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PURPOSE

To test the hypothesis that patients treated with radiotherapy for choroidal melanoma enjoy better quality of life
(QoL) than patients who have undergone enucleation.

METHODS

In this non-randomized study, patients with choroidal melanomatreated at the Royal Liverpool University Hospital,
UK, were invited to complete QoL questionnaires approximately six months post-operatively and then on each
anniversary of their primary treatment. These instruments consisted of the European Organization for Research and
Treatment of Cancer (EORTC)-QLQ_OPT30 questionnaire, Hospital Anxiety & Depression Scale (HADS), and the
Functional Assessment of Cancer Treatment (FACT-G) questionnaire. Patient-reported outcomes were correl ated
with: demographics; ocular treatment, socia factors; presenting tumor and ocular status; self-reported generd
health; marital status and employment status.

RESULTS

The 1596 patients were treated with radiotherapy (72.3%) or enucleation (27.7%). Enucleation was associated with
male gender (%2, P=.004), older age (t-test, P<.001), larger tumor diameter (t-test, P<.001), monosomy 3 (2,
P<.001), depression (Linear regression, 95% Confidence Interval [Cl], .17 to 1.01) and reduced physical and
functional wellbeing (Linear regression, 95% Cl, -1.14 to -.12 & -1.96 to -.47 respectively. Poor QoL was attributed
to the ocul ar disease by 21% and 20% of enucleated and irradiated patients respectively (32, P=.938).

CONCLUSIONS

Patient-reported outcomes and QoL were worse in patients who had undergone primary enucl eation for choroidal
melanoma. These outcomes may have been caused by factors predisposing to enucleation rather than enucleation
itself, because enucleated patients tended to be older, with more advanced disease at presentation, and aworse
prognosis for survival.
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INTRODUCTION

For many years, the standard treatment for uveldnmoea was enucleation, performed in the hope efqting metastatic
disease and also to prevent the eye from becorewveraly inflamed and painful. This treatment hagdly been replaced by
various forms of radiotherapy, phototherapy andgjisaf resection, which are also aimed at conserthiegeye and useful
vision}? The expectation is that if these objectives atéesed, then quality of life (QoL) will be bettdran if the eye is
removed.

Ocular conservation, however, has several downskiest, many patients experience unavoidable gginec morbidity, often
resulting in irreversible visual loss. Some pasetgvelop complications, such as local tumor requs, retinal detachment
and neovascular glaucoma, which may require remafile eye. Second, this approach requires mare elisits for
treatment and subsequent surveillance. For thes®ns, around 20-40% of patients undergo primargleation® The
decision as to whether or not to attempt oculaseoration is based on the clinical outcomes thaaticipated by the
ophthalmologist as well as the QoL that the patixpects to retaif.

Even after successful excision or irradiation @ titular tumor, almost 50% of patients develop stata disease, usually
months or years after apparent ciBuch disease occurs almost exclusively in patightsse tumor shows chromosome 3
loss, a class-2 gene expression profile, or bothese®’ Increasingly, patients are undergoing genetic tutygging for
prognostication. Their wellbeing is profoundly affied by predicted life expectancy and by any uagett when genetic
tumor typing fail™**

As with other forms of cancer, the impact of uwaalanoma on QoL is likely to be influenced not oojythe disease itself,
but also by several demographic, clinical, and pegocial characteristi¢cd* These include factors such as the condition of
the fellow eye, as well as patient age, gendereigémealth, employment status, marital statusaseuapport, and life
stressors (e.g., financial difficulties or recefd events such as bereavement or family illneSsgh factors should if possible
be taken into account when measuring QoL aftetrtreat for uveal melanoma.

Several groups have investigated QoL after treatioerchoroidal melanom®:**?°These tend to indicate minimal
differences between radiotherapy and enucleatitmerehan visual difficulties. However, most pratudies have been limited
by small sample size and low statistical power.réhe a need for a better understanding of the @inpfaocular treatment on
QoL, to improve treatment selection, patient colingeand personalized care, as well as to targgthusogical support at
those experiencing, or likely to experience, reduwellbeing.

Therefore, the aim of this study was to test theotlyesis that patients treated with radiotherapyf@al melanoma report
better QoL than patients treated with primary eeatibn. Secondary goals were to determine the [emesa of adverse
patient-reported outcomes and the factors influenthiese outcomes.

PATIENTS

The study sample comprised a consecutive seriaduwf patients with choroidal melanoma, who residelingland or Wales
and who were treated at the Liverpool Ocular OrgpiGentre (LOOC) between January 1993 and Dece&HS.

METHODS

IRB APPROVAL

This study was approved as an audit in 2003 by.itherpool Research Ethics Committee and was cormdlict accordance
with the Declaration of Helsinki. Patient consamttfeatment was obtained as soon as treatmentlityodas selected.
Patient consent to participate in this study wasioled by means of a consent form that was madlédem together with an
information packet before their initial appointmeantour hospital. In the case of patients who wexated before the start of
our study and who were referred back to our cemtemnailed a consent form to them together withreport on their visit; if
they consented to participate in this study, theyenthen mailed a questionnaire on every anniverdaheir primary ocular
therapy at our hospital. The data collection wasiporated into our routine clinical practice amd undertaken as a formal
clinical trial.

DIAGNOSIS

Melanomas were diagnosed according to generallgpded clinical features (e.g., tumor size, retdethchment,
lipofuscin)? If clinical findings were inconclusive, the diagn®was established by documenting tumor growthyor
biopsy?2

COUNSELING

On diagnosis of uveal melanoma at our center, ypdamed to patients the anatomy of the eye, theraaif their condition,
the therapeutic options, and the likely ocular oates after each possible form of treatment. Treatnvas based on



principles of shared decision-makifi@riefly, patients were encouraged to select treatrthemselves after being informed
of all the therapeutic options as well as the riskd likely outcomes of each kind of treatmentth initial consultation,
patients were then informed. about their survivabaibility, after determining.how much they wishedkbhow. From 1999
onwards, patients undergoing local resection ocleation were also offered genetic tumor typingngdiarvested tissue from
the excised tumor. From 2007 onwards, patients ngaitey radiotherapy were offered tumor biopsy forgmostication

unless the tumor thickness was less than 2-Fhithe 10-year survival probability was estimatechiyltivariable analysis
that included TNM stage, presence or absence ofobsome 3 loss and histological predictors of ntasés (e.g., epithelioid
melanoma cytomorphology, mitotic count, closed B)othis was done using an online tool we developéaich also took
account of age and gender (www.ocularmelanomaantig?® Throughout the study period, all patients weresgia 90-page
guidebook about ocular oncology and our servicgedsas an audio-recording of their initial disciasswith the ocular
oncologist, and printed information sheets relevarheir particular treatmefitImmediately after their consultation with the
ocular oncologist, they received emotional supfrorh a specialist ocular oncology nurse, who alsec&ed that they
understood all they were told, if necessary givimgm further explanation about their condition anoposed treatment. All
patients were offered support from a health psyagist, who worked exclusively with ocular oncolgastients at our
hospital. They were also able to self-refer themeseto our health psychologist at any time if thedt/in need of specialist
emotional support.

TREATMENT

If possible, patients underwent treatment the digy éheir initial consultation at our hospital,less they requested a delay.
Treatment selection took into account their prefees and was based on tumor size, location andtéx@ir first choice of
treatment was ruthenium plaque radiotherapy ittineor thickness did not exceed 5 mm and if we werdident that the
plaque could be accurately positioned over the tumithout collateral damage to the optic nerveawe®> If the tumor

had an irregular shape and extended far posteritwy proton beam radiotherapy was prefeffétiradiotherapy was
expected to cause optic neuropathy, and if the tutfitbnot involve the macula, then endoresection performed, unless the
basal tumor diameter exceeded 10 fitflarge tumor size indicated a high risk of extidaretinal detachment and
neovascular glaucoma (i.e., termed ‘toxic tumormsgme’ by the first author) after proton beam réukoapy, then the patient
was treated by trans-scleral local resection ahisf was not possible, by enucleatfdi>

SCREENING FOR METASTATIC DISEASE

Pre-operative liver imaging was performed only & eonsidered the chances of detecting metastabesgeater than 5%
(i.e., if the basal diameter of the uveal tumor Wwasnm or more or if the patient reported suspigisystemic symptoms). On
receipt of the results of genetic tumor analyséignts whose tumor showed chromosome 3 loss anduwghe therefore
considered to have a high risk of metastasis wefezned to a medical oncologist for surveillancijol consisted of 6-
monthly ultrasonography or, more recently, abdoimimagnetic resonance imagifigPatients deemed to have a low risk of
metastasis (i.e., disomy 3 melanoma) did not ur@sugveillance for systemic disease unless walHattthis would alleviate
their anxiety, in which case they attended a sllaraie clinic led by specialist ocular oncology ses under the supervision
of ocular oncologists at our hospifal.

FOLLOW-UP

Ophthalmic surveillance was individualized accogdia type of ocular treatment, risk of local tumecurrence, ocular
morbidity, and distance between the patient’s hamttour hospital. After enucleation, patients wgaeerally followed up at
their local hospital unless they lived close to center. Patients treated with radiotherapy wetallysreviewed at their
hospital after one month, then at our center fiwmths later, when a decision was made as to whathber ocular
examinations were to be performed at our centet tve patient’s local ophthalmic center or alténtpbetween the two
centers. If they were apprehensive about attentiieig local hospital, patients with a stable ocuaandition and a low risk of
tumor recurrence were seen at our nurse-led slawed clinic3? We reviewed patients promptly if the local ophthalogist
became concerned about local tumor control oriifamsistance was required because of ocular moylsidch as macular
edema, retinal detachment, cataract or glaucorbaause the patient requested a second opinionusom

At every follow-up visit, each patient was askesktof questions addressing ocular and systemipteyns, visual
difficulties, and psychological problems, includifegrs about tumor recurrence, loss of the eyedaath. This was done
using a printed list of items, which was used towdoent the patient’s responses. These answersthereeviewed and
discussed with the patient and any accompanyingppesr

PATIENT-REPORTED OUTCOME MEASUREMENT

All patients who consented to participate in thd@udy were mailed a questionnaire (Appendix A)rabnths following
treatment, then annually on every anniversary eit tiheatment unless they notified us that theyomger wished to complete
guestionnaires. Questionnaires were self-admimdtaithout supervision. Before mailing each questaire, care was taken
to ensure that the patient was still alive, by @awng our ocular oncology database. When patiarimgted several
guestionnaires, the first completed questionnaae used for all analyses.



Marital status was categorized as: (1) marriedfvivith partner; (2) divorced/separated; (3) widdwend (4) single.
Employment was categorized as: (1) employed; @edk (3) invalid; and (4) ‘other’ (e.g., student)

Ocular comfort, worries and visual difficulties veemeasured using the European Organization foraRgs@nd Treatment of
Cancer (EORTC) QLQ-OPT30 instruméhiThis comprises 27 questions measuring the exfemspmptom or worry during
the previous week, with four additional questionisgatients whose eye was conserved and four gasdior patients whose
eye was removed (Appendix A). Each item was scaggdot at all’, ‘a little’, ‘quite a bit’ and ‘vgrmuch’.

The first author included additional questions agkhe patient to rate their QoL and overall gelneealth by scoring these
between 1 (very poor) and 7 (excellent). Theseswategorized as poor if the score was less thBatients were also asked
to rate the extent to which their QoL and geneeallthh were affected by their ocular condition, wittssible ratings ranging
from O (not at all) to 7 (completely); scores gezdahan 4 were interpreted as indicating that tbeidar disease strongly
influenced their self-reported QoL and general tieal

Anxiety and depression were measured using theitdbgmxiety & Depression Scale (HADS), which posegquestions
assessing anxiety symptoms and 7 questions asgelesiressive symptoms. Each item is rated on a st to 3* Scores
from 0 to 7 are considered to indicate “normal’disvof anxiety or depressive symptoms; scores 8dm10 are classified as
“borderline/moderate;” and scores from 11 to 21categorized as “abnormal/severe.”

Physical, functional, emotional and social welllggimere measured using the Functional Assessmézaméer Therapy scale
(FACT-G) (also known at FACIT [Functional AssessiehChronic lliness Therapyf). Each symptom was scored as ‘not at
all’, ‘a little bit’, ‘somewhat’, ‘quite a bit’ andvery much’. Higher scores indicate better welligeiMean scores for each of
these four aspects of QoL have been publishedhéadult general and cancer populations in theedritates, with scores
exceeding 0.5 standard deviation below the meaadoh subscale indicating low wellbeing in thatc#fjiredomain®

Social support was measured using a 7-item questios) which was abbreviated from a 50-item ‘Inteww Schedule for
Social Interaction (ISSI), developed by Hendersaeh Byrne3’*® Each question prompted a ‘yes/no’ answer. Sooiapsrt
was categorized as ‘poor’ if the total score was khan 6, ‘borderline’ if the score was 6 and @jabthe score was 7.

CLINICAL DATA

Baseline clinical data included: age at primarylactreatment; gender; affected eye; pre-treatmisofal acuity; uveal
locations of anterior and posterior tumor margtongyor meridian; largest basal tumor diameter; tuthmkness; type of
ocular treatment; melanoma cell type; extravasaulatrix pattern, mitotic count per 40 high powelds, and genetic tumor
type (i.e., presence of absence of chromosomes3}. los

Follow-up data included: time between initial ogul@atment and completion of questionnaire; agmatpletion of
guestionnaire; and times to loss of good visioss lof moderate vision, local tumor recurrence,@metleation, if these
events occurred, so as to determine whether susft®developed before or after completion of thestjannaire.

If a patient died by the close of the study, weedmined the cause of death and the time interualden completion of the
guestionnaire and the end of life. The NationalltheBervice Cancer Registry automatically infornuscdof the date and
cause of death of all deceased patients, having hetified by us of every patient at the time dfiah diagnosis.

STATISTICS

Clinical and QoL data were computerized prospebtiusing a database (Revelation Software, WestwhiddUSA), which
was customized for our ocular oncology service maghtained by Sprezzatura (Sprezzatura Ltd, Londiét), Statistical
analyses were performed with Stata/IC 14.1(StataCigxas, USA) and IBM SPSS Statistics, VersioriIB&1 Corp, New
York, USA).

Between-group differences for categorical variailese examined with the Pearson chi-square tastdependence, and
with ordinal logistic regression for ordinal cateéigal data. Continuous variables were analyzed thightwo-sample t-test
with unequal variance, using the bootstrap (witBQLeeplications) for skewed variables. Factors eiased with QoL were
examined with multivariable analysis using backvsstepwise regression with bootstrapping (with 1@@dications).
Inferences from bootstrapped analyses were madg tis2 bootstrapped nonparametric, bias-correaefidence intervals.
Positive observed coefficient scores indicate beftiality of life and wellbeing but more anxietydarepression after
enucleation.

RESULTS

DEMOGRAPHICS



A total of 1596 patients completed a QoL questidrenat least once between 1993 and 2013. Thesers®adpi42 patients
who had undergone primary enucleation and 1154mativho had received radiotherapy, which consistedthenium
plague radiotherapy.in 730 patients and proton beatiotherapy.in.424. The patients included 77 1dieswith a median
age of 62.5 years (range, 21.6 — 94.4) and 825sméth a median age of 62.0 years (range, 25.9°A9The time between
primary ocular treatment and first completion afueestionnaire had a median of 59.1 months (SD,, 5&&arquartile range,
23.7 — 107.9; range, 3.6 — 252.3).

Participants vs Non-Participants
The patients participating in this study compriZ&d% of 2804 eligible patients (Appendix B). Thenber of non-
participants increased until around 2001 then dshigd as more patients were recruited to this stlidple B1 & Figure B1).
Primary enucleation was performed in 27.7% of pgréints and 43.6% of eligible non-participants (Beay2, P<.001)
(Table B1). In patients treated with radiotherahgre were no significant differences between spatyicipants and non-
participants except for visual acuity, which wasidyein participants, and tumor thickness, whiaidied to be greater in non-
participants (Table B2). With regards to patientdergoing primary enucleation, study participantsesmore likely to be
younger, with better vision in the treated eye aitth a smaller tumor, which was more likely to bedial and less likely to
show epithelioid cells and chromosome 3 loss (T8l

COMPARISON BETWEEN IRRADIATED AND ENUCLEATED PATIENTS

Demogr aphics and Clinical Features
Compared to patients undergoing enucleation, thessving radiotherapy were more likely to be feepgbunger and to
have better visual acuity in the treated eye (Tabl€&urther, their tumor was more likely to be #eramore posterior and
temporal, also less likely to show extraocular agreepithelioid cells and chromosome 3 loss (Tapl&he time between
primary treatment and the first completion of th@l Questionnaire was longer in patients who hadived primary
radiotherapy than those who had undergone primaugleation (Table 1 & Figure 1).

Social Factors
Marital Status
At the time of completion of the first QoL questiw@ire, there were no significant differences betwereucleated and
irradiated patients with respect to: being martieiy with partner (65.2% vs 69.8%); divorced/segiad (9.3% vs 7.8%);
widowed (17.8% vs 16.6%) or single (7.7% vs 5.8&&pectively (Pearsor?, P=.250).

Employment Status

At completion of the first QoL questionnaire, 19.8%enucleated patients were employed as compar28.8% of those
who had received primary radiotherapy (PeanghiP<.001), with 71.8% and 61.3% reporting themselodse retired
(Pearsony2, P<.001), 2.6% and 3.2% as homemaker (Pear@pR=.505), 2.4% and 1.0% as unemployed (Peag2on
P=.04), 3.8% and 4.5% as invalid (Pearg@nP=.522) and .2% and 0% as student, respectively.

Social Support

At completion of the first QoL questionnaire, sbécapport was categorized as ‘poor’, ‘borderlinedagood’ in 19.5%,
14.8%, and 65.7% of patients who underwent enuoleatespectively, as compared to 22.2%, 14.7%,6nhti% respectively
among patients who received primary radiotherama(gon2, P=.501).

Survival
Metastatic death occurred in 106 (24.0%) of pasiafiter enucleation and 85 (7.4%) after radiothe(&earsory2, P=.001)
with death from other causes occurring in 51 (1.8 100 (8.7%) of patients respectively. Deadimfiany cause occurred
within 6 months of completion of the questionnair@7 (8.4%) patients who underwent primary enuadeaand 47 (4.1%)
of patients treated with radiotherapy (PeargdP=.001).

Ocular Outcomes
After radiotherapy, the last known visual acuitydve completion of the questionnaire was 20/40eitdy in 664 (57.6%) of
patients, 20/60 to 20/200 in 251 (21.8%), CoungEis in 131 (11.6%), and Hand-Motions to Light Bptmon in 63 (5.5%)
with 44 (3.8%) patients having undergone secondaungleation. In all patients, the binocular visieas 20/40 or better in
1099 (95.3%) patients, 20/60 to 20/200 in 43 (3,7@unt Fingers in 7 (.6%), Hand Motions to Ligler&eption in 3 (.3%)
with one patient (.1) having binocular enucleatiéfier radiotherapy, local tumor recurrence befooenpletion of the
guestionnaire occurred in 30 (2.6%) patients.

Patient-Reported Outcomes

EORTC-QLQ-OPT30

Compared to enucleated patients, those undergadigtherapy were less likely to complain of oculascomfort (grittiness,
itching, watering, discharge) (Table 2 & Figure Bhey also reported less visual difficulty (drivimgthe dark, pouring
drinks, walking in crowds, seeing steps, walkinguoieven ground, judging distance) (Table 2 & FiguBe&& 4). They were
also less likely to report worry about their apeae and about future poor health, their risk ofastatic disease and of
losing the eye (Table 2 & Figure 5). They were mikely to complain of headache or diplopia andvarry about local



tumor recurrence. There were no significant diffiees between the two forms of treatment with resjpereported pain,
visual field loss, interference of vision in thetngated eye, difficulty driving during the day adifficulty reading. As many
as 41.2% of enucleated patients reported. thatwleeg not driving,.as.compared to 31.4% of those hdmbreceived. primary
radiotherapy2, P<.001). A total of 30.4% of enucleated non-driveagorted that they did not drive because of vitogs as
compared to 22.9% of irradiated non-driveyd, P=.113).

Metamorphopsia, photopsia, floaters, and photoghwlith the treated eye were reported by 263 (24,294 (19.3%), 259
(24.3%) and 329 (30.5%) of patients who had recepramary radiotherapy whereas in those treateerugcleation, ptosis,
poor prosthetic motility and sagging of lower egleliere reported by 80 (18.7%), 42 (10.0%) and 639¢b) of patients
respectively.

Quality of Life
Univariable Analysis
Patients who had received radiotherapy had sigmiflg better physical, functional and emotional lbeihg and less
depression than those who had undergone primagieation, with no significant differences in anyietelf-reported quality
of life, self-reported general health, social weitlyy, and overall FACT-G score (Table 3 & Figure% ®).

Multivariable Analysis

After adjusting for ocular factors (i.e., visualigty with the affected eye, laterality, TNM progtiosggroup, and chromosome
3 loss), radiotherapy was significantly associat@t higher functional wellbeing (Table 4). Aftedjasting for demographic
and social factors (i.e., age, gender, follow-opeti general health, marital status, employmentistaihd social support),
radiotherapy was significantly associated with kiglunctional and emotional wellbeing and with #éreFACT-G score
(Table 5b).

ASSOCIATIONSBETWEEN QUALITY OF LIFE AND FACTORSUNRELATED TO TYPE OF TREATMENT.

The results of multivariable analysis are listed ables 4 and 5. Female gender was associatedjveithier anxiety and better
emotional wellbeingOlder age at primary treatment was significantlsoasated with reduced anxiety as well as increased
physical and emotional wellbeing. Chromosome 3 Veas associated with higher levels of anxiety. t&etocial support was
associated with reduced anxiety, reduced depredsigimer self-reported QoL as well as better phafsitinctional, emotional
and social wellbeing. Being married or living wilpartner was associated with better functionalbsélg. Being employed
or a homeworker was associated with less depredsatier self-reported QoL as well as better ptatsicnctional and
emotional wellbeing. Better self-reported genersdlth was associated with less anxiety and dejpredsétter self-reported
QoL as well as better physical, functional, ematicend social wellbeing.

Poor self-reported QoL was attributed mostly todhelar disease by 57 (21.1%) enucleated patients 20 (20.0%) of
patients who had received primary radiotherag2y P=.938).

Poor self-reported general health was mostly atteith to the ocular disease by 57 (26.3%) enuclgatdnts and by 125
(12.8%) of patients who had received primary rdwoapy ¢2, P=.073).

A total of 705 patients reported health problemselated to their uveal melanoma, which were: predantly cardiovascular
in 185 (mostly systemic hypertension, ischemic hdisease and cardiac arrhythmia); rheumatic/mosg&eletal in 124 (e.g.,
arthritis, spinal problems); oncological in 71 (ipsancers affecting prostate, breast and lunighetological in 64;
pulmonary in 52 (mostly asthma and chronic obsivagiulmonary disease); gastrointestinal in 37.(gallstones,
diverticular disease); psychiatric in 29 (e.g.,@sgion, dementia); neurological in 28 (e.g., paihism, migraine, paresis);
genitourinary in 24 (mostly prostatic); endocrin€20 (mostly hypothyroidism); and a variety of atoenditions in the
remainder.

Major events in the previous year were reported &y patients. The most common types of event wamewrent illness in

49 patients, bereavement in 46, severe illneskseaelatives or friends in 26, other malignant0, employment issues in
7, moving home in 5, and relationship issues ia.§.( divorce, emigration of child).

DISCUSSION

MAIN FINDINGS

Many patients with choroidal melanoma experienaadar discomfort, visual difficulties, concerns abfuture health,
dissatisfaction with appearance, anxiety, and dsjoa, as well as reduced physical, functional,temal and social
wellbeing. QoL was associated with factors suchges gender, general health, risk of metastasigtahstatus, employment
status, social support and follow-up time. Afteking these factors into account, enucleation was@ated with reduced
functional and emotional wellbeing. Enucleatedqras were more likely than irradiated patientstoatrive a car. Only a
fifth of patients with poor self-reported QoL dbited this to their ocular condition, irrespectbfdype of treatment;



however, enucleated patients were twice as likebttribute poor general health to their ocularditbon and were also twice
as likely to die within six months of completingethfirst QoL questionnaire.

STRENGTHS AND WEAKNESSES OF STUDY
The main strengths of our study are the large numbpatients and the long follow-up period for sopatients.

The main inferential weakness is that the patiesgi®e not randomized between enucleation and ragtiaply. However, such
randomization would have been unethical in viewhefpatients’ preference for ocular conservatich the lack of evidence
indicating better survival after enucleatirSuch randomization would also have diminishedréevance of our results to
clinical practice, because treatment is selectedrding to each patient’s ocular condition, genbedllth status, and personal
preferences.

Another limitation is the lack of a pre-treatmess@ssment of psychological symptoms and QoL. Ratieere not asked to
complete a QoL questionnaire before treatment Isegdaving just been informed of the presence dftasocular tumor,
patients tended to be more anxious during this.titherefore, it was felt that any questionnairgpoeses would not have
represented their normal ‘baseline’ status.

A weakness of this study is that we added un-estifjuestions to the EORTC OPT-QLQ30 instrumenssess self-reported
QoL and self-reported general health and the degredich these were determined by the ocular ¢mmdiAlthough these
were not evaluated formally, the statistical catiehs with outcomes appeared meaningful. Theseape for further studies
investigating the validity of these additional qi@ss.

Another weakness is that not all patients compl€et questionnaires, which may have limited outighio detect

important patterns. As mentioned, participation Wiager among patients who attended the ocularloggalinic during the
study, especially if they did so several times,alihivas more likely after radiotherapy. Althoughrthevere no significant
differences between participants and non-parti¢gwaiithin treatment groups, patients who repeatattgnded the ocular
oncology clinic were more likely to receive psyabgital support and this may have improved theiconres in comparison
with those who had been discharged from our carevho were nevertheless completing questionnaitegould have been
ideal if all patients had been evaluated indefipite our clinic, to improve data quality; howevéhjs would have been
unethical without reimbursing patients for theaviel and accommodation expenses and for lost inc8meh funding was not
available as the collection of QoL data was incaaped into our routine clinical practice and was umadertaken as a part of a
formal clinical trial.

Although it would have been ideal to measure a midege of patient-reported outcomes (e.g., detdicegret), we chose to
limit the number of questions to reduce the bunpleced on patients, particularly as they were bawiged to complete our
guestionnaires repeatedly.

DISCUSSION OF METHODS

The EORTC QLQ-OPT30 was selected because it wasdafsad specifically for patients with an ocular timmeasuring
visual function, ocular discomfort and concerns siiguestions proved to be informative, exceptliose pertaining to
diplopia looking ahead, visual field loss, and cams about losing the eye (see below).

The FACT-G was deployed because it is widely used$sessing QoL after treatment of cancer, allgwomparison of our
patients with the adult general and cancer popriatin the United States.

The HADS instrument was useful in demonstratingdégree of anxiety and depression in our patiamiscamparing our
results with those of other studies, having bedidad elsewheré

The questions on self-reported QoL, self-reporteegal health and the extent to which these wdilgeimced by the ocular
condition were devised by the first author (BD)thslugh not previously validated by formal analyseégnificant associations
with other QoL indicators supported their use aseans of obtaining summary statistics.

The abbreviated version of the Interview SchedateSocial Interaction, which we used to measuréassapport, has been
shown to have reliability, validity and predictigapacity®® We found this to correlate well with several asped QoL.

DISCUSSION OF RESULTS
Demogr aphics
Participants vs Non-Participants. Patients were less likely to participate in oudstif they had undergone enucleation
than if they had received radiotherapy. This isdbse enucleated patients tended to be dischamgedofur care soon after
treatment whereas after radiotherapy they attendedlinic for several months or years so that tveye more likely to be
invited and to participate.



Radiotherapy vs Enucleation. Patients undergoing primary enucleation tendeditemore advanced disease, which
reflects our preference for radiotherapy unlessctisnces of conserving what the patient considierég a useful eye were
insufficient (for.the patient). Males and olderipats were more likely to_have primary enucleatibis suggests variation in
patients’ stage of disease at presentation andaiskance according to age and gender.

Social Factors

The enucleated and irradiated patients were simildr respect to being married/living with partndiyorced/separated, and
widowed or single, at least when the first QoL dioemaire was completed. It would have been intarggo know the
marital status at the time of initial ocular treatm but this information was not collected.

Compared to patients who received primary radiatmgrenucleated patients were more likely to hiescbr unemployed.
This is likely because they tended to be oldermathably because they experienced more visual sychplogical problems
than patients who had radiotherapy.

Social support was similar in both groups of patiewhich is in keeping with the finding that sdcigellbeing was not
adversely affected by enucleation, despite morglath@almic patients being concerned about their amee.

Clinical Outcomes
The higher mortality in patients who underwent @ignenucleation corresponds to their older agenaoit advanced disease
at the time of primary treatment. Approximately 8%patients completed the questionnaire in thedesinonths of life when
they were likely to have been suffering from teratiiiness. The proportion of such patients wasbign patients who had
undergone enucleation and this may have biaseQdheresults.

Patient-Reported Outcomes
Visual difficulties were more severe after enudtaathan radiotherapy, with the exception of digggpvhich was more
common after radiotherapy. Although monocular pasievere more likely to report difficulty walking crowds there was no
significant difference in their complaint about elets in peripheral vision, and this is because nmastiduals are only aware
of the impact of visual field loss and not thediébss itself. The two groups of patients showedigaificant difference in
difficulty driving during the day and this is prdiig because many patients had stopped driving Isecaiitheir visual loss.

It is noteworthy that visual function was bettethe radiotherapy treatment group than the enuolegroup despite the fact
that many irradiated patients had lost vision keyttime they completed their questionnaire. Somealfsal experienced failure
of local tumor control and/or secondary enucleatirt such patients were too few to have influermestall results
significantly. Because of their rarity, it was rpatssible to examine statistically the impact othadverse outcomes on QoL
although this is likely to have been consideralmétradiated patients, metamorphopsia, photofkaters and photophobia
were common and may therefore have affected thdtse&rittiness, discharge, watering and othem®of discomfort were
more common after enucleation than after radiofher&onversely, headache was more troublesomerafietherapy. Fears
about future health and metastasis were more conmpetients who had undergone enucleation. Thismsistent with the
worse prognosis they were given, which was basddrge tumor size and/or monosomy 3.

Some enucleated patients reported interferencesioinvin the fellow eye by the treated eye as asltiplopia, fear of local
tumor recurrence and fear of losing the eye. Theeeseveral explanations for such responses. Téstiquas may have been
answered incorrectly. Also, patients may have ftigothe advice that local tumor recurrence is adter enucleation, which
suggests that this information should be repeatedral times and that patients’ understanding e@fitformation should be
assessed by the clinical team. At every follow-igitvall patients were routinely asked how worrtedy were about local
tumor recurrence and fatal illness. A printed disitems ensured that these questions were notedniiVe strongly reassured
patients if the risk of local tumor recurrence wasimal, as after enucleation. It is possible, ¢fiere, that patients expressing
fears of local recurrence after enucleation weréonger attending our clinic and so were not beamginded about the low
risk of local recurrence.

As diplopia was more common when looking straidieaad than when looking sideways, this term may haesn confused
with astigmatism. The question about fear of loghmyeye was, in retrospect, ambiguous, with soatieqts possibly
understanding this question to refer to having lesteye and others perhaps expressing fears timpbssibility of losing

the fellow eye. As for patients reporting that #micleated eye interfered with vision in the rernmgjreye, some patients may
have taken this to mean that the loss of one eyeradly affected their visual function, especi#llthis was impaired in the
remaining eye. Also, it is known that patients eaperience the phantom eye syndrome after enuzteaith some even
reporting that they can see better when they dlisenucleated eye.

Some patients reported symptoms peculiar to the éypreatment they had received (e.g., photodtéa eadiotherapy and
poor motility of prosthesis after enucleation). $&®utcomes may have influenced QoL or may have aewlified by
anxiety, depression or other psychological problems



QoL after Radiotherapy vs Enucleation
There are several explanations for the finding ghassical wellbeing, functional wellbeing and degzien were worse after
enucleation than after radiotherapy. First, endetbaatients reported higher rates of ocular disodnvisual difficulty. and
concerns about health and appearance. Second phigsets tended to be older and to have a moranadyd tumor so that
they were more likely to have other disease angtater risk of metastasis. Third, their advancedayaisease and the need
for enucleation may have been the consequencdafsdm presentation caused by reduced wellbeirdgpression. In other
words, poor wellbeing may have been the cause hasvthe result of enucleation. Fourth, almostiarter of patients report
that their tumor was missed when they presentadnedical practitioner with symptoms and theseepédiwere more likely
to require enucleation than those whose tumor \esected without delalf. It is possible that the wellbeing of some of these
patients was diminished by regret that their tumas not detected and treated in a timely mannealllyj enucleated patients
were also more likely to be experiencing termitiabss when completing the questionnaire.

QoL accordingto Other Factors
Women tended to report more anxiety than men, @sdf@lsewhere in the general US and UK populationsatients with
uveal melanoma and those with cutaneous melaridfialowever, they also reported better emotional vetig. These
seemingly contradictory findings would suggest ihat possible to be anxious and to enjoy goodtemal wellbeing at the
same time. Holterhues and associates have repugkdevels of both positive and negative indicatof QoL in womert?

Patients who were younger at the time of primaggtiment showed more anxiety, less depressiony lfettetional wellbeing
and worse emotional wellbeing than older patidnisiease in depression with age has been reporgeibpsly?®*’ A
German study of 664 patients with localized cutaisenelanoma reported reduced role functioning addaed global QoL
with older age, but improved emotional functionamy body imagé®

Patients indicating poor social support showed naopdety and depression and lower physical, fumetiosocial and
emotional wellbeing. Other studies support thesaltg>"44849

As one might expect, QoL was better in patientemépg good general health and good social suppsrindeed was reported
elsewheré!*®

As reported previously, patients who described S&ves as being employed or as homemakers showted Qel** this is
probably because of the benefits provided by sutikity and also because patients were more likelye active if they had
better physical and emotional health.

Only 20.3% of patients with poor self-reported Qaatributed this to their ocular condition. Similgrbnly 17.0% of patients
with poor general health reported that this wastimesused by their ocular disease. Wiley and d@atex have reported
similar findings>° Patients reported a wide variety of general hgaitiblems and adverse events experienced during the
previous year. Detailed analysis of these influsrisdeyond the scope of the present study. Nesleds, such results
indicate the importance of taking non-ophthalmiedise and social factors into account when anayhim QoL of patients
with uveal melanoma and when managing these patédinically.

After adjusting for these factors, enucleated pagishowed reduced functional and emotional wallipaind hence a lower
overall FACT-G score. As mentioned, this is propdi#cause they had more discomfort, more visuéitdifies, more
concerns about their health and appearance, aigempaorer health and worse survival probability.

COMPARISON WITH PREVIOUS STUDIES ON UVEAL MELANOMA

Cruickshanks and associates (1999)"
QoL in 82 patients treated with radiotherapy wamgared with that of 65 patients who had undergoneleation. This
cohort represented 40% of 370 invited patientseRts who had received radiotherapy had bettelesdorthe vitality scale
of the MOS (Medical Outcome Study) SF (Short FoB@)questionnaire but there were no statisticakdéifices in the
estimated Quality of Well-being score, NEI_VFQ (idatl Eye Institute Visual Function Questionnaiwethe TTO (Time-
Tradeoff) questionnaire. The authors concludedttiere were minimal differences between the twatinent groups and that
the overall QoL among choroidal melanoma patiersis eomparable to others in their age range. Tle=s#ts differ from
those of the present study, possibly because dfrttadl number of patients studied by Cruickshamid&associates and
therefore the lack of sufficient statistical power.

Brandber g and associates (2000)*°
In this study, 38 patients treated by enucleatienencompared with 47 who had received rutheniumygaadiotherapy two
months previously, with 32 and 46 of these respelticompleting questionnaires one year after ineat. With the EORTC-
QLQ-Q30 scale, most patients reported reduced @wigtional functioning, cognitive functioning, fatig and insomnia but
there were no statistically significant differenédween treatment groups with respect to QoL. fbgative result probably
occurred because of the small cohort size. ‘Rabetioning’ improved during the first year after gery.



With the HAD Scale, mean scores for anxiety in égated and irradiated patients respectively wereaid 6.6 before
treatment, 5.6 and 4.5 two months after treatmedt5a8 and 5.0 one year after treatment, the deelieahese values
reaching statistical significance. The authors refhat. mean.scores for. depression. did.not chaiggéisantly over time and
were 4.3 and 3.6 respectively before treatmentadd33.7 two months after treatment and 4.5 anddeOyear after
treatment. These negative findings probably occlibecause of the small number of patients andhtbg follow-up.
Differences between treatment groups were not densi to be statistically significant, in contrimsthe present study.

With the IES (Impact of Event) Scale, which meadwsgess, there were no significant differencesen the two treatment
groups.

With the EORTC QLQ-OPT30, the percentages of ptaigrated by enucleation and radiotherapy respdgtshowed
statistically significant differences with respéziconcerns about appearance (55% vs 15%), diffieudlking on uneven
ground (85% vs 50%) and ‘difficulty seeing to sid@&5% vs 83%). These differences were statisyicifferent in our study
also but the prevalences of these symptoms intady svere lower, possibly because we were ablelecsbetween plaque
and proton beam radiotherapy according to the tigizerand location.

In their Discussion, Brandberg and associates tegdhat ‘compared with patients with other cariagnoses, and with
normative data, high proportions of patients regabreduced QoL and substantial emotional probleyeat after the
surgery.’ The authors remarked on the high levelrodiety before treatment, which vindicates ouriglen not to measure
psychological indicators during this stressful time

Chabert and associates (2004)"’
This group evaluated QoL in 49 patients treateth siereotactic external beam irradiation (LINAC),tBeated with the
Leksell Gamma Knife and 19 with ruthenium plaguiotherapy.

The mean HAD scores were 5.7 for anxiety (SEM -dr@ 4.9 for depression (SEM +4.3) as compared3@nd 3.5
respectively in our study, with HAD scores indiagtipathological levels of anxiety and depressiohd#o and 14% of
patients respectively in comparison with 10% andi®%ur patients. These comparisons are not meanihgcause of
limitations of Chabert and associates’ study, whinttude: not describing the patient populationt; meporting follow-up
times; and not reporting any statistical valuesaltgitand associates listed a number of severe complitathat developed
in their cohort, such as scleral and corneal négroptic neuropathy, retinal detachment and glenagavhich suggest that
they had attempted to conserve eyes with advaneedrs. Our results indicate that some or many eif fhatients would
perhaps have experienced less psychological moyliidhere had been a lower threshold for primamnycleation at their
hospital.

The Collaborative Ocular M elanoma Study (COM S) Group (2006)*
QoL after iodine-125 brachytherapy was comparet Wiat after enucleation for choroidal melanomahw03 patients
randomized to each kind of treatment. The COMSaurdstudy differed with respect to inclusion andlasion criteria and
in the reporting of baseline and outcomes dataabanly the conclusions drawn by the two studeeslme compared.

The COMS showed that patients receiving radiothehegul better visual function in the early post-tmeent period as
compared to enucleation but this difference dintiegsover time as radiation-induced complicationsettgped. This is
probably because of the use of iodine-125 plagubih emit long-range gamma rays and which are riloety to cause
collateral damage to healthy ocular tissues th&a-&mitting ruthenium-106 plaques and proton beadiotherapy. The
design of iodine plaques has since improved sovikatl loss may now be less than that experieircéte COMS! The
COMS also found more anxiety after radiotherapyalbise of increased fear of metastasis, althouglifiésence between
treatment groups diminished once the COMS repdhatsurvival following radiotherapy was not wotkan after
enucleation. In contrast, although in our studgdrated patients were more concerned about thefisical recurrence than
enucleated patients, we found no significant déffexe in the level of anxiety between the two treatihgroups and this was
probably because we were able to confidently reasswst patients that they had a good prognosiskthpartly to the
genetic tumor typing that we offered to patients.

The COMS reported no difference in concerns abppéarance more than two years following treatmsmever, in our
cohort enucleated patients reported more concamttiose receiving radiotherapy. The prevalenabsshtisfaction with
appearance in our study was low (i.e., 9% followeéngicleation and 3% after radiotherapy). In the ()Bbcial functioning
in the first post-operative year was worse aftercégation than after radiotherapy, with this difflece no longer being
significant by the fourth post-treatment year.

Hope-Stone and associates (2016)%°
This group of researchers (which included somé&efauthors of this article) measured QoL duringfitisé two years after
treatment for uveal melanoma between 2008 and ZI0id patients were treated at the Liverpool OcGlacology Centre and
were also included in the present study, excepthiose treated by some form of primary local réeaatr phototherapy.
Anxiety, depression and QoL, assessed using the$aml FACT-G, were correlated with age, gendeg tfpocular
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treatment (i.e., enucleation vs radiotherapy oalloesection), and genetic tumor type (i.e., monos8 vs disomy 3).
Compared to 195 patients whose eye was consehe@gtpatients who had undergone primary enucleatiowed no
significant difference.in any QoL measures, unbke study, which indicated. better QoL after radastpy than after
enucleation. The present study is likely to be nsamesitive because it includes a larger numberntiépts and relies on
multivariable analysis adjusting for a wide variefyfactors. As in the present study, younger pégi@and females showed
higher levels of anxiety, which diminished over ¢éinespecially in younger patients. The study byé4i8ppone and associates
also showed that within six months of treatmentgmas had regained a level of QoL that was simidahat of the general
population.

Schuer meyer and Associates (2016)°
Depression, anxiety and decision regret were asdés®96 patients before and after informing pasieri survival probability
after treatment of uveal melanorhat baseline, 49% and 9% of patients had possitib4ble anxiety or depression
respectively. Decision regret at baseline was fdarftD% of patients and was associated with defmesshich decreased
with time, as did anxiety; however, the follow-umé was only 12 months. Unlike our study, anxiegswot associated with
prognosis.

Wiley and Associates (2013)>°

In this study, QoL questionnaires were complete@®ypatients, 82 of whom had received radiothereigty 16 undergoing
primary enucleation. The follow-up averaged 2.08rgeAs in our study, enucleated patients had warsees on role
difficulties but QoL was primarily determined bycemnt stressful life events, other physical co-mdities and perceived
unmet cancer needs (i.e., physical and daily liviegds, psychological support, communication, im&dion, patient care and
support needs).

Reimer and Associates (2003)*

This study sample comprised 93 patients with clidaiainelanoma who had undergone radiotherapy amgeef 5.5 years
previously. QoL was compared with that of 93 matchentrols. Patients reported better emotional su@nd support from
confidants than controls but worse social suppdt@oorer QoL. Clinically relevant distress wasrfdun 36% of patients,
who suffered significantly more ‘bodily pain’, pasr'mental health’ and worse visual acuity. Thessults are similar to
those found in the present study.

COMPARISON WITH PREVIOUS STUDIES ON ENUCLEATION

M or gan-Warren and Associates (2013)*
The cohort comprised 36 patients treated by evasiogr (64%) or enucleation (36%) for a variety ohditions other than
malignancy (e.g., trauma, glaucoma and retinalathetent). Pathology in the fellow eye was prese@8% of patients, with
visual loss in several of these. Troublesome symptexperienced in the previous month included (&286), watering
(50%), discharge (i.e., ‘stickiness’) (61%), comseabout appearance (50%), some degree of seléicoissess (78%) and
activities limited because of poor vision (44%) e$h rates are higher than those of the present, stagsibly because of
previous inflammation, trauma and other morbiditpout 33% had stopped driving, with almost halftedse having poor
vision in the fellow eye.

Rasmussen and Associates (2012)>*
This study included 120 patients, who had beenéddeby enucleation (55), evisceration (63) or egratton (2). Although the
reason for enucleation was not specified, anothileby the same group suggests that about d tifiipatients had surgery
because of a neoplasmApproximately 12.5% of the patients were divorcedeparated, as compared to 6.3% of the general
Danish population. In our study, 9.3% vs 7.8% wdiverced or separated after enucleation or radrafherespectively.
Cessation of leisure activities such as ball gawesreported by 39.5% of patients and about 25¢@tiénts had retired or
moved to part-time work because of their oculardition. The authors attributed these changes éstifie to emotional
problems caused by altered body image and pocecegfidence. In the present study, 19.3%, 71.8%2a#% of enucleated
patients described themselves respectively as gmgloetired and unemployed, as compared to 29%68%8% and 1.0% of
those who had received primary radiotherapy. Algioenucleated patients tended to be older in owlysit is likely that
some retired because of their illness, as in théysby Rasmussen and associates. As in the Dahigi, sve found that many
patients reported that their activities had beeritdid and some had stopped driving. In the stydR&dsmussen and
associates, patients also had poorer health-re@@dédand self-rated health as well as more anstten the general
population.

Ye and Associates (2015)
This Chinese study investigated 195 enucleateémisti after excluding patients with poor visiorhie fellow eye, severe
systemic disease and/or patients with facial disBgent as a result of trauma. The authors fouatd2B.1% were dissatisfied
with their facial appearance, as compared to lems 10% in our study. They reported anxiety andeksion in 11.8% and
13.8% of patients. Anxiety was associated with ymrrage, visual difficulties, and concerns abopteapance. Depression
was associated with lower level of education, Vislifficulties, concerns about appearance and aageut condition.

K ondo and Associates (2013)>’
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This study compared 29 enucleated patients withi@dcular controls. The patients had undergoneleation a mean of
23.6 years before participating in this study. Ashie present study, the authors found the pattertiave reduced peripheral
vision.and. role difficulties.

COMPARISON WITH GENERAL AND CANCER POPULATIONS

Compared with the general adult US population,goasi in our study showed better social wellbeingictvis perhaps more
indicative of the response of family and friendstte patients’ condition than that of the patighamselves (Table 65>
Enucleated patients showed poorer emotional weltptsian the general population, for the reasorsdir discusset¥:®In
comparison with adult cancer patients in the USickrated patients showed better physical wellbeihgreas those who
received radiotherapy showed better physical wiglthand better FACT-G scoré%>®

Crawford and associates determined normative HADegin the general adult UK population reportiaqéle anxiety, male
anxiety, female depression and male depressior seeans of 7.0, 5.8, 3.8 and 3.6 respectiVely.our study, these scores
were 5.7, 4.4, 3.6 and 3.6 respectively, possibijgesting lower levels of anxiety in our patie@¢her studies have shown
QoL indicators of patients facing cancer and otitrersities to compare favorably with those ofgbeeral populatioff
Such unexpectedly good QoL may be the result oingpmechanisms such as benefit finding and meamiaijng®*

FURTHER RESEARCH

Relevance to Other Ocular Oncology Centers
There is scope for further studies to determinethdreour results are relevant to other centerscandtries. For example,
few centers have such a wide choice of therapeutidalities and few are able to provide patient \wd many resources,
such as emotional support from specialist nursdsaamealth psychologist. In Liverpool, many patsemtoided some of the
financial burdens they might have experienced mesother countries. This is because the UK Natibleallth Service
provided medical care that was free of chargeeaptiint of delivery so that patients were not regglito pay for any clinic
visits, investigations or treatments at our hos$pitat their local health center. Further, whetigrdas traveled to our center
from afar, our hospital reimbursed them and one@gpanying person for their travel expenses anddoommodation at a
nearly hotel. In many other countries, patientsiireonsiderable medical costs unless they are olered by medical
insurance.

Impact of Clinical I nterventions on Wellbeing
It would be useful to include patient-reported omes in studies evaluating rival forms of treatmeasthappens with other
cancers and diseases. For example, although radapiyrand surgical excision of iris melanoma maxehsamilar outcomes
in terms of visual acuity and ocular conservatibere may be great differences in symptoms sugha®phobia and
satisfaction with appearanteA few studies have already investigated the psigtfical effects of genetic tumor typing of
uveal melanontahowever, there is still much to learn about tifeience of accurate prognostication on QoL, both i
patients with a good prognosis and those at hghaf metastasis. Similarly, surveillance for sysiemetastases is stressful
for patients, unnecessarily so when false positgelts occur, but such investigation also provjlsents with reassurance
when the results are normal. A better understandinige psychological impact of imaging studiesudtdaesult in improved
counseling and better care. Conversely, many patame denied the opportunity of prognostic tumopsy, possibly because
their doctor considers such an intervention toutiéef or risky. It would be useful to understandihsuch patients feel,
especially if they were not given any say in thdtara

Change over Time
There is scope for further studies to determine patient-centered outcomes and quality of life ¢jeaover time so as to
predict long term outcomes according to findingthia early post-operative period.

Possible I nterventions to Enhance Wellbeing of Patientsand Relatives
There are several interventions that merit devekmirand evaluation. For example, there is scopmf@stigating a protocol
for telephoning patients at regular intervalshégy have been discharged from the ocular oncolbgig cto answer any
guestions as well as to reiterate important anslstgéng information (e.g., if the chances of Idcahor recurrence are small
after enucleation or if the risk of metastasis inimal because the tumor shows disomy 3 or a dagnotype).

Further studies are needed to understand howdesbtide information, support, and assistanceateepts’ relatives and
friends, who can and do serve as valuable resotmgestients with ocular melanoma. Attention tetalbe focused on
patients; however, their wellbeing is greatly ifhced by the support that they receive from thdse ave close to them and
who are also likely to be distressed by the pasetmess®

The development of the Internet has enabled thedton of several patient advocacy groups. As a®ithampioning higher
standards of care, these organizations can beuhaigbroviding patients and relatives with usehfbrmation and
encouragement. It would seem worthwhile evaluatiogy these affect patients’ wellbeing as well asidging and
enhancing the activities that are most beneficlalewecognizing and rectifying any measures thigthtrbe counter-
productive, however well-intentioned they may be.
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CLINICAL IMPLICATIONS

Initial Counseling and Treatment Selection
When counseling patients on therapeutic optionspaognosis, it is important to discuss not only ¢thances of retaining
vision and conserving the eye, according to turime and location, but also the likelihood of visddficulties, ocular
discomfort, and dissatisfaction with appearances. diso useful to discuss the possible impache$é outcomes on
wellbeing, alerting patients and relatives to thegibility of psychological morbidity, especialfythe prognosis for survival
is guarded. Such discussions should help patidmisse the treatment that best suits their needsnagdallow some of them
to obtain support from a health psychologist eveiote serious emotional problems develop. This selimg can also alert
close relatives to functional and psychologicalidifities that the patient may experience so thaytare better able to
understand the disease caused by uveal melanonta pralide assistance. The data provided by thigysshould be useful
in these conversations.

Detection of Psychological M orbidity
The first author has found that when patients ake@how they are, many simply say they are ‘findien in fact they are
experiencing considerable worries and difficul{iespublished data). It has long been his practiwrefore, to ask patients
explicit questions about any visual difficultiessabmforts, moods, concerns about appearance eamnsgl &bout developing
visual handicap, local tumor recurrence and meiasisease. This questioning often reveals problémat can be addressed
in a straightforward manner, for example, by regagupatients with a disomy 3/class 1 melanomattiey have an excellent
survival probability, or reminding enucleated patgethat their chances of developing local tumeoureence are remote. Not
infrequently, such questioning helps to identifyigats who may benefit from referral to a psych@adBy enhancing
awareness of the emotional difficulties that mayetiep and the risk factors for such problems, shigly should help detect
and predict psychological morbidity so that comgredive biopsychosocial care can be provided modelwi

Psychological Support
Informal feedback from patients and from psychddtgyat the Liverpool Ocular Oncology Center suggtsdt protocols
aimed at predicting, detecting and addressing pdggical morbidity enhance patients’ wellbeingisihot only the health
psychologist who can provide emotional support,aish other members of the ocular oncology teamticpgarly the
specialist nurse and the ocular oncologist. Thidystdemonstrates how patients’ wellbeing is greatiiganced by any support
they receive from close relatives and friends,aslieen found in other studies. It is helpful @ude such individuals in any
discussions, with the patient’s permission (as epddo leaving them in the waiting area during atiaions). It is also
important to give relatives and friends all possibhcouragement, not only because of the assistlaggare providing, but
also because they may themselves be experienditrgssi as a result of the patient’s illn¥ss.

CONCLUSIONS

This study gives an indication of the disease bumgerienced by patients with uveal melanoma, raaeg to the type of
primary treatment. We found that many patients Bgpee discomfort, visual difficulties, concernabappearance and
worries about their future health. A significantnmiity of patients experience considerable anxigdpression and reduced
wellbeing; however, these are usually the resulactors unrelated to the ocular disease (e.gedvement, poor general
health).

The findings of this study should make it easiesdtect between radiotherapy and enucleation aiteptd the likely impact
of these treatment modalities on QoL, taking intocaint age, gender and social factors as wellrasrtgize and location.
With the exception of some individuals with a latgeor, patients undergoing radiotherapy for uvealanoma have a better
QoL than those who undergo primary enucleatioritizr disease. To some extent, this is becauseeated patients tend to
experience more visual difficulties, discomfort axmhcerns about appearance. There is a tendenlisctoarge patients after
enucleation, with the advice to return should teegr develop socket or eyelid problems; howevés,dtudy indicates that
there is scope for evaluating such patients relyulaorder to address visual and psychologicdidifties.

Negative influences unrelated to the ocular disessg precede the diagnosis of uveal melanoma,ibatitrg to delays in
presentation so that opportunities for conservisgn and the eye are missed. Poor QoL may thexdferoth the result and
the cause of enucleation. QoL tends to deteriarate time, especially after enucleation. This iseonly because age-related
problems are more common in patients requiring keation but also because enucleation makes it whiffieult to cope with
such problems. Conversely, anxiety tends to be rm@m@mon and severe in young patients, especiallyoimen. All these
findings indicate the importance of taking age,dgnsocial support, general health and other fadtto account when
selecting treatment for uveal melanoma and whedigiiag, detecting, and treating psychological ndit.

This study provides a reminder that treatment efdbular tumor constitutes only a small part ofcbmprehensive care that
needs to be provided to patients and those wholase to them. Despite high-quality specialist bphnic treatment and

extensive emotional support from ophthalmologisgecialists and nurses, many patients continuggergeence considerable
functional and psychological difficulties. Theresisope for improvement and, therefore, a need fmemesearch in this field.
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Time form treatment to first QoL questionnaire, according to type of treatment. Thistime interval was shorter in
patients who underwent enucl eation because these patients were discharged to their local hospital for long-term
management (Table 1b).



Ocular comfort according to type of treatment. Grittiness (upper l€eft), discharge (upper right) and watering (lower
left) were more common after enucl eation whereas headache (Ilower right) was more common after radiotherapy
(Table 2).



Visua function according to type of treatment. Difficulty walking in crowds (upper l€eft), activities limited by vision
(upper right) and difficulty driving at night (lower |eft) were more common in enucleated patients whereas double
vision on looking to side (lower right) was more common in patients who had received radiotherapy. The number of
patients reporting on difficulty driving was small, suggesting that many had stopped driving because of their ocular

condition. Some enucleated patients reported diplopia, either because they confused this symptom with astigmatism
or poor vision or because they misunderstood the question (Table 2).



Stereoscopic visuad function according to type of treatment. Difficulty pouring drinks (upper l€eft), difficulty with
steps (upper right), difficulty with stairs and uneven ground (lower left) and difficulty judging distance (lower right)
were more common after enucleation with most patients reporting visua difficulties after this kind of treatment

(Table 2).



Health concerns according to type of treatment. Concerns about appearance (upper left), risk of metastasis (upper
right) and future health (lower left) were more common after enucl eation whereas worry about the risk of local
tumor recurrence (lower right) was more common after radiotherapy. Few patients had serious concerns about their
appearance, even after enucl eation. Some enucl eated patients expressed unwarranted concerns about the possibility
of local tumor recurrence, despite having received reassurance that this risk was small (Table 2).



Association of type of treatment with anxiety (upper left), depression (upper right), self-reported QoL (lower left)
and total FACT-G score (lower right). Only FACT-G score showed a significant association, with irradiated patients
having a better FACT-G score (Tables4a& 4b).



Association between type of treatment and wellbeing. Patients who received radiotherapy showed better functional
(upper right) and emotiona (lower right) wellbeing than those who underwent enucl eation whereas there was no
differencein physical (upper left) and social wellbeing (lower |eft) (Table 5b).



TABLE 1la. IRRADIATED VSENUCLEATED PATIENTS: CATEGORICAL VARIABLES

Variable Number Enucleation Radiotherapy Statistic
N (%) N (%)

Sex
Female 771 188 (42.5) 583 (50.5) ¥2=8.16, P=.004
Male 825 254 (57.5) 571 (49.5)

Tumor-affected Eye
Left 790 228 (51.6) 562 (48.7) ¥2=1.063, P=.303
Right 806 214 (48.4) 592 (51.3)

Visual Acuity
20/15-20/40 1106 171 (38.7) 935 (81) %2=292.65, P<.001
20/60-20/200 322 148 (33.5) 174 (15.1)
20/400-Count Fingers 92 56 (12.7) 36 (3.1)
Hand Motions - No Light Perception 76 67 (15.2) 9(.8)

Anterior Tumor Margin
Post-Equatorial Choroid 595 102 (23.1) 493 (42.8) %2=101.25, P<.001
Pre-Equatorial Choroid 645 170 (38.6) 475 (41.2)
Ciliary Body 271 120 (27.2) 151 (13.1)
Anterior Chamber 83 49 (11.1) 34 (3)

Posterior Tumor Margin
Pre-Equatoria Uvea 200 41 (9.3) 159 (13.8) ¥2=57.16, P<.001
Post-Equatorial Uvea 689 169 (38.2) 520 (45.1)
1-2 Disc Diameters from Disc/Fovea 187 28 (6.3) 159 (13.8)
<1 Disc Diameters from Disc/Fovea 309 70 (15.8) 239 (20.7)
Involving Disc 211 134 (30.3) 77 (6.7)

Coronal Tumor Location
Nasal 582 225 (50.9) 357 (30.9) %2=68.38, P<.001
Midline 318 92 (20.8) 226 (19.6)
Temporal 696 125 (28.3) 571 (49.5)

Sagittal Tumor Location
Superior 572 143 (32.4) 114 (25.8) ¥2=2.26, P=.133
Horizontal 386 114 (25.8) 272 (23.6)
Inferior 638 185 (41.9) 453 (39.3)

Extraocular Tumor Spread
No 1520 379 (85.8) 1141 (98.9) %2=121.4302, P<.001
Yes 76 63 (14.3) 13(1.1)

Epithelioid Cytomor phology
No 371 165 (37.6) 206 (58.5) ¥2=34.3876, P<.001
Yes 420 274 (62.4) 146 (41.5)

Chromosome 3 Status
Disomy 3 322 169 (43.4) 153 (59.8) %2=16.4505, P<.001
Monosomy 3 323 220 (56.6) 103 (40.2)
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TABLE 1b. IRRADIATED VSENUCLEATED PATIENTS: CONTINUOUS VARIABLES

Variable Enucleation Radiotherapy Difference Statistics
N Mn Med SD N Mn Med SD Mn SD 95% ClI
Lower Upper

Age(Yrs) 442 56 6463 11.78 1154 60.99 6154 13.04 333 .68 1.99 4.66  1(877.913)=4.898; P<.001
Basal Tumor

Diameter 439 15.08 1530 3.33 1150 10.99 10.80 299 408 .18 3.73 444  t(724.294)=22.481; P<.001
(mm)

Tumor

Thickness 440 774 790 346 1154 331 280 189 442 .18 4.07 4,79  Bias-Corrected Bootstrap
(mm)

(F,\‘Z'(')?]‘;‘;]'S‘;p 442 61.09 37.91 5195 1154 76.61 60.04 60.56 -1552 3.05 -2150 -9.54 1(923.834)=-5.094: P<.001

Mn Mean, Med Median, SD Standard Deviation, SE Standard Error, Cl Confidence Interval



TABLE 2. PREVALENCE AND SEVERITY OF ADVERSE PATIENT-REPORTED OUTCOMESACCORDING TO PRIMARY

TREATMENT
Variable Enucleation Radiotherapy Statistic OR 95% ClI
N Symptoms Mn SD N Symptoms Mn SD Lower Upper
(%) (%)
Grittiness 426 17.4 1.75 .83 1136 12.0 161 .76 .1&¥=.001 141 1.14 1.74
Pain 422 11.1 1.56 .76 1126 10.3 1.56 .74 z=P33742 .96 77 1.20
Itching 423 14.4 1.69 .81 1127 10.2 155 .71 z=2267008 1.34 1.08 1.66
Watering 421 15 1.74 .80 1131 8.5 1.44 70 z=M86001 2.39 1.92 2.97
Discharge 419 17 1.79 .84 1127 2.5 1.16 .46 z=1®8®01 9.08 7.03 11.73
Dryness 422 9.7 1.47 .77 1131 13.3 154 .82 z=;P4437 .84 .67 1.06
Headaches 422 7.8 1.37 .70 1133 10.5 1.48 .76 T7&P=.005 .71 .55 .90
Field defects 400 17.8 1.74 91 1113 21.4 1.77 .96=-.04,P=.966 1.00 .80 1.23
Diplopia ahead 411 2.2 1.13 .42 1114 6.7 1.28 .65-4.29,P<.001 .48 .34 .67
Diplopia to
side 408 2.2 1.13 .39 1115 7.2 1.31 .67 z=-4P32001 .42 .29 .59
Interference
with other eye 400 8.8 1.34 .74 1110 6.9 1.33 .69=-.62,P=536 .92 .70 1.21
Driving during
day 252 3.2 1.28 .56 793 3.4 1.24 55 z=P3194 1.25 .89 1.76
Driving at
night 249 20.1 195 .88 789 16.6 1.74 .88 z=3B5001 1.67 1.29 2.17
Difficulty
pouring 434 18.9 1.89 .84 1135 6.8 1.34 67 z=1P£D01 4.76 3.81 5.95
Difficulty in
crowds 431 27.2 2.12 .88 1124 10.2 1.47 77 z=1#£4H01 4.95 3.99 6.16
Difficulty with
steps 433 28.9 2.15 .87 1131 13.5 1.62 .82 z=PkB01 3.43 2.78 4.23
Difficulty on
uneven ground 433 28.9 2.16 .87 1133 14.9 1.66 .&10.7,P<.001 3.12 2.53 3.84
Difficulty
judging
distance 428 33.6 2.25 .90 1129 14.6 1.64 .84 #Z21P<.001 3.81 3.08 4.70
Activities
limited by
vision 433 23.8 1.86 .96 1135 11.6 1.49 82 z=888001 242 195 2.99
Difficulty
reading 431 20.9 1.78 .97 1140 18.2 1.76 .93 zP6X/86 1.00 .81 1.24
Worries about
health 423 29.1 2.13 .91 1130 22.4 196 .88 z=P301 1.42 1.16 1.75
Worries about
local
recurrence 402 17.7 1.71 .96 1130 22.1 1.92 .93 4.88;P<.001 .58 .46 72
Worries about
metastasis 417 36 2.31 1.00 1133 28.8 2.10 .99 84B<.001 149 1.22 1.83
Worries about
losing eye 359 37.1 221 1.16 1087 25.4 1.87 1.085.17,P<.001 1.78 1.43 2.22
Worries about
appearance 436 8.7 147 .72 1136 3.1 1.20 52 8&#83001 290 2.26 3.73
Dissatisfied
with cosmesis 431 8.6 1.34 .74 1090 3.3 1.13 50 z=6P8001 3.06 2.23 4.19




Mn Mean, SD Standard Deviation, SE Standard E@&,0dds Ratio, Cl Confidence Interval. Data wdramed using the
EORTC QLQ-OPT30 questionnaire. Patients were darhized as having the symptom ‘not at all/a litfie2., ‘minimal’) or ‘quite

a bit/very much’ (i.e., ‘severe’) during the prewgoweek. The percentages indicate the prevalengatigits reporting severe
symptoms according to the type of treatment withRlvalues indicating the significance of any diffezres between the two groups
as measured with Pearsogpatest. The non-dichotomized scores were meastuitbdvdered logistic regression to provide the
Odds Ratio and hence an impression of the extesmyfiifferences between the two groups. Figurepgvide more information
on the most important of these outcomes.



TABLE 3. QUALITY OF LIFE ACCORDING TO TYPE OF OCULAR TREATMENT: UNIVARIABLE ANALYSIS

Variable Enucleation Radiotherapy Statistic 95% ClI
N  Symptoms Mn SD N Symptoms Mn SD Lower  Upper
(%) (%)
Sef-Reported 0 4345 523 146 1146 10.7 530 140 z=-81, P=.420 22 10
Quality of Life
Self-Reported _ h )
Overall Health 440 13.2 515 1.38 1146 10.9 521 131 z=-.70, P=.486 19 11
Phys'c""'B‘gﬁg 430 137 2453 481 1133 98 2513 386 7=236,P=018  -110 -1l
Functiond 5, 241 2048 6.79 1134 16.8 2164 6.18 z=-3.0, P=.003 -1.89  -29
WEell Being
SOC"""B\Q’ﬁ'é 422 11.9 22.73 5093 1121 11.4 2284 588 z=-.31, P=.755 -79 53
Emotiond 5 27.4 189 4.70 1125 23.6 19.56 4.00 z=-2.51, P=.012 114 -16
WEell Being
FACT-G 412 17.2 86.74 16.64 1100 11.8 80.46 1496 Z=.76,P=.447 -12 23
Anxiety 414 13.3 521 4.37 1109 9.9 492 408 z7117,P=243 -18 81
Depression 415 75 407 3.83 1115 5.7 347 369 2=2.68,P=.007 .09 1.00

Mn Mean, CI Confidenceinterval. The percentages indicate the prevalence of significant symptomsin enucleated and irradiated

patients respectively (i.e., the percentages of patients with poor quality of life, poor self-reported general health, reduced wellbeing,
anxiety or depression, as defined in the Methods section). These were measured with the modified EORTC QLQ-OPT30, FACT-G
and HAD. The mean difference between these two types of treatment was estimated using the t-test with unequal variance, using the
nonparametric bootstrap (with 1000 replications) and was significant if the 95% bias-corrected Cl did not include zero. The negative
FACT-G vaues indicate poorer physical, functional and emotional wellbeing after enucleation whereas the positive HAD values

indicate more depression after enucleation.



TABLE 4. QUALITY OF LIFE ACCORDING TO OCULAR FEATURES: MULTIVARIABLE ANALYSIS

Obs. Coeff. Bias SE P 95% ClI

VALUE L ower Upper

Anxiety

Treatment .08 .01 36 810 -.61 .79

Monosomy 3 Melanoma 75 -.01 .36 .039 01 1.45

Depression

Treatment -53 .02 35 127 -1.22 10

Self-Reported QoL

Treatment .04 -.00 12 715 -.20 26

Physical Well Being

Treatment A1 -.01 38 784 -.67 .82

Functional Well Being

Treatment 1.18 .01 55 .030 .09 221

Emotional Well Being

Treatment -.02 .01 40 954 -73 .76

Monosomy 3 Melanoma -.86 01 37 .019 -1.54 =10

Social Well Being

Treatment 50 01 47 293 -43 1.41

FACT-G

Treatment 2.31 -.07 1.39 .096 -53 4.85

SE Standard Error, Cl Confidenceinterval. Multivariable linear regression was performed with nonparametric bootstrap
(with 1000 replications) to estimate the Observed Coefficient, which indicated a significant influence if the 95% bias-
corrected ClI did not include zero. The model included treatment, pre-treatment visual acuity, eye laterality, TNM size
category, melanoma cytomorphology and cytogenetic tumor type. In this table, monosomy 3 melanomawas significantly
associated with greater anxiety and worse emotional wellbeing whereas radiotherapy was associated with better functional

wellbeing,



TABLE 5a. ANXIETY, DEPRESSION AND SELF-REPORTED QUALITY OF LIFE ACCORDING
TO SOCIAL FACTORS

&bef%_ Bias SE P 95% ClI
Value  Lower Upper
Anxiety
Treatment -.30 01 22 184 -73 A3
Age at treatment -.07 -.00 01 <.001 -.09 -.06
Male gender -1.30 01 19 <.001 -1.68 -.95
Follow-up -.01 -.00 .00 <.001 -01 -01
Self-reported gen. health -1.30 .00 .09 <.001 -1.48 -1.13
Socia support -.36 .00 07 <.001 -51 -22
Depression
Treatment -.29 -.00 17 .085 -.61 .04
Employment status 81 -.00 17 <.001 46 1.13
Social support -51 -.00 .07 <.001 -63 -37
Self-reported gen. health -1.42 -.00 .08 <.001 -1.58 -1.27
Self-Reported QoL
Treatment .04 -.00 .05 411 -.05 13
Socia support .06 .00 02 <.001 .03 .09
Employment status -17 -.00 .04 <.001 -.24 -.08
Self-reported gen. health 83 .00 02 <.001 79 86

SE Standard Error; Cl Confidence Interval. Multivariable linear regression measuring the influence of social
factors on anxiety, depression and self-reported QoL was performed with nonparametric bootstrap (with 2000
replications) to estimate the Observed Coefficient, which indicated a significant influence if the 95% bias-
corrected CI did not include zero. The model included type of treatment, age a primary treatment, gender,
time between treatment and completion of questionnaire, self-reported genera health, marital status,
employment status and socia support.
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TABLE 5b. PHYSICAL, FUNCTIONAL, EMOTIONAL AND SOCIAL WELLBEING AND FACT-G
SCORE ACCORDING TO SOCIAL FACTORS

Obs. Coeff Bias SE P 95% CI

Vil u L ower Upper
Physical Wellbeing
Treatment 37 .00 20 .063 -.02 77
Age at treatment .05 .00 01 <.001 .03 .07
Employment status -1.01 .00 23 <.001 -1.48 -55
Follow-up .01 -.00 .00 <.001 .00 01
Self-reported gen. health 1.80 .00 10 <.001 1.59 1.99
Social support 17 .00 .08 035 .02 32
Functional Wellbeing
Treatment 61 -01 29 037 .05 1.21
Socia support 72 .00 .09 <.001 56 91
Employment status -2.01 .01 24 <.001 251 -1.54
Follow-up .01 .00 .00 <.001 .01 .01
Self-reported gen. health 251 .00 A1 <.001 2.28 2.75
Marital status -.29 -.00 14 .037 -.56 --.02
Emotional Wellbeing
Treatment 44 .00 22 051 .00 90
Age at treatment .06 .00 01 <.001 .04 .08
Gender 1.08 .00 20 <.001 74 1.50
Follow-up .01 .00 .00 <.001 01 .02
Self-reported gen. health 1.12 .00 .09 <.001 95 1.30
Social support 31 -.00 .08 <.001 14 45
Employment status 72 .00 24 .002 -1.20 -.26
Social Wellbeing
Treatment 29 .00 30 334 -.30 82
Social support 1.91 .00 10 <.001 1.71 2.08
Self-reported gen. health 49 -.00 11 <.001 28 70
FACTG
Treatment 1.71 .02 72 018 37 3.24
Age at treatment .09 -.00 .03 .004 .03 16
Male gender 1.60 .00 61 .009 42 2.78
Follow-up .03 .00 .00 <.001 17 .04
Self-reported gen. health 5.86 .01 28 <.001 5.31 6.41
Social support 3.12 -.01 26 <.001 2.68 3.68
Employment status -3.75 .01 76 <.001 -5.21 -2.33

SE Standard Error; Cl Confidence Interval. Multivariable linear regression measuring the impact of socia factors
on wellbeing was performed with nonparametric bootstrap (with 1000 replications) to estimate the Observed
Coefficient, which indicated a significant influence if the 95% bias-corrected Cl did not include zero. The model
included type of treatment, age at primary treatment, gender, time between treatment and compl etion of



guestionnaire, self-reported general health, marital status, employment status and social support. Radiotherapy
was significantly associated with higher functional and emotional wellbeing and with a better FACT-G score.
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TABLE 6. COMPARISON OF WELLBEING AND OVERALL FACT-G WITH ADULT GENERAL AND
CANCER POPULATIONSIN THE US

Variable Enucleation

Radiotherapy Gen. Adult Pop. Cancer Pop.
N Mean N Mean Mean+SD/2 Mean-SD/2 Mean+SD/2 Mean-SD/2
Physical Well Being 430 2453 1133  25.13 254 20.0 24.3 18.3
Functional Well Being 432 2048 1134 2164 219 15.1 223 155
Social Well Being 422 2273 1121 22.84 225 15.7 24.75 19.45
Emotional Well Being 430 17.34 1125  17.75 223 175 20.95 16.45
FACT-G 412 86.74 1100 89.46 89.15 71.1 89.4 724

SD Standard Deviation. Significant differences are printed in bold.
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