
Abstract. Aim: To determine depression in patients with
choroidal melanoma (CM) treated with proton beam
radiotherapy. Patients and Methods: This was a cross-sectional
study including 50 patients with CM (50% males, mean
age=49.88±6.34 years) and 46 age- and sex-matched healthy
controls (52% males, mean age=48.60±8.05 years).
Participants completed the Patient Health Questionnaire-9
(PHQ-9) and the Zung Self-Rating Depression Scale (SDS)
questionnaires. Results: There was a considerable difference in
visual acuity as logarithm of the minimum angle of resolution
(logMAR) between the patient and control groups (1.16±0.97
and 0.04±0.05 logMAR, respectively, p<0.0001). Both PHQ-9
and SDS scores differed significantly between the two groups
(10.18±4.68 and 8.07±4.90, p=0.04; and 47.94±12.56 and
39.91±8.80, p=0.004, respectively). Scores appeared to be
positively correlated with logMAR visual acuity (Spearman
rho=0.700, p<0.0001 for PHQ-9; and 0.767, p<0.0001 for
SDS), and they were also correlated to each other (Spearman
rho=0.759, p<0.0001). Conclusion: Patients with CM having
undergone proton beam therapy seem to be more depressed
compared to a sample of healthy individuals, and the level of
depression is correlated with their visual acuity.

Choroidal melanoma (CM) represents approximately 85% of
uveal melanomas (1). Although a relatively rare tumor, it is
the primary intraocular tumor in adults and appears more
often in middle-aged Caucasians with a median age of 58
years (2). This tumor arises from melanocytes in the choroid,
and usually presents with visual symptoms or is often
diagnosed as an incidental finding upon ophthalmological
examination. The most widely used treatment modalities for
CM are enucleation, radioactive plaque brachytherapy, and
proton beam radiotherapy. Treatment choice remains
controversial in many respects. However, conservative
treatments have gained much popularity and in selected cases
they achieve similar outcomes to those of eye removal.
Proton beam therapy offers the capacity to treat larger
tumors compared with radioactive plaque therapy, and
tumors located near the optic disc and fovea (3, 4).
Compared to brachytherapy, proton beam therapy has the
advantage of delivering a homogenous dose of radiation to
the entire tumor. This is achieved through the physical
properties of the accelerated proton particles, which are
delivered precisely to the target tissue, resulting in a sharp
fall of radiation dose beyond the delivery point, referred to
as the Bragg peak phenomenon (5).

Until the 1990s, studies on CM mostly investigated the
‘concrete’ outcomes of treatment, such as survival or tumor
recurrence, and little attention had been given to the
psychological impact of the disease and the respective
treatments. Five-year melanoma-related mortality reaches
approximately 20-30% (1, 6-8) and at least 61% of these
patients will eventually die from melanoma (6). Moreover,
visual acuity is significantly diminished through the course
of the disease, even in patients receiving conservative
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treatments (8), and in cases of eye removal, concerns on
esthetics may also be reported by patients. Such facts led
researchers to realize that the emotional repercussions of the
disease should be investigated.

The first attempt to explore psychological aspects in
patients with CM was made in 1999 with the Quality of Life
Substudy of the Collaborative Ocular Melanoma Study
(COMS-QOLS), which observed that patients treated with
iodine-125 brachytherapy were most likely to have symptoms
of anxiety during follow-up compared with patients treated
with enucleation (9-11). Since then, additional studies
investigating the quality of life (QoL) of patients with ocular
melanoma have been carried out. The majority explored the
impact of the available therapies (12-21), while in recent
years, a few studies also attempted to examine the impact of
prognostic testing (22-24). Some of them have shown
favorable results in terms of QoL, showing it to be similar to
population normative values or not changing after treatment,
even post enucleation (11, 14, 15, 25-27). Other studies claim
that QoL significantly deteriorates both subsequent to the
announcement of diagnosis and following treatment (12, 16-
19). Apparently, results on QoL and mental health status in
patients with CM have been conflicting and inconclusive.

When examining for depression, data are even more sparse
and diverse in regard to patients included, methods used and
findings (11, 14, 16, 18, 25, 26). In a prospective study, Hope-
Stone et al. used a sample of patients with malignant CM
having received different treatments for their disease
(including enucleation, ruthenium plaque brachytherapy, and
proton beam brachytherapy) and compared it with normal
individuals from published studies using the Hospital Anxiety
& Depression Scale (HADS) (14). Wiley et al. retrospectively
examined depression in patients with CM treated with either
enucleation, brachytherapy, or proton beam therapy, using the
Center for Epidemiologic Studies Depression (CES-D) scale
(25). In the study of Chabert et al., patients who were treated
for CM with ruthenium brachytherapy or stereotactic external
beam irradiation, either with the Leksell Gamma Knife or a 6-
MV LINAC, were included (18). Investigation for depression
was carried out using the HADS (18). A French study
examined only conservatively treated patients (iodine plaques
or proton beam therapy) (26), while a study from Brazil
assessed 20 patients treated surgically (enucleation), using the
Beck Depression Inventory (16). In its third report, the
COMS-QOLS compared patients who underwent enucleation
or received iodine-125 brachytherapy with regard to the
presence of depression and depression severity using the
HADS (11). It seems that studies exploring depression in
patients with malignant CM are limited and diverse.
Moreover, only three of the previously discussed studies
included patients who had received treatment with proton
beam therapy, and these patients comprised only a small
percentage of the whole sample (14, 25, 26).

The current study investigated depression in patients with
malignant CM 5 years following treatment with proton beam
radiotherapy. To our knowledge, this is the first study
examining the psychological status of this subgroup of
patients. We believe that our findings offer significant
knowledge and hopefully will be a guide for clinicians when
tackling psychological issues in such patients.

Patients and Methods

This was a cross-sectional study recruiting 50 patients with malignant
CM followed-up at the First Department of Ophthalmology, University
of Athens, Greece, and 46 age- and sex-matched controls without any
ocular or systemic disease. Initially, patients were examined due to
visual disturbances, or tumors were detected incidentally upon
ophthalmologic examination. Fundoscopic examination, ultrasound
and fluorescein angiography modalities were used for diagnosis.
Patients had their disease diagnosed at the First Department of
Ophthalmology and were subsequently sent to a specialized center in
Switzerland to receive therapy with accelerated proton particles. All
patients had completed at least 5 years post treatment follow-up and
no metastatic disease was detected at surveillance workup, including
hematological examinations, liver function tests, and abdominal
ultrasound. Patients were asked to fill out questionnaires during their
outpatient visit at our hospital and upon acceptance they were
transferred to a quiet room to avoid distractions. The positive response
rate was 100%. The study was in accordance with the tenets of the
Declaration of Helsinki and was approved by the Institutional Review
Board of the G. Gennimatas General Hospital of Athens (No 1719).
We certify that all applicable institutional regulations concerning the
ethical use of human volunteers were followed during this research.
Written informed consent was obtained by all participants.

All participants underwent a thorough ophthalmic examination,
including best-corrected visual acuity (BCVA) measurement by
means of Snellen charts, slit lamp biomicroscopy, and dilated
fundoscopy. The questionnaires completed were the Patient Health
Questionnaire-9 (PHQ-9) and the Zung Self-Rating Depression
Scale (SDS) questionnaire. BCVA of the affected eye of the patients
was compared with the corresponding eye of controls. For statistical
purposes, the BCVA was converted into the logarithm of the
minimum angle of resolution (logMAR) scale, with no perception
of light being assigned a value of 3.0.
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Table I. Demographics and medical characteristics of patients with
choroidal melanoma and controls.

                                                          Patients          Controls       p-Value
                                                           (n=50)             (n=46)

Age, years                                      49.88±6.34      48.60±8.05      0.474
Male sex                                          25 (50%)         24 (52%)        0.831
BCVA, affected eye, logMAR       1.16±0.97        0.04±0.05     <0.0001
PHQ-9 score                                  10.18±4.68       8.07±4.90       0.040
SDS score                                      47.94±12.56     39.91±8.80      0.004

Data are presented as mean±standard deviation or number (%). BCVA:
Best-corrected visual acuity; PHQ-9: Patient Health Questionnaire-9;
SDS: Zung Self-Rating Depression Scale.



The PHQ-9 is a self-rating instrument used in clinical practice for
measurement of the severity, monitoring and diagnosis of depression
(28). It incorporates the criteria for major depression from the
Diagnostic and Statistical Manual of Mental Disorders-IV (DSM-IV)
assessing the patient’s emotional status over the last 2 weeks (29).
Responses are rated using a 4-category Likert scale: 0: “not at all”,
1: “several days”, 2: “more than half the days”, and 3: “nearly every
day”, providing a continuous total score ranging from 0 to 27. Scores
of 4 or less indicate no depression, 5 to 9 mild depression, 10 to 14
moderate depression, 15 to 19 moderately severe depression, and 20
to 27 severe depression. The validity of the PHQ-9 have been well
established both in the general population and in patients with visual
impairment (30, 31).

The SDS is a short self-administered survey, structured on the
basis of the most commonly found diagnostic criteria of depression
and patient interviews, and used to quantify the depressed status of
a patient (32). It consists of 20 items which are scored from 1 to 4,
if negative (e.g. “I feel down-hearted and blue”), or 4 to 1, if
positive (e.g. “I feel that I am useful and needed”), using the
following scale: “a little of the time”, “some of the time”, “good
part of the time”, “most of the time”. This type of reverse scoring
is thought to limit response bias. The total raw score is derived by
summing the individual scores for each item and ranges from 20 to
80. Individuals with a score of 49 or less are considered normal, 50-
59 mildly depressed, 60-69 moderately to markedly depressed, and
70 and above severely depressed. Research has shown SDS to be a
sensitive and valid instrument for measuring and assessing
depression both for research purposes and in clinical practice (33).

The normal distribution assumption was tested using the
Kolmogorov–Smirnov and Shapiro–Wilk tests and all of the
continuous variables (age, BCVA, PHQ-9 score, SDS score) failed
to pass the normality test. Comparisons between patients and
controls were performed using Mann–Whitney U-test. For
categorical variables (sex), chi-square test was performed. The
correlations of the PHQ-9 score and SDS score to age, BCVA and
sex were analyzed using Spearman correlation test. The Statistical
Package for the Social Sciences software version 20 (IBM Corp.,
Armonk, NY, USA) was used for statistical analysis. A p-value less
than 0.05 was considered statistically significant.

Results

Fifty patients with malignant CM, 25 male and 25 female,
with age ranging from 40 to 60 years, were included in our
study. Additionally, 46 healthy volunteers, 24 male and 22
female, with age ranging from 40 to 60, composed the

control group. Mean age±standard deviation was 49.88±6.34
and 48.60±8.05 years for patients and controls, respectively.
In patients, the mean logMAR BCVA of the affected eye was
1.16±0.97 and was significantly higher (lower Snellen BCVA
score) when compared with the corresponding eye of
controls (p<0.0001, Mann-Whitney U-test). A summary of
participants’ demographics and descriptive statistics is
presented in Table I.

According to the PHQ-9 score, the percentage of patients
with CM without depression was 14%, with mild depression
28%, moderate depression 36%, and moderately severe
depression 20%, while 2% demonstrated severe depression.
According to the SDS score, 52% of these patients had no
depression, 24% were mildly depressed, 22% had moderate to
marked depression, and 2% demonstrated severe depression.

PHQ-9 and SDS scores were found to be significantly
different between the two groups, with patients being more
depressed than controls (p=0.040 and p=0.004, respectively).

Intercorrelations of the examined variables are shown in
Table II. There was a strong positive correlation between the
logMAR values and both PHQ-9 score and SDS score
(Spearman rho=0.700, p<0.0001; and Spearman rho=0.767,
p<0.0001, respectively). Considering this, the lower the
BCVA in this group of patients, the higher the depression
rating scale scores were. PHQ-9 was correlated positively
with SDS score (Spearman rho=0.759, p<0.0001). Age and
sex did not show any correlation with BCVA, PHQ-9 score
and SDS score.

Discussion

Our study screened for depression a group of patients with
non-metastatic malignant CM having completed 5 years post
radiotherapy with accelerated proton particles and compared
it with a group of healthy individuals. To our knowledge, this
is the first targeted study examining patients having received
this type of therapy and its results show them to be more
depressed compared to controls. Descriptive analysis of our
data shows that 58% of these patients scored 10 or above on
the PHQ-9, a sensitive and specific cut-off for major
depression (28), and 48% scored within the ranges of mild
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Table II. Spearman correlations between the examined variables in choroidal melanoma patients.

                                                                         Age                                  Gender                      BCVA, affected eye, logMAR                   PHQ-9 score

Gender                                                  −0.142 (p=0.326)                                                                                                                                        
BCVA, affected eye, logMAR              0.042 (p=0.773)                   0.096 (p=0.506)                                                                                           
PHQ-9 score                                           0.040 (p=0.784)                −0.064 (p=0.659)                      0.700 (p<0.0001)                                        
SDS score                                               0.082 (p=0.572)                   0.043 (p=0.767)                      0.767 (p<0.0001)                          0.759 (p<0.0001)

BCVA: Best-corrected visual acuity; PHQ-9: Patient Health Questionnaire-9; SDS: Zung Self-Rating Depression Scale.



to severe depression with regard to the SDS. Remarkably,
these rates are higher than those observed in other studies
examining depression in patients with CM using different
psychometric tests. Chabert et al. studied 98 patients 3 years
following conservative treatment for CM and identified
14.4% with severe depression and 9.3% with borderline
depression, whilst the rest of the sample was characterized
as normal (18). However, the HADS used in this study,
although good for anxiety detection, is considered weak in
detecting depression, increasing the likelihood that the true
prevalence of depression was underestimated (34). In
addition, the binocular visual acuity was better than that of
our patients (average 0.8, ranging from 0.3 to 1), and visual
acuity was strongly correlated with the level of depression
in our study. Hope-Stone et al. also used the HADS
questionnaire in patients with CM who had received several
treatments (17.5% received proton beam radiotherapy) to
similarly observe lower depression rates compared to
published normative values (14). Besides the poor predictive
capacity of HADS, another explanation for low depression
rates in their study could be the disproportionally high loss
of patients with monosomy 3, who were initially found to
have a more depressed mood. A group from Brazil reported
depression percentages similar to ours in the first few months
following enucleation, yet significant mood improvement
was achieved 1 year following surgery (16). Low prevalence
of clinical depression was also observed in a study which
included patients who had been treated for CM in the 5-year
period prior to the study (25). Of course, the diversity in the
samples, interventions, and outcomes evaluated make it
difficult to clearly compare between these studies.

The depression scale scores in our study are also higher
compared to those obtained for PHQ-9 and SDS
questionnaires both in the general population and in patients
with other types of cancer (35-39). This may be explained
by the very low mean BCVA in our CM sample (1.16±0.97
logMAR) and the high prevalence of loss of light perception
(10 of 50 patients). In our results, logMAR values
demonstrated a strong and significant positive correlation
with the scores of both types of depression rating scales,
meaning that as visual acuity decreases (logMAR increases)
patients become more depressed. This is also supported by
other studies (40-43).

Proton beam radiation is a type of radiotherapy used to
provide effective tumor control while preserving the eye and
ensuring less discomfort and disability for the patient.
Potential advantages are the homogenous tumor dose
delivery and sharp dose fall-off outside the target region,
which results in minimal scatter and confined damage of the
adjacent area. Nevertheless, visual loss is fairly common in
patients treated this way, due to a combination of inevitable
injury of radiosensitive structures proximal to the tumor,
tumor location, tumor growth, malignancy progression, and

associated secondary effects. Indeed, approximately half of
the patients end up with visual acuity less than 20/200 at 5-
8 years post-treatment (3, 4, 44-46). This should be a crucial
and determining factor in terms of their mood and
psychological well-being and possibly explains the high
frequency of depression in our sample. Since visual acuity
deteriorates with time and this is accompanied by increasing
rates of depression, it would be reasonable also to test these
patients early after proton beam radiation therapy to
determine the prevalence and severity of depression early
after treatment. These patients should also be assessed later
when they have developed metastases, as advanced
malignancy and the presence of metastases increase the risk
for depression and psychological distress (47-52). In such
cases, depression may be more common and more severe.

Another interesting finding of our study is that PHQ-9
score was positively correlated with SDS score and this
intercorrelation was strong and significant. We observed
similar results in our previous psychometric study on
patients with retinitis pigmentosa, indicating that these two
scales may have similar predictive capacity for depression
(53). The PHQ-9 is considered a valuable and reliable tool
for assessing depressive symptoms in people with visual
impairment (31), while the SDS is a well-established
screening tool for the severity of adult depression and for
monitoring treatment effectiveness (54). It has been used in
various mental health areas including primary care, drug
trials, and associated clinical, institutional, and research
settings (32). PHQ-9 and the Beck Depression Inventory
have the advantage of being consistent with DSM-IV
criteria for major depression, as they examine a 2-week
period and also include an item specific to suicidal ideation
(55). However, the SDS is easy to administer and score,
although some individuals may find the positive and
negative item wording confusing. It has been proposed as
a screening tool but not as a diagnostic measure of
depressive disorder (55). Our study also showed that both
questionnaires were reliable when detecting depression
symptomatology in CM patients.

Research of depression in specific diseases offers
significant knowledge to clinical practitioners enabling them
to better handle issues of psychological nature in their
patients. Information on depression prevalence, severity, and
the impact of several treatments allows them to effectively
advise patients prior to initiation of treatment and enables
them to provide proper preventive measures in order to
secure maintenance of mental health. Considering that
depression often goes undetected in patients with cancer,
such investigations are also important to keep clinicians alert
for psychological aberrations (38, 56). Psychosocial
interventions, such as psychoeducational techniques,
behavioral training, psychotherapy, and group interventions,
have been proposed by Reimer et al. as possible preventive
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and therapeutic measures (17), as they seem to contribute
significantly both to mental and physical health outcomes in
patients with cancer (57). Psychosocial interventions may
also reduce depressive symptoms in adults with vision
impairment (58), and low vision rehabilitation should also
be considered in selected cases (59, 60).

Considering the rarity of patients with malignant CM
treated with proton radiotherapy, our study included a
relatively large number of participants. However, in
statistical terms, our sample may be inadequate for statistical
accuracy. This is evident in our control group, in which
PHQ-9 scores were higher compared to other published
values (35, 36). Another limitation is the cross-sectional
design, which does not allow for causal inference and also
precludes assessment of depressive symptoms at different
stages of the disease. Finally, the results of this single-center
study should be generalized with caution.

Conclusion
Depression is common in people with malignant CM a
couple of years following proton beam radiotherapy and
more severe compared to healthy individuals with intact
vision. Visual acuity has the strongest correlation with the
level of depression. Clinical practitioners should be alert
for depressive symptomatology when dealing with these
patients and potential depression should be managed in
close cooperation with mental health professionals. For a
complete understanding of these patients’ emotional status,
we suggest investigating depression early after proton beam
radiation treatment and possibly at the stage of metastatic
melanoma.
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