reas-
suring when they are kept informed of how their
treatment is progressing. It is well known that
many patients feel particularly ‘low’ soon after
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their return home from hospital. It is therefore
comforting for them to receive a telephone call
from a specialist nurse at this difficult time.

Because of the rarity of ophthalmic tumors,
patients find it difficult to get appropriate infor-
mation and advice from their family doctor and
from general ophthalmologists at their own hos-
pital. It is therefore useful for them to be able to
contact the ocular oncology service at any time if
they ever have any questions or concerns.
Appropriate contact information such as tele-
phone number or e-mail is should be provided.
Patients and their families should also be
informed of any organisations and website that
they might find helpful.

Increasingly in Britain, correspondence to the
family doctor and general ophthalmologist is also
sent to the patient. The senior author has followed
this practice for several years, with positive feed-
back. However, if the results of pathological or
genetic investigations might cause distress, they
should be communicated in person, ideally at a
hospital clinic or, if this is not possible, by means
of a prearranged telephone call.

Follow-up assessments provide a good opportu-
nity for psychological support, and the ocular
oncologist can be particularly effective in this
regard, for example reminding the patient of a
good prognosis that was originally given or empha-
sising that the chances of local tumor recurrence
become very small once the tumor has responded
well to conservative therapy. In patients who were
initially given a guarded prognosis, there might be
scope for encouraging optimism once the ‘danger
period’ has passed without incident.

At all times, the clinician should use every
opportunity to encourage hope and optimism,
albeit in an honest and realistic manner.

14.7 Decision-Making

In many countries, ‘paternalistic’ selection of
treatment and other aspects of care has largely
been replaced by a more ‘consensual’ approach.
Although most patients want to have a say in
their care, however, it is often difficult for them
to decide what is best for them, especially if they

are overwhelmed by the information provided to
them and distraught as a result of their illness.
Furthermore, many patients do not wish to take
responsibility for major life-changing decisions.

The senior author approaches decision-
making by first determining the patient’s
priorities, needs and fears then explaining
how these are met by the various options and
encouraging the patient to indicate the prefera-
ble course of action. Almost always, the patient
spontaneously selects what the senior author
considers to be the optimal treatment or action,
whereupon the author immediately reassures the
patient that the correct decision has been made.
In this way, patients benefit by ‘having a say’ in
the decision-making without being burdened by
the responsibility for their decision [16]. When
the patient selects what the author considers
to be an inappropriate course of action, gentle
probing usually reveals a misconception or mis-
understanding so that the problem is resolved
with further explanation. This combined ‘pater-
nalistic-consensual’ approach is most success-
ful when patients trust their clinician [17]. In
an attempt to merit such trust, the senior author
continuously performs a wide range of quality
control studies evaluating not only objective
outcomes, such as local tumor control, but also
subjective measures such as the patients’ long-
term quality of life and satisfaction with the
decision-making process.

14.8 Psychological Support

As they begin to adjust to their diagnosis and its
implications, patients will each face a unique set
of challenges shaped by their own personal cir-
cumstances, prior experience and beliefs [12].
Consequently, different patients are likely to
require individualised psychological support,
which may change at different stages of their ill-
ness [7]. Because of this variability, no single
approach will meet the needs of all patients, and
it is therefore best to view the patient as ‘expert’
in his or her own emotional adjustment [7].

The build-up of a patient’s unresolved con-
cerns has been shown to predict later distress
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Table 14.1 Patients requiring additional psychological
support
Failing to adjust over time

Experiencing an intense emotional reaction that
compromises their mechanisms for family and social
support

‘Stuck’ in a way that is likely to inhibit future
adjustment

Experiencing emotional problems that are unlikely to
resolve over time in a supportive environment

[11]. Careful assessment by interview is there-
fore recommended to identify and explore (1)
the specific challenges faced by each patient, (2)
the availability of emotional support and (3) the
patient’s ability to use different ways of coping. It
may be helpful at this time to engage with patients
in problem-solving including identifying and
accessing sources of practical and emotional sup-
port and considering alternative coping responses
that may reduce the emotional impact of their ill-
ness, also promoting adaptation. Eventually, in a
supportive environment, most patients will adjust
to their condition and its implications, in their
own time [5]. However, some patients may
require more specialised help (Table 14.1).

14.9 Patient-Reported Outcome
Measures (PROMs)

It is not only the length of survival that is impor-
tant to patients but also the quality of that sur-
vival. There are many ways in which the quality
of life (QoL) and mood of patients with uveal
melanoma might be impaired. Firstly, many of
these patients must come to terms with a high
chance of early death, even if their ocular tumor
has been successfully eradicated. Secondly, most
patients need to cope with some degree of visual
loss, which may restrict their activities. Some
may also be concerned about cosmetic deficit,
caused by treatment such as iridectomy or enu-
cleation. Assessment of patient-reported out-
comes using self-report questionnaires to
measure quality of life and mood can provide a
better understanding of the effects on treatment
over time. Clinicians can then advise patients

about the functional difficulties they may experi-
ence and how they are likely to respond emotion-
ally to their condition. Such insights can enable
clinicians to anticipate problems and to adjust
behavior and care accordingly. Additionally, by
means of a simple tick box on the questionnaire,
patients can be asked at regular intervals whether
they would like any psychological support.

Unfortunately, studies investigating PROMs
after treatment for uveal melanoma have pro-
duced conflicting results [18-23], possibly
because of small sample sizes, and few have
made comparisons with normative data.
Therefore, units need to monitor these outcomes
routinely so as to audit their own practice and to
build up large data sets that would provide more
definitive information about PROMs after uveal
melanoma.

14.10 Self-Help

Every opportunity should be taken to encourage
and facilitate self-help. There are many ways in
which patients can improve their own well-being,
and most are successful in discovering their indi-
vidual ways of coping. Patients seem to do par-
ticularly well if they feel that some good has
come out of their crisis, for example, discovering
what is and what is not important in their life,
helping others, fundraising and getting closer to
their friends and family. Many patients find it
helpful to write down their experiences, so that
this idea should be given to new patients in case
the thought of a diary does not occur to them. All
patients should also be informed of any self-help
groups that are available, both in their commu-
nity and on the Internet. Considerations for
organising effective psychological care to be
available to patients with eye cancer are sum-
marised in Table 14.2.

14.11 Family Support

Patients’” well-being is greatly enhanced by any sup-
port they receive from relatives and friends. Such
carers may themselves need support. It is therefore
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Table 14.2 Considerations for providing effective psy-
chological care

Appropriate training of all staff coming into contact
with patients, so that distress can be recognised

Mechanisms to empower patients to recognise and
manage their own psychological needs

Protocols for assessing all patients psychologically at
key points in their care pathway

Protocols for providing psychological support that is
appropriate to the severity of any distress, with
mechanisms for organising specialist care if needed

Information on how to contact emergency psychiatric
services, readily available wherever patients are at risk
of self-harm

Systems enabling patients and caregivers to participate
in their own care, in self-help activities and peer
support

Mechanisms for ensuring that the psychological needs
of staft caring for patients and caregivers are
adequately met

helpful for the clinician to acknowledge carers that
are present in any consultation and to provide them
with recognition and encouragement.

Some patients faced with a diagnosis of can-
cer gain reassurance from still feeling physically
well. That is, because their bodies feel normal,
they can regard the cancer as less threatening.
Their carers, however, do not have access to this
way of coping [24]. Carers also often feel that
they cannot share their concerns and fears with
the patient for fear of upsetting the patient.
Clinicians therefore often have a role of promot-
ing open communication between patients and
their carers and thereby circumventing the ‘con-
spiracy of silence’ that can add to the burden for
each party [12].

Carers may benefit from speaking with a mem-
ber of the clinical team when the patient is absent,
for example, if the patient is admitted to hospital
or in the operating room. It is therefore helpful to
prepare for such an eventuality in advance by pro-
actively obtaining and documenting the patient’s
consent for such communication.

Oncology services should also be ready to
provide support to close friends and relatives at a
time of bereavement. Carers will avail them-
selves of this support only if they know in
advance that this service is provided.

14.12 Support from Patient
Organisations

Patients should be informed of any organisations
that can provide them with support. Examples of
such organisations include Cure OM in the
United States and Ocumel UK in the United
Kingdom.

14.13 Children with Cancer: What
Should They Be Told?

It is difficult to speak to a child about cancer and
its implications. However, even very young chil-
dren can sense fear and anxiety among family
members [12]. If children are deprived of infor-
mation about what is happening, they may gener-
ate their own ideas, causing them to fantasise or
worry. Consequently, it is generally recommend
that parents are as honest as possible with their
child, allowing the patient to openly express fears
and ask questions [26].

Parents know their children better than any-
one else; therefore, their judgement of what is the
right thing to do for their child and how much
they should tell them should be supported and
encouraged [12]. In a recent study of parents who
had lost a child to cancer, it was observed that
parents who talked to their dying child about
death had no regrets about having done so [25].
Some parents who did not talk to their child about
death subsequently wished they had done so.
Clearly, the clinician’s aim in such circumstances
should be to help parents make the best decision
for their family [26].

When providing any information to a child (as
with adults), it is clearly important to use lan-
guage that can be understood [7]. It should be
noted that children are developing all the time,
consequently information considered appropriate
at one age may no longer be sufficient as the child
gets older [12]. Therefore, it is important to
establish the child’s intellectual capacity as well
as the level of understanding of the illness or
treatment in question. Explanation and reassur-
ance can then be provided in ways that make
sense to the child [7].
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Conclusions

Psychological support is an integral part of
patient care, particularly with serious diseases
such as cancer. Such support should be pro-
vided not only to the patients themselves but
also to their close relatives. Any support
should be tailored to each individual case.
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15.1 Introduction

Cataracts are cloudy or opaque areas in the lens
that should otherwise be clear. They results in
changes that can impair vision. Cataracts can be
secondary to age and mechanical, chemical, or
radiation trauma. They are the single largest
cause of blindness in the world accounting for
over 47 % of blindness worldwide [1, 2].
Intraocular tumors are a rare but important
cause of cataract, and the presence of intraocu-
lar tumor as an underlying cause should be
excluded when the cataract is unilateral, total,
sectoral, or posterior subcapsular without obvi-
ous cause such as trauma, inflammation, or ste-
roid use (Fig. 15.1). The cataract may be caused
by the tumor itself or by previous interventions
to diagnose (biopsy) or treat (steroids, excision,
radiation, chemotherapy) the intraocular tumor.
In the case of a poor view on funduscopy, the
clinician must rely on thorough examination
techniques and ancillary tests such as ultraso-
nography and ultrasound biomicroscopy to
determine the presence and extent of an intra-
ocular tumor [3]. It is important to remember
that the management of patients with intraocular
tumors is complex, sometimes controversial,
and in some instances the tumor may have been
treated with unfamiliar techniques. In this chap-
ter we will discuss the various treatment-related
causes of cataracts, specific tumor entities asso-
ciated with cataracts, and special considerations
for the management of cataracts in patients with
intraocular tumors.

A.D. Singh, B. Damato (eds.), Clinical Ophthalmic Oncology, 141
DOI 10.1007/978-3-642-40489-4_15, © Springer-Verlag Berlin Heidelberg 2014
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Fig. 15.1 Anterior segment photograph of the left eye.
Retroillumination showing wedges of nasal posterior cor-
tical cataract (a). A dark retrolental mass in the same

quadrant (b). Prominent sentinel vessel (c) offers clue to
the presence of a ciliary body melanoma (d)

15.2 Surgical Treatment-Induced
Cataract

Fine-needle aspiration biopsy, performed for
diagnostic or prognostic purposes, may rarely
(less than 1 %) be complicated by develop-
ment of cataract [4]. Transpupillary thermo-
therapy is also known to cause heat-induced
focal cataracts in approximately 24 % of
patients, and these may become visually sig-
nificant [5]. Iridectomy, iridocyclectomy, cho-
roidectomy, vitrectomy, and virtually any
intraocular procedure can lead to cataract for-
mation either due to surgical manipulation,
postoperative inflammation, or the use of ste-
roids (Fig. 15.2).

15.3 Radiation-Induced Cataract

Radiation is often used for the treatment of intra-
ocular and periocular tumors. It is usually admin-
istered externally in the form of external beam
radiation or internally in the form of brachyther-
apy. The crystalline lens is the most radiosensi-
tive organ and as such is exquisitely sensitive to
radiation as doses of less than 2Gy have been
reported to cause cataracts [7]. Cataract removal
is the only curative treatment for radiation-
induced cataracts.

The incidence of cataracts after radiation
exposure is high with a reported range between
45 and 100 % [8]. As part of the Collaborative
Ocular Melanoma Study (COMS), phakic
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Fig. 15.2 Anterior segment photograph of the right eye.
Note a dark brown lesion visible inside the pupillary mar-
gin from 4 to 5.30 o’clock position with thinning of iris
stroma anteriorly and a sectoral cataract posteriorly (a).
Anterior segment ultrasound biomicroscopy (20 MHz)
revealed a circumscribed solid mass in the angle region
tilting the inferior pole of the lens (b). Adenoma of the iris
pigment epithelium was confirmed histopathologically

after removal by iridocyclectomy (c). The cataract pro-
gressed over the next 3 months. Phacoemulsification cata-
ract surgery with capsular bag placement of intraocular
lens was performed. In addition, a blue-colored Oculaid
iris prosthesis (Ophtec Inc., Boca Raton, USA) was
placed in the capsular bag to mask the surgical coloboma
(d) (Reproduced with permission from Singh et al. [6])
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Fig. 15.3 Postradiation-induced sectoral cataract. A
65-year-old man with a ciliochoroidal melanoma in the
inferior quadrant of the right eye (a). The tumor was

patients who were treated with iodine-125
brachytherapy and had no history of cataract
were observed for the development of vision-
limiting lenticular opacities or cataract surgery.
During the first 5 years of follow-up, cataract
developed in 362 (68 %) of eyes, and of these, 49
(9 %) of eyes underwent cataract surgery. The
5-year rate of reported cataract in eyes receiving
a dose to the lens of >16 Gy was 92 %. After
cataract surgery, visual acuity improved by 2
lines or more in 32 (66 %) of patients and
remained stable in 12 (26 %) of patients.

The formation of cataracts may occur as early
as 1 month following treatment and as late as 7
years depending upon several factors including
the type of radiation, total dose, delivery portals,
and the time after exposure [9]. Ionizing radia-
tion has been primarily associated with posterior
subcapsular cataracts although cortical and
nuclear changes have also been reported
(Fig. 15.3).

In the COMS the most common cause of lack
of visual improvement after surgery was the
presence of radiation retinopathy. Cataract sur-
gery did not affect the mortality or metastasis
adversely [10].

Aside from cataract formation, radiation ther-
apy can also result in ocular surface damage lead-
ing to decreased tear production and keratitis,
both of which can have a profound effect on

treated with I-125 plaque brachytherapy. Twenty four
months later, a mild posterior subcapsular cataract with
posterior synechiae is present (b)

vision and comfort. Furthermore, these factors
can impact the surgeon’s view during subse-
quently planned surgeries. Corneal anesthesia
may lead to neurotrophic ulcers, and therefore,
the ocular surface should be optimized prior to
performing cataract surgery. Special consider-
ations must be taken by the surgeon as these
patients might have other radiation-induced
changes in their anterior chamber that can make
cataract removal more challenging. Iris neovascu-
larization and neovascular glaucoma are not infre-
quent, and the surgeon should closely monitor the
patient for any changes in the iris and intraocular
pressure. Radiation retinopathy and neuropathy
may limit visual recovery following cataract sur-
gery. The use of lead shields and fractionation of
the radiation dose has been shown to decrease the
total dose of radiation to the lens [11, 12].

15.4 Chemotherapy-and
Hormonal Therapy-Induced
Cataract

A number of chemotherapeutic agents and hor-
mones used in the treatment of cancer patients
have been shown to cause cataracts. It is well
known that corticosteroids (such as dexametha-
sone and prednisone) administered either locally
or systemically can cause cataracts. Anastrozole
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and busulfan are commonly used in the manage-
ment of cancer patients and are also known to
cause cataracts [13, 14]. In one clinical trial,
6.8 % of postmenopausal women treated with
tamoxifen developed cataracts [15]. Cataract is
the most common complication observed in
patients receiving intravitreal methotrexate for
intraocular lymphoma [16].

15.5 Specific Entities
15.5.1 Medulloepithelioma

Medulloepithelioma is a rare tumor of the ciliary
pigment epithelium. It usually becomes appar-
ent during the first decade of life and presents as
an irregular, variably sized, white or gray trans-
lucent mass. Occasionally cysts may be present.
Medulloepithelioma is divided into teratoid and
non-teratoid types and either may have benign or
malignant cytologic features. Because the tumor
arises from the ciliary region, it is often hid-
den by the iris and difficult to diagnose until the
tumor is significant in size. For this reason, thor-
ough evaluation including a fully dilated fundu-
scopic examination, transpupillary, and transocular
transillumination, as well as ancillary testing such
as ultrasonography and ultrasound biomicros-
copy are helpful in determining the presence and
extent of the tumor. Because most of these tumors
are cytologically malignant, enucleation is usu-
ally advisable. A subset of these tumors may be
managed by local resection or brachytherapy [3].
Medulloepithelioma should be suspected as an
underlying cause of nontraumatic cataract in a
child. The presence of a lens coloboma or iris/angle
neovascularization should increase suspicion.

Prior to cataract removal, stable tumor regres-
sion and absence of recurrence must be estab-
lished in consultation with the treating oncologist.
Presence of comorbidities such as tractional reti-
nal detachment, radiation optic neuropathy, or
radiation retinopathy may not favor cataract
removal because of limited visual potential.
Published reports of cataract removal in cases of
treated medulloepithelioma are not available due
to the rarity of the disease.

15.5.2 Retinal Lymphoma

Primary retino-vitreal lymphoma is a variant of
primary central nervous system non-Hodgkin’s
lymphoma with predominantly ophthalmic
involvement that usually presents in elderly
patients. Intraocular involvement may occur prior
to, after, or at the time of central nervous system
(CNYS) disease.

Diagnosis may be challenging especially in
cases where intraocular involvement precedes
systemic symptoms, and these patients are
sometimes mistakenly treated as uveitis. Once
the diagnosis is made, treatment with ocular
radiation is implemented and is adequate in
controlling ocular involvement in the majority
of cases [17]. Because of the high incidence of
bilateral disease, irradiation of both eyes is
usually performed. Though ocular disease is
controlled, most patients usually go on to
develop CNS disease. Recently a combination
of intravitreal and intrathecal chemotherapeu-
tic agents such as methotrexate has been used,
yet unfortunately even with new advances in
treatment, the mortality still remains high and
most patients expire within 2 years of diagno-
sis [18, 19].

Cataracts are the most common complication
observed in patients receiving intravitreal meth-
otrexate; furthermore, most of these patients
have also undergone a diagnostic vitrectomy
prior to starting treatment [16]. A major goal of
ocular treatment in patients diagnosed with reti-
nal lymphoma is to maximize quality of life.
Currently, there are no data to support an increase
in morbidity or mortality in patients with pri-
mary retinal lymphoma following cataract sur-
gery, and cataract surgery in these patients may
be appropriate and should be considered on a
case-by-case basis.

One study reported progression of cataracts in
73 % of eyes receiving intravitreal methotrexate.
Cataract surgery was successful in seven of eight
eyes that underwent cataract extraction with
intraocular lens implantation [16]. In one case an
expulsive suprachoroidal hemorrhage occurred
intraoperatively and subsequently the eye became
phthisical [16].
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15.5.3 Retinoblastoma

Retinoblastoma is a malignant tumor arising
from the retina. The initial clinical presentation is
that of a young child with leukocoria, strabismus,
“red eye,” heterochromia, hyphema, or pseudo-
hypopyon. The average age of diagnosis is 24
months for unilateral and 12 months for bilateral
cases [3]. Although cataract is not usually
observed in patients with retinoblastoma, the cli-
nician should rule out intraocular malignancy in
all pediatric cataracts. Ancillary testing such as
ultrasonography is helpful in cases where the
view to the fundus using ophthalmoscopy is
inadequate.

Improvements in early detection and treatment
have made globe-conserving therapy for retino-
blastoma increasingly common. Although che-
motherapy with or without cryotherapy and
thermotherapy is frequently selected, plaque
radiotherapy or external beam radiation continues
to be used as salvage therapy. In cases where sal-
vage therapy is used, doses in excess of 40 Gy are
delivered, and cataracts are expected to occur 1-3
years following treatment [7]. Cataracts impair
vision as well as the ability for the ophthalmolo-
gist to examine the retina, and amblyopia is of
particular concern in the young. As previously
mentioned, radiation is associated with posterior
subcapsular cataract, and these occur in 22-87 %
of eyes after external beam radiation and 9.7—
31 % of eyes after brachytherapy [20].

Of particular concern in retinoblastoma is the
possibility for tumor dissemination when intra-
ocular surgery is performed. Although absence of
association with systemic metastasis has been
observed, there are reports of local tumor recur-
rence after cataract surgery [21, 22]. Several
studies have shown that cataract extraction with
or without intraocular lens placement is safe in
patients who have previously received radiation
treatment for retinoblastoma [7, 20, 21, 23].
Adequate treatment of the tumor as well as an
appropriate quiescent interval of 12—18 months
appears to be key in preventing recurrence and
metastasis [22-25]. Although both clear corneal
and pars plana approaches have been success-
fully used, a pars plana approach may be prefer-

able as this provides more support in preventing
postoperative wound leak in the child who is
prone to eye rubbing. Subconjunctival spread of
the tumor via the scleral tunnel has, however,
been observed [21].

Pediatric cataract surgery is associated with a
high likelihood of developing posterior capsular
opacities. The decision to perform a primary pos-
terior capsulotomy and anterior vitrectomy at the
time of cataract surgery should be based on the
patient’s age, quiescent interval, location and
stage of the tumor, and clarity of the visual axis
once the cataract has been removed. It has been
postulated that leaving the posterior capsule
intact may potentially function as a barrier to
tumor spread as well as reducing the risk of reti-
nal detachment, and therefore, it may be prudent
to leave the capsule intact initially and to con-
sider capsulotomy as a second procedure only if
necessary.

15.5.4 Uveal Melanoma

Uveal melanoma is the most common primary
intraocular malignancy in adults. It includes
primary melanocytic tumors of any of the three
parts of the uvea, which is composed of the iris,
ciliary body, and choroid. Iris melanoma is the
least aggressive of the three types of uveal mela-
noma and is usually not associated with severe
cataract. Presence of a sectoral cataract could
imply ciliary body involvement and may be a pri-
mary feature of ciliary body melanoma which is
the most aggressive of the three [3]. Management
of uveal melanoma depends on the size, loca-
tion of the tumor, and visual potential of the
eye. Brachytherapy, proton beam radiotherapy,
thermotherapy, stereotactic radiotherapy, resec-
tion, and enucleation are common methods of
treatment. Resection of the tumor may include
iridectomy, iridocyclectomy, and trans-scleral or
trans-retinal choroidectomy.

Uveal melanoma should be suspected with any
cataract having an atypical presentation, as multi-
ple cases have been reported of unsuspected uveal
melanoma diagnosed after cataract extraction
[26-29]. In these cases, a complete investigation
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including ultrasonography and ultrasound biomi-
croscopy should be performed. Some authors
advocate the use of ultrasonography in all eyes
with opaque media regardless of history and even
in the case of bilateral senile cataracts.
Transillumination can also be used to establish the
diagnosis of uveal melanoma in the setting of a
dense cataract.

Two hypotheses have been proposed regard-
ing the safety of performing cataract surgery in
patients treated for uveal melanoma. The first is
that the tumor has received adequate irradiation/
treatment and is therefore incapable of metasta-
sis. The second is that many patients who present
with uveal melanoma already have hepatic
micrometastases at the time of diagnosis [30].

Outcomes after cataract extraction in the set-
ting of treated melanoma are well documented.
The Collaborative Ocular Melanoma Study dem-
onstrated that 83 % of the study eyes (532) devel-
oped cataracts 5 years after treatment [10]. Of
these, only 12 % underwent cataract surgery.
Cataract surgery did not affect the mortality or
metastasis adversely [10]. After cataract surgery,
visual acuity increased by two lines or more in
two-thirds of the patients (66 %). Vision-limiting
complications were reported in 33 of 49 eyes.
These included radiation retinopathy, which was
present in 67 % eyes and was the most common
cause of lack of visual improvement after cataract
surgery. Cystoid macular edema was reported in
13 eyes and neovascular glaucoma in 6 eyes. Other
less common comorbidities included diabetic reti-
nopathy [1], vitreous hemorrhage [1], radiation
optic neuropathy [1], and retinal detachment [1,
10]. Other authors have reported similar postoper-
ative issues [31, 32]. In a large retrospective study
including 72 eyes, rubeosis iridis, secondary glau-
coma, and posterior synechia were present in
about one-third of cases. Intraoperatively, defects
of the posterior capsule occurred in 12.5 % of the
eyes. Visual acuity equal to or better than preop-
erative vision was achieved in 95.8 % of the
patients. Treatment of radiation retinopathy and
tumor metastasis was described in 13.8 and 8.3 %
of patients, respectively.

Recently, combined microincisional vitrec-
tomy and phacoemulsification with intravitreal

triamcinolone acetonide injection and direct
endolaser tumor ablation has been reported to be
safe and effective in patients treated for uveal
melanoma with complications from [-125
brachytherapy [33]. The results of these studies
show a relatively low complication rate and
unchanged metastatic rates suggesting that cata-
ract surgery in adequately treated patients is a
safe procedure that improves visual acuity in the
majority of patients.

15.5.5 Uveal Metastases

Metastatic disease is the most common intraocu-
lar tumor. Metastatic breast cancer is the most
commonly diagnosed metastasis constituting
about half of all the patients diagnosed with met-
astatic disease to the uvea. This is followed by
lung cancer which is present in about one-quarter
of all patients with uveal metastatic disease.
Other less common primary sites include prostate
carcinoma, gastrointestinal carcinoma, renal cell
carcinoma, and cutaneous melanoma. Up to one-
quarter of the patients are found to have bilateral
metastatic disease at the time of presentation, and
multifocal infiltrates are common. The surgeon
should consider several aspects to determine the
most appropriate therapeutic approach. Ocular
treatment is sometimes based on improving qual-
ity of life, and the main goal of treatment is to
preserve or improve vision.

Cataracts are common in patients with uveal
metastasis as external beam radiation is the most
commonly used modality for treatment [34].
Cataract surgery should be considered in patients
with significant visual impairment due to cata-
racts. Potential benefit, current quality of life,
associated comorbidities, and life expectancy are
important considerations.

15.6 Summary

Cataracts are commonly found in patients with
intraocular tumors. There are several special con-
siderations such as monocular status, associated
comorbidities, and potential benefit of surgical
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Table 15.1 Special considerations for management of
tumor-associated cataract

Factor Comment

Surface issues,
lubrication, punctal
plugs

Irregular or regular,
suboptimal visual
outcome
Photophobia,
pupilloplasty, iris
prosthesis

Dry eyes

Astigmatism

Iridectomy

Zonular support Gentle manipulations,
capsular rings
Associated glaucoma Combined surgery
Combined PRP and
intravitreal anti-VEGF

Poor visual outcome

Radiation retinopathy

Radiation optic neuropathy
Monocular status Choice of anesthesia

Document tumor
stability

Risk of tumor dissemination

Immunocompromised status ~ Risk of infection
Careful assessment of

benefit

Shortened life expectancy

PRP pan retinal photocoagulation, VEGF vascular endo-
thelial growth factor

intervention in a setting of shortened life expec-
tancy that must be assessed when managing a
patient with tumor-related cataract (Table 15.1).
The risk factors, management, and visual outcome
of tumor-associated cataract depend on the loca-
tion, size, type of intraocular tumor, and previous
interventions. Management of tumor-related cata-
racts should be done in conjunction with an ocular
oncologist or an ophthalmologist that is well
versed in dealing with intraocular tumors.
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16.1 Introduction

Glaucoma secondary to intraocular tumors is not
uncommon, and intraocular tumor type and loca-
tion determines the prevalence of secondary glau-
coma and ocular hypertension. A review of 2,597
patients with intraocular tumors found elevated
intraocular pressure [1] in 5 % of tumor-containing
eyes at the time of diagnosis. Of those eyes, 2,111
had uveal melanoma, and secondary IOP elevation
was present in 3 % of these eyes. Seventeen per-
cent of the melanoma eyes involved the ciliary
body, and there were 7 % with iris involvement,
and 2 % with choroidal involvement. Two hundred
and fifty-six of the 2,597 eyes had uveal metasta-
ses, and glaucoma occurred in 5 % of these patients
[1]. Another survey of 227 cases of metastatic car-
cinoma to the eye and orbit found that glaucoma
was present in 7.5 % of the patients [2].

Direct invasion of the angle and ciliary body as
well as pigmentary dispersion associated with
uveal melanomas commonly leads to elevated
IOP. Tumors that are metastatic to the eye can
infiltrate the angle or close the angle by mass
effect and are associated with higher rates of glau-
coma. Angle neovascularization associated with
retinoblastomas can lead to secondary glaucoma.
A histopathologic and clinical review of 149 eyes
with retinoblastoma revealed histologic evidence
of glaucoma in 50 % and increased IOP in 23 %
of these eyes [3]. Tumors such as lymphoma, leu-
kemia, benign reactive hyperplasia, medulloepi-
theliomas, iris adenomas, and iris melanocytomas
account for a small percentage of intraocular
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tumors and are infrequently associated with
secondary glaucoma. These tumors rarely present
with elevated IOP as the initial manifestation.

16.2 Pathogenesis

Intraocular tumors can present with both open-
angle and angle-closure glaucoma through vari-
ous mechanisms.

16.2.1 Open-Angle Glaucoma

There are three principal mechanisms by which
intraocular tumors can cause open-angle glau-
coma: direct closure of the anterior chamber
angle by the tumor mass, tumor cells seeding the
anterior chamber angle, and necrotic tumor cells
engulfed by macrophages that obstruct the out-
flow pathways in the trabecular meshwork.

Closure of the anterior chamber angle by mass
effect can be caused by many types of tumors,
including melanoma, nevus, metastasis, and
medulloepithelioma. Extension of melanoma and
nevus across the trabecular meshwork can result
in increased IOP [1].

Tumor cells can seed the anterior chamber
angle and lead to open-angle glaucoma. Metastatic
tumors typically directly infiltrate the trabecular
meshwork and lead to increased IOP and second-
ary glaucoma (Fig. 16.1) [1, 4]. Metastases of sys-
temic melanoma can also cause pigmentary
dispersion leading to glaucoma. In cases of intra-
ocular melanoma, pigmented cells are dispersed
into the anterior chamber and can become lodged
in the spaces of the trabecular meshwork, hinder-
ing the outflow of aqueous humor (Fig. 16.2) [5].
Leukemias and lymphomas can result in a pseu-
dohypopyon in the anterior chamber composed of
layered tumor cells deposited within the angle
resulting in open-angle glaucoma.

The third mechanism is specific to melanotic
tumors. Necrotic tumor cells are engulfed by
macrophages within the angle that occlude the
spaces within the trabecular meshwork and raise
intraocular pressure, causing melanomalytic
glaucoma [5, 6].

16.2.2 Angle-Closure Glaucoma

Angle closure is commonly seen in patients with
intraocular tumors. This occurs through three
main mechanisms: forward movement of the
lens-iris diaphragm, peripheral anterior syn-
echiae formation, and neovascular glaucoma.

Tumor mass effect can cause forward rotation
of the lens-iris diaphragm, leading to closure of
the anterior chamber angle. Patients can present
with manifestations of acute or chronic angle-
closure glaucoma. This is more commonly seen
with posterior segment tumors and is frequently
accompanied by retinal detachment. Therefore,
any patient with unilateral serous retinal detach-
ment and glaucoma should raise the suspicion for
underlying malignancy.

Forward movement of the iris by anterior
uveal tumors such as ciliary body melanoma
can result in occlusion of the trabecular mesh-
work and PAS formation. Massive subretinal
hemorrhage can also result in forward move-
ment of the iris and PAS formation and is seen
in patients with leukemia or myelodysplastic
syndrome [7, 8].

Neovascular glaucoma is a common cause of
angle-closure glaucoma in intraocular melano-
mas [1, 5]. Intraocular metastasis, retinoblas-
toma, and medulloepithelioma can also be
associated with neovascularization and second-
ary glaucoma. Radiation-induced retinal isch-
emia can lead to neovascularization and is an
important cause of glaucoma as this is a common

treatment modality for intraocular tumors
(Fig. 16.3).

16.3 Clinical Features

Patients  with  glaucoma are typically

asymptomatic; however, glaucoma related to
intraocular tumors is frequently associated
with presenting ocular symptoms. Iris hetero-
chromia, poor response to IOP-lowering ther-
apy, and serous retinal detachment in a patient
with unilateral or very asymmetric glaucoma
should alert the clinician to the possibility of an
intraocular tumor [4, 9].
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Fig. 16.1 A 64-year-old woman was diagnosed with
ocular hypertension OS. The IOP was 35 mmHg. On
external examination prominent sentinel vessels with epi-
scleral pigmentation was noted superiorly (a). The ante-
rior segment appeared normal (b). On gonioscopy there

was diffuse pigment seeding in the angle (¢, arrows) with
area of tumor extension from 12 to 1 O’clock meridian
(d). Ophthalmoscopy revealed peripheral choroidal mela-
noma (e, arrows). Ciliary body and angle extension were
confirmed by ultrasound biomicroscopy (f, arrows)
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Fig.16.2 Diffuse iris melanoma of the lower half of the iris causing secondary glaucoma (IOP=26) (a). Gonioscopy

confirmed pigment seeding in the angle (b)

Fig. 16.3 Neovascular glaucoma 13 months following
Todine-125 plaque radiotherapy for a medium-sized cho-
roidal melanoma

16.4 Diagnostic Evaluation

A thorough ophthalmic examination including
slit lamp biomicroscopy, gonioscopy, transillu-
mination of the globe, and posterior segment
examination is critical. On slit lamp examina-
tion, the iris may reveal a melanotic or nonmel-
anotic lesion, and pigmented cells may be
present in the anterior chamber indicative of an
anterior or posterior melanoma [5, 6]. The iris
may be displaced and may have neovasculariza-
tion, or the lens can be subluxed or focally
opacified.

Direct tumor invasion of the anterior chamber
angle may be seen on gonioscopy as well as angle

seeding by pigmented or nonpigmented tumor
cells and neovascularization of the angle [1, 5, 10].

Malignant melanomas can often show transil-
lumination defects; as shown in a report of 23
ring melanomas, in which 100 % of patients had
transillumination defects [11].

Dilated fundus examination may reveal a cho-
roidal tumor, retinal detachment, or vitreous seed-
ing with tumor cells. In cases of angle closure or
occludable angles, dilation should be postponed
until after peripheral iridotomy or iridectomy.

Clinical examination alone may not be
adequate to provide definitive diagnosis. For
example, clinically, iris nevi and melanomas
are indistinguishable. Fluorescein angiography
of the iris, ultrasound biomicroscopy, and ante-
rior segment OCT can be helpful in identifying
malignant lesions [12]. Ultrasound biomicros-
copy is useful in detecting ciliary body and cho-
roidal tumors, but cannot reliably distinguish
between a benign and a malignant lesion [13,
14]. It can accurately detect changes in tumor
size, growth, and extension, useful for moni-
toring of suspicious lesions, and helpful when
contemplating surgical tumor resection [13, 15].
When these modalities are inconclusive, fine-
needle aspiration biopsy of the tumor is crucial
to arrive at a definitive diagnosis [16, 17]. In
cases of suspected primary retinal lymphoma,
vitrectomy can provide samples for cytologic
and immunohistochemical analysis [18].
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Fig. 16.4 Neovascular glaucoma associated with Stage

E (international classification) retinoblastoma. Note

ectropion iridis

16.5 Specific Entities
16.5.1 Childhood Glaucoma

Glaucoma in childhood is typically associated
with congenital and developmental anomalies,
which can be easily distinguished from second-
ary glaucoma due to intraocular tumors. In cases
of neovascular angle closure, one must consider
retinoblastoma, as this is the most common
cause of glaucoma in these patients (Fig. 16.4).
Retinoblastoma associated glaucoma with iris
neovascularization as the initial presenting sign
has been reported in 7 % of cases [19]. Any child
with neovascular glaucoma should be evaluated for
retinoblastoma. Other conditions that present with
neovascular glaucoma include retinopathy of pre-
maturity, persistent hyperplastic primary vitreous,
retinal dysplasia, Coats’ disease, toxocariasis, and
infantile retinal detachment [20]. Additionally,
some rare childhood conditions associated with
glaucoma include phakomatoses, juvenile xantho-
granuloma, and medulloepithelioma.

16.5.1.1 Sturge-Weber Syndrome

Cutaneous vascular hamartomas or hemangiomas
along the distribution of the 5th cranial nerve are
the hallmark of Sturge-Weber syndrome, and
most patients present with a cutaneous hemangi-
oma, especially of the upper eyelid. Central ner-
vous system involvement can be seen with

manifestations including leptomeningeal angioma
and cortical calcifications. Dilated and tortuous
episcleral veins and telangiectatic conjunctival
vessels are commonly seen on ophthalmic exami-
nations [21]. Approximately half of the patients
are affected by glaucoma and commonly is
secondary to elevated episcleral venous pressure
but can also be the result of anomalous develop-
ment of the anterior chamber angle [22].

16.5.1.2 Neurofibromatosis Type 1
Hyperpigmented lesions, or café-au-lait spots and
neurofibromas within the peripheral nervous sys-
tem, are characteristic of neurofibromatosis type 1.
Lisch nodules can be seen on anterior segment
examination, and elevated IOP can result from iris
neovascularization secondary to retinal vasoprolif-
erative tumor or developmental angle anomalies
[23]. Neurofibromas of the upper eyelid have been
associated with higher rates of glaucoma. Glaucoma
occurs more commonly in those with orbitofacial
involvement, as revealed by a retrospective chart
review of 95 patients diagnosed with NF1 in a
15-year period. Of these patients with facial involve-
ment, glaucoma occurred only on the ipsilateral
side at a rate of 23 %, always with ipsilateral globe
enlargement, required glaucoma surgery, and was
associated with a poor prognosis [24].

16.5.1.3 Von Hippel-Lindau Disease
Neovascular glaucoma can be seen in these
patients with neglected or advanced cases of reti-
nal capillary hemangioma.

16.5.1.4 Juvenile Xanthogranuloma
Ocular manifestations of juvenile xanthogranu-
loma include lightly pigmented iris lesions, histo-
logically composed of foamy histiocytes and
Touton giant cells, and can cause spontaneous
hyphema, resulting in secondary glaucoma. Direct
invasion of the anterior chamber angle by histio-
cytes can also lead to elevated IOP and glaucoma.
Patients with this condition also have yellow papu-
lar skin lesions on the head and neck [25].

16.5.1.5 Medulloepithelioma

Tumors that arise from the nonpigmented
epithelium of the ciliary body are called
medulloepithelioma. They can be benign or
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Fig. 16.5 Anterior segment photograph showing lens
coloboma and a vascularized opaque cyclitic membrane.
Note a pigmented mass in the ciliary body region
(Reproduced with permission from Singh et al. [27])

malignant and appear as a whitish gray mass of
the ciliary body or iris. Neovascularization of the
anterior chamber angle and forward displacement
of the iris and PAS formation are common causes
of glaucoma in these patients (Fig. 16.5) [26, 27].

16.5.2 Adult Glaucoma

16.5.2.1 Iris Stromal Cysts

Both angle-closure and open-angle mechanisms
can cause glaucoma in cases of iris stromal cysts
whether spontaneously occurring or following
surgery or trauma to the eye [28]. Ultrasound bio-
microscopy can differentiate iris cysts from
malignant lesions [29].

16.5.2.2 Melanocytoma

Melanocytomas are benign pigmented lesions
that most frequently affect the optic nerve but can
occur within the iris or ciliary body. These tumors
can cause glaucoma by extension into the trabec-
ular meshwork or by pigment dispersion or
necrotic melanocytoma cells [30].

16.5.2.3 Fuchs Adenoma

Fuchs adenoma is a benign tumor of the ciliary
body that can involve the iris and cause glaucoma
through pigment dispersion [31].

16.5.2.4 Uveal Melanoma

On slit lamp examination, iris melanoma typically
appears as an elevated brown mass. In cases of
ciliary body involvement, early detection can be
more difficult. A dome-shaped elevation of the
iris is the typical presentation and can be seen
between the iris and lens on dilated gonioscopic
examination. In cases of ring melanoma, the
patient may present with unilateral glaucoma,
and a mass may extend circumferentially around
the trabecular meshwork. This type of tumor can
arise from the iris, the ciliary body, or the tra-
becular meshwork [10]. Anterior uveal melano-
mas with a pale, nodular appearance that
resembles tapioca pudding are termed tapioca
melanomas, and glaucoma has been reported in
one third of these patients [32, 33]. When choroi-
dal melanomas are associated with glaucoma,
frequently a large mass that pushes the lens/iris
diaphragm forward is seen on exam. Additionally,
retinal detachment or vitreous hemorrhage may
present with pigment dispersion into the vitreous
and melanomalytic glaucoma. Neovascular glau-
coma can be a late sequela.

16.5.2.5 Metastatic Tumors

Intraocular metastases most commonly arise
from carcinoma of the lung or breast, and the
choroid is the most frequent intraocular meta-
static site [34]. Glaucoma is more commonly
associated with anterior segment metastases [4].
On exam, a metastasis to the iris or ciliary body
appears as a translucent and gelatinous mass and
may be indistinguishable from an amelanotic
melanoma. Frequently, these tumors are associ-
ated with iris neovascularization or hyphema
(Fig. 16.6).

16.5.2.6 Leukemia/Lymphoma

Massive subretinal hemorrhage and acute angle-
closure glaucoma can be a result of choroidal
infiltration by leukemia [7]. Anterior segment
exam may reveal hypopyon or hyphema with
resultant open-angle glaucoma [35]. Lymphoma
can affect the anterior segment and present as iri-
tis with elevated IOP, although this is rare [36].
Investigation for recurrence of leukemia or lym-
phoma is essential in these patients presenting
with iritis.
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Fig. 16.6 Iris metastasis from endometrial carcinoma
causing neovascular glaucoma

16.5.2.7 Myelodysplastic Syndrome/
Multiple Myeloma

A few cases of myelodysplastic syndrome pre-
senting with serous retinal detachment and
angle-closure glaucoma have been reported [8].
A case of multiple myeloma with initial mani-
festation as iritis has been reported, and a cyto-
logic analysis of the aqueous sample revealed
neoplastic plasma cells [37].

16.6 Treatment

Treatment of the tumor results in improvement
in intraocular pressure in most cases. In patients
whose glaucoma does not respond to tumor
ablation, management can be difficult [38, 39].
In cases of uveal melanoma, and retinoblas-
toma, filtering surgery carries the risk of iatro-
genic dissemination of the tumor and should
be avoided, and medical therapy should be
attempted first [39, 40]. Laser trabeculoplasty
can be considered in these patients, taking care
to avoid areas of the anterior chamber angle that
involve the tumor. Those tumors that are associ-
ated with pigment dispersion and secondary
glaucoma may respond well to laser trabeculo-
plasty [40].

In some situations of uncontrolled IOP, a
cyclodestructive procedure can be considered,
as the integrity of the anterior chamber is pre-
served and the procedure can be titrated to some

degree [41]. Techniques that do not penetrate
the anterior chamber including canaloplasty and
deep sclerotomy have shown promising results
in these patients [42, 43]. One case report
describes successful treatment of glaucoma sec-
ondary to iris melanoma with canaloplasty [44].
In many cases of ciliary body or choroidal mela-
noma and retinoblastoma associated with glau-
coma, the treatment of choice is enucleation.

When non-penetrating surgery is unsuccess-
ful, penetrating surgery can be considered.
Radiotherapy can result in local conjunctival
inflammation and scarring, making trabeculec-
tomy difficult [45]. In a case series of 31 patients
with elevated IOP, following proton beam radio-
therapy for anterior uveal melanoma with docu-
mented tumor regression, that were treated with
Baerveldt shunt implantation, 86 % of patients
treated with glaucoma medications achieved ade-
quate IOP control. On follow-up exam, none of
these patients had local or systemic dissemina-
tion of their tumors [46].

Patients with Sturge-Weber syndrome-
associated glaucoma require special consid-
eration. Those with elevated IOP caused by
elevated episcleral venous pressure, surgical
therapy is frequently required, although these
patients have an increased risk of intraopera-
tive choroidal effusion and expulsive hemor-
rhage [47]. Goniotomy has been successful in
some patients and carries a decreased risk of
complications [48].

16.7 Summary

Glaucoma is a manifestation of intraocular neo-
plasia that not only affects the health of the eye
but may also affect the patient’s systemic progno-
sis. Open-angle and angle-closure mechanisms
can be associated with glaucoma in intraocular
tumors. Patients presenting with unilateral glau-
coma should be evaluated for associated intraoc-
ular tumors. The management of glaucoma
associated with intraocular tumors should be
adjusted depending on the mechanism of ele-
vated intraocular pressure and should be individ-
ualized given the complexities of these cases
(Table 16.1).
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Table 16.1 Special considerations for management of
tumor-associated glaucoma

Factor Comment

Dry eyes Surface issues,
lubrication, punctal
plugs

Conjunctival scarring Choice of surgery

Iris abnormalities
Associated cataract
Radiation retinopathy

Radiation optic neuropathy
Risk of tumor dissemination

Immunocompromised status
Shortened life expectancy

Synechiae, iridectomy
Combined surgery

Combined PRP and
intravitreal anti-VEGF
Poor visual outcome
Document tumor
stability

Risk of infection

Careful assessment of
benefit

PRP Pan retinal photocoagulation, VEGF Vascular
endothelial growth factor
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17.1 Introduction

Allogeneic (genetically different, same species)
hematopoietic stem cell transplantation (HSCT)
is a curative therapy for a variety of hematologi-
cal malignancies, autoimmune diseases, inherited
disorders of metabolism, histiocytic disorders,
and other malignant solid tumors [1-3]. The
number and indications for HSCT continue to
increase, with more than 30,000 procedures
performed annually across the world [2]. The
number of unrelated donor transplants, the most
commonly performed transplant, is expected to
double within the next 5 years due to improve-
ments in techniques including donor leukocyte
infusions and isolation of umbilical cord stem
cells [2, 3].

The major histocompatibility complex con-
tains the genes that encode tissue antigens, which
is referred to as the human leukocyte antigen
(HLA) region in humans [4]. Syngeneic
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transplantation, between identical twins, repre-
sents the optimal form of HSCT and, unlike other
allogeneic donors, does not carry risk of GVHD
[5]. Even with sibling donors, which are more
likely than unrelated donors to be HLA-matched,
25-35 % of recipients develop GVHD [2, 5].
Despite HLA matching between a patient and
donor (sibling or unrelated), substantial numbers
of patients still develop GVHD because of differ-
ences in minor histocompatibility antigens that
lie outside the matched HLA loci [2, 5].

GVHD remains the most frequent and serious
complication limiting broader application of
HSCT. Given the increasing number of transplant
recipients, larger numbers of patients affected
with GVHD are expected in the near future. As
many recipients of HSCT become long-term sur-
vivors, their quality of life becomes increasingly
important.

17.2 Etiology

Billingham formulated three requirements for the
development of GVHD in 1966: the graft must
contain immunologically competent cells, the
recipient must express tissue antigens that are not
present in the transplant donor, and the recipient
must be incapable of mounting an effective
response to eliminate the transplanted cells [6, 7].

GVHD develops when donor T cells respond
to recipient tissue antigens secondary to mis-
matches between major or minor histocompati-
bility antigens between the donor and recipient
[8]. Allogeneic HSCT is the most common set-
ting for the development of GVHD.

17.3 Pathogenesis

Four important factors influence the pathogenesis

of GVHD:

(A) Source of hematopoietic stem cells:
Peripheral blood stem cells (PBSC) have
largely replaced marrow for autologous and
most allogeneic transplantations. Peripheral
blood stem cells also contain T cells that
increase the incidence of GVHD. A pro-

(B)

(&)

D)

cess called apheresis or leukapheresis is
used to obtain PBSCs for transplantation
[2, 3]. A more recent technique to obtain
hematopoietic stem cells is the preparation
of umbilical cord blood [2, 9]. In cases of
urgent transplantation or if donors cannot
be found, umbilical cord blood becomes an
alternative. The establishment of a world-
wide network for umbilical cord blood cell
procurement, typing, and cryopreserva-
tion has resulted in a large collection and
facilitated more than 7,000 unrelated trans-
plants. Cord blood as a source of stem cells
has several advantages: its transplantation
requires less-stringent HLA matching than
is required for that of peripheral blood or
marrow, and mismatched cord blood cells
are less likely to cause GVHD [10, 11].
Preparation of donor: For 4 or 5 days before
apheresis, the donor may be given granulo-
cyte colony-stimulating factor (GCSF) to
increase the number of stem cells in circu-
lation. The stem cells are isolated from cir-
culation based on the cell membrane
expression of CD34+, a hematopoietic
stem cell marker [12]. These peripheral
blood CD34+ stem cells are capable of
forming colonies of granulocytes/macro-
phages, erythrocytes, and other multipoten-
tial or immature progenitors. The CD34+
stem cells are frozen until they are infused
to the recipient.

Preparation of recipient: The recipient first
receives a conditioning regimen consisting
of chemotherapy, which is often combined
with radiotherapy and T-cell-depleting
antibody designed to immunosuppress the
host in order to decrease the possibility of
graft rejection and, when used to treat can-
cer, to reduce the number of malignant
cells. This is followed by the infusion of
donor cells [2].

Depletion of T cells: Whereas bone marrow
cells and GCSF-mobilized PBSCs are both
enriched with hematopoietic progenitors,
they also contain mature T cells that are
responsible for graft rejection [2, 6, 7]. Three
main strategies to deplete T cells and
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decrease the incidence of GVHD have been
proposed:
1. Selection of T cells ex vivo before
transplantation
2. Positive selection of CD34+ stem cells ex
vivo by immunomagnetic separation [12]
3. Antibodies against T cells in vivo [13]
These approaches showed substantial reduc-
tion of both acute and chronic GVHD. However,
reduced frequency of severe GVHD is offset
by high rates of graft failure, relapse of malig-
nant disease, infections, and Epstein-Barr
virus-associated lymphoproliferative disorders.
Moreover, overall survival has not significantly
improved when compared with use of non-T-cell-
depleted bone marrow [12, 13].

17.4 Classification of GVHD

Graft-versus-host disease presents in an acute or
chronic form. Historically, the acute and chronic
forms were arbitrarily defined based on the time
of onset since transplant (less than or more than
100 days, respectively) [2]. A clear distinction
between acute and chronic forms of GVHD as
originally described can no longer be delineated,
given the alterations in the recipient’s immuno-
suppression [2, 14]. In 2005, the National
Institutes of Health working group sought to
standardize the definitions of acute and chronic
GVHD (Table 17.1). Currently, the diagnosis of

Table 17.2 Signs of chronic GVHD

chronic GVHD is based on specific signs, degree
of organ involvement (mild, moderate, severe),
laboratory data, or histopathological confirma-
tion rather than time of onset since transplant
(Table 17.2) [15].

17.4.1 Acute GVHD

Despite prophylactic measures, the incidence of
aGVHD is estimated to be 40-60 % among

patients receiving transplants from HLA-
Table 17.1 Categories of GVHD
Presence  Presence
Time of of acute of chronic
symptoms ~ GVHD GVHD
Category after HSCT features features
Acute GVHD
Classic acute <100 days  Yes No
GVHD
Persistent, >100 days Yes No
recurrent, or
late onset acute
GVHD
Chronic GVHD
Classic chronic  No time No Yes
GVHD limit
Overlap No time Yes Yes
syndrome limit

National Institutes of Health Consensus Development
Project on Criteria for Clinical Trials in Chronic Graft-
versus-Host Disease: 1. Diagnosis and Staging Working
Group Report

Poikiloderma, lichen planus-like features, sclerotic features, morphea-like features, lichen

sclerosus-like features, often areas of depigmentation: hypopigmentation or

Skin

hyperpigmentation
Nails Nails dystrophy or loss
Hair Alopecia, scaling
Mouth

pseudomembranes, and ulcers
Muscle, fascia, joints
Gastrointestinal/liver

enzymes
Lungs

pleural effusions
Kidneys Nephrotic syndrome
Heart Pericarditis

Bone marrow

Xerostomia, restriction of mouth opening from sclerosis, mucosal atrophy,

Fasciitis, myositis, or joint contractures
Anorexia, weight loss, esophageal web or strictures, elevation of total bilirubin and liver

Restrictive or obstructive defects on pulmonary function tests, bronchiolitis obliterans,

Thrombocytopenia, anemia, neutropenia
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Fig.17.1 Acute GVHD
characteristically affects
epithelial cells in the body.
Periocular skin involve-
ment is common as well as
conjunctival chemosis and
epithelial erosions in the
lid margin epithelium

identical sibling donors and 75 % in patients
receiving HLA-matched unrelated donors [16].
Acute GVHD is characterized by selective epi-
thelial damage of target organs [17] such as
skin, liver, and gastrointestinal tract within
14-42 days of infusion [14]. A “hyperacute”
form of GVHD may occur within 14 days of
infusion, in patients with severe HLA-
mismatched donor or in those that have received
inadequate GVHD prophylaxis [14]. Hyperacute
GVHD is manifested by high fever and severe
cutaneous component (generalized erythema
with desquamation), in addition to hepatitis and
intestinal symptoms; this form of GVHD may
be rapidly fatal [15].

In ocular graft-versus-host disease, the histo-
pathological changes are mainly seen in the con-
junctiva and lacrimal gland tissue [18, 19]. As
mentioned previously, aGVHD is primarily a
T-cell-mediated process, and in the conjunctival
tissue of patients with aGVHD-related pseudo-
membranous  conjunctivitis,  donor-derived
mononuclear T lymphocytes have been detected
[20] (Fig. 17.1).

17.4.2 Chronic GVHD

Patients who have received stem cells/bone mar-
row from an HLA-mismatched related donor or
from an HLA-matched unrelated donor are at an
increased risk of cGVHD [2]. Other factors that
increase the risk of cGVHD include older recipi-
ents and those who have already experienced
aGVHD [2]. The chronic form of graft-versus-
host disease (cGVHD) has features resembling
autoimmune disorders such as scleroderma,
Sjogren syndrome, primary biliary cirrhosis,
bronchiolitis obliterans, immune cytopenias, and
chronic immunodeficiency. Symptoms usually
present within 3 years after allogeneic HSCT and
are often preceded by a history of acute GVHD
[2, 5]. Manifestations of cGVHD may be
restricted to a single organ or tissue or may be
widespread (Table 17.3).

Dry eye is the most frequent ocular complica-
tion usually occurring approximately 6 months
posttransplantation [21]. In chronic ocular
GVHD, inflammatory destruction of the conjunc-
tiva and lacrimal gland with fibrosis occurs
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resulting in aqueous tear deficiency and damaged
ocular surface [22] (Fig. 17.2). Extensive tissue
destruction, tissue atrophy, and fibrosis of the
tubuloalveolar glands and ducts in the lacrimal
gland have been shown on histology [17].Chronic
GVHD can lead to debilitating sequelae such as
joint contractures, loss of sight, end-stage lung
disease, or mortality from profound chronic
immune suppression [2, 5].

17.5 Clinical Features: Ocular
Surface Manifestations

17.5.1 Symptoms and Signs

Ocular cGVHD mimics other immunologically
mediated inflammatory diseases of the ocular

Table 17.3 Diagnostic criteria for cGVHD

Distinction from acute GVHD

Presence of at least 1 diagnostic clinical sign of
cGVHD

Presence of at least 1 distinctive manifestation
confirmed by biopsy or other relevant tests

Exclusion of other possible diagnoses

surface and there are no specific symptoms or
clinical signs. Ocular manifestations, present in
60-90 % of patients with cGVHD, primarily
affect structures of the anterior segment, mainly
the lacrimal gland, meibomian glands, and con-
junctiva [23]. Typical symptoms of cGVHD are
dry eye, photophobia, foreign body sensation,
irritation, burning, epiphora, redness, and blurri-
ness [24].

17.5.2 Target Tissues

17.5.2.1 Lacrimal Gland

The lacrimal gland is an important ocular tar-
get for the pathogenesis of GVHD [21, 23, 25].
Fibrotic processes often affect the lacrimal
gland reducing its secretory capacity or caus-
ing complete stasis with distended ductules
and obliteration of ducts lumen, similar to bile
duct damage seen in liver cGVHD [25].
Histological studies also showed extensive
destruction, tissue atrophy, and fibrosis of the
tubuloalveolar glands and ducts in the lacrimal
gland with an increase in CD34+ stromal fibro-
blasts accompanied by mild lymphocytic infil-
tration [21].

Fig.17.2 Ocular GVHD manifests with different degrees
of severity in the ocular surface. Lissamine green staining
in the interpalpebral area of this patient affected with

chronic ocular GVHD (a). The same patient with superior
limbal keratitis shown by lissamine green staining in the
superior limbal region (b)
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17.5.3 Meibomian Glands

Besides aqueous tear deficiency, progressive
decline of conjunctival goblet cells and the dys-
function of meibomian glands contribute to the
overall breakdown of the ocular tear film causing
severe keratoconjunctivitis sicca [23, 26]. In vivo
confocal microscopy shows destruction of the duc-
tal epithelia due to lymphocyte infiltration, slough-
ing of epithelial cells, pseudomembrane formation,
and subsequent excessive fibrosis around the ori-
fice, ducts, ductules, and acini of the meibomian
gland; all these findings together may explain the
development of meibomian gland disease [27].

17.5.4 Conjunctiva

Pseudomembranous conjunctivitis can rarely
occur in cGVHD and is partly considered as an
acute variant of GVHD [26]. Sterile inflamma-
tory conjunctival involvement is a common find-
ing, which can be accompanied by formation of
pseudomembranes, loss of lashes, and stenosis or
closure of the lacrimal punctum. Palpebral and
subtarsal conjunctival scarring is seen in a num-
ber of patients, sometimes resulting in the forma-
tion of cicatricial lagophthalmos [26, 28].

17.5.5 Cornea

Corneal findings include punctate keratopathy,
formation of mucus filaments, painful erosions,
and eventually secondary corneal infections [26,
28]. Less frequently, sterile corneal stromal necro-
sis and perforations may occur [29]. Superior lim-
bic keratoconjunctivitis in the setting of ocular
chronic GVHD is believed to be more common in
peripheral stem cell transplantation patients com-
pared with bone marrow recipients [23].

17.6 Diagnostic Evaluation

Given the different target tissues and possible
sequelae involved in ocular GVHD, the potential
list of differential diagnoses is extensive. It is
essential to evaluate the patient’s medical history
since the diagnosis of ocular GVHD is more

likely in the setting of severe refractory dry eye
disease, a decrease in Schirmer scores, and wors-
ening ocular symptoms [23]. A full ophthalmo-
logical examination including best-corrected
visual acuity and slit-lamp examination using
vital dyes such as lissamine green, rose bengal
stain, or fluorescein is needed to evaluate punc-
tate keratopathy, corneal erosions, or ulcers.
Additionally, a thorough subtarsal and meibo-
mian gland inspection, evaluation of tear film
breakup time, and a Schirmer test are essential in
patients suspected of ocular GVHD [24].
According to Filipovich et al. [15], a diagnosis of
chronic GVHD can be made by low Schirmer
test values (without anesthesia) with a mean
value of both eyes <5 mm at 5 min or a new onset
of keratoconjunctivitis sicca by slit-lamp exami-
nation with mean values of 6-10 mm on the
Schirmer test accompanied by distinctive mani-
festations in at least 1 other organ. Special diag-
nostics such as tear film osmolarity, corneal
sensitivity testing, in vivo confocal microscopy
for inflammatory cells, and photodocumentation
can assist in therapeutic decisions and
follow-up.

Slit-lamp examination of the lens should also
be performed to assess for posterior subcapsular
cataract, which commonly occurs secondary to
steroid and/or radiation treatment. Systemic ste-
roid therapy and topical steroid therapy also
necessitate assessment for glaucoma including
intraocular pressure measurements and visual
field testing.

Posterior segment involvement such as CMV
retinitis occurring in the setting of immunosup-
pression should be excluded [24]. Posterior scleri-
tis, choroidal thickening, and serous detachments
have rarely been observed in the acute or hyper-
acute GVHD [23].

It may also be beneficial to use quality of life
questionnaires such as the Ocular Surface
Disease Index to evaluate the extent of disease
and the response to treatment [24].

17.7 Differential Diagnosis

The most common ocular manifestation of
GVHD is keratoconjunctivitis sicca, which usu-
ally develops in conjunction with inflammatory
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signs of the conjunctiva (conjunctival edema, che-
mosis, pseudomembrane formation) and chronic
blepharitis [23, 26, 28]. Keratoconjunctivitis
sicca primarily results from either aqueous
tear deficiency or abnormal tear composition.
The differential diagnosis of aqueous tear defi-
ciency consists of autoimmune diseases such
as Sjogrens, a multitude of medications such as
diuretics and antihistamines, and any process
that results in infiltration of the lacrimal gland
including sarcoidosis, tumors, or postradiation
fibrosis.

Cicatricial meibomian gland dysfunction
along with the other changes described above can
also occur in trachoma, ocular pemphigoid, and
erythema multiforme. Other causes of meibo-
mian gland dysfunction include seborrheic der-
matitis, atopy, acne rosacea, and psoriasis.

17.8 Treatment of Systemic GVHD
17.8.1 Prevention of GVHD

Prevention of acute GVHD by the use of phar-
macologic prophylaxis is an integral compo-
nent to the management of patients undergoing
allogeneic HSCT [5, 14, 26]. A regimen based
on methotrexate with a calcineurin inhibitor, a
cytoplasmic enzyme important for activation of
T cells, is standard practice and is recommended
in different studies [14, 16, 26]. The most widely
used regimen includes a combination of either
cyclosporine or tacrolimus with a brief course
of methotrexate [14, 26]. For higher-risk groups
(such as mismatched donors, older patients),
more intensive immunosuppression is often
required [2, 5, 26].

17.8.2 Treatment of
Established GVHD

Althoughmany therapeutic options have been used
in the management of ocular GVHD, adequate
treatment remains a challenge. The manage-
ment is guided by a multidisciplinary approach,
including adjustment of immunosuppression
and aggressive supportive care. The treatment
approach should include multiple strategies

(topical and oral medications, surgery, environ-
mental control, and systemic immunosuppres-
sion). Communication with the transplantation
team is crucial in the optimal management of
GVHD patients. Symptomatic mild cGVHD may
often be treated with local therapies alone (e.g.,
artificial tears, topical steroid, serum drops).
However, in patients with cGVHD that involves
three or more organs or severe damage in any sin-
gle organ, systemic immunosuppressive therapy
may be considered.

17.8.3 Treatment of Ocular GVHD

Patients with ocular symptoms need close ocular
supportive care focused on improving ocular sur-
face moisture and decreasing ocular surface
inflammation by using multiple available treat-
ments. However, treatment of severe ocular
cGVHD is challenging.

17.8.3.1 Topical Lubricants

The traditional treatment for dry eye symptoms
consists of topical lubricants [30]. Data is not
available on the efficacy of specific artificial tear
medications in ocular GVHD. Although artificial
tears and lubricants are needed to lubricate the
ocular surface, ocular cGVHD is a complex
problem of the ocular surface with multiple dys-
functional tear components. Punctal plugs can
also be considered to improve the benefit of topi-
cal lubricants.

17.8.3.2 Topical Corticosteroids
Corticosteroids remain essential for control-
ling active chronic graft-versus-host disease.
Systemic steroids represent the mainstay in the
treatment of acute (exacerbations of) cGVHD
but not enough data are available on the efficacy
of topical steroids in ocular GVHD. In a small
study of seven patients with conjunctival GVHD,
resolution or improvement of the conjunctival
signs was achieved using topical corticoste-
roids but the signs of KCS remained unchanged
[31]. Patients receiving topical corticosteroids
should be monitored for adverse effects. In pres-
ence of corneal epithelial defects, stromal thin-
ning, or infiltrates, topical corticosteroids are
contraindicated.
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17.8.3.3 Topical Cyclosporine A
Cyclosporine A is a cyclic polypeptide produced
by the fungus Tolypocladium inflatum Gams.
Cyclosporine 0.05 % ophthalmic emulsion
(Restasis, Allergan, Inc., Irvine, CA) has been
FDA-approved for treatment of dry eye disease
since 2003. Cyclosporine A emulsion has shown
to decrease the number of activated T cells in the
ocular surface, increase the goblet cell density of
the conjunctiva, decrease epithelial cell apopto-
sis, and reduce proinflammatory cytokines [32].
In a small study of eight cGVHD patients treated
with cyclosporine 0.05 % ophthalmic suspension
twice a day for at least 3 months, researchers
noted mean Schirmer score increases, tear
breakup time improvement, and subjective
symptoms improvement [33]. In another study of
only 16 patients (32 eyes) with GVHD, dry eye
symptoms improved in 62.5 % of patients and
corneal fluorescein staining improved in all eyes
after a mean follow-up of 90 days [34]. Baptista
Malta reported a retrospective study with 105
patients of whom 43 patients developed cGVHD.
All patients were initially started on topical
cyclosporine before the HSCT. They conclude
that cyclosporine is helpful in decreasing the
incidence and severity of dry eyes in patients
who are under topical cyclosporine before the
HSCT [35].

Although beneficial effect of topical cyclospo-
rine on ocular GVHD has been documented in
several studies comprised of small number of
cases, there is, at present, no large randomized
study that clearly suggests its usefulness.

17.8.3.4 Tacrolimus

FK506 (tacrolimus) is a macrolide antibiotic
extracted from the soil fungus Streptomyces tsu-
kubaensis and its mechanisms of action and phar-
macokinetics are similar to cyclosporine,
although the immunosuppressive potency of
tacrolimus in vitro is 50-200 times greater.
Although the beneficial effect of systemic tacro-
limus on ocular GVHD has been observed [16,
36], topical administration might be a better
treatment option because of the adverse effects
associated with its long-term systemic adminis-

tration. Except for two case reports in which ocu-
lar GVHD was successfully treated, not enough
data are available on the use of topical tacrolimus
[37, 38].

17.8.3.5 Autologous Serum Eyedrops

Fox et al. described serum drops as a tear substi-
tute free of preservatives in 1984 [39]. Autologous
serum contains vitamin A, epidermal growth fac-
tor, fibronectin, and transforming growth factor
beta, which all are needed for a healthy ocular
surface epithelium [40, 41]. The efficacy and
safety of autologous serum drops were investi-
gated in a small study of 14 patients with ocular
GVHD and severe cGVHD not responsive to con-
ventional artificial tears therapy. After 4 weeks of
treatment, significant improvement was observed
in dryness symptoms and fluorescein scores and
also in rose bengal staining and tear breakup time
[41]. The improvement was noted in all patients at
the 4-week follow-up [41]. The risk of contamina-
tion and subsequent infection forms a possible
complication of autologous serum drops.

17.8.3.6 Contact Scleral Lenses

In patients with ¢cGVHD affecting the ocular
surface, two different types of lenses can be used,
the bandage soft lens and the scleral rigid lens. The
fluid-ventilated, gas-permeable scleral lens has
been effective in mitigating symptoms and resur-
facing corneal erosions in the treatment of moder-
ate and severe ocular surface disorders of multiple
etiologies. The fluid-filled reservoir shields the
cornea from blink trauma, noxious environmental
stimuli, and inflammatory mediators in the tears.
The body-temperature saline reservoir also pre-
vents corneal cooling and nerve firing that occurs
during the inter-blink intervals [42].

One of the scleral lenses used (Boston Scleral
Lens Prosthetic Device) was approved for the
management of corneal disorders by the Food
and Drug Administration in 1994. Takahide pub-
lished a retrospective review on 9 patients fitted
for refractory ocular surface disease secondary
to ¢cGVHD [43]. Contact lens fitting was
prompted by debilitating ocular discomfort,
visual impairment, or keratopathy. Some of the
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patients evaluated were using artificial tears,
cyclosporine eyedrops, punctal plugs, autolo-
gous serum tears, and moisture chamber eye-
wear. All patients reported improvement of
ocular symptoms, reduced use of topical lubri-
cants after fitting, and improvement in the ocular
surface disease index [43].

The same group published results of 33 con-
secutive patients with severe dry eye from
cGVHD, unresponsive to conventional therapy.
Ninety-four percent of patients reported improve-
ment in photophobia in the worse eye. Ninety-
seven percent of patients reported improvement
in life quality with no complications noted dur-
ing the follow-up period [44]. Schornack reported
the successful use of the Jupiter scleral contact
lens (Medlens Innovations, Front Royal, VA or
Essilor Contact Lens, Inc., Dallas, TX) in the
management of 10 eyes of 5 patients with
cGVHD. All patients had improvement in symp-
toms and some improved visual acuity. Jupiter
lenses are commercially available in the US and
may therefore be more accessible and affordable
to patients who could potentially benefit from
this treatment [45].

Although scleral lenses are maybe the most
important tool in the armamentarium, their use
is not widespread. Published data suggest that
scleral rigid gas-permeable lenses are an impor-
tant therapeutic option for patients with recalci-
trant ocular surface compromise and debilitating
symptoms. High cost, inadequate fitting, poor
tolerance by some patients, and discomfort with
blinking in the presence of severe meibomian
gland disease and keratinization are some of the
drawbacks. To our knowledge, no comparative
prospective study has evaluated the different
types of scleral lenses available.

17.9 Follow-Up

According to the participants in the German/
Austrian/Swiss Consensus Conference on clinical
practice in chronic GVHD, recommendations for
monitoring patients are as follows: (1) a baseline
ophthalmological workup including the Schirmer

test before HSCT, (2) a screening examination at
day 100-200 after HSCT, and (3) an ophthalmo-
logical assessment in case of ocular symptoms or
any other manifestation of GVHD. An ophthalmol-
ogist should complete these examinations. This
protocol allows for (1) a baseline examination to
detect progressive KCS earlier, (2) diagnosis of
ocular cGVHD eatrlier, and (3) an early start with
treatment to prevent excessive scarring and inflam-
mation processes that may lead to serious compli-
cations ultimately improving symptoms and quality
of life.

17.10 Prognosis of Ocular GVHD

A few reports have studied the long-term prog-
nosis in patients affected with ocular cGVHD.
Sales et al. in a case series of 49 patients
reports that in the long term, many patients
with cGVHD may experience improved dry
eye symptoms as a result of effective treat-
ment. Although only nine patients completed
this 3-year prospective case series, stable
visual acuity, tear production, and lissamine
green staining and a statistically insignifi-
cant improvement in dry eye symptoms were
reported [46]. A recent study has reported
that the incidence of dry eye was significantly
higher in the recipients of peripheral blood
stem cells than those receiving bone marrow
or cord blood.

Another retrospective cohort study reported
that of 56 patients with cGVHD, 39 % devel-
oped symptoms of photophobia, irritation, and
foreign body sensation [47]. Over time, patients
required fewer topical medications to control
their symptoms; only 5 % of patients required
more than two medications for dry eye disease
management at the end of follow-up [47].

In contrast, Ogawa et al. series of 53 patients
suggested that the symptoms of dry eye, including
ocular fatigue, foreign body sensation, pain, blur-
ring, photophobia, and epiphora, were almost
universally worse among 22 participants at 30
months after HSCT in comparison to before
HSCT [48].
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18.1 Introduction

Fluorescein (FA) and indocyanine green angiog-
raphy (ICGA) are usually not necessary to diag-
nose ocular tumors except for retinal tumors,
when these ancillary tests assist in establishing
the correct diagnosis. Among choroidal tumors,
FA and ICGA are particularly useful in establish-
ing the diagnosis of choroidal hemangioma and
for revealing choroidal folds (Table 18.1). In
addition, over the past few decades, these diag-
nostic procedures have played a pivotal role in
expanding our understanding of retinal and cho-
roidal anatomy, pathology, and pathophysiology.
These tools are also used to assess disease pro-
gression and treatment side effects (radiation
retinopathy).

18.2 Basic Principles

Both forms of angiography are based upon fluo-
rescence. Fluorescence involves the use of shorter
wavelengths (higher frequency and thus higher
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Table 18.1 Fluorescein and indocyanine green angiographic findings of some common retinal and choroidal tumors

Lesion FA (early) FA (mid)
Retinoblastoma Hyper Hyper
Retinal capillary Hyper Hyper
Hemangioblastoma

Vasoproliferative tumor Hyper Hyper
of the retina

RPE adenoma Hypo Hyper
Choroidal nevus Hypo Hypo
Choroidal melanoma Hypo, hyper Hyper
Choroidal hemangioma Hyper Hyper
Choroidal metastasis Hypo Hyper
Vitreoretinal lymphoma Hypo Hyper
Choroidal lymphoma Hypo Hypo

FA (late) ICGA (early) ICGA (late)
Hyper, leakage NA NA

Hyper, leakage Hyper Hyper, leakage
Hyper/leakage  Hyper Hyper/leakage
Hyper/leakage  Hyper Hyper/leakage
Hypo Hypo Hypo

Hyper, leakage Hypo, iso Hypo, iso
Hyper, leakage Hyper Hypo

Hyper Hypo Hypo

Hyper Hypo Hyper/hypo
Hypo Hypo Hyper/hypo

Hypo hypofluorescence, Iso isofluorescence, Hyper hyperfluorescence, NA not enough data available

energy) which is absorbed by a molecule and
which then excites the molecule to a higher
energy state. As the molecule returns to a lower
energy state, it releases a packet of higher wave-
length (lower energy). Fluorescein angiography
(FA) uses fluorescein sodium, which absorbs
around 490 nm (blue wavelength) and emits at
514 nm (green). Indocyanine green absorbs
around 790 nm (near infrared) and emits around
810 nm. The camera uses a filter that only allows
the lower wavelength to enter the eye and another
filter that only allows the higher wavelengths
back into the detector or film [1].

Light entering the eye is scattered, reflected,
or absorbed. Higher wavelengths tend to be scat-
tered less than lower wavelengths, and therefore,
ICG is superior for deeper choroidal lesions.
Conversely, lower wavelengths have greater res-
olution so that smaller anterior lesions are better
visualized by fluorescein than with ICG.

Sodium fluorescein is usually injected as a
bolus. Though it is rare to be allergic to this dye,
severe cases of anaphylaxis have occurred.
Occasionally, some patients have developed
hives, and in those cases, it is best not to use it
again. More commonly, some patients develop
nausea from the injection. This is not a true
allergy, and slowing the infusion rate can
decrease the recurrence of this event. The sodium
in the fluorophore can cause worsening of heart
failure or hypertension in patients with severe

renal insufficiency so care should be used in that
situation. Its use is probably not indicated during
pregnancy.

Indocyanine green (ICG) is a molecule used to
image the choroid layer of the eye. ICG utilizes
water-soluble tricarbocyanine dye that binds
tightly to plasma proteins confined within blood
vessels. This dye fluoresces in the infrared fre-
quencies allowing visualization through the reti-
nal and thin subretinal hemorrhages to better
image the choroidal abnormalities. There is
iodine in ICG so those that are truly allergic to
iodine should not use ICG. True iodine allergy is
rare and those that have seafood allergy most
often have an allergy to proteins in the seafood
and not to iodine [2].

18.3 Anterior Segment
Angiography

18.3.1 Iris Tumors

Tumors and granulomas of the iris tend to be
vascularized, and so with FA, these vessels can
be visualized (Fig. 18.1). This helps distinguish
the tumors from cysts, which are not vascular-
ized though with ultrasound biomicroscopy the
role of FA has become limited. Melanomas of
the iris also demonstrate intrinsic vascularity
(Fig. 18.1).
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Fig.18.1 Iris melanoma (a). FA (b) and ICG (c) showing the intrinsic vascularity of the iris melanoma

18.3.2 Iris Hemangioma

Vascular anomalies of the iris are rare. They are
classified into five distinct clinical entities based
on their clinicopathologic features: racemose
hemangioma or iris arteriovenous malformation
(AVM), capillary hemangioma, cavernous heman-
gioma, microhemangiomatosis, and iris varix [3—
5]. Four of the five types are clearly documented
on FA with the exception of cavernous hemangi-
oma. For iris lesions, FA is similar to ICG.

Iris AVM is the most common vascular tumor
of the iris and can be subdivided into simple
(single tortuous vessel) and complex (multiple

convoluted vessel involvement). FA of an iris
AVM shows uniform hyperfluorescence in early
phases and rapid transit in the affected iris ves-
sels with no leakage in the late phase [5]. In
between the AVM vessels are areas of nonperfu-
sion of the iris. Iris capillary hemangioma on FA
appears as hypofluorescent mass without promi-
nent feeder vessels or intrinsic vasculature
throughout all phases of the angiogram. With
FA, microhemangiomatosis is hyperfluorescent
with leakage of dye into the aqueous humor [4].
Iris varix reveals an early focal hyperfluorescent
leakage surrounded by an area of hypofluores-
cence on FA [3].
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18.4 Retinal Tumors

In general, indocyanine green is not needed or
used for retinal tumors since the tumors are usu-
ally well visualized by FA. Occasionally, exo-
phytic tumors that are somewhat masked by the
overlying retina might be better visualized with
ICGA.

18.4.1 Retinoblastoma

FA shows a vascular tumor that fills rapidly with
fluorescein and shows late hyperfluorescence
[6]. During the vascular filling phase, the feed-
ing arteries fill rapidly, and fine capillary ramify-
ing blood vessels typically are often seen in the
superficial portions of the tumor. These vessels
leak profusely in the later angiograms, and it is
important to distinguish them from neovascular-
ization. Leakage into the vitreous and subretinal
space is seen in more advanced tumors. After suc-
cessful treatment of the tumor, the blood supply
is diminished or absent, and the lesion is more
hypofluorescent [7]. Spontaneously arrested or
regressed retinoblastomas also show variable
degrees of hyperfluorescence even though they
are clinically inactive.

18.4.2 Retinal Vascular Tumors

18.4.2.1 Retinal Hemangioblastoma
(Retinal Capillary
Hemangioma)

When considering the angiographic imaging of
retinal hemangioblastoma, three types of reti-
nal hemangioblastoma need to be considered,
namely, papillary, exophytic or tumors growing
into the subretinal space, and endophytic tumors
which grow into the vitreous cavity.

* Endophytic Hemangioblastoma: The diagno-
sis can usually be based upon the clinical find-
ingsincases of endophytic hemangioblastomas
especially for hemangioblastomas that are not
papillary. FA, however, is helpful in distin-
guishing the artery from the vein (Fig. 18.2).
This determination is important if there is con-

sideration of laser photocoagulation or even
photodynamic therapy of the hemangioblas-
toma. By identifying the feeding artery, which
would have shown fluorescence earlier in the
study than the tumor, laser photocoagulation
is first applied to the artery to slow flow to the
tumor, allowing better uptake in the vascula-
ture of the tumor. In addition, the high flow
also inhibits the formation of occlusion by
platelets or white cells in the vasculature [1].

* Exophytic hemangioblastoma of the retina is
less common than endophytic hemangioblas-
toma and papillary hemangioblastoma. The
dilated feeding and draining vessels can be
seen diving through the retina into the tumor,
and fluorescein angiography can delineate
these vessels. In these cases as well as in exo-
phytic papillary tumors, ICGA can reveal the
capillaries under the retina. This is probably
the only time that ICGA is useful in diagnosing
retinal tumors of uncertain diagnosis.

e Papillary hemangioblastoma can be both
endophytic and exophytic. Endophytic heman-
gioblastoma is relatively easy to diagnose.
Fluorescein angiography will show the cap-
illaries within the tumor as well as the feed-
ing and draining vessels. Exophytic papillary
tumor is harder to diagnose because the tumor
is usually not directly visualized (Fig. 18.2).
FA may show dilated vessels entering into the
disc or at the edge of the tumor. ICGA is help-
ful in the cases of exophytic tumors by dem-
onstrating the leakage from the deeper aspects
of the optic nerve or surrounding retina.

18.4.2.2 Vasoproliferative
Tumor of the Retina

FA is of variable quality owing to the extreme
peripheral location of most of these tumors.
The angiograms in general show rapid filling of
the tumor in the arterial phase through a nondi-
lated or mildly dilated retinal feeder arteriole
[8, 9]. A capillary network may appear on the
tumor surface. In the venous phase, diffuse
leakage and staining of the mass and subretinal
fluid are usually demonstrated. As opposed to
retinal hemangioblastoma, this benign reactive
vascular tumor does not have dilated draining
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Fig. 18.2 Color photograph of a peripapillary exophytic
hemangioblastoma (a). Venous phase showing the feeding
arterioles and the large draining vein (b). Late phase

and feeding vessels. The filling with fluores-
cein is not as rapid as that seen with retinal
hemangioblastoma.

18.4.3 Retinal Astrocytic Hamartoma

The tumor in the arterial phase is relatively hypo-
fluorescent in most cases. Tortuous or corkscrew
retinal blood vessels are generally apparent in
and around the tumor. In the venous phase, a net-
work of fine blood vessels typically becomes
apparent in the superficial portion of the tumor
with fairly intense late staining from leakage

showing leakage from the hemangioblastoma (c¢). OCT
showing that the tumor is exophytic (d)

[10]. There is limited data on ICGA characteris-
tics of retinal astrocytic hamartoma.

18.4.4 Retinal Pigment Epithelial
Tumors

Retinal pigment adenoma/adenocarcinoma and
simple hamartoma of the retinal pigment epithe-
lium tend to be pigmented tumors. Since they are
anterior to Bruch’s membrane, they have dilated
feeding and draining retinal vessels. FA shows
leakage in the later phases of the angiogram, and
ICG shows the internal vascularity (Fig. 18.3).
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Fig.18.3 Simple hamartoma of the retinal pigment epithelium (a). Notice the jet black color. Fluorescein angiogram
highlights the feeding and draining retinal vessels (b)

18.5 Choroidal Tumors
18.5.1 Choroidal Nevus

Fluorescein angiography is not a routine test to be
performed for most small asymptomatic choroidal
nevi if the diagnosis can be established ophthal-
moscopically. Fluorescein angiographic features
of a choroidal nevus depend mainly on 3 factors:
the degree of pigmentation within the tumor, its
location within the choroid, and the alterations in
the overlying RPE [11-13]. Deeply pigmented
choroidal nevi tend to be relatively hypofluores-
cent, whereas those that are less pigmented tend to
be more hyperfluorescent (Fig. 18.4). A deep-set-
ting nevus, confined to the outer choroid and spar-
ing the choriocapillaris, gives a relatively normal
fluorescein pattern because the fluorescein enters
the patent choriocapillaris. If the nevus is thicker
and compresses or replaces the choriocapillaris,
FA may demonstrate relative hypofluorescence
because there is less fluorescein in the choroidal
vessels over the tumor. Late staining from overly-
ing drusen can lead to hyperfluorescence. FA
shows that areas of orange pigment remain hypo-
fluorescent throughout the study. The hypofluo-
rescence of orange pigment appears to be due to

blocking of choroidal fluorescence transmitted
through the melanocytic choroidal lesion.

Choroidal nevi rarely display choroidal neo-
vascularization, pigment epithelial detachment,
or subretinal fluid over the lesion. The occurrence
of a choroidal neovascular membrane can be sus-
pected based on the ophthalmoscopic presence of
subretinal hemorrhage or subretinal fluid over the
lesion. Fluorescein angiography in these cases
usually reveals a choroidal neovascular mem-
brane that appears brightly in the early frames of
the study and leaks progressively by the late
frames. Retinal pigment epithelial detachment
usually presents as late hyperfluorescence from
pooling of the dye under the pigment epithelial
detachment. In cases with subretinal fluid, RPE
hyperfluorescent leak sites can be seen in the
early frames of the study and gradually increase
in prominence as the study continues. Fluorescein
usually leaks into an ophthalmoscopically evi-
dent localized blister of subretinal fluid.

On ICGA, most pigmented choroidal nevi
are hypofluorescent. A nonpigmented choroidal
nevus demonstrates isofluorescence. However,
some nonpigmented nevi are still hypofluores-
cent because of the compression of the choroidal
vessels by the choroidal mass [13].
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Fig.18.4 Choroidal nevus with overlying drusen in a patient that has nonproliferative diabetic retinopathy (a). FA (b)
and ICG (c) show only some staining of the drusen

18.5.2 Choroidal Melanoma

In most cases, fluorescein angiography does not
provide findings that are pathognomonic of choroi-
dal melanoma. The fluorescein findings can be
described as compatible or incompatible with the
diagnosis of achoroidal melanoma[11]. Fluorescein
angiographic patterns of choroidal melanoma usu-
ally reflect the degree of pigmentation of the tumor
and its effect on adjacent ocular structures, particu-
larly the RPE. A small choroidal melanoma with an
intact overlying RPE can demonstrate no apprecia-
ble abnormality on FA [14].

For most choroidal melanomas, FA in the arte-
rial or early venous phase usually shows hypo-
fluorescence with mottled hyperfluorescence
[15-18]. This mottled hyperfluorescence is due
to several ill-defined large-caliber deep intrale-
sional blood vessels that usually become identifi-
able against the hypofluorescent background
through atrophy of the overlying retinal pigment
epithelium. As the study continues, the large
intralesional blood vessels leak progressively, so
that the surface of the lesion commonly appears
hyperfluorescent in the late frames. If prominent
clumps of orange lipofuscin pigment are present
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Fig.18.5 Amelanotic peripapillary choroidal melanoma (a). FA (b) and ICGA (c) showing internal vascularity

on the surface of the tumor, they appear intensely
hypofluorescent throughout the entire study
because of blockage of the underlying choroidal
and tumor vascular fluorescence. If there is asso-
ciated serous retinal detachment, the fluorescein
can also accumulate in the surrounding and over-
lying subretinal fluid by the late frames leading to
hyperfluorescence. In choroidal melanoma that is
clinically relatively amelanotic, the early frames
of the angiogram show less lesional hypofluores-
cence and more prominent intralesional blood
vessels. The remainder of the angiogram is simi-
lar to that seen in more typically pigmented
melanoma.

A proportion of the melanoma can erupt
through the overlying Bruch’s membrane, giving
the lesion a mushroom shape in cross section. In
most cases of mushroom-shaped melanoma, the
portion of the tumor that has broken through
Bruch’s membrane appears to be less darkly pig-
mented compared to the base of the tumor [15,
18]. Many large-caliber intralesional blood ves-
sels can often be observed ophthalmoscopically
within the apical portion of the mass (Fig. 18.5).
These correspond mostly with the tumor veins
that are congested in response to the constricting
effect of the intact portion of Bruch’s membrane.
Fluorescein angiography in such cases shows
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Fig. 18.6 Symptomatic small posterior choroidal mela-
noma with orange pigment and subretinal fluid (a). The
autofluorescence shows leakage and autofluorescence

progressive hyperfluorescence of the apical blood
vessels of the lesion starting usually in the early
venous frames with intense late staining in the
late-phase frames. The tumor typically shows
hypofluorescence during the early frames with
progressive mottled hyperfluorescence of the
extravascular portions of the tumor becoming
apparent in the late frames. This hyperfluores-
cence usually masks most of the retinal and cho-
roidal blood vessels.

Some choroidal melanomas especially those
breaking through Bruch’s membrane invade the
overlying sensory retina. Areas of tumor invasion
of the overlying sensory retina are relatively

from the orange pigment (b). The late-stage angiograph
shows focal spots of leakage by fluorescein angiography
(¢) and also from ICG (d)

hypofluorescent throughout the entire angiogram
sequence [19]. The retinal blood vessels at the
margins of the melanoma with retinal invasion
are often abnormal and leaky, as might be
expected on the basis of the associated retinal
invasion. Neovascularization over a melanoma is
rare [20].

On ICGA, most choroidal melanomas remain
hypofluorescent/isofluorescent with respect to
the surrounding tissues during the entire angio-
gram. This is because pigmented choroidal
melanoma blocks ICG fluorescence because
of the absorption of the near-infrared light
by the melanin-containing lesion (Fig. 18.6).
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Microvascularization patterns can be imaged by
ICGA using a confocal scanning laser ophthal-
moscope. On ICGA, the presence of arcs, loops,
cross-links between parallel vessels, irregular
or tortuous vessels, abnormal branching pat-
terns, and networks are considered significant for
intrinsic tumor vessels [21, 22]. ICGA can assist
in visualizing the typical pattern of choroidal
blood vessels in the tumor when there is overly-
ing blood [2]. Prominent early choroidal filling is
a feature more typical of circumscribed choroidal
hemangioma [23].

18.5.3 Choroidal Hemangioma

Choroidal hemangioma is a benign abnormal col-
lection of blood vessels in the choroid, which is
better documented on ICGA than FA. It can be
found in either a discrete, circumscribed form or a
diffuse form associated with Sturge-Weber syn-
drome. In Sturge-Weber syndrome, there can be
discrete hemangioma overlying the diffuse tumor.
FA of circumscribed choroidal hemangioma typi-
cally shows early irregular hyperfluorescence of
the choroidal vessels during the choroidal phase
priortofilling of the retinal arterioles. Subsequently,
the fluorescence increases and develops a more
confluent pattern during the arteriovenous phase
of the angiogram. The later phases display accu-
mulation of dye in multiple cavities in the outer
retina [24]. This typical angiographic appearance
is characteristic of choroidal hemangioma, but not
pathognomonic for this tumor because other cho-
roidal disorders have been noted to have a similar
appearance especially in the choroidal phase [23].
FA is often useful in making the diagnosis of cho-
roidal hemangioma; however, ICGA is superior in
documenting this tumor (Fig. 18.7).

ICGA of choroidal hemangioma shows a
well-defined area of early, intense, and fairly
even hyperfluorescence with a late rapid loss of
fluorescence. On ICGA, the intrinsic vessels of
the choroidal hemangioma are observed in the
majority of patients, and the late multifocal spots
of dye accumulation without leakage are seen in
about 50 % of the tumors [23].

18.5.4 Choroidal Osteoma

FA of choroidal osteoma typically shows early
patchy hyperfluorescence with late diffuse
intense staining [25, 26]. The fluorescein tra-
verses through the Haversian canals of bone, and
due to the bony nature of the tumor, the fluores-
cein dye is slow to penetrate the mass corre-
sponding with early patchy hyperfluorescence.
The dye also has difficulty exiting the tumor, and
thus the typical fluorescein pattern of choroidal
osteoma is of slow uptake and persistent late flu-
orescence. The early hyperfluorescence of the
capillary network inside the bony tumor corre-
sponds to the yellow-white areas of the tumor
(Fig. 18.8).

The presence of choroidal neovascularization
has a lacelike pattern of early hyperfluorescence
with early leakage of dye followed by late stain-
ing of the surrounding tissues. Meanwhile, sub-
retinal hemorrhage or clumps of pigment in the
retinal pigment epithelium are seen as areas of
persistent hypofluorescence. ICGA of choroidal
osteoma shows an early hypofluorescent mass,
which later appears as a fine diffuse fluorescence
from multiple focal areas within the mass and
gradually becomes confluent in late frames [27].

18.5.5 Choroidal Granuloma

Choroidal granuloma is an uncommon ocular
manifestation of inflammatory diseases such as
sarcoidosis, tuberculosis, and secondary syphilis.
On FA, the granulomas show early choroidal
hypofluorescence from blockage of the choroidal
vessels followed by late subretinal fluorescein
leakage and staining [28]. There can be choroidal-
retinal anastomosis which is rare in other choroi-
dal tumors. ICGA is not typically performed, but
if it is, it does not add much more to the findings
than does the FA.

A secondary choroidal neovascular membrane
can occur in which case there can be lacy fluores-
cence sometimes better seen with ICGA. There is
then late leakage and areas of hypofluorescence
if there is subretinal blood.



18 Uveal Tumors: Diagnostic Techniques: Angiography 183

Fig.18.7 Asymptomatic choroidal hemangioma (a). Fluorescein angiography (b1) and ICG (c1) in the venous phase
showing fluorescence from both modalities. In the late phase, there is actually less fluorescence (b2 and c2)
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Fig. 18.8 (a) Choroidal osteoma that was partially treated with photodynamic therapy. ICG early (b) and late phase
(c). Note the small penetrating vessels through the bone in the inferior aspect of the tumor

18.5.6 Choroidal Metastatic Tumors

Choroidal metastases tend to affect the posterior
pole. They are often associated with exudative
retinal detachment leading to metamorphopsia
and vision loss, which are the most common ocu-
lar symptoms. Metastatic tumors to the optic
nerve and retina are much less common.

In contrast to choroidal hemangioma and mel-
anoma, metastatic carcinoma is usually hypoflu-
orescent in the arterial and early venous phases
and shows progressive hyperfluorescence in the
subsequent phases [9, 29-31]. Pinpoint foci of
hyperfluorescence appear over the tumor in the
late phase of the study. This appearance is typical

of choroidal metastatic lesions and is attributed to
microcytic retinal pigment epithelial degenera-
tion. These pinpoint foci of hyperfluorescence
may enlarge to form globular areas of hyperfluo-
rescence over the tumor. The late angiograms
also demonstrate marked hypofluorescence of the
brown pigment clumping on the tumor surface,
similar to the pattern seen with the orange pig-
ment over melanotic choroidal melanomas. There
may be moderate late hyperfluorescence of the
serous subretinal fluid overlying and adjacent to
the metastatic tumor.

There is noted to be diffuse and multifocal
hypofluorescence and hyperfluorescence at the
RPE level overlying the RPE as a result of the
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Fig.18.9 Breast metastases with leopard spotting (a). The fluorescein accentuates the confluence of the leopard spots
(b). ICG shows an infiltrative process that has segmentally abolished the inner choroidal vessels (c)

damaging effects of the choroidal tumor on the
overlying RPE. The large-caliber vessels and
double circulation pattern that are often seen with
choroidal melanomas and the late multiloculated
diffuse staining pattern often seen with choroidal
hemangioma are rarely present in the FA of meta-
static tumors (Fig. 18.9).

ICGA is rarely of significant help in diag-
nosing uveal metastatic lesions [1]. Choroidal
metastasis usually shows homogeneous hypo-
fluorescence in comparison with the surround-
ing choroid. The normal choroidal pattern can
often be visualized underlying or within the
metastasis as if the tumor were acting as a rela-
tive filter of the fluorescence of the underlying
choroid. This filtering effect extends for the
entire base of the metastasis and stops abruptly
at the margin of the tumor. ICGA may reveal
subtle occult lesions separate from the symp-
tomatic lesion manifesting as hypofluorescent

areas of choroid [3]. In thick choroidal meta-
static lesions, intrinsic tumor vessels might be
visible on ICGA (Fig. 18.10).

18.5.7 Vitreoretinal Lymphoma
and Choroidal Lymphoma

It is important to distinguish the different forms
of intraocular lymphoma. Choroidal lymphoma
tends to be a low-grade B-cell lymphoma, while
vitreoretinal lymphoma is a form of diffuse large
B-cell lymphoma in 95 % of cases, while in 5 %,
it is a form of T-cell lymphomas. Both forms of
vitreoretinal lymphomas are much more aggres-
sive than choroidal lymphomas. As a rule, cho-
roidal lymphoma does not extend anterior to
Bruch’s membrane, and vitreoretinal lymphoma
does not extend posterior to Bruch’s membrane.
Vitreoretinal lymphoma may involve only the
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Fig.18.10 Metastatic neuroendocrine tumor (a, b). The fluorescein (¢) and ICG (d) angiogram venous phase show a
few intrinsic small vessels. In the late phase of FA (e) and ICGA (f), there are a few mild punctate leakages
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Fig.18.11 Color fundus photograph of a case of primary
vitreoretinal lymphoma showing whitish subretinal pig-
ment deposits of the lymphoma (a). This is confirmed by

vitreous, the vitreous and the retina, or just the
retina alone. Though cases that involve the retina
usually involve the subretinal pigment epithelial
space, some cases involve full thickness retina
and have to be distinguished from a severe infec-
tious retinitis.

FA in the majority of cases of diffuse large
B-cell vitreoretinal lymphoma does not show
leakage from macular edema, so even in the pres-
ence of a vast amount of cells, there is very little
if any leakage of fluorescein in the macula and in
the disc. In about 15 % of cases, there is leakage
of the retinal vessels [32, 33]. Another common
finding in vitreoretinal lymphoma is the accumu-

OCT (b). Fluorescein (¢) and ICG (d) angiography show
hypofluorescent spots because of blockage by the subreti-
nal deposits

lation of cells under the retinal pigment epithe-
lium. These can be small aggregates or very large
clumps. The effect of these cells is that they cause
blocked fluorescence in the areas involved giving
a leopard spot appearance in the early phase
(Fig. 18.11). There is hyperfluorescence some-
times with leakage in the late phase. Unfortunately,
a leopard spot appearance also occurs in choroi-
dal lymphoma, but in addition, choroidal lym-
phoma causes choroidal folds which would
appear as alternating areas of hyper- and hypo-
fluorescence. Choroidal lymphoma can present
as initial hypofluorescent spots in the choroid by
both FA and ICGA (Fig. 18.12). They can stay
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Fig. 18.12 Fundus photograph of an eye with choroidal lymphoma demonstrating focal choroidal infiltrates in the
mid-periphery (a). ICGA demonstrating areas of hypofluorescence corresponding to focal choroidal infiltrates (b)

hypofluorescent especially by fluorescein, but
occasionally, they can become hyperfluorescent
by ICGA.

18.6 Simulating Conditions
18.6.1 Coats’ Disease

The typical fluorescein angiographic finding of
Coats’ disease is of unilateral, multiple localized
vascular anomalies in the retinal vessels ranging
from telangiectasia, aneurysmal dilatations, and
beading of vessel walls to vascular communi-
cating channels in larger vessels. On fluorescein
angiography, the telangiectatic vessels display
early hyperfluorescence and persistent fluorescein
leakage, while exudation shows hypofluorescence
[34]. Microvascular involvement is reflected by
areas of diffuse loss of the capillary bed or areas
of complete capillary nonperfusion (Fig. 18.13).

18.6.2 Persistent Hyperplastic
Primary Vitreous/Persistent
Fetal Vasculature

Persistent hyperplastic primary vitreous (PHPV),
also known as persistent fetal vasculature (PFV),
usually involves only one eye. Anteriorly, there

can be a prominent persistent tunica vasculosa
lentis, and posteriorly, there is a prominent canal
which can extend between the disc and the poste-
rior aspect of the lens. This canal contracts over
time because of fibrosis. This can cause a trac-
tional retinal detachment of the retina in severe
cases. In milder cases, the posterior lens capsule
contracts posteriorly causing a cataract while the
retina may contract anteriorly forming retinal
folds. There can also be persistence of the iris vas-
culature and vascularity over the ciliary body [35].

FA can show leakage from the vessels under
traction in the retina. Anterior segment fluorescein
angiography can demonstrate the persistent vas-
culature and leakage from it. In dense cataracts,
there can still be evidence of the vascularity on
the posterior aspect of the lens.

Familial exudative vitreoretinopathy can show
similar leakage from the retinal vessels on the
tractionally detached retina. In milder cases there
can be evidence of peripheral avascularity.
Similar findings can be seen in incontinentia
pigmenti.

18.6.3 Scleritis

Scleritis is in the differential diagnosis of
patients with choroidal masses. Usually the
patients have pain. The scleritis causes decreased
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Fig.18.13 Fundus photography showing partially treated Coats’ disease (a). Fluorescein angiography shows telangi-
ectatic vessels in both the posterior pole and the periphery (b)

outflow from the choroid, and there is also thick-
ening of the sclera, together causing a pseudo-
mass of the choroid. FA can show the presence
of the choroidal folds as discussed in the section
on choroidal lymphoma. In addition, with chro-
nicity, the leopard spotting occurs as well as
leakage from the choroid. There can also be
leakage from the disc if the scleritis is near the
posterior pole.

18.6.4 Central Serous
Chorioretinopathy (CSCR)

Central serous chorioretinopathy (CSCR) has
been historically diagnosed using FA; however,
the availability of ICGA has increased the knowl-
edge of this disease. On FA, CSCR typically
appears as one or several hyperfluorescent leaks
at the level of the retinal pigment epithelium. In
most cases, the fluorescein dye symmetrically
spreads, slowly staining the subretinal detach-
ment area evenly, but does not stain the retina
beyond the edges of the detachment.

On ICGA, CSCR is displayed as a localized
vascular hyperpermeability of the choroid best
visualized in the mid-phase of the angiogram.
The leaked dye disperses into the deeper layers of
the choroid producing a characteristic hyperfluo-
rescent patch in the choroid that enlarges away

from the center during the later stages of ICGA
[36]. In comparison to tumors, there are very
small areas of leakage, and the fellow eye could
have evidence of staining. In addition, enhanced
depth OCT helps in determining the status of the
choroid in the areas that are involved and helps to
show that the underlying choroid is thick but not
infiltrated.

18.6.5 Polypoidal Choroidal
Vasculopathy (PCV)

The FA findings of polypoidal choroidal vascu-
lopathy (PCV) and CSCR are very similar, and
thus ICGA plays an important role in differentiat-
ing these two diseases. PCV is typically diag-
nosed using ICGA, at which the early stages
show early filling of larger vessels within the
PCV network followed by filling of retinal ves-
sels; however, the areas surrounding the lesion
are hypofluorescent compared to the normal cho-
roid. ICGA also displays small hyperfluorescent
outpouches arising from the larger choroidal ves-
sels, which can be easily identified in the choroid
(Fig. 18.14). The late phase of ICGA has a rever-
sal in the pattern of fluorescence observed in the
earlier stages in that the area surrounding the
lesion becomes hyperfluorescent and the center
of the lesion hypofluorescence [37].



190

K. Gunduz et al.

Fig. 18.14 The patient presented with this elevated subretinal lesion temporal to the macula with associated exudate
(a). ICGA revealed characteristic hyperfluorescent “polyps” (b)

18.6.6 Uveal Effusion Syndrome

In this syndrome, there appears to be thickening
of the sclera causing decreased outflow from the
choroid. Again, leopard spotting is noted because
of chronic leakage similar to patients with scleri-
tis or choroidal lymphoma.

18.6.7 Paraneoplastic Disorders

There are several paraneoplastic disorders that

involve the retina or choroid:

1. Carcinoma-associated retinopathy is the most
common. The retina shows some disc atrophy
and attenuation of the retinal vessels, occa-
sional spicules might be seen, and cystoid
macular edema may be noticed in some cases,
but otherwise, the fundus is nondescript.
Fluorescein angiography does not help very
much in making the diagnosis.

2. Acute exudative polymorphous vitelliform
maculopathy is seen in idiopathic cases but
also in cancers especially skin melanoma.
Fluorescein angiography in these cases shows
initial blockage by the vitelliform material
followed by slow staining. ICG does not add
any further information.

3. Bilateral diffuse uveal melanocytic proliferation
is associated systemically mainly with small-
cell lung cancers and gynecologic cancers,
but again other cancers are associated as well.
It has been associated with a factor termed
CMEP factor (cultured melanocyte elonga-
tion and proliferation factor) which is present
in the IgG fraction of serum. Fluorescein and
ICG angiography show a reticular pattern of
staining where the RPE has atrophied second-
ary to the loss of the choriocapillaris resulting
from infiltration of the uvea by the proliferating
melanocytes (Fig. 18.15). There is also hypo-
fluorescence from the areas of orange lipofus-
cin accumulations.

18.6.8 Radiation Retinopathy

Radiation retinopathy can be either nonprolifer-
ative or proliferative. Fluorescein angiography
is helpful in quantitating the amount of ischemia
as well as the amount of leakage from the disc
and macula. OCT is useful for determining treat-
ment response, but the initial determination of
where to treat with laser photocoagulation is
best done with widefield fluorescein angiogra-
phy (Chap. 11).
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Fig.18.15 Bilateral diffuse uveal melanocytic proliferation in the right eye. Fluorescein angiogram (a) and ICGA (b)
showing the blockage by the orange pigment and the window defects
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19.1  Introduction

Optical coherence tomography (OCT) is a
powerful imaging technique that provides
cross-sectional imaging of the internal micro-
structures of biological tissues [1]. Among sev-
eral implementations of OCT, spectral-domain
OCT (SD-OCT) provides high-resolution,
high-sensitivity, and high-speed imaging. Such
implementations enable visualization of the
microstructures of the human eye by noninvasive
and noncontact measurement. High sensitivity
of OCT detection enables imaging of structures
with very low optical scattering, such as the ret-
ina. The high axial and lateral resolution enables
the precise morphological investigation of vari-
ous pathological conditions. Recently, hardware
and software upgrades have improved the ability
to better evaluate intraocular tumors [2, 3].

19.2  Conjunctival and Corneal

Tumors

OCT can provide valuable information in the
diagnosis of various tumors of the cornea and
conjunctiva. Conjunctival nevi are one of the
most common benign tumors of the ocular sur-
face. On histopathology, a nevus typically con-
sists of nests of nevus cells that are present in the
junctional and subepithelial area of the conjunc-
tiva. Conjunctival inclusion cysts are characteris-
tic for nevi and may be observed clinically.
Anterior segment OCT enables high-quality

193

DOI 10.1007/978-3-642-40489-4_19, © Springer-Verlag Berlin Heidelberg 2014



194

R. Belfort et al.

Fig.19.1 Conjunctival nevus with cyst. Clinical appearance (a). Anterior segment OCT confirms presence of an intra-

lesional cyst (b)

imaging of conjunctival nevi to reveal all margins
and to provide information on the presence of the
typical intralesional cysts (Fig. 19.1). OCT
allows identification of the margins of the tumors
and additional features that include thickening of
the conjunctiva. One of the main disadvantages
of OCT is the optical shadowing of deeper struc-
tures from pigment in conjunctival nevi [4].

Ocular surface squamous neoplasia can
involve the conjunctiva, the cornea, or both and
consist the spectrum of neoplasia of intraepithe-
lial neoplasia and squamous cell carcinoma. A
small pilot study involving the uterine cervix
demonstrated the ability of OCT to distinguish
abnormal epithelium from normal epithelium in
the examination of cervical tissue [5]. Kieval
et al. investigated the use of an ultrahigh-
resolution OCT as an adjuvant diagnostic tool in
distinguishing ocular surface squamous neopla-
sia and pterygia (Fig. 19.2) [6]. Preoperative
ultrahigh-resolution OCT images demonstrated
similarities to the histopathologic specimens.
Both optical and pathologic specimens showed a
thickened layer of epithelium, often with an
abrupt transition from normal to neoplastic tissue
in eyes with squamous cell carcinoma.
Differences in the measured epithelial thickness
on ultrahigh-resolution OCT between squamous
cell carcinoma and pterygia were statistically sig-
nificant. Scleral lesions can be visualized par-
tially by OCT (Fig. 19.3).

Fig. 19.2 Ocular surface squamous neoplasia. Clinical
appearance (a). Anterior segment OCT reveals thickened epi-
thelium crossing the limbus from conjunctiva to cornea (b)

19.3  Anterior Uveal Tumors

Imaging technologies for anterior segment tumor
evaluation provide useful information with regard
to tumor size, shape, internal features, and
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Fig.19.3 Scleral vascular
anomaly. Clinical appearance
(a). Anterior segment OCT
showing partial view of
several intrascleral clear
spaces (b)

Fig. 19.4 Pigmented iris melanoma. Clinical appear-
ance (a). Anterior segment OCT shows hyperreflectivity
with shadowing and obscuration of the posterior margin
(b). Ultrasound biomicroscopy revealed isolated iris

extension. Given that some of these conditions
can threaten vision and life, such as iris mela-
noma, a precise and complete image of the lesion
is of extreme relevance.

Few clinical studies compared the usefulness
of OCT and UBM in the evaluation of ciliary
body and iris tumors (Fig. 19.4). Siahmed et al.

involvement with lesion thickness of 1.3 mm (c). The
tumor was classified as a mixed cell-type melanoma (d,
hematoxylin and eosin; 40x magnification) (Reproduced
with permission from Hood et al. [30])

described the use of UBM and AS-OCT for
imaging 61 cases of iris tumors, observing that
only UBM provided a precise measurement and
regular surveillance capabilities compared with
OCT [7]. Pavlin et al. published a series of
patients with iris and ciliary body tumors that
were evaluated with both UBM and OCT [8].
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They observed that OCT was able to visualize all
margins of only small hypopigmented tumors,
whereas UBM had a superior ability to penetrate
larger, highly pigmented tumors and those
located in the ciliary body. Bianciotto and
coworkers also reported UBM as a superior
method for imaging of anterior segment tumors,
such as ciliary body and iris melanoma [9].

19.4 Intraocular Tumors

19.4.1 Retinal and Retinal Pigment
Epithelial Tumors

19.4.1.1 Congenital Hypertrophy and
Combined Hamartoma of the
Retina and Retinal Pigment
Epithelium
A typical appearance of congenital hypertro-
phy of the retinal pigment epithelium (RPE)
is of thickened RPE layer by OCT (Fig. 19.5).
Combined hamartoma of the retina and RPE
is of an elevated grey mass of the retina
blending imperceptibly with surrounding ret-
ina and RPE without retinal detachment, or
vitreous inflammation. Spectral-domain OCT
reveals an elevated hyperreflective mass in
the retina with mild attenuation of the retinal
pigment epithelium and photoreceptor inner
segment/outer segment junction and may be

accompanied by a hyperreflective epiretinal
membrane [3, 10, 11].

19.4.1.2 Retinal Astrocytic Hamartoma
Retinal astrocytic hamartoma (astrocytoma) is a
vascularized, benign, glial tumor of the retina
that can be acquired or congenital. SD-OCT
depicts a thickened inner retinal with epiretinal
membrane, some disorganization of the inner and
outer retinal layers, and an intact RPE underlying
the tumor (Fig. 19.6) [12, 13].

19.4.1.3 Retinal Cavernous
Hemangioma

Cavernous hemangioma is a benign retinal vas-
cular tumor that appears as dark-red saccular
aneurysms. It is often associated with vitreous
hemorrhage, preretinal fibrosis, or vascular
occlusion. Descriptions of retinal cavernous
hemangioma on OCT are a disorganized epireti-
nal membrane with cystic spaces within inner
and outer layers that may represent the saccular
aneurysms (Fig. 19.7) [3, 14].

19.4.1.4 Retinal Capillary Hemangioma

Retinal hemangioblastoma (capillary hemangi-
oma) is an orange circumscribed vascular lesion
with dilated feeding artery and draining vein.
They can be associated with Von Hippel-Lindau
disease. OCT evaluation of these lesions shows a
hyperreflective lesion with little inner tumor

Fig. 19.5 A typical fundus appearance of congenital hypertrophy of the retinal pigment epithelium (RPE) (a) is of
thickened RPE layer by OCT (b)
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Fig. 19.6 Retinal astrocytic hamartoma. Clinical appearance (a). Note thickened inner retina with disorganization of

the inner and outer retinal layers (b)

Clinical

Fig. 19.7 Retina cavernous
appearance (a). Epiretinal membrane bridging across
multiple cystic spaces within inner and outer retinal
layers (b)

hemangioma.

detail, but macular evaluation by OCT is useful to
detect associated macular edema, epiretinal
membrane, and subretinal fluid [3].

19.4.1.5 Retinal Vasoproliferative
Tumor

The vasoproliferative tumor of the retina is usually
aunilateral, yellow-red retinal lesion located in the
inferotemporal periphery with minimally dilated
or nondilated feeding artery and draining vein in
contrast to hemangioblastoma. Its peripheral loca-
tion makes it difficult to image with OCT, requir-
ing advanced changes in the OCT scan length.
Disorganization of the inner retinal layer and pos-
terior shadowing are features of vasoproliferative
tumors on OCT [15]. Vision loss is usually due to
epiretinal membrane or exudative macular detach-
ment, and OCT is useful to identify these changes
and follow-up during treatment.

19.4.1.6 Optic Disc Melanocytoma
Melanocytoma of the optic nerve head is a benign
melanocytic lesion that usually occurs in the infero-
temporal area of the optic nerve head. It is a dome-
shaped lesion with a gradual slope at the tumor
margin. Areas of irregular hyperreflectivity were
observed in the area of melanocytoma, but with
little internal detail of the tumor (Fig. 19.8) [16].
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Fig.19.8 Optic disc melanocytoma. Clinical appearance  layers. The RPE is intact with normal underlying choroid
(a). The lesion is barely detectable by conventional placing the tumor on the retina rather than the choroid (c).
B-scan ultrasonography (b). The inner layers of retinal ~ Location of OCT scans (d)

appear to be thickened with disorganization of outer
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19.4.2 Choroidal Tumors

19.4.2.1 Choroidal Nevus

Choroidal nevus is the most common intraocular
tumor. Nevi are round pigmented subretinal
lesions, with smooth margins and frequently
present with overlying drusen, measuring less
than 5 mm in basal diameter and 1 mm in thick-
ness. OCT is able to detect retinal and anterior
choroidal changes that include retinal thinning,
retinal edema, subretinal fluid, RPE detachment,
and drusen. OCT evaluation is more sensitive
than clinical examination to detect retinal edema,
subretinal fluid, retinal thinning, and RPE detach-
ment. Also, it helps to determine the status of
photoreceptor and to characterize retinal edema
(cystoid versus non-cystoid). Drusen that are
clinically visible are evidenced by OCT as small
dome-shaped elevations at the level of Bruch’s
membrane (Fig. 19.9) [17, 18].

Fig. 19.9 Indeterminate choroidal melanocytic lesion
(small choroidal melanoma). Fundus photograph (a).
Drusen are visible as small dome-shaped elevations at the
level of Bruch’s membrane (b) (Reproduced with permis-
sion from Singh et al. [19])

19.4.2.2 Indeterminate Melanocytic
Lesions

Indeterminate melanocytic lesions (IML) are pig-
mented choroidal lesions that could be a large
nevus or small melanoma (between 1 and 3 mm
in thickness). In contrast to medium- and large-
sized choroidal melanomas that can be reliably
diagnosed on the basis of ophthalmoscopic, angi-
ographic, and ultrasonographic features with
more than 99 % accuracy, IML can present a
diagnostic challenge. Some of the features pre-
dictive of growth (or the risk of the lesion being
melanoma) include thickness greater than 2 mm,
presence of orange pigment and subretinal fluid,
and absence of drusen. OCT is able to detect
some of these changes. Singh and associates used
spectral-domain OCT to describe accumulation
of subretinal deposits corresponding to orange
pigment over a small IML that had not been
observed with time-domain OCT [19]. Chronic
retinal changes observed by OCT as thinned ret-
ina with intraretinal cysts and RPE thickening
were associated with lesions less likely to grow.
Hyper-autofluorescence (see below) correlates to
OCT findings of lipofuscin or subretinal fluid
(Fig. 19.10) [19].

19.4.2.3 Choroidal Melanoma
Uveal melanoma is the most common primary
intraocular malignant tumor, and 85 % develop in
the choroid. They often present as a pigmented,
elevated, choroidal mass. In medium- to large-
sized melanomas, OCT analysis is limited to super-
ficial changes in the retina and anterior surface of
the tumor. Subretinal fluid is an important charac-
teristic related to underlying choroidal melanoma,
may be detectable by OCT in almost all cases [20].
Sayanagi and coworkers used 3D spectral-
domain OCT and found a significantly higher
prevalence of subretinal fluid (91 % versus 14 %),
retinal edema (61 % versus 14 %), and subretinal
deposits (61 % versus 11 %) in choroidal mela-
noma compared with nevi [2]. The limitation of
OCT for choroidal melanoma lies in the inability
to image past the anterior choroidal surface
(Fig. 19.11) [21]. Reflectivity of the anterior cho-
roid in melanoma is variable even with spectral-
domain OCT [19].
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Fig. 19.10 Indeterminate choroidal melanocytic lesion
(small choroidal melanoma). Orange pigmentation (lipo-
fuscin) on fundus photograph (a) corresponds with hyper-
autofluorescent spots on fundus autofluorescence image

(b) and deposition of hyperreflective material both near
the retinal pigment epithelium and in the outer retina on
the spectral-domain OCT (c¢) (Reproduced with permis-
sion from Singh et al. [19])

Fig.19.11 Malignant melanoma. Fundus appearance (a). OCT image notes irregularity of retinal pigment epithelium,
subretinal fluid, intraretinal edema, and cyst (b) (Reproduced with permission from Sayanagi et al. [2])
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OCT has been used to monitor retinal changes
related to complications of radiotherapy like
macular edema, which can be present in 61 % of
the cases, 24 months after treatment [22].

19.4.2.4 Choroidal Osteoma
Choroidal osteoma is an osseous tumor reported in
young females. The tumor is located in the juxta-
papillary region or macula and presents an orange-
yellow color when calcified and as a white tumor
when decalcified. Complications of choroidal oste-
oma that cause vision loss are related to the tumor
decalcification and include neovascular membranes
and retinal changes (subretinal fluid or photorecep-
tor loss), both identifiable by OCT imaging.
Shields and coworkers reported on the OCT fea-
tures of choroidal osteoma that included heteroge-
neity that depended upon the amount of tumor
calcification [23]. Calcified portions of the tumor
reveal mostly intact inner (100 %) and outer (95 %)
retinal layers, a distinct RPE (57 %), and mild trans-
mission of light (95 %) (Fig. 19.12). In contrast,
decalcified portions of the tumor reveal intact inner
retinal layers (90 %), thinned outer retinal layers
(100 %), an indistinct RPE (90 %), and marked
light transmission into the tumor (70 %). The ante-
rior tumor surface was hyperreflective in 48 % and
isoreflective in 52 % if calcified, but was mostly
hyperreflective (90 %) when decalcified [23].

19.4.2.5 Choroidal Metastasis

On OCT examination, choroidal metastases dem-
onstrate a dome-shaped elevation of the RPE and
retina with adjacent subretinal fluid. OCT imag-
ing of choroidal lesions is limited to retinal
changes and anterior choroid evaluation. Retinal
changes include retinal edema, intraretinal cysts,
thickening, and detachment of the RPE. Arevalo
and colleagues found highly reflective points
within neurosensory detachment in 14.2 % of
cases and concluded that these points “may cor-
respond to retinal compromise by cancer cells or
macrophages containing lipofuscin and melanin
granules” [24].

19.4.2.6 Choroidal Hemangioma
Circumscribed choroidal hemangioma is usually
orange colored, round, and located in the poste-
rior pole. It usually exhibits overlying retinal
edema, subretinal fluid, and RPE alterations [25].
Ramasubramanian and colleagues described
OCT findings in circumscribed choroidal heman-
gioma and found subretinal fluid (19 %), retinal
edema (42 %), retinal schisis (12 %), macular
edema (24 %), and localized photoreceptor loss
(35 %) [26]. Retinal changes are secondary to
tumor leakage. OCT shows preserved photo-
receptors and normal retinal thickness if the
leakage is acute and degenerated photoreceptors,

Fig.19.12 Choroidal osteoma. Fundus appearance (a). OCT image reveals irregularity of retinal pigment epithelium/
choriocapillaris (b) (Reproduced with permission from Sayanagi et al. [2])
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retinoschisis, and intraretinal edema if the leak-
age is chronic [3]. OCT has been used to monitor
response to treatment by photodynamic therapy,
transpupillary thermotherapy, plaque radiation,
or laser photocoagulation.

19.5 Enhanced Depth Imaging

Recently, Spaide and associates have described a
simple method using commercially available
SD-OCT devices to image the choroid called
enhanced depth imaging (EDI) [27]. In an explor-
atory study, Torres et al. described the intrinsic
optical characteristics of choroidal tumors
imaged with EDI SD-OCT technique and
correlated tumor measurements with ultrasonog-
raphy [28]. In their study, all the cases that were

too small (<1.0 mm in thickness) to be adequately
identified by ultrasonography (such as choroidal
nevi) were adequately imaged and objectively
measurable by EDI SD-OCT techniques. On the
other hand, tumors that were >1.0 mm in height
and/or >9.0 mm in diameter were not suitable to
be measured by EDI SD-OCT. Consequently,
they suggested that EDI SD-OCT and ultrasound
may be considered as complimentary techniques
for tumor thickness measurement [28].

Specific EDI SD-OCT findings are influenced
by cellular composition, compactness of tissues,
tumor vascularity, presence of light reflection/scat-
tering, melanin, and other factors. Circumscribed
choroidal hemangioma showed low/medium
reflectivity and a homogenous signal with large
intrinsic spaces (Fig. 19.13). In contrast, choroi-
dal metastasis revealed a low reflective band in

19.13 Circumscribed choroidal

Fig.
Fundus appearance (a). B-scan ultrasound shows a dome-
shaped solid lesion, with high and homogenous reflectiv-
ity (b). Spectral-domain OCT (Topcon-1000). There is
elevation of retina/choroid complex with nonspecific sig-

hemangioma.

nals from the underlying choroid (c¢). Spectral-domain
OCT EDI technique (inverted). Note a low to medium
reflective signal from the lesion. Small and large spaces
(possibly vascular) are also identified within the tumor (d)
(Reproduced with permission from Torres et al. [28])
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Fig.19.14 Choroidal melanocytic nevus. Fundus appear-
ance (a). B-scan ultrasound is unable to detect the lesion
(b). Spectral-domain OCT (Topcon-1000). The lesion
appears as a sharply highly reflective band at the Bruch’s/
RPE/choriocapillaris layer (¢). Spectral-domain OCT EDI

the deeper choroid with enlargement of the supra-
choroidal space. All melanocytic tumors (nevus
and melanoma) demonstrated a highly reflective
band within the choriocapillaris layer with poste-
rior shadowing (Fig. 19.14) [29].

Conclusions

OCT enables identification of anterior and
posterior tumor margins, alterations or thick-
ening of the overlying epithelium, and recog-
nition of secondary features like conjunctival
cysts. OCT is also a useful tool for evaluation
of small anterior iris tumors. It enables identi-
fication of tumor margins and tumor surface.
In cases of posterior iris and ciliary body
tumors, OCT tends to be inferior to UBM.
Novel developments in OCT technology may
enable better visualization of deep anterior
segment tumors and choroidal tumors.

technique (inverted). The lesion is well distinguished
from surrounding normal choroid as a highly reflective
band with posterior shadowing. A thin hyporeflective line
separates the RPE and the anterior tumor surface (d)
(Reproduced with permission from Torres et al. [28])
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20.2 The Origin of
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70, as much as 20 % of the free cytoplasmic space
of the RPE cells is occupied by LF granules but
also by melanolipofuscin granules (MLF), a com-
pound product of LF and melanin [2]. Also MLF
acts as a fluorophore, needing specific wave-
lengths of excitation and cutoff filters for emitting
light (different from LF) to obtain the MLF-
related emission peak [3]. MLF is present in RPE
in physiologic conditions, but increases in differ-
ent pathologic conditions as well as LF. Roughly
all disorders causing RPE changes by direct or
indirect involvement, as well as any disease
affecting RPE metabolism, may cause a change in
physiologic fundus AF by changing the amount of
RPE-related fluorophores [3].

20.3 Types of Autofluorescence
20.3.1 Short-Wavelength AF

Short-wavelength AF (SW-AF), also called stan-
dard AF, mainly reflects the amount and the topo-
graphic distribution of LF deposits in the RPE
[1-3]. Ex vivo studies have shown that the amount
of RPE LF increases gradually from the fovea to a
maximum of about 10° from the fovea and then
decreases toward the periphery [4]. The topo-
graphic distribution of fundus AF, measured with
an excitation at 550 nm, confirmed in vivo these
findings, revealing that SW-AF is maximal at an
eccentricity of 7-13°, where AF is 1.7 times higher
than in the fovea [5]. Fundus SW-AF is also not
symmetrically distributed around the fovea and is
maximal about 12° temporally and superiorly,
lower inferiorly and nasally, roughly matching the
distribution of rod photoreceptors [1].

Despite intensive research, the composition of
LF is still not completely understood. RPE LF is
proposed to contain highly modified, undegrad-
able remnants of phagocytosed photoreceptor
outer segments (e.g., retinoids and carotenoids),
and the best-characterized fluorescent compo-
nent of RPE LF is the Schiff base N-retinyl-N-
retinylidene-ethanolamine (A2E), a degradation
product of retinal photoreceptors [1]. The emis-
sion spectra of SW-AF are broad and maximal in
the 600-640 nm region of the spectrum, shifting

slightly toward longer wavelengths with increas-
ing excitation wavelength. This “red shift” occurs
for excitation at the long-wavelength end of the
absorption spectrum for some fluorophores in
viscous or polar environments [1]. This red shift
may explain the variability of emission spectra
reported in literature; with excitation wavelength
ranging from 364 to 580 nm, the emission peak
varies between 590 and 660 nm. The excitation
spectra have their maxima between 490 and
530 nm. In contrast to the spectra measured in
extra-foveal areas (usually 7° temporal to the
fovea), the fovea spectra are attenuated. This is
due to the lower amount of LF in the foveal area
and to the absorption of the excitation light by
macular pigments [1].

Other fluorophores may theoretically influ-
ence SW-AF, mainly in young patients because
of the low amount of LF deposits in the RPE of
these subjects [6, 7]. Therefore, secondary fluo-
rophores emitting in the 500-540 nm spectral
range are under investigation. The macular pig-
ment itself, flavins, collagen, microglia, and
hyaluronic acid in the vitreous have specific AF
characteristics, similar to those described for LF,
although weaker than LF itself. Finally, AF con-
tributions from the choroid and sclera have been
estimated in patients with geographic atrophy to
be 6-15 % of the total fundus SW-AF, for dark-
and light-pigmented subject respectively [1].

20.3.2 Near-Infrared AF

Near-infrared AF (NIR-AF), which uses the same
excitation light and cutoff filters employed for
indocyanine green angiography (ICG), was origi-
nally described as pseudo-fluorescence, commonly
detected prior to standard ICG angiography [8].
Because different fluorophores are present
within the retina and RPE, a specific selection of
the wavelength for AF excitation (and the wave-
length of the cutoff filter for emitting light)
could provide additional possibilities (theoreti-
cally a wide range of possibilities) to analyze
specific RPE substances [1, 3]. NIR-AF was
first reported in 2006 and has been applied in
several recently published studies on age-related
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macular degeneration. As the intensity of emit-
ted AF is about 60-100 times lower compared
to that of SW-AF, imaging of NIR-AF is usually
obtained using a confocal scanning laser oph-
thalmoscope [1]. Diode laser light (787 nm) is
used to excite NIR-AF, whereas a band-pass fil-
ter with a cutoff at 800 nm is inserted in front of
the detector. Because of the lower intensity,
images are averaged to obtain the final image,
and optimal imaging is obtained with dilated
pupils.

Physiologic NIR-AF is characterized by the
dark appearance of optic disc and retinal ves-
sels [3]. The NIR-AF signal is maximal at the
posterior pole, with a peak at the fovea and a
marked decline toward the peripheral regions
[1]. The major fluorophores contributing to
NIR-AF are most likely melanin and its related
compounds (melanolipofuscin (MLF), melano-
lysosomes, and oxidized melanin) [1, 3]. The
notion that the NIR-AF signal derives from
melanin is based on the following evidence: the
NIR-AF distribution corresponds to that of
RPE melanin; the severely reduced signal of
NIR-AF in areas of RPE loss indicates that the
major source of NIR-AF is the RPE; and the
marked increase of NIR-AF in flat choroidal
nevi [9]. Melanin AF is increased by oxidation.
MLF (melanin with a cortex of LF) and melan-
olysosomes (melanin with a cortex of enzyme-
reactive material) accumulate with age (and
RPE disease) and represent melanin in the pro-
cess of repair, modification, or degradation [9].
The AF of melanin, oxidized melanin, and
compound granules containing melanin con-
tributes to the NIR-AF signal. An increase in
NIR-AF could be caused by melanogenesis,
formation of melanolysosomes, or MLF or
altered characteristics of melanin in disease
process [1, 9]. The possible contribution of
other fluorophores to the NIR-AF signal is
under investigation [9]. Although the possibil-
ity that LF contributes to NIR-AF signal cannot
be ruled out, this is unlikely because of the dif-
ferent AF distributions observed in normal sub-
jects and in patients with a variety of retinal
diseases. Possible fluorophores include colla-
gen, elastin, and porphyrin [1, 9].

20.4 Choroidal Melanocytic
Tumors

AF patterns in small, medium, and large choroi-
dal melanomas share common characteristics,
such as a homogeneous increased AF signal and
a confluent plaque-like configuration [1]. Shields
et al. have demonstrated, since 1976, that LF
accumulates in RPE cells and macrophages over-
lying choroidal melanomas [10]. This phenome-
non is clinically evident by biomicroscopy,
described as “orange pigment” over the lesions.
However, depending on whether the tumor is
melanotic or amelanotic, the color may vary from
orange to brown, respectively. Shields et al. also
reported that the presence of orange pigment
over small indeterminate choroidal pigmented
lesions is a specific risk factor for malignant
transformation [11, 12]. The exact mechanism by
which choroidal melanoma induces lipofuscino-
genesis remains unclear. Font et al. reported that
sheets of proliferated RPE cells and clusters of
pigment-laden macrophages are present under
the degenerated neurosensory retina, correspond-
ing to the position of the clinically observed
orange pigment [12]. Histochemical analysis
indicates that orange pigment of tumors stains
positive for PAS, Sudan Black B, and long Ziehl-
Neelsen; reduces silver salts with the Fontana-
Masson method; bleaches partially with
potassium permanganate; and is acid fast and oil
red O positive in paraffin sections. It also exhibits
a golden-yellow AF when examined using UV
light or a fluorescence microscope, confirming
that this pigment is in fact LF [1].

20.4.1 Choroidal Nevus

SW-AF imaging of choroidal nevus usually
shows a normal pattern of background fundus
AF, with no area of increased or decreased AF
signal (Fig. 20.1). In a minority of cases, nevi
may also reveal areas of mild decreased or
increased SW-AF signal (Fig. 20.2) [1]. Drusen,
commonly overlying choroidal nevi, when
large or coalescent may appear as areas of
localized increased SW-AF (Fig. 20.3).
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Fig. 20.1 Choroidal nevus (a, fundus appearance) showing normal pattern of background fundus SW-AF (b). Note
absence of hyper- or hypofluorescence despite the presence of drusen over the lesion

Fig. 20.2 Choroidal nevus (a, fundus appearance) showing mild hypo-AF with bright hyper-AF spots in SW-AF (b)

However, the increased AF signal over these
areas is not a sign of LF accumulation, as it
occurs in choroidal melanoma or small indeter-
minate choroidal pigmented lesions with risk
factors for growth [1]. Recently, Shields et al.
reported that choroidal nevi can show faint
intrinsic AF [13]. Nevertheless, overlying RPE
alterations (quite common in choroidal nevi)
may show different AF pattern, ranging from
normal (Fig. 20.1) to mild or dark hypo-AF due
to RPE atrophy (Fig. 20.2) to bright hyper-AF
(Fig. 20.3). Common causes of increased
SW-AF in nevi include hyperpigmentation,

drusen, and fibrous metaplasia (probably
because they also cause LF accumulation in the
overlying RPE).

We recently investigated SW-AF in 30 choroi-
dal pigmented lesions, analyzing the role of this
technique in the diagnosis and characterization of
these lesions (unpublished data). In this study,
AF imaging was performed using a confocal sys-
tem (Heidelberg Retinal Angiograph, HRA 2;
Heidelberg Engineering, Heidelberg, Germany).
SW-AF images were recorded at 488 nm wave-
length using a barrier filter for the detection of
emitted light above 500 nm (SW-AF). At SW-AF,



20 Diagnostic Techniques: Autofluorescence

209

Fig. 20.3 Choroidal nevus (a, fundus appearance) showing mild hyper-AF with bright hyper-AF spots in SW-AF,

mainly corresponding to overlying drusen (b)

choroidal nevi showed a normal pattern of back-
ground AF with no corresponding areas of
hyperfluorescence or hypo-AF over the nevi in
50 % of the cases. In the remaining 50 % of cases,
the lesion showed mild hypo-AF (in 25 %) or
hyper-AF (in 25 %), with faint localized hyper-
AF small areas in all cases. Nevi with normal
background fundus AF were flat, while nevi with
a different pattern of fundus fluorescence were
elevated with drusen or LF.

20.4.2 Indeterminate Choroidal
Melanocytic Tumor (Small
Choroidal Melanoma)

Materin et al. investigated small choroidal mela-
nomas by SW-AF, reporting that all tumors with
orange pigment had an increased AF signal,
although of different intensities, and the majority
of lesions showed diffuse mild increased SW-AF
[14]. Subretinal fluid associated with choroidal
melanoma showed an increased SW-AF signal in
60 % of the cases.

Gunduz et al. recently reviewed the SW-AF
characteristics of a variety of choroidal
melanocytic lesions [15]. The AF patterns of
these lesions were classified as patchy or dif-
fuse. The patchy pattern was defined as the pres-
ence of distinct areas of increased AF between

Fig. 20.4 Patchy SW-AF pattern in indeterminate cho-
roidal melanocytic lesion. This pattern is more frequently
observed among nevi

areas of normal AF. The diffuse pattern was
characterized by the presence of increased AF
with indistinct borders over a larger part (>50 %)
of the lesion in the absence of such intervening
areas. Choroidal melanomas presented with
either a diffuse or patchy pattern, whereas cho-
roidal nevi demonstrated only the patchy pattern
(Fig. 20.4). The diffuse AF pattern was more
often associated with larger choroidal melano-
mas, as well as with early venous and late
hyperfluorescence on fluorescein angiography
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Fig. 20.5 Diffuse SW-AF pattern in an indeterminate
choroidal melanocytic lesion. This pattern is more fre-
quently observed in melanomas compared to nevi

(Fig. 20.5) [15]. Limitations of these observa-
tions depend on the field of depth of confocal
scanning laser ophthalmoscopy; thus, AF from
other planes could not be detected. Increased
retinal thickness, intraretinal edema, or pres-
ence of subretinal fluid may also affect the AF
signal. Nevertheless, the same authors reported
a total or partial correlation between AF and the
foci of LF and hyperpigmentation in about 90 %
of the cases [15].

20.4.3 Choroidal Melanoma

Gunduz et al. reported that nearly 90 % of choroi-
dal melanomas show at least one focus of
increased SW-AF, corresponding to the location
of LF or hyperpigmentation of the lesion [15].
Moreover, in 75 % of amelanotic choroidal mela-
noma, increased SW-AF was observed in areas of
hyperpigmentation. Medium and large choroidal
melanomas also appear to have increased SW-AF.
Superficial fibrosis and subretinal fluid have been
reported to have an increased SW-AF also in
large tumors. However, in highly elevated tumors,
artifacts related to the technique may limit the
analysis [15].

It has been suggested that longer and deeper
wavelengths, such as NIR, could provide more

Fig. 20.6 NIR-AF of the same lesion reported in
Fig. 20.1. Note the marked hyper-AF of this lesion in the
NIR-AF despite the normal pattern of background fundus
in SW-AF

information about the pigment composition of
choroidal melanocytic lesions [3]. With
NIR-AF, the melanin distribution can be
explored, as oxidized melanin or compounds
closely associated with melanin. We recently
investigated SW-AF and NIR-AF in 30 choroi-
dal pigmented lesions, analyzing the role of
these techniques in the diagnosis and charac-
terization of these lesions (unpublished data).
In this study, AF imaging was performed using
a confocal system (Heidelberg Retinal
Angiograph, HRA 2; Heidelberg Engineering,
Heidelberg, Germany). The NIR-AF images
were recorded at 780 nm with a barrier filter at
820 nm. Using NIR-AF, flat nevi appeared as
bright hyper-AF areas (Fig. 20.6). Elevated
nevi with mild hyper-AF or hypo-AF in SW-AF
were hypo-AF in NIR-AF. In our study on
NIR-AF vs. SW-AF in choroidal-pigmented
lesions, at NIR-AF imaging, choroidal melano-
mas showed hypo- and hyper-AF areas in all
cases, with a hyper-AF halo in 62 %, due to
retinal detachment around the tumor. The
hyper-AF areas at NIR-AF corresponded to the
pigmented areas of the tumor. Comparing
SW-AF and NIR-AF images of choroidal mela-
nomas, we were unable to detect significant
differences (Fig. 20.7).
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Fig. 20.7 SW-AF (a, b) and NIR-AF (¢, d) of two choroidal melanomas. Comparing SW-AF and NIR-AF of these
lesions, only small and nonsignificant differences in AF patterns are present

20.5 Choroidal Hemangioma

Shields et al. described the intrinsic SW-AF
properties of choroidal hemangioma (CH) and
the extrinsic findings of the overlying retinal/
RPE alterations [16, 17]. They reported that both
circumscribed and diffuse CH (untreated) showed
general intrinsic iso-SW-AF or hypo-SW-AF
(Fig. 20.8) [16, 17]. In contrast, treated choroidal
hemangioma appeared more hypo-SW-AF. The
intrinsic AF pattern did not correlate with tumor
location, size, or thickness. The extrinsic SW-AF
features of choroidal hemangioma were more
dramatic. The most brilliant hyper-SW-AF was
from overlying orange pigment notable in some

eyes. Other extrinsic findings of RPE hyperpla-
sia, RPE atrophy, and RPE fibrous metaplasia
generally were seen as hypo-SW-AF in both cir-
cumscribed and diffuse CH. Retinal pigment epi-
thelium atrophy (found in 25 % of untreated
circumscribed CH and 87 % of treated circum-
scribed CH) appeared moderately to markedly
hypo-AF in SW. Retinal pigment epithelium
hyperplasia, commonly found in treated choroi-
dal hemangioma, appeared moderately to mark-
edly hypo-AF in SW. The intrinsic and extrinsic
AF patterns were most often altered after therapy.
Most tumors showed intrinsic hypo-AF after
therapy and most showed extrinsic hypo-AF
from RPE hyperplasia or atrophy. Moreover,
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Fig. 20.8 Choroidal hemangioma. Fundus appearance (a).
circumscribed choroidal hemangioma (SW-AF) (b)

subretinal fluid showed varying SW-AF patterns
depending on the chronicity. Fresh subretinal
fluid with intact RPE appeared moderately hyper-
AF, whereas chronic subretinal fluid with RPE
hyperplasia and atrophy showed moderate to
marked hypo-AF in SW mode [16]. To the best of
our knowledge, no data are actually published on
NIR-AF in CH. In our cohort of patients, circum-
scribed or diffuse hemangioma shows a specific
NIR-AF pattern, usually depending on RPE sta-
tus overlying the lesions and commonly charac-
terized by  hypo-NIR-AF  with  bright
hyper-NIR-AF spots.

20.6 Choroidal Metastasis

Limited data are reported on SW-AF of choroidal
metastatic lesions. Collet et al. reported 15 meta-
static tumors in 14 eyes of 11 consecutive patients
concluding that amelanotic choroidal metastases
with hyperpigmented foci are associated with
increased SW-AF in most of the cases and that
subretinal fluid overlying choroidal metastasis
may cause increases in SW-AF as well [18].
Ishida et al. reported two cases of metastatic cho-
roidal tumors, concluding that the AF pattern of
these cases was approximately the reverse picture
of fluorescein angiography pattern [19]. Natesh
et al. investigated the correlation between SW-AF

Hypo-AF area with hyper-AF spots in a case of untreated

imaging and clinical, OCT, and fluorescein angi-
ographic findings in ten choroidal metastases
concluding that hyper-AF in SW-AF mode cor-
relates with focal hyperpigmentation, subretinal
fluid, and advancing tumor edges. Moreover,
SW-AF appears to better define surface charac-
teristics and tumor margins compared to standard
biomicroscopy [20]. In our experience, SW-AF
of choroidal metastasis is usually characterized
by hypo-AF with hyper-AF spots and hyper-AF
halo (Fig. 20.9). To the best of our knowledge, no
data are actually published on NIR-AF in choroi-
dal metastases. In our cohort of patients, NIR-AF
of choroidal metastases is extremely variable.
Therefore AF needs to be investigated in a larger
series to be included in the diagnostic process.

20.7 Congenital Hypertrophy of
the Retinal Pigment
Epithelium

Shields et al. investigated with SW-AF 13 con-
secutive eyes with congenital hypertrophy of the
retinal pigment epithelium (CHRPE) reporting
that CHRPE showed hypo-AF in all cases [21].
Compared to the central portion of CHRPE, the
margins showed iso-AF (n=28) or trace hyper-AF
(n=5). There were eight lesions with intrale-
sional lacunae, and this feature generally showed
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Fig.20.9 Choroidal metastases. Fundus appearance (a). Hypo-AF area with hyper-AF spots and hyper-AF halo (SW-
AF) in a case of choroidal metastases from lung adenocarcinoma (b)

trace to moderate hyper-AF (n=6). A nonpig-
mented halo was present around six lesions,
showing trace hyper-AF (n=3). A pigmented
halo surrounded eight lesions, usually showing
is0-AF (n=6). The authors concluded that
CHRPE shows striking hypo-AF, and this corre-
lates with known histopathologic evidence of
lack of LF in the retinal pigment epithelium of
CHRPE.

Conclusions

AF is a noninvasive, valuable diagnostic tool
for assessing intraocular tumors, mainly
revealing the effects of these lesions on the
overlying retinal pigment epithelium. SW-AF
and NIR-AF may also provide specific infor-
mation on intrinsic pigments that compose
and characterize benign and malignant, con-
genital, and acquired chorioretinal lesions. LP,
melanin, and MLF play the leader role in the
different AF patterns of chorioretinal tumors,
but other pigments (such as porphyrin) may
influence AF imaging of these lesions. Some
findings are strongly characteristic of specific
lesions, mainly the bright hyper-AF overlying
choroidal melanoma and the dark hypo-AF of
congenital hypertrophy of the RPE. Moreover,
SW-AF enhances the visualization of orange
pigment located over small indeterminate cho-
roidal-pigmented tumors, allowing better

stratification of the risk of growth of these
lesions. The use of AF may contribute to the
diagnosis and characterization of choroidal
tumors.
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21.1 Introduction

Ophthalmic ultrasonography is essential for
documentation, measurement, and differentiation
of intraocular tumors. It is a safe, noninvasive diag-
nostic technique providing instant images for inter-
pretation. This chapter provides a description of
instrumentation and special examination techniques
necessary for the documentation and measurement
of intraocular tumors. Additionally, ultrasono-
graphic findings of common intraocular lesions
including iris and ciliary body melanoma, choroidal
melanoma, choroidal hemangioma, metastatic and
disciform lesions, and retinoblastoma are included.

21.2 Basic Physics

Ultrasound is as an acoustic wave with frequency
above the audible range (20 kHz). When ultrasound
waves encounter an interface with unequal acoustic
impedance, echoes are generated. Modern ultra-
sound machines produce, detect, process, and
amplify the returning echoes. A piezoelectric crys-
tal is used to generate a mechanical short acoustic
pulse that acts as a transducer to convert electric
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energy into ultrasound. When the probe receives the
reflected echoes, they are converted back into an
electrical signal and processed. Each ultrasound
receiver is designed slightly differently, and thus,
the images produced must be evaluated based on
the model and calibration needed for each machine
and probe combination. The parameters for pro-
cessing usually include amplification, compensa-
tion, compression, demodulation, and rejection. A
variety of amplification curves are preset on most
ultrasound machines; however, it is essential that
they are also adjusted manually by the examiner.
The adjustment of this relative amplification is mea-
sured in decibels (dB) and referred to as the gain.

The physical laws of acoustic energy are
dependent on reflection, refraction, and absorp-
tion [1]. The strength of echo returning to the
probe is largely dependent on the angle of inci-
dence. The sound beam with an angle of incidence
of 90°, i.e., perpendicular to the structures being
examined, is necessary to accurately assess these
structures based on the intensity of the echoes. If
the sound beam is misdirected in an oblique angle,
the resulting signal is weaker than it should be due
to the reflection of some of the sound beams away
from the probe. Differences in the shape and size
of the acoustic interface can also result in scatter-
ing of the sound beams. Additionally, irregular
surface can lead to scattering of reflected echoes,
resulting in significant loss of echo strength.

Ophthalmic ultrasound machines currently
use frequencies ranging from 8-80 MHz.
These frequencies are higher than those most
commonly used in other fields of diagnostic
ultrasound which are in the range of 2—-6 MHz.
In order to evaluate small ocular structures, a
high-frequency device with a directly propor-
tional high resolution is essential. The super-
ficial location of the eye and its primarily
aqueous composition allows the use of high
frequencies [2]. The limitations of physics
make it difficult to assemble array elements
with the necessary half-wavelength spacing,
therefore necessitating use of mechanical
scanning by single-element focused transduc-
ers [3]. However, movement of the eye and
positioning of the transducer allow the sound
beam in ophthalmic devices to reach all areas
of the eye in a close to optimal perpendicular
orientation.

21.3 Instrumentation

21.3.1 Diagnostic A-Scan

A-scan is echo strength over time displayed in one
dimension. Spikes in the vertical orientation corre-
spond to echo intensity and are displayed along the
horizontal axis as a function of time. Standardized
A-scan was developed by Ossoinig as a special
diagnostic instrument for differentiation of ocular
structures [4, 5]. The A-scan probe has an operating
frequency of 8 MHz and an S-shaped amplification
curve for post processing [6]. The S-shaped curve is
beneficial in the differentiation of tissues with
acoustic impedances that are close to one another. It
provides the benefit of the wide range of logarith-
mic amplification and the high sensitivity of linear
amplification. Standardized A-scan has a standard-
ized decibel setting, referred to as tissue sensitivity.
At the tissue sensitivity setting, standardized A-scan
is designed to display an echo spike for retina that is
100 % on the echo intensity scale when the sound
beam is directed perpendicular to the retina
(Fig. 21.1). All ocular structures that are equal to or
more dense than retina will also produce 100 %
echo spikes. Intraocular structures that are lower in
density than retina including the diffuse vitreous
hemorrhage and thin vitreous membranes will pro-
duce echoes of less than 100 % intensity. The vary-
ing reflectivity of the A-scan spike at tissue
sensitivity also allows intraocular and orbital tumor
structure to be evaluated and differentiated. In com-
bination with B-scan, diagnostic A-scan is essential
in the differentiation of intraocular tumors.

21.3.2 B-Scan

The foundation for diagnostic ultrasound in
ophthalmology is based on B-scan images. Contact
B-scan displays shape, location, and extension of
structures by using horizontal and vertical orienta-
tion in two dimensions. The strength of the echo is
determined by the brightness of dots on the screen
representing each echo. Logarithmic or S-shaped
amplification curves are most commonly used at a
frequency range of 10 MHz [7].

The two-dimensional, high-resolution images
provide accurate representation of ocular struc-
tures [8, 9]. Three basic B-scan probe orienta-
tions are used in ophthalmic ultrasonography:
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axial, longitudinal, and transverse (Figs. 21.2, the probe and specific attention to the mobility of
21.3, and 21.4) [10]. B-scan evaluation is a echoes. The evaluation of static B-scan images in
dynamic process requiring sweeping motions of isolation can lead to misinterpretation [10].

Fig.21.1 Diagnostic A-scan. A-scan probe tip placed near  linear display with echo spikes representing each tissue
the limbus with a sound beam directed at 12 o’clock poste-  interface (b, V vitreous, R retina, S sclera, O orbital tissue)
rior to the equator (a). Resulting A-scan image shows a  (Reproduced with permission from Hayden and Singh [31])

Fig. 21.2 Axial probe position. B-scan probe tip placed the centered crystalline lens and optic nerve (¢, L lens, V
directly over the cornea (a). Corresponding ultrasono-  vitreous, R retina, S sclera, ON optic nerve, O orbital tissue)
graphed fundus (b, line). Resulting B-scan image showing  (Reproduced with permission from Hayden et al. [32])
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Fig.21.3 Longitudinal B-scan position. B-scan probe tip
placed on the conjunctiva near the limbus with the marker
pointed superiorly (a). Corresponding ultrasonographed
fundus (b, line). Resulting B-scan image showing a radial

21.3.3 Ultrasound Biomicroscopy
(UBM)

UBM utilizes frequencies from 35-80 MHz for
the acoustic evaluation of anterior segment of the
eye [17]. UBM can be of paramount importance
when examining an eye with a lesion that is too
far anterior to be imaged with trans-scleral B-scan.
Lesions of the conjunctiva, iris, ciliary body, and
pars plana regions are best imaged with UBM. A
typical high-resolution 50 MHz UBM probe has a
penetration depth of approximately 5.0 mm and a
resolution of 37 pm. During a UBM examination,
the probe is placed directly over the anterior ocu-
lar structures to be imaged, not transocularly as in
contact B-scan. Additionally, a fluid immersion
technique is necessary to provide the standoft dis-

plane superiorly (c, V vitreous, R retina, S sclera, ON optic
nerve, O orbital tissue) (Reproduced with permission
from Hayden et al. [32])

tance required to view the anterior structures
(Fig. 21.5). Similar to B-scans, axial, radial (lon-
gitudinal), and transverse scans are used to best
document anterior lesions. The radial scan is best
suited to access the anterior to posterior extent of
mass lesions of the iris and ciliary body (Fig. 21.6).

21.4 Methods for Differentiation
of Intraocular Tumors

Standardized echography refers to the combined
use of contact B-scan and standardized A-scan. It
provides a reliable method to evaluate ocular
lesions based on the topographic, quantitative,
and kinetic properties of the echo intensities and
patterns [5, 11-13]. Topographic, quantitative,
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Fig. 21.4 Transverse B-scan position. B-scan probe tip
placed on the conjunctiva near the limbus (a). Corresponding
ultrasonographed fundus (b, line). Resulting B-scan image

and kinetic features of many intraocular tumors
are well established in the literature [14-16].
B-scan and UBM examination yield topographic
information including shape, size, and location as
well as vascularity, a kinetic feature. Diagnostic
A-scan examination yields quantitative informa-
tion including structure and reflectivity and in
some instances vascularity. Utilizing these com-
bined techniques (standardized echography),
malignant intraocular tumors can be differenti-
ated from benign lesions whose appearance on
visual examination may be similar (Table 21.1).

21.4.1 Topographic Ultrasonography

Topographic evaluation includes determination of
location, shape, and extension of the lesion.

showing the superior quadrant (¢, V vitreous, R retina, S
sclera, O orbital tissue) (Reproduced with permission from
Hayden et al. [32])

A transverse B-scan of the lesion should be per-
formed first to display the lateral extent of the lesion
and the gross shape. A sweeping motion through the
solid intraocular mass is important in order to deter-
mine the maximal height and lateral basal dimen-
sions (Fig. 21.7) [14, 15]. A longitudinal B-scan is
then performed to evaluate the anterior to posterior
topographic features of the lesion. This scan dis-
plays the shape and anterior to posterior extent of the
lesion. The probe does not need to be shifted dra-
matically as required during the transverse scan.
However, subtle shifts around the clock hour of
interest will aid in the identification of the maximal
dimensions of a solid intraocular lesion. Axial scans
are not usually necessary in the evaluation of topo-
graphic features. However, in very posterior lesions,
the relationship to the optic nerve and the maximal
height can be assessed with axial scans.
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Fig. 21.5 UBM. UBM immersion shell designed to
hold the eyelids open and provide a reservoir for the cou-
pling agent (a). ClearScan® acoustically invisible film
that can be filled with water and placed over the probe tip
is placed directly over the anterior ocular structures to be
imaged (b). Resulting B-scan image showing the cornea
at the fop of the screen, closet to the probe tip (arrow)
and the anterior portion of the crystalline lens and iris
are at the bottom of the screen (arrowheads, c) (b, ¢,
Reproduced with permission from Quantel Medical,
Bozeman, MT, USA)

21.4.2 Quantitative Ultrasonography

Quantitative ultrasonography utilizing diagnostic
A-scan can determine reflectivity, internal struc-
ture, and sound attenuation.

21.4.2.1 Reflectivity

The height of the spike on A-scan corresponds to
grades of reflectivity. Reflectivity of a lesion can
only be graded when both the A-scan probe is
calibrated for tissue sensitivity and the sound
beam is directed perpendicular to the lesion
(Fig. 21.8). Evaluating the reflectivity of a lesion
from the contact B-scan signal intensity echoes is
only an estimate of reflectivity and should not be
relied upon.

21.4.2.2 Internal Structure

Quantitative ultrasonography can further assess
the internal structure that reflects the histologic
composition [18]. Homogenous tissue architec-
ture within the lesion results in little variation in
the height and length of the spikes on A-scan,
whereas a heterogeneous tissue architecture
results in marked variation.

21.4.2.3 Sound Attenuation

The last component of quantitative ultrasonog-
raphy is sound attenuation or acoustic shadow-
ing. It can be caused by many different
echo-dense structures including calcified
lesions, foreign bodies, and bone (Fig. 21.9).
Sound attenuation from or within a lesion can
be detected on both contact B-scan and diagnos-
tic A-scan. It is delineated by a marked, pro-
gressive decrease in the strength of the echoes
within or behind the lesion. On B-scan, this
results in reduction of the intensity of echoes or
complete lack of echoes behind the lesion
termed shadowing. On A-scan, a linear decrease
in the height of the spikes is evaluated as an
angular measurement (angle kappa) [5]. Angle
kappa is directly proportional to the amount of
sound attenuation; the greater the attenuation of
sound, the greater the angle kappa. Large cho-
roidal melanomas often present with a positive
angle kappa (Fig. 21.10).

21.4.3 Kinetic Ultrasonography
Ocular lesions can be further defined in near real

time by dynamically observing and documenting
mobility, vascularity, and convection movement.
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Fig. 21.6 Radial (longitudinal) scan. Slit lamp photogra-
phy of the anterior segment of the eye showing the plane of
a radial scan (a). Corresponding UBM image showing the

21.4.3.1 Mobility

The mobility of a lesion is most easily evaluated
with B-scan. It is determined by after movement of
a membrane or opacity following a change in gaze.
Depending on the location of the intraocular
lesion, either a transverse or a longitudinal B-scan
is performed, and the patient is instructed to move
their eyes. Truly solid intraocular lesions will not
exhibit any subretinal or subchoroidal movement.
Assessing the mobility of presumed solid intraoc-
ular lesions is often essential to differentiate cho-
roidal melanoma from hemorrhagic choroidal
detachment.

21.4.3.2 Vascularity

Vascularity is the detection of blood flow within
an ocular lesion and can be detected by both
A-scan and B-scan. It is defined as fast, low
amplitude flickering consistent with blood flow.
The probe and gaze are held stationary, while the
internal echo flickering is observed over time.
The intensity of the echo flickering is docu-
mented as mild, moderate, or marked corre-
sponding to grades of vascularity.

21.4.3.3 Convection

Convection movement is the slow, continuous
movement of intraocular contents that occurs
secondary to convection currents best detected
with B-scan while holding both the probe and
the eye fixed. The moving echoes most often

cornea and the central iris on the left side of the display and
the limbus, ciliary body, and sclera on the right (b)
(Reproduced with permission from Hayden and Singh [33])

Table 21.1 Diagnostic features for assessing intraocular
lesions

Topographic ~ Quantitative Kinetic
Location Reflectivity Mobility
Shape Internal structure  Vascularity
Extent Sound Convection
attenuation movement

represent blood, layered inflammatory cells, or
cholesterol debris. This slow movement is most
often seen in eyes with long-standing vitreous
hemorrhage that has settled beneath a tight
funnel-shaped retinal detachment. Solid intraoc-
ular mass lesions can be differentiated from lay-
ered, debris with specific attention to this minor
movement.

21.5 Differentiation of Anterior
Segment Tumors

21.5.1 Iridociliary Pigment Epithelial
Cyst (IPE Cyst)

IPE cysts frequently appear as anterior bulging of
the iris stroma, most commonly near the iris root
[19]. On UBM, the lesions are round to oval in
shape and bow the iris forward while conforming
to the structures of the posterior segment. IPE
cysts demonstrate a thin wall with echolucent
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Fig. 21.7 Topographic ultrasonography. Transverse
B-scan of a solid intraocular mass at 8:30 posterior to the
equator. Fundus photograph (a). Lines (B, C, and D) rep-
resent ultrasonography of fundus as shown (b, ¢, d).
Resulting B-scan image shows a dome-shaped elevated

internal reflectivity, differentiating them from
mass lesions of the iris (Fig. 21.11). Eyes present-
ing with a single large cyst are frequently found to
have additional small cysts, when other quadrants
are explored. It is also important to note that IPE
cysts may be present adjacent to solid lesions of
the iris and ciliary body. Thus it is essential to
thoroughly examine all surrounding structures.

21.5.2 Iris and Ciliary Body
Melanoma

Melanomas of the iris and ciliary body can vary in
pigmentation, size, and patterns of growth. They
can present as circumscribed or diffuse lesions,
and iris melanoma has a predilection for the

fundus lesion (b). Slight shifting of the probe anteriorly
centers the sound beam on the thickest portion of the mass
lesion (c¢). Continued shifting of the probe assesses the
peripheral aspect of the mass lesion (d) (Reproduced with
permission from Hayden and Singh [31])

inferior half of the iris (Fig. 21.12). Due to their
anterior location, UBM is the preferred modality
of ultrasonographic examination. Circumscribed
lesions on UBM usually appear as dome shaped
or lobulated. Diffuse iris and ciliary body lesions
are irregular in shape and can span from a few
clock hours to 360° [20, 21]. Careful examina-
tion with UBM of all tumor margins including
the ciliary body is necessary to rule out ring pat-
terns and ciliary body involvement not readily
seen clinically. Likewise, the posterior borders of
a ciliary body melanoma should be examined to
rule out further posterior extension (Fig. 21.13).
When the posterior boundary of the ciliary body
lesion cannot be imaged with UBM, a posterior
B-scan examination should be performed. Both
circumscribed and diffuse lesions are mainly
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Fig. 21.8 Quantitative ultrasonography (reflectivity).
Fundus photo showing choroidal melanoma with vitreous
hemorrhage (a). Corresponding B-scan (b). Arrow repre-
sents the path of sound beam used to generate the A-scan.

Fig.21.9 Quantitative ultrasonography (sound attenu-
ation, B-scan). Transverse B-scan shows an irregularly
shaped fundus lesion with highly reflective areas
(arrow) causing shadowing of the orbital structures
(asterisk) (Reproduced with permission from Hayden
and Singh [31])

Diagnostic A-scan of the solid fundus mass shows high
reflectivity of the retina (¢, arrow) and low to medium inter-
nal reflectivity of the mass lesion (¢, arrowheads)
(Reproduced with permission from Hayden and Singh [31])

regular in structure and echo dense with no sound
attenuation. Iris and ciliary body melanomas are
usually too shallow to be evaluated with diagnos-
tic A-scan or assessed for vascularity.

21.5.3 Ciliary Body Melanocytoma

Uveal melanocytoma is a benign, darkly pig-
mented, circumscribed mass with minimal ele-
vation involving the uveal tract or optic disc.
When present in the ciliary body, these lesions
can be confused with melanomas. On both
UBM and B-scan, these lesions appear as a
dome-shaped solid mass with regular structure,
very echo-dense reflectivity, and marked sound
attenuation (Fig. 21.14). The tightly packed,
heavily pigmented structure of an iridociliary
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Fig.21.10 Quantitative ultrasonography (sound attenua-
tion, A-scan, angle Kappa). Progressive decrease in the
height of the spikes can be depicted as an angular mea-
surement (a, b). Angle kappa is proportional to the extent

Fig.21.11 Iridociliary pigment epithelial cyst. Anterior
segment photograph with a slit beam (a). Note anterior
bulging of the iris. UBM revealed echolucent thin-walled

melanocytoma is responsible for the sound
attenuation often leading to shadowing of the
internal portions of the lesion on UBM. This

of sound attenuation; the greater the attenuation of sound,
the larger the angle kappa (b, ¢) (Reproduced with per-
mission from Hayden and Singh [31])

cyst (b, arrows) (Reproduced with permission from
Rockwood et al. [34])

finding is rare in UBM evaluation of melano-
mas and therefore may be helpful in
diagnosis.
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Fig.21.12 Iris melanoma. Clinical photograph demonstrating pigmented iris lesion (a). UBM revealed isolated iris
involvement (b) (Reproduced with permission from Hood et al. [35])

Fig.21.13 Radial (longitudinal) scan for the evaluation riorly reveals a mass in the peripheral iris and ciliary body
of a mass lesion of the peripheral iris and ciliary body. Slit  (b) (Reproduced with permission from Hayden and Singh
lamp photograph showing iris melanoma (a). UBM infe-  [33])

Fig.21.14 Ciliary body melanocytoma. Slit lamp photograph demonstrating pigmented peripheral iris mass (a). UBM
showing a dense ciliary body mass with sound attenuation (b) (Reproduced with permission from Turell et al. [36])
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Fig. 21.15 Classic presentation of retinoblastoma.
Retinoblastoma with calcification. Fundus photograph
(a). Transverse B-scans demonstrates a large, dome-
shaped lesion with marked internal calcification. High

21.6 Differentiation of Retinal
Tumors

21.6.1 Retinoblastoma

21.6.1.1 Topographic

Ophthalmic ultrasonography plays an integral
role in the differentiation of retinoblastoma from
other causes of leukocoria, particularly in the
presence of an extensive retinal detachment.
Retinoblastoma can be unilateral or bilateral and
varies somewhat in appearance based on the
stage at presentation. On B-scan examination,
retinoblastoma appears most commonly as an
irregularly surfaced, round or dome-shaped
lesion. Mildly elevated and diffuse lesions have

gain showing the lesional boundaries (b, arrows). Low
gain showing the internal calcification causing shadowing
of the orbit (¢, arrow) (Reproduced with permission from
Fu et al. [37])

been reported in the literature but are rare [22,
23]. Most retinoblastomas exhibit marked inter-
nal calcification that is readily detected with
B-scan if examined at a low to medium gain. At
these gain settings, internal calcification of the
lesion remains very highly reflective and causes
marked shadowing of the intraocular and orbital
structures behind the lesion (Fig. 21.15). B-scan
may also reveal associated retinal detachment
and vitreous opacities frequently indicative of
vitreous seeding. Extraocular extension of
retinoblastoma most often involves the retrobul-
bar optic nerve. B-scan ultrasonography is help-
ful in the gross determination of enlargement of
the nerve; however, shadowing from calcification
often limits its diagnostic use.
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Fig.21.16 Persistent fetal vasculature (PFV). Fundus photograph (a). Longitudinal B-scan demonstrates taunt, thickened
vitreous band adherent to the slightly elevated optic disc (b, arrow) (Reproduced with permission from Fu et al. [37])

21.6.1.2 Quantitative and Kinetic

The structure and reflectivity profiles in retinoblas-
toma vary greatly depending upon the degree of
internal calcification. Lesions with little or no calci-
fication have a regular structure and low to medium
reflectivity, whereas highly calcified lesions are
irregularly structured with mainly medium to high
reflectivity with marked acoustic shadowing. Due
to the lack of intrinsic vessel formation within reti-
noblastoma lesions, acoustic vascularity is absent.

21.6.2 Persistent Fetal
Vasculature (PFV)

PFV, formally known as persistent hyperplastic
primary vitreous (PHPV), is a unilateral condi-
tion that is usually associated with microphthal-
mos or shallow anterior chamber. On B-scan a
taut, nonmobile vitreous band, persistent hyaloid
remnant, is detected connecting the optic nerve to
the posterior lens capsule (Fig. 21.16). Often, the
vitreous band is very thin, and it cannot be
imaged in entirety. In some cases, the band is
very thick and resembles a closed total retinal
detachment. For these reasons, it is necessary to
examine the eye at both a high gain to delineate
the thin membranes and a low gain to rule out
retinal detachment. On diagnostic A-scan, the
band will exhibit an initial spike that is not 100 %
of the tissue sensitivity, further excluding retinal
detachment.

21.6.3 Retinopathy or Prematurity
(ROP)

ROP occurs in a setting of low birth weight and
exposure to supplemental oxygen in the neonatal
period due to premature birth. In contrast to eyes
with retinoblastoma, which are usually of normal
axial eye length and unilateral or bilateral, eyes
with ROP have shorter axial length than normal
and presentation is typically bilateral. On B-scan,
ROP appears as a highly reflective, nonmobile,
thick, closed funnel-shaped retinal detachment
inserting into the disc (Fig. 21.17). Diagnostic
A-scan shows an initial spike that is 100 % of the
tissue sensitivity confirming retinal detachment.

21.6.4 Coats’ Disease

Coats’ disease is a retinal vascular disorder that is
usually unilateral and most commonly diagnosed
in young males between 4 and 10 years of age
[24]. On B-scan, Coats’ disease usually appears
as a poorly defined fundus lesion with focal areas
of high reflectivity (Fig. 21.18). In advanced
cases, total retinal detachment is also observed.
Diagnostic A-scan evaluation most commonly
shows a solid mass with regular to slightly
irregular structure, mainly high reflectivity, and
absent internal vascularity. Ultrasonography
is often most helpful in the differentiation of
Coats’ disease from retinoblastoma. On B-scan
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examination at a low gain, highly reflective cal-
cium deposits (retinoblastoma) display shad-
owing, whereas medium to highly reflective

Fig. 21.17 ROP (retinopathy of  prematurity).
Retinopathy of prematurity. Longitudinal B-scan demon-
strates a highly reflective, closed funnel-shaped retinal
detachment (arrows) inserting into the disc (Reproduced
with permission from Fu et al. [37])

cholesterol deposits (Coats’ disease) do not
exhibit acoustic shadowing.

21.7 Differentiation of Choroidal
Tumors

21.7.1 Choroidal Nevus

Choroidal nevi are usually less than 1.0 mm in
height and have a greatest basal dimension of less
than 5.0 mm [25]. Often, choroidal nevi are too
flat to be well evaluated with ultrasonography.
On B-scan, they appear only as focal elevations
of the choroid with sloping basal margins that are
difficult to delineate. Most lesions under 0.8 mm
cannot be evaluated with diagnostic A-scan.
Lesions with sufficient apical height appear as
regularly structured, highly reflective, and avas-
cular (Fig. 21.19).

Fig.21.18 Coats’s disease. Clinical photograph showing
lipid exudation (a). B-scan demonstrating exudative reti-
nal detachment (b, arrow) and vitreous band (b, arrow-

head) and A-scan with high internal reflectivity (c)
(Reproduced with permission from Turell et al. [36])
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Fig.21.19 Choroidal nevus. Clinical photograph show-
ing partially amelanotic nevus with overlying drusen.
Note absence of orange pigmentation or subretinal fluid

21.7.2 Choroidal Melanoma

21.7.2.1 Topographic

Choroidal melanomas are solid and most
commonly collar button, dome, or lobulated in
shape. Although unusual, choroidal melanomas
can present in a diffuse pattern or as a ring
lesion. They have no predilection for lateral or
radial locations in the eye and can be detected
at all clock hours both anterior and posterior to
the equator. Determination of the apical height
of the tumor is essential in the diagnosis and
treatment of choroidal melanoma [14, 15]. In
most cases, diagnostic A-scan is the preferred,
most accurate method to obtain apical height.
As long as the sound beam is directed perpen-
dicular to the most elevated portion of the
lesion, the inner scleral spike is easily identi-
fied. Obtaining the measurement with diagnos-
tic A-scan is particularly helpful in the

(a). B-scan demonstrating that nevus is less than 1 mm
height (b). A-scan with high internal reflectivity (c)
(Reproduced with permission from Turell et al. [36])

measurement of treated choroidal melanoma
where the lesion becomes highly reflective and
the inner sclera is difficult to delineate on
B-scan. Diagnostic A-scan can also identify
thickening of the retina and subretinal fluid at
the apex of the lesion, which appear as high
double peaks at the tumor surface. In most
cases, both the choroidal melanoma and its
overlying shallow retinal irregularity should be
included in the apical measurement. In cases
where there is a large exudative retinal detach-
ment, the measurement is up to the tumor sur-
face. B-scan ultrasonography, utilizing both
transverse and longitudinal scans, is the pre-
ferred method to obtain apical height for small
lesions (<1.5 mm) and is necessary to obtain
basal dimensions. In some cases, the clear
delineation of basal boundaries is difficult to
identify on B-scan, and in such cases, clinical
correlation is essential.
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Fig. 21.20 Choroidal melanoma. Clinical photograph
showing large, partially amelanotic dome-shaped choroi-
dal mass (a). B-scan reveals a large mushroom-shaped
choroidal mass that has broken through Bruch’s mem-
brane (arrows) touching the posterior surface of the lens

21.7.2.2 Quantitative and Kinetic

Due to homogeneous cell structure, choroidal
melanoma is usually regularly structured, low
reflective, and moderate to markedly vascular
lesion [18, 26]. However, unlike dome or lobu-
lated shape lesions, collar button-shaped mela-
noma is the result of the tumor breaking through
Bruch’s membrane; therefore, they can differ
somewhat in quantitative features. The anterior
portion often has higher reflectivity and varying
degrees of vascularity (Fig. 21.20), while at the
tumor base, reflectivity is low and in some cases
echolucent, known as acoustic hollowing [27].

21.7.2.3 Special Cases
Associated Hemorrhage
Vitreous hemorrhage, subretinal hemorrhage, and
intratumoral hemorrhage can occur in choroidal
melanoma making standardized echography

(b). A-scan demonstrates internal reflectivity (arrows)
with medium to high reflectivity in the anterior portion
and low reflectivity beneath Bruch’s membrane (arrow-
head) in the posterior portion of the lesion (¢) (Reproduced
with permission from Turell et al. [36])

challenging. Dense vitreous hemorrhage and
subretinal hemorrhage can mask an underlying
choroidal melanoma. In order to correctly image
the tumor surface and borders, it is essential to
lower B-scan gain because choroidal melanoma
is almost always more dense than layered vit-
reous hemorrhage and subretinal hemorrhage.
Intratumoral hemorrhage can change the quanti-
tative properties of choroidal melanoma by dis-
rupting the typical homogenous structure. Instead
of appearing regular in structure, low reflective,
and vascular, these tumors are frequently irregu-
lar in structure with reflectivity ranging from low
to high, and intrinsic pulsations indicative of vas-
cularity may be absent.

Extraocular Extension
Extraocular extensions of choroidal melanoma
appear as echolucent nodule adjacent to the
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Fig.21.21 Choroidal melanoma with extrascleral exten-
sion. Slit lamp photograph with sentinel vessels (a).
Fundus photograph showing a large choroidal mass (b).
B-scan demonstrating dome-shaped choroidal mass
(arrow) with extrascleral extension (arrowhead) (c).

sclera at the tumor base (Fig. 21.21). The low
reflectivity of the extraocular component com-
pared to intraocular component is due to sound
attenuation from the sclera. High-resolution
examination of the posterior segment fre-
quently reveals slight excavation of the inner
sclera at the tumor base or the suggestion of a
tiny break in the sclera representing a transocu-
lar vessel.

Plaque Radiation

Intraoperatively, ultrasonography can aid in the
precise radioactive plaque placement. The
iodine-125 plaque, used in the Collaborative
Ocular Melanoma Study (COMS), produces dis-
tinct hyper- and hyporeflective patterns on B-scan
clearly delineating the plaques edges and causing
shadowing of orbital structures behind the lesion
(Fig. 21.22) [28, 29].

A-scan shows medium to high internal reflectivity of the
choroidal lesion (arrows-A) and high internal reflectivity
of the extraocular extension (arrows-B) (d) (Reproduced
with permission from Turell et al. [36])

Postoperatively, serial examination with
standardized echography following radiation
plaque treatment of choroidal melanoma is essen-
tial for the precise measurement of decreasing
tumor apical height. In addition to topographic
changes, marked changes in quantitative and
kinetic properties of the treated lesions also occur.
The internal structure often becomes irregular, the
reflectivity higher, and the vascularity absent.

21.7.3 Choroidal Hemangioma

21.7.3.1 Topographic

Circumscribed hemangiomas are dome shaped
with smooth sloping edges and usually measure
less than 6.0 mm in apical height [30]. On B-scan,
dimensions can be difficult to delineate due to
hyperreflectivity of the lesion and sloping base
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Fig. 21.22 Placement of iodine-125 radiation plaque.
Transverse B-scan demonstrates a dome-shaped intraocu-
lar lesion with a concave radiation plaque behind the
lesion and adjacent to the sclera. The highly reflective lin-
ear points within the plaque correspond to the I-125 seeds
(arrow heads). Note that the margins of the tumor
(arrows) are well within the margins of the plaque (/ines)
(Reproduced with permission from Fu et al. [37])

(Fig. 21.23). Diagnostic A-scan is recommended
to determine the maximal apical height and oph-
thalmoscopy to estimate the basal dimensions.
Diffuse choroidal hemangioma (Sturge-Weber
syndrome) appears as diffuse thickening in all
quadrants of the choroid, posterior to the equator
with maximal elevation usually in the macula.

21.7.3.2 Quantitative and Kinetic
Choroidal hemangioma is regularly structured
and highly reflective on standardized echogra-
phy. Although these lesions are composed of a
network of fine lacy vessels, on ultrasonographic
examination, vascularity is not detected perhaps
due to non pulsatile blood flow within them.
These quantitative and kinetic features are
markedly different from the low reflective and
vascular properties of choroidal melanoma
(Table 21.2).

choroidal
Clinical photograph with elevated choroidal mass with
indistinct borders (a), Axial B-scan showing dome-shaped

Fig. 21.23 Circumscribed hemangioma.

mass (b), A-scan with high internal reflectivity (c)
(Reproduced with permission from Turell et al. [36])
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Table 21.2 Differential diagnosis of choroidal melanoma

Condition Shape Reflectivity Attenuation  Vascularity Specific features
Choroidal Collar button/dome/lobulated Low-medium  High High Regular internal
melanoma structure
Acoustic
hollowness
Choroidal
excavation
Choroidal nevus ~ Flat/dome Medium-high  High No Height less than
2 mm
Choroidal Dome High No No Regular internal
hemangioma structure
Choroidal Placoid/irregular/multiple Medium-high Low No Multiple lesions
metastasis
ARMD with Dome/irregular High No No Irregular internal
hemorrhage structure

Adapted with permission from Turell et al. [36]
ARMD age-related macular degeneration

21.7.4 Choroidal Metastasis

21.7.4.1 Topographic

Choroidal metastasis is usually flat or dome
shaped with smooth or irregular surface and most
frequently present in the posterior pole
(Fig. 21.24). They can be focal, multifocal, or
diffuse lesions, occurring unilaterally or bilater-
ally. Extensive associated retinal detachment is
frequently detected. If diffuse infiltrative metas-
tasis to the choroid is suspected, an axial B-scan
examination is recommended to delineate peri-
papillary involvement and orbital extension.

21.7.4.2 Quantitative and Kinetic

On diagnostic A-scan, the internal structure is
usually slightly irregular and most commonly
medium to highly reflective. However, irregular
metastatic lesions of the choroid can present with
reflectivity ranging from low to high. Vascularity
is usually absent or very minimal within the
lesion, yet the surrounding choroid appears to
have a marked increase in vascularity.

21.7.5 Hemorrhagic Disciform Lesion
Subretinal hemorrhage or disciform lesion

from age-related macular degeneration (AMD)
can resemble choroidal melanoma. Solidified

Fig.21.24 Choroidal metastasis. B-scan demonstrating a
total retinal detachment, diffuse choroidal thickening
(arrowheads), and extraocular extension (arrows) near the
retrobulbar optic nerve (a). Gross photograph of opened
globe showing chalky white tumor deposits involving most
of choroid (arrowheads) and tumor extending outside of
globe (arrows-b, 2x magnification. Hematoxylin and eosin
stain) (Reproduced with permission from Turell et al. [36])
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Fig. 21.25 Disciform lesion. B-scan shows mildly ele-
vated lesion in the macular region (arrowheads) (a).
A-scan shows multiple highly reflective peaks (arrows)
corresponding to the lesion (b, S sclera, V vitreous)
(Reproduced with permission from Sharma et al. [38])

subretinal and intrachoroidal hemorrhage is usu-
ally irregularly shaped with poorly defined mar-
gins but can appear smooth and dome shaped
(Fig. 21.25). Due to the heterogeneous internal
structure, most disciform lesions are irregularly
structured and are medium to highly reflective,
thus easily differentiated from choroidal mela-
noma. However, over time, subretinal hemor-
rhage can become organized with choroidal
excavation becoming regularly structured and
low to medium reflectivity, mimicking choroidal
melanoma. Complete absence of internal vas-
cularity is the distinguishing kinetic feature of
AMD lesions, differentiating them from highly
vascular choroidal melanoma.
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