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Abstract

Purpose Prognostication in cancer is growing in importance as increasingly accurate tools are developed. Prognostic accuracy
intensifies ethical concerns that a poor prognosis could be psychologically harmful to survivors. Uveal melanoma (UM) prog-
nostication allows survivors to be reliably told that life expectancy is either normal (good prognosis) or severely curtailed because
of metastatic disease (poor prognosis). Treatment cannot change life expectancy. To identify whether prognosis is associated with
psychological harm, we compared harm in UM survivors with good and poor prognoses and those who declined testing and
compared these outcomes to general population norms.

Methods Non-randomized 5-year study of a consecutive series of 708 UM survivors (51.6% male, mean age 69.03, SD=12.12)
with observations at 6, 12, 24, 36, 48 and 60 months. We operationalized psychological harm as anxiety and depression
symptoms, worry about cancer recurrence (WREC) and poor quality of life (QoL).

Results Compared to other groups, survivors with poor prognoses showed initially elevated anxiety and depression and consis-
tently elevated worry about local or distant recurrence over 5 years. Good prognoses were not associated with outcomes.
Generally, no prognostic groups reported anxiety, depression and WREC or QoL scores that exceeded general population norms.
Conclusions Using a large sample, we found that harm accruing from a poor prognosis was statistically significant over 5 years,
but did not exceed general non-cancer population norms.

Implications for Cancer Survivors Survivors desire prognostic information. At a population level, we do not believe that our
findings show sufficiently strong links between prognostication outcome and psychological harm to deny patients the option of
knowing their prognosis. Nonetheless, it is important that patients are informed of potential adverse psychological consequences
of a poor prognosis.
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Background after primary treatment can inform adjuvant approaches, alle-

viate uncertainty or simply bring survivors relief through an
Prognostication is evidence-based prediction and communica-  optimistic prognosis [2]. Patients frequently show interest in
tion of future health outcomes [1]. Cancer prognostication  prognostication [3]. Researchers are striving for greater prog-
nostic accuracy through biomarker identification, gene profil-
ing and cytogenetic analysis [4—8]. In some cancers, trustwor-
thy life-expectancy estimates are available [9]. However, ac-
curacy accentuates the ethical conflicts inherent to prognosti-
cation [10]. Reliable knowledge of poor prognosis is feared to
be psychologically harmful to survivors, causing ethical con-
flicts for practitioners in developing and offering it and per-
sonal conflicts for patients in accepting it [11].

Huntington’s disease (HD) provides the sole existing par-
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being severe and irreversible [11, 12]. A good HD prognosis
can relieve worry, but a poor prognosis is associated with
profound and enduring psychological distress and deteriora-
tion in quality of life (QoL) [12]. However, transferability of
the HD paradigm into cancer is uncertain because the course
of the illness, younger patient age and reproduction implica-
tions differ [11]. Further, HD testing is often used diagnosti-
cally whereas cancer prognostic testing is unlikely to be so
used. However, uveal melanoma (UM) prognostication is
similarly accurate, with consequences severe and irreversible,
thus providing a similar paradigm to HD, but which is appli-
cable to cancer survivors [11]. To examine potential psycho-
logical harms from poor prognoses in cancer, we examined
anxiety, depression, worry about cancer recurrence (WREC)
and QoL in UM survivors.

Uveal melanoma as a paradigm for prognostic
outcomes

Uveal melanoma is a treatable ocular cancer with 40-50% 10-
year mortality [5], attributable to metastatic disease, which is
almost always fatal. Those without metastatic disease have an
almost normal life expectancy [5]. Metastatic disease de-
velops almost exclusively in survivors whose tumour cells
show deletion of one of the normal two copies of chromosome
3 (monosomy 3 [M3]); disomy 3 (D3) is the normal condition,
with both maternal and paternal copies of chromosome 3 [6].
M3 confers a poor prognosis with 10-year disease-specific
mortality over 50% (if tumour diameter is >12 mm), whilst
the D3 mortality rate is close to 0% [6]. At the time of this
study, no treatments prolonged life for M3 survivors.
Prognostic testing in UM is controversial, with many practi-
tioners not offering testing due to their concerns about psy-
chological harm [13].

Current studies of psychological harm caused by prog-
nostic testing outcomes show mixed findings. In a sample
of 99 survivors, Beran et al. [3] found no indication of
greater depressive symptoms or lower QoL associated
with a poor prognosis compared to a good prognosis. In
175 survivors with follow-up exceeding 12 months, Lieb
et al. [14] found that trends in distress and anxiety and
depression symptoms did not differ between survivors
with good and poor prognostic outcomes or those who
declined testing. However, only 63 survivors accepted
testing. Between-group comparisons in this and the
Beran et al. study may be underpowered. In a larger sam-
ple of 411 survivors, Hope-Stone et al. [15] showed
higher depression scores in M3 survivors over 2 years
post-diagnosis, particularly in younger and female survi-
vors. M3 survivors’ depression means did not exceed
community norms for similar ages. Currently, there are
no highly powered studies in the published literature with
follow-up greater than 2 years that examine the risks of

psychological harm to UM survivors receiving differing
chromosome 3 testing outcomes.

Study Objectives

We assessed whether poor prognosis is associated with long-
term psychological harm in an UM survivor population. A
secondary interest was the extent to which good prognoses
provided protection from harmful outcomes. We operational-
ized psychologically harmful outcomes as elevated anxiety
and depression symptoms, worry about local and metastatic
recurrence and lower QoL.. We compared survivors from good
(D3) and poor prognostic (M3) groups and those who were
not tested. Objectives were to (1) test the hypotheses that poor
prognosis is associated with psychological harm over the sub-
sequent 5 years compared to other groups and that good prog-
nosis is associated with less harmful outcomes than other
groups, controlling demographic and treatment variables;
and (2) estimate the magnitude of any harm by comparing
outcomes to general population norms.

Methods
Participants and Procedure

Data came from a monitoring programme with patient con-
sent for research use, reviewed by the Liverpool Central
Ethics Committee (03/06/072/A) consistent with the
Declaration of Helsinki. We sampled consecutive adult pa-
tients from England or Wales treated for posterior (choroid
or ciliary body) UM between April 1% 2008, and December
31°' 2014, at the Liverpool Ocular Oncology Centre
(LOOC). Treatment was based on a protocol described by
Damato and Heimann [13]. Ruthenium plaque radiotherapy
or proton beam radiotherapy was first considered. If the
tumour was unsuitable for radiotherapy, patients underwent
trans-scleral local resection, trans-retinal endoresection or
enucleation (eye removal). Prognostic testing was offered
and explained to patients during their initial medical con-
sultation. Testing was routinely further explained by nurs-
ing staff and supported by printed materials provided both
before and after the initial consultation. A psychologist also
routinely offered counselling to assist decision-making.
Results were explained by LOOC staff or their clinical on-
cology team. Each prognosis was communicated as a 10-
year survival estimate.

After diagnosis, a consecutive series of patients were
approached. Patients who gave written consent were posted
questionnaires 6, 12, 24, 36, 48 and 60 months after diagnosis
with postage-paid return envelopes. Treatments were com-
pleted, and test results communicated before the 6-month
observation.
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Measures

Demographic and treatment variables were collected from
clinical records. The process of prognostic estimation and
communication at the time of the study is described by
Damato and Heimann [13] and almost wholly determined by
chromosome 3 status [6, 9]. For analysis, chromosome 3 test-
ing outcomes were categorized as M3, D3, patient not tested
(almost all declined, a small number were not offered testing)
and testing failed (tissue specimen insufficient for analysis).
Death records for England and Wales were electronically
searched by full name and date of birth.

Anxiety and depression symptoms were assessed using the
Hospital Anxiety and Depression Scale (HADS) [16]. Each
subscale has seven items scored from 0 to 3 (range 0-21) with
higher scores signifying greater symptomology. Both sub-
scales predict diagnosed cases with high sensitivity and spec-
ificity [17].

Worry about recurrence was assessed using a four-item
subscale of the European Organization for Research and
Treatment for Cancer Ophthalmic Quality of Life question-
naire [18], validated for UM survivors [19]. Items pertained to
local and distant recurrence. Response format was ‘Not at all’,
‘A little’, ‘Quite a bit’ and “Very much’, scored 14, respec-
tively. Higher scores indicate greater WREC. An item
pertaining to loss of the eye was excluded as not relevant to
enucleated patients.

QoL was measured using the total score from the 27-item
Functional Assessment of Cancer Therapy scale (FACT-G)
[20, 21]. Each item is rated on a 5-point scale (0 = not at all;
5 = very much), with total scores ranging from 0 to 108 and
higher scores indicating better QoL.

Analysis

Objective 1 We examined whether 5-year trajectories of each
harm outcome differed between prognostic groups.
Trajectories were estimated using growth-curve modelling
(Amos v27) which allows precise modelling of complex time
series data [22]. Trajectories are modelled as an intercept, an
estimate of the initial score and slope, a model of 5-year
changes from the intercept. A positive slope score indicates
growth. We used two dummy variables to predict intercept
and slope scores. The first dummy variable represented a com-
parison between poor prognosis and the other groups and the
second a comparison between a good prognosis and the other
groups.

Demographic, clinical and treatment variables can lead to
confounding and thus should be controlled. Covariates were
selected from variables that formed univariate predictors of
intercept or slope in pilot analyses or previous studies.
Younger age, female gender and having been treated by
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enucleation differed according to prognostic group and were
included in the final models as covariates.

The following parameters were initially imposed on the
model: observed error variance constrained to equality, mean
intercept and slope constrained to zero, intercept and slope
constrained to equality and intercept and slope covariance
constrained to zero. Parameters were relaxed in the above
order until good fitting models (CFI>.95, RMSEA<.05) iden-
tified. Linear and quadratic slope models were initially tested
with respective parameters 0, 0.5, 1,2, 3,4 and 0,0.5, 1, 2, 4,
8. Slope parameters were then altered to improve model fit
until good fit reached. Covariates and predictor variables were
then added to these analyses to predict intercept and slope.

Objective 2 We compared anxiety, depression and QoL means
in all groups to population norms using single-sample #-tests.
We used Crawford et al.’s [23] (r=1,792) UK general popu-
lation HADS norms of 6.14 for anxiety and 3.68 for depres-
sion. We could not find UK HADS norms for older people,
instead using Spinhoven et al.’s [24] Netherlands norms for
57-98-year-old individuals (3.90 for anxiety and 4.16 for de-
pression). Community FACT-G norms from Australia [25]
(85.42 age range 25-75 n=2,719) and Austria [26] (86.5 ages
18-70 n=926) were used for comparison. No norms were
available for WREC.

Missing data strategy Figure 1 shows participants retained,
leaving and entering the study at each time point. A total of
1374 patients met inclusion criteria during the study, of whom
1014 survivors provided data at least once. Missing observa-
tions were associated with higher anxiety (»=—10, p<.01) and
depression (r=—.15, p<.01) but no other study variables. We
used a three-step process for data replacement. First, we de-
leted and did not replace data for 305 cases who contributed
less than three of the six time points, including 107 patients
(62 (57.94%) were M3) who had died before the third time
point. Second, data was estimated for cases that had missed
time points but later returned. Data replacement used unbiased
full information likelihood estimation (FILA) based on adja-
cent data points (observed outcome variables) covariates and
predictors [27]. Third, missing data was estimated for true
attrition (defined as participants who dropped out and did
not return for two or more consecutive time points) through
a pattern-matching approach using dummy variables coded
for dropout occasion as covariates [28]. Replacement was
112 cases at 6 months, 83 at 12 months, 63 at 24 months,
120 at 36 months, 180 at 48 months and 290 at 60 months.

Results

The final sample, characterized in Table 1, was 708.
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Fig. 1 Participant numbers per

observation, with numbers absent

from (—) and not present at (+)
previous observation

Results overview

Poor prognosis (M3 group membership) was associated with
higher intercept scores for anxiety, depression and WREC,

Table 1 Sample characteristics

Before missing data deletion After missing data deletion

6 month 814 6 month 612
-183 (10 deaths) -49
A Y
12 month 773 12 month 637
+142 +74
-153 (51 deaths) -31
A\ 4 A4
24 month 706 +86 24 month 658 +52
-141 (46 deaths) -39
A4 b 4
36 month 619 +56 36 month 599 439
-118 (42 deaths) -101
A
48 month 557 48 month 538
+56 : +40
-155 (37 deaths) -139
\ 4
60 month 438 +36 60 month 438 +26

Number of observations
provided by survivors.

One: 172 (17.0%)

Two: 133 (13.1%)

Three: 115 (11.3%)

Four: 135 (13.2%)

Five: 166 (16.4%)

Six: 293 (28.9%)

Total: 1,014

Final sample after deletion
of survivors with <3
observations was 708

indicating that poor prognoses may cause initially higher
scores on these variables. Anxiety and depression showed

negative associations with slope scores, suggesting that initial
gaps closed. Thus, poor prognosis was associated with

Characteristic Total D3 M3 No Test Fail

179 (25.3%) 192 (27.1%) 296 (48.1%) 41 (5.8%)
Age 69.03 (12.12) 66.35 (12.35) 67.85 (12.04) 71.26 (11.64) 70.92 (12.08)
Gender
Male 363 (51.6%) 95 (26.2%) 109 (30.0%) 139 (38.3%) 20 (5.5%)
Female 340 (48.4%) 84 (24.7%) 83 (24.4%) 153 (45.0%) 20 (5.9%)
Marital status
With partner 528 (75.1%) 144 (27.3%) 145 (27.5%) 216 (40.9%) 23 (4.4%)
Separated 44 (6.3%) 9 (20.5%) 16 (36.5%) 13 (29.5%) 6 (13.6%)
Widowed 86 (12.2%) 15 (17.4%) 20 (23.3%) 43 (50.0%) 8 (9.5%)
Single 44 (6.3%) 11 (25.0%) 11 (25.0%) 19 (43.2%) 3 (6.8%)
Employment status
Employed 258 (36.8%) 76 (24.5%) 71 (27.5%) 96 (37.2%) 15 (5.8%)
Homemaker 24 (3.4%) 8 (33.5%) 4 (16.7%) 11 (45.8%) 1 (4.2%)
Retired 348 (49.6%) 70 (20.1%) 95 (27.3%) 164 (47.1%) 19 (5.5%)
Unemployed 8 (1.1%) 3(37.5%) 2(25.0%) 2 (25.0%) 1 (12.5%)
Sick leave 33 (4.7%) 11 (33.3%) 9 (27.3%) 11 (33.3%) 2 (6.1%)
Student 8 (1.1%) 3 (37.5%) 0 (0%) 3 (37.5%) 2 (25.0%)
Primary treatment
Plaque radio 327 (46.2%) 70 (21.4%) 52 (15.9%) 177 (54.1%) 28 (8.6%)
PBR 167 (23.6%) 45 (26.9%) 30 (18.0%) 85 (49.7%) 9 (5.4%)
Enucleation 155 (21.9%) 48 (31.0%) 94 (60.6%) 12 (7.9%) 1 (0.6%)
Resection 34 (4.8%) 13 (39.2%) 16 (47.1%) 4 (11.8%) 1 (2.9%)
Other 25 (3.5%) 3 (12.0%) 0 (0.0%) 20 (80.0%) 2 (8.0%)
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initially higher anxiety and depression that reduced over time
and associated with enduring elevations on WREC. Poor
prognosis did not predict QoL. Good prognosis (D3 group
membership) did not predict any outcome compared to not
tested survivors. Nonetheless, survivors with a poor prognosis
did not show markedly higher scores than population norms
for any outcome. Thus, whilst survivors with a poor prognosis
did experience greater anxiety, depression and WREC, out-
comes were generally not worse than those experienced by the
general population.

Anxiety

Objective 1 Observed means are presented in Table 2. The full
sample trajectory showed a non-significant linear slope (pa-
rameters 0, 0.5, 1, 2, 3, 4) indicating that anxiety did not
change over time. Table 3 shows good fit for the predictive
model (Appendix Fig. 2). A poor prognosis (M3 group) was
associated with a significantly higher intercept showing ini-
tially higher anxiety in this group. M3 was also associated
with a negative slope, showing that this gap significantly re-
duced over the subsequent 4.5 years. This can be clearly seen
on the means displayed in Table 2. D3 group membership was
not associated with either intercept or slope, showing no dif-
ferential anxiety to the rest of the sample or the not tested

group.

Objective 2 Anxiety was broadly similar to normative values,
although all groups were higher than Spinhoven et al.’s*®
Dutch mean of 3.9 for the 57-99 age groups. The 6-36-month
means in the M3 group did not differ to the UK population
mean of 6.15, whilst the remainder of the M3 group and all
observations of the other groups were lower than the UK
population mean (Table 2).

Depression

Objective 1 Observed means are presented in Table 2. The full
sample trajectory showed a non-significant slope (parameters
0, 0.5, 1, 2, 3, 4), again indicating invariance of scores over
time (Table 3). Table 3 shows good fit for the predictive model
(Appendix Fig. 3). M3 group membership was non-
significantly (p=.088) associated with a higher intercept.
When D3 group membership was removed from the model,
this parameter achieved significance (5=.11, p=.021). M3 was
also associated with a negative slope, showing that this gap
significantly reduced over the subsequent 4.5 years. D3 group
membership was not associated with either intercept or slope,
showing no differential depression to the rest of the sample or
the not tested group.

Objective 2 Depression was generally similar to or lower than
normative values. The 6-36-month M3 means did not differ

@ Springer

from the general UK population mean of 3.68 or the Dutch
57-99 mean of 4.16, but the 48- and 60-month means were
lower than both. All means for other groups were lower than
the UK or Dutch means.

WREC

Objective 1 Observed means are presented in Table 2. The full
sample trajectory also showed a significant negative slope
(parameters 0, 0.5, 1, 2, 3, 4), suggesting that WREC declined
over 5 years (Table 3). Table 3 shows reasonable fit for the
predictive model (Appendix Fig. 4). M3 group membership
predicted higher intercept but not slope estimates (Table 3).
This shows that patients with poor prognoses reported consis-
tently higher WREC over the subsequent 5 years and that this
gap between M3 and other survivors did not close (Table 2).
D3 group membership predicted neither intercept nor slope.
D3 group membership was not associated with either intercept
or slope, showing no differential depression to the rest of the
sample or the not tested group.

QoL

Objective 1 Means are presented in Table 2. The full sample
trajectory also showed a non-significant slope (parameters 0,
0.5, 1,2, 3, 4), again indicating invariance of scores over time
(Table 3). The predictive model showed good fit (Table 3).
Neither M3 nor D3 group membership predicted the intercept.
M3 was associated with a positive slope, meaning that QoL
improved in this group relative to the remainder of the sample.
Table 2 indicates that this improvement occurred from an
initial, but non-significant deficit in the M3 group to approx-
imate parity. Overall, there is little evidence of association
between prognostic group and QoL at any point.

Objective 2 All group showed higher QoL scores than norma-
tive values at each observation.

Conclusions

We examined 5-year trajectories of anxiety and depression
symptoms, WREC and QoL scores across UM prognostic
groups. Survivors with a poor prognosis (M3 group) showed
higher initial anxiety, depression and WREC over 5 years, but
the gaps between M3 and other participants in anxiety and
depression reduced over the subsequent 4.5 years. At no point
did outcome variables in any group exceed population norms.
A good prognosis (D3 group) did not influence trajectories;
thus, we found no evidence that a good prognosis confers
protection from harm.

Previous UM studies [3, 14, 15] have generally not detect-
ed greater psychological harm associated with poor prognosis,
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Table 3 Model fit and standardized estimates for M3 as a predictor of intercept and slope of anxiety and depression symptoms, WREC and QoL
Anxiety Depression WREC QoL
Model Fit CMIN=74.97 (37) CMIN=64.40 (37) CMIN=86.76 (37) CMIN=61.99 (37)
CFI=.988 CF1=.991 CFI=.949 CFI1=.992
RMSEA=.038 RMSEA=.032 RMSEA=.044 RMSEA=.031
Outcome Intercept Slope Intercept Slope Intercept Slope Intercept Slope
Age —.25% 18* .02 23* —.20% 17 .05 —.22%
Sex 24%* —.02 .09%* -.09 4% -.52 .05 —.12%
Enucleation —.05 13 .00 16* -.02 32 .05 =31*
M3 .10* —.19% .09 —17* .16* .03 -.06 22%
D3 -.04 —.08 —.05 -.03 .03 =31 .05 —.14

M3 monosomy 3, D3 disomy 3, WREC worry about cancer recurrence, QoL quality of life; *p<.05

although Hope-Stone et al. [15] found higher depression
scores. Our study was more highly powered, and it is likely
that we detected a small effect that had been missed in previ-
ous smaller samples. An obvious explanation for this effect is
that psychological harm accrues due to a reduced life expec-
tancy, as has been observed in advanced cancer [23, 29, 30].
Other factors may also contribute to our findings. For exam-
ple, independent of life expectancy, a poor prognosis also
brings the probability of future metastatic disease that causes
future physical and psychological morbidity and requires
physically demanding treatments [31].

Nonetheless, psychological harm associated with a poor
prognosis was generally low. We found M3-related elevations
of slightly more than a single point on the anxiety and depres-
sion and WREC scales and little evidence that survivors’ out-
comes differed from community norms. These findings differ
substantially from the HD research discussed earlier, where
poor prognosis is associated with significant psychological
morbidity and good prognosis with relief [12]. These differ-
ences suggest that the HD paradigm may be of limited use in
cancer prognostication.

Understanding how our findings differed from the HD
research requires an understanding of why differences be-
tween prognostic groups were small and why no group
showed appreciably greater psychological harm than pop-
ulation norms. First, the impact of a good or a poor prog-
nosis may be mitigated if other survivor concerns compete
with life expectancy. Most cancer survivors cite pressing
issues that are not directly related to life expectancy; such
as pain, functional limitation, social connectedness and
personal, family and social disruption [32, 33]. This is
also true of UM survivors>. In our older sample (HD
testing patients are typically younger (aged 20-50)), these
concerns may reduce the relative importance of life ex-
pectancy. Alternatively, survivors may misinterpret their
prognosis. Perception of threat is subjective and influ-
enced by personal motivations [34, 35]. One study shows
that UM survivors treat prognosis as uncertain and that
uncertainty enables them to build hope after a poor prog-
nosis but also to mistrust a good prognosis [31].
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A number of cancer survivor studies show similar anxiety,
depression and QoL profiles to population norms [36, 37].
The life evaluation literature suggests that a diagnosis can
inspire survivors to find benefits, through a re-evaluation of
life priorities [38], which can offset the effects of cancer-
related stressors. Low harm might also be explained by the
specific characteristics of UM, which generally does not cause
debilitating symptoms or warrant extensive surgery or chemo-
therapy treatments.

Study limitations

Findings could be confounded by external factors. We did
not collect pre-treatment baselines, so we do not know
whether or not group outcome differences existed before
testing. Of the 1374 eligible survivors approached, 706
participants provided sufficient data for analysis
(51.38%), and they showed slightly lower anxiety and
depression scores than participants omitted. We do not
know whether group differences would be enhanced or
diminished if all survivors had provided sufficient data
to be retained. Finally, UM prognostication is largely de-
terministic. Our findings should be tested in other cancers,
particularly as prognostic advances will probably yield
more complex and probabilistic, and possibly less certain,
estimates than UM.

Clinical implications

Contemporary medical practice is rooted in the principle that
patients should contribute to decisions about their care [39].
Many want accurate UM prognostication [3]. At a population
level, our findings show that prognostication is unlikely to be
sufficiently harmful to withhold it or that the development of
prognostic tools should be inhibited by concerns about psy-
chological harm.

Nonetheless, routine UM prognostication is not without
moral hazard. Patients’ decisions to accept testing have poten-
tially negative consequences for them because poor prognosis
is associated with increased anxiety, depression and WREC.
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Informed consent requires that patients be advised of these
risks. Patients may trust that a good prognosis will reduce
future negative emotion or worry [33]. Our findings suggest
that a good prognosis does not deliver better outcomes than
not having the test. Patients will also need to be warned of this.

The large sample and long-term follow-up period in this
study provides the most reliable evidence, yet that cancer
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Fig. 2 SEM predictive model for
anxiety. HADSA=HADS
Anxiety; EnucVsOther=Dummy

prognostication can cause some harm for patients who receive
poor prognoses relative to other prognostic groups. However,
even a poor prognosis is unlikely to be greatly harmful at a
population level. With the caveat that our findings may differ
for other cancers, we argue that well-informed patients should
have the right to receive reliable prognostic estimates, partic-
ularly where these can be linked to effective treatments.
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Appendix 4

Fig. 5 SEM Predictive Model for
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