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ARTICLE INFO ABSTRACT

Keywords: Objective: Comprehensive tumor genomic profiling (CTGP) is increasingly used to personalize treatments,
Psychological outcomes providing hope, but potentially disappointment, for patients. We explored psychological outcomes in patients
Genomics

with advanced, incurable cancer, after receiving CTGP results.

Methods: Participants with advanced, incurable cancer (n = 560, mean age 56, 43% university educated) in this
longitudinal substudy of the Molecular Screening and Therapeutics Program (MoST), completed questionnaires
before and after receiving CGP results. MoST participants, recruited from Australian oncology clinics, undergo
CTGP, and if there are actionable findings, are offered treatment in a related therapeutic trial if available.
Results: Patients who received actionable results, (n = 356, 64%) had lower gene-related distress (MICRA) (p <
0.001) and Impact of Events scores (p = 0.039) than patients with non-actionable results. Those with actionable
results offered ensured access to tailored treatment (n = 151) reported lower anxiety (p = 0.002) and depressive
symptoms (p = 0.01) and greater hope (p = 0.002) than those not offered. Positive attitudes towards uncertainty
and higher self-efficacy for coping with results were associated with lower psychological distress and uncer-
tainty, and higher hope and satisfaction with the decision to have CTGP (ps=0.001-0.047). Those with higher
knowledge reported greater anxiety (p = 0.034).

Conclusion: Receiving a non-actionable CTGP result, or an actionable result without ensured access to treatment,
may cause increased distress in advanced cancer patients. Coping style was also associated with distress.
Practice implications: Pre-testing assessment and counseling addressing attitudes toward uncertainty and self-
efficacy, and post-CTGP result support for patients receiving a non-actionable result or who receive an action-
able results without ensured access to treatment, may benefit patients.

Comprehensive tumor genomic profiling

1. Introduction somatic variants that: i) can guide personalized treatment targeting the

specific mutation found (clinically actionable); ii) do not affect treat-

Understanding the molecular basis of cancer is a focus of current ment (non-actionable); or iii) are of uncertain therapeutic potential.

research. With improved technology, the utility of comprehensive tumor CTGP can be followed by further confirmatory testing if it is suspected

genomic profiling (CTGP: laboratory analysis of tumor tissue to identify that gene variants may have a germline (heritable) origin (and therefore
driver mutations in cancer) to guide prognostication and personalized may also be relevant to the patient’s family).

treatment for advanced cancer is expanding [1]. CTGP can identify Although estimates of the rates of clinical actionability are
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Table 1
Description of study measures, assessment timepoints and internal consistency.
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Measure

TO
Baseline

T1 Post result
receipt

Clinical characteristics: were available through the MoST database and included previous visit to a family cancer clinic, previous genetic testing,
personal and family history of cancer, rarity of cancer, time since diagnosis, and ECOG performance status.

Demographic characteristics: were also available through the MoST database and included gender, age, education level, occupation, marital
status, parental status, language spoken at home, socio-economic status (Socio-Economic Indexes for Areas — SEIFA- calculated from postcode),
and urban versus rural residence (Accessibility and Remoteness Index of Australia - ARIA).

Self-Efficacy: Four items adapted from Rosenberg et al., [17] assessed perceived ability to cope with CTGP results. Response options are on a
Likert-scale ranging from “strongly disagree” to “strongly agree” (scores range 1-5). High scores indicate greater perceived ability to cope.
Attitude to Uncertainty: The 7-item Attitude towards Uncertainty scale [18] measures attitudes towards uncertainty in a medical testing context.
Items are rated on a Likert-scale ranging from “strongly disagree” to “strongly agree” (scores range 1-5). High scores indicate a more negative

attitude towards uncertainty.

Knowledge: At the time the study was planned no alternative validated knowledge scale existed, so we used a study-developed measure. An eight-
item, multiple choice, study-developed questionnaire assessed knowledge of the purpose of CTGP, likely frequency of informative results,
cancers in which informative results are more likely to be found, its utility in guiding treatment and understanding future cancer risk. Scores are
averaged (average number of items correct, possible range 0-100%). High scores indicate greater knowledge.

Coping with genetic test results: The 25-item Multidimensional Impact of Cancer Risk Assessment (MICRA) [19] assesses impact of result
disclosure after genetic testing. The patient rates feelings over the past week. The MICRA has three subscales: distress, uncertainty and positive
experience. Items are rated on a scale ranging from “never” to “often”. Items are summed with possible values ranging from 0 to 95. High scores
indicate poorer outcomes.

Cancer specific anxiety: The Impact of Events Scale (IES) [20] assesses the frequency of cancer-related anxiety in relation to CTGP results. The
IES is comprised of two subscales, intrusive thinking and avoidance. Items are rated on a scale ranging from “not at all” to “often”. Items are
summed with possible values ranging from 0 to 75. High scores indicate greater cancer-related anxiety.

General anxiety and depression: The 14-item Hospital Anxiety and Depression Scale (HADS), [18] comprises two seven-item sub-scales, one for
anxiety and the other depression. Items are summed with possible values for each subscale ranging from 0 to 21. High subscale scores indicate
greater morbidity.

Satisfaction with CTGP decision: The six-item Satisfaction with Decision scale [22] measures satisfaction with decision to have CTGP Items are
rated on a Likert-scale, from “strongly disagree” to “strongly agree”. Items are summed, ranging from 0 to 30. High scores indicate greater

satisfaction.

Decisional conflict: The 10-item version of the Decisional Conflict Scale (DCS) [20] comprises five subscales measuring: 1) uncertainty, 2) X
feelings of being uninformed, 3) clarity of values, 4) sense of being unsupported in decision-making, and 5) evaluation of the quality of the
decision. Possible values range from 0 to 100. High scores indicate greater decisional conflict.

Hope: The 12-item Herth Hope Index (HHI) [21] comprises three subscales measuring: 1) inner sense of temporality and future, 2) inner positive X
readiness and expectancy, and 3) inner connectedness with self and others. Items are rated on a Likert-scale, from “strongly disagree” to
“strongly agree” e.g. “I have a positive outlook towards life”. Items are summed, ranging from 0 to 48. High scores indicate greater hope.

progressively rising from 10% to 40%, [2] to date more than half of all
patients undergoing CTGP have received a non-actionable result.
Moreover, drug access remains challenging, such that fewer than half of
those who receive an actionable result will go onto treatment. [3] CTGP
results are not simple to interpret, potentially identifying variants with
uncertain therapeutic potential and occasionally, variants with a
germline origin (with relevance to the patient’s family). Thus, CTGP can
engender significant uncertainty, with the associated potential for sig-
nificant distress. Patients report struggling to understand, process and
assess how to act on results. [4].

Accordingly, concern exists among the genetic and oncology com-
munities that cancer patients may experience detrimental psychological
consequences from receipt of genomic results [5]. Few relevant studies
have focused on tumor CTGP in cancer, as noted in a recent systematic
review of psychological outcomes of genomic testing [6].

A survey [7] of children (if > age 18) with relapsed, refractory, high
risk solid tumors who had recently received results from CTGP, or their
parents if < age 18, found that no respondents reported regretting
having CTGP, or that they/their child had been hurt or suffered addi-
tional anxiety or stress as a result of CTGP. However, a greater per-
centage of participants had hoped that participating would provide
them/their child with more treatment options than eventuated (72%
versus 27%, p < 0.001). However, it is unclear how these results would
generalize to an adult advanced cancer population. Similarly, Biesecker
et al., [8] studying responses to genomic uncertainty, reported that
participants expressed disappointment and feelings of perplexity and
anxiety at having received uncertain information, and felt less hopeful.
Thus genomic results can engender reduced hope, anxiety, disappoint-
ment, and potentially in patients with advanced cancer, depression.

A number of theoretical frameworks can frame our understanding of
how participants respond to threatening and uncertain health informa-
tion. Uncertainty in Illness Theory [9] suggests those with negative

attitudes towards uncertainty will cope less well with genomic results
than those who view uncertainty as an opportunity. Newson et al. [10],
building on previous adaptations of Uncertainty in Illness Theory for the
genomics context [11,12], note that responses to the probabilistic,
ambiguous or complexity uncertainty inherent to information arising
from genomics testing, can be influenced by the provider’s or recipient’s
views on and uses of it.

Social Cognitive Theory [13] suggests that people who have greater
confidence in their ability to cope (high perceived self-efficacy) expe-
rience less distress under stressful conditions. A recent meta-analysis of
108 studies showed a strong negative relationship between perceived
self-efficacy and distress in cancer patients [14]. However, neither
construct has been explored to date in relation to receipt of CTGP results.
Finally, if patients have a good understanding of the CTGP process and
outcomes, we anticipate they will cope more effectively with their re-
sults. Framed by these theories, our study aimed to assess psychological
responses in advanced cancer patients who had recently received CTGP
results. Based on Newson et al.’s conception of uncertainty in genomics
[10], and the psychological outcomes documented in previous studies
[7,8] we first hypothesized that the added utility of actionable results,
and the reduction in uncertainty associated with a definite course of
consequent action, would lead to improved psychological outcomes:

We hypothesized that:

Patients who received actionable results would report lower levels of
genomics-specific and general anxiety and depression symptoms,
less uncertainty, more hope and higher satisfaction with the decision
to have CTGP, than those whose result was non-actionable.

Among those receiving an actionable result, participants recom-
mended treatment within the research setting would report lower
levels of genomics-specific and general anxiety and depression
symptoms, less uncertainty, greater hope, and higher satisfaction
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with the decision to have CTGP, than those facing uncertain access to
targeted treatment through their oncologist. This relationship would
be strongest in those receiving non-actionable results.

Based on the role of coping and understanding noted in Uncertainty
in Illness Theory, and Social Cognitive Theory, we further hypothesized
that:

Patients who had more positive attitudes toward uncertainty, high
self-efficacy for coping with results and better knowledge of CTGP and
its potential outcomes would report lower levels of genomics-specific
and general anxiety and depression symptoms, less uncertainty,
greater hope, and higher satisfaction with the decision to have CTGP,
than those with negative attitudes towards uncertainty, lower self-
efficacy and poorer knowledge.

2. Methods
2.1. Participants

The Molecular Screening and Therapeutics (MoST) Program [15] is
recruiting adult participants with pathologically confirmed advanced or
metastatic solid cancers with a focus on rare and less common cancers.
Participants undergo CTGP, and if there are actionable findings, are
offered treatment in a related therapeutic trial if available. The MoST
Program eligibility criteria require participants to: be receiving or hav-
ing completed their last line of effective therapy; have Eastern Cooper-
ative Oncology Group (ECOG) Performance Status 0, 1 or 2; and have
sufficient accessible tissue for molecular profiling. Participants have
been recruited to the MoST Program from tertiary oncology units in
hospitals throughout Australia from 2016 (ongoing). Interested patients
meet with a researcher face-to-face or via phone to receive information
about the study and give written consent. At that time they elect to
receive or not, information on hereditary cancer risks of potential
importance to their future health, or that of their blood relatives
(germline results). The patient’s permission is not sought to receive the
molecular variants detected in the tumor.

CTGP results are reviewed by a Molecular Tumor Board. Actionable
results include molecular variants for which there is treatment available,
that targets the variant and for which there is clinical or preclinical
evidence of anti-cancer activity. Such treatment is offered either through
a MoST substudy (ensured access) or via another route through their
oncologist (which may take some time to organize or be unavailable at

Patient Education and Counseling xxx (xxxx) xxx

the patient’s treating institution). Non-actionable results include mo-
lecular variants without linked treatment recommendations (that is, to
date, there is no anti-cancer treatment available which targets that
molecular variant). Participants are notified of results approximately 11
weeks after consent by their oncologist, who receives a detailed report
from the research team.

The Psychosocial Issues in Genomics in Oncology (PiGeOn) Project is
a longitudinal, mixed- methods psychosocial substudy of MoST, which
aims to examine the psychosocial, behavioral and ethical impact of
CTGP [16]. Participants gave written consent to participate in PiGeOn
while consenting to participate in MoST.

2.2. Data collection

PiGeOn participants completed questionnaires at consent (baseline
T0), within 1 week of receiving CTGP results (T1), and at two months
following receipt of results (T2). Demographic and disease details were
collected by the MoST Program. We report data collected at T1, with
baseline data utilized in predictive analyses.

The TO questionnaire (see Table 1) included items assessing self-
efficacy to cope with CTGP results, [17] the Attitude towards Uncer-
tainty scale [18] and a study-developed questionnaire assessing
knowledge of CTGP. The T1 questionnaire included the Multidimen-
sional Impact of Cancer Risk Assessment (MICRA), [19] Impact of Events
Scale (IES), [20] Hospital Anxiety and Depression Scale (HADS), [21]
Satisfaction with Decision scale, [22] and Herth Hope Index (HHI) [23].

2.3. Sample size and data analysis

The power calculation for this study was provided in the protocol
paper. [16] In summary, assuming 15% of patients receive an actionable
result and using a significance level of 0.05, 470 participants would have
90% power to detect a mean change of 5.8 and 2.6 points on the Impact
of Events scale for patients with actionable and non-actionable results
respectively and capacity to include 24 explanatory variables in
regression analyses. Thus with 560 participants we had more than
enough power for these analyses. Mean differences in outcomes were
compared using t-tests, chi-squared tests or non-parametric as appro-
priate. Multiple regression was used to adjust for confounders and
identify predictors of outcomes. Analyses were undertaken using IBM
SPSS Statistics Version 25. Missing data was handled in the regression
using complete case analysis. Assumptions of normality of residuals and

Participants consented to MoST (N=1

525)

Non-completion (N=103)
Ineligible (N=21)

y

Declined (N=73)
Too ill (N=9)

TO (baseline) questionnaire

1422/1525 (94%) completed questionnaire

Excluded (N=231

y

Insufficient tissue (N=135)
Deceased (N=96)

T1 (~2 weeks post receipt of results) questionnaire

1191 participants received results, and
560 (47%) completed T1 questionnaire
27% actionable with treatment via MoST (N = 149)
36% actionable with treatment via other pathway (N =203)
37% no actionable variant (N = 208)

Non-completion (N=631)
—> Declined (N=582)
Too il (N=49)

Fig. 1. Participant flow through study.
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Table 2
Demographics and psycho-social descriptives.

Treatment via MoST substudy

Treatment via other pathway

Non-actionable variant Total sample

(N =151) (N = 205) (N = 204) (N = 560)

Sex

Female 80 (53%) 111 (54%) 114 (56%) 305 (54%)

Male 71 (47%) 94 (46%) 90 (44%) 255 (46%)
Age

Mean (SD) 55.21 (15.08) 57.22 (13.79) 56.30 (13.29) 56.34 (13.97)

Median (IQR) 57 (26) 59 (16) 58.50 (19.75) 58.50 (20.75)

Range 20-82 21-88 18-89 18-89
Highest level of education

Primary school (some or all) 1 (0.6%) 2 (1%) 2 (1%) 5 (0.9%)

Secondary school - year 7 or 8 2 (1%) 7 (3%) 9 (4%) 18 (3%)

Secondary school - year 9 or 10 25 (17%) 38 (19%) 39 (19%) 102 (18%)

Secondary school - year 11 or 12 26 (17%) 26 (13%) 27 (13%) 79 (14%)

Vocational training 24 (16%) 36 (18%) 44 (22%) 104 (19%)

University did not graduate 8 (5%) 1 (0.5%) 1 (0.5%) 10 (2%)

University graduated 65 (43%) 93 (46%) 82 (40%) 240 (43%)

Missing 0 2 (1%) 0 2 (0.4%)
Speaks a language other than English

Yes 23 (15%) 24 (12%) 36 (18%) 83 (15%)

No
Parental status
Yes, has children

128 (85%)

118 (79%)

181 (88%)

154 (75%)

168 (82%) 477 (85%)

169 (83%) 441 (79%)

No 31 (21%) 50 (25%) 34 (17%) 115 (21%)

Missing 2 (1%) 1 (0.5%) 1 (0.5%) 4 (0.7%)
ECOG

Mean (SD) 0.46 (0.55) 0.44 (0.54) 0.48 (0.55) 0.46 (0.54)

Range 0-2 0-2 0-2 0-2
Accessibility and Remoteness Index of

Australia (ARIA)

Urban 138 (91%) 181 (88%) 184 (90) 503 (90%)

Remote 12 (8%) 24 (12%) 20 (10%) 56 (10%)

Unknown/overseas 1 (0.7%) 0 0 1 (0.2%)
Medical/science occupation

Yes 5 (3%) 22 (11%) 15 (7%) 42 (8%)

No 146 (97%) 183 (89%) 189 (93%) 518 (93%)
Visited a family cancer clinic

Yes 18 (12%) 28 (14%) 18 (9%) 64 (11%)

No 131 (87%) 171 (83%) 177 (87%) 479 (86%)

Don’t know 1 (0.7%) 6 (3%) 9 (4%) 16 (3%)

Missing 1 (0.7%) 0 0 1 (0.2%)
Time since diagnosis (years)

Mean (SD) 4.07 (6.10) 4.48 (6.16) 3.42 (4.62) 3.98 (5.64)

Range 0.03-40.25 0-42 0.05-31.58 0-42
Cancer incidence

Common (>12/100,00 population) 24 (16%) 50 (25%) 31 (15%) 105 (19%)

Less Common (6-12/100,000 population) 20 (13%) 25 (12%) 20 (10%) 65 (12%)

Rare (<6/100,000 population) 107 (71%) 129 (63%) 153 (75%) 389 (70%)

Missing 0 1 (0.5%) 0 1 (0.2%)
Cancer type

Bone and soft tissue 48 (32%) 28 (14%) 62 (30%) 138 (25%)

Brain 13 (9%) 31 (15%) 14 (7%) 58 (10%)

Colorectal 14 (9%) 21 (10%) 15 (7%) 50 (9%)

Pancreatic 15 (10%) 12 (6%) 18 (9%) 45 (8%)

Ovarian 6 (4%) 12 (6%) 17 (8%) 35 (6%)

Other 55 (36%) 101 (49%) 78 (38%) 234 (42%)
Previous genetic testing

Yes 32 (21%) 47 (23%) 33 (16%) 112 (20%)

No 113 (74%) 156 (76%) 164 (81%) 433 (78%)

Don’t know 7 (5%) 1 (0.5%) 6 (3%) 14 (3%)

Missing 0 1 (0.5%) 1 (0.5%) 2 (0.4%)
Self-efficacy to cope with results (T0)

Mean (SD) 4.34 (0.62) 4.40 (0.65) 4.30 (0.66) 4.35 (0.65)

Range 2-5 1-5 1-5 1-5

Missing 2 (1%) 0 0 2 (0.4%)
Attitude towards uncertainty (TO)

Mean (SD) 4.40 (0.53) 4.40 (0.55) 4.33 (0.55) 4.38 (0.54)

Range 2.83-5 1.5-5 1.43-5 1.43-5
Knowledge N=381 N =182 N =180 N =443

Mean (SD) 44.14% (21.57%) 46.91% (18.81%) 41.67% (19.64%) 44.27% (19.77%)

Range 0-75% 0-75% 0-75% 0-75%
HADS (Anxiety)

Mean (SD) 6.18 (4.22) 7.20 (4.60) 7.13 (4.08) 6.90 (4.33)

Range 0-17 0-20 0-19 0-20
Above clinical cut-off for ‘normal’ (>8) 50 (34%) 82 (41%) 84 (42%) 216 (39%)

(continued on next page)
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Table 2 (continued)
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Treatment via MoST substudy
(N =151)

Treatment via other pathway
(N = 205)

Non-actionable variant
(N = 204)

Total sample
(N =560)

Above the mean score
Missing
HADS_Depression
Mean (SD)
Range
Above clinical cut-off for ‘normal’ (>8)
Above the mean score
Missing
HADS Total
Mean (SD)
Range
Missing
MICRA Distress
Mean (SD)
Range
Missing
MICRA _Uncertainty
Mean (SD)
Range
Missing

MICRA Positive Experience (Reverse scored)

Mean (SD)
Range
Missing

MICRA Total
Mean (SD)
Range
Missing

Decisional Conflict Scale
Mean (SD)
Range
Missing

Satisfaction with Decision
Mean (SD)
Range
Missing

Impact of Events_Intrusion
Mean (SD)
Range
Missing

Impact of Events_Avoidance
Mean (SD)
Range
Missing

Impact of Events_Overall
Mean (SD)
Range

Proportion in clinical range (>8)
Proportion above mean
Missing

Herth Hope Index_Inner sense of temporality

and future
Mean (SD)
Range
Missing

Herth Hope Index _Inner positive readiness and

expectancy
Mean (SD)
Range
Missing

Herth Hope Index_Inner connectedness with

self and others
Mean (SD)
Range
Missing
Herth Hope Index_Total
Mean (SD)
Range
Missing

63 (43%)
3 (2%)

4.47 (3.87)
0-18

31 (21%)
59 (40%)
3 (2%)

10.65 (7.31)
0-29
3 (2%)

6.08 (6.35)
0-26
5 (3%)

13.98 (8.49)
0-40
5 (3%)

4.84 (3.82)
0-15
5 (3%)

24.91 (15.07)
0-76
5 (3%)

25.11 (23.32)
0-100
21 (14%)

26.54 (4.18)
6-30
2 (1%)

3.61 (5.57)
0-31
1 (0.7%)

5.63 (7.57)
0-31
1 (0.7%)

9.24 (12.3)
0-53

57 (38%)
45 (30%)
1 (0.7%)
N =106

12.67 (2.31)
6-16
0

13.84 (1.82)
8-16
0

13.45 (2.07)
7-16
0

39.96 (5.42)
24-48
0

82 (41%)
3 (1%)

5.36 (4.15)
0-21

55 (27%)
86 (43%)
3 (1%)

12.56 (8.09)
0-39
3 (2%)

6.16 (7.08)
0-28
1 (0.5%)

13.82 (8.79)
0-41
1 (0.5%)

5.84 (4.59)
0-20
1 (0.5%)

25.83 (15.97)
1-78
1 (0.5%)

24.04 (22.21)
0-80
64 (31%)

26.18 (4.89)
6-30
4 (2%)

4.41 (6.59)
0-33
3 (1%)

6.28 (8.34)
0-33
3 (1%)

10.69 (14.06)
0-58

83 (41%)

67 (33%)

3 (1%)

N =201

12.26 (2.29)
4-16
4 (2%)

13.16 (1.92)
5-16
4 (2%)

12.73 (2.12)
4-16
4 (2%)

38.15 (5.69)
13-48
4 (2%)

84 (42%)
4 (2%)

5.02 (3.55)
0-18

43 (22%)
77 (39%)
4 (2%)

12.15 (6.82)
0-36
4 (2%)

8.19 (6.83)
0-30
0

15.60 (8.24)
0-38
0

8.80 (4.30)
0-20
0

32.59 (14.40)
0-74
0

NA

25.34 (4.46)
6-30
5 (2%)

5.19 (6.81)
0-35
4 (2%)

8.46 (9.32)
0-36
4 (2%)

13.72 (14.82)
0-55

104 (52%)
79 (40%)

5 (2%)

N =198

11.93 (2.29)
7-16
3 (2%)

13.11 (1.96)
7-16
3 (2%)

12.92 (2.10)
5-16
3 (1%)

37.95 (5.77)
21-48
3 (1%)

277 (50%)
10 (2%)

5.00 (3.87)
0-21

129 (23%)
213 (39%)
10 (2%)

11.90 (7.46)
0-39
10 (2%)

6.89 (6.87)
0-30
6 (1%)

14.52 (8.54)
0-41
6 (1%)

6.67 (4.60)
0-20
6 (1%)

28.08 (15.53)
0-78

6 (1%)

N =356
24.56 (22.71)
0-100

85 (24%)

25.97 (4.57)
6-30
11 (2%)

4.48 (6.43)
0-35
8 (1%)

6.89 (8.59)
0-36
8 (1%)

11.39 (13.99)
0-58

251 (46%)
197 (36%)

9 (2%)

N =505

12.22 (2.31)
4-16
7 (1%)

13.28 (1.94)
5-16
7 (1%)

12.96 (2.11)
4-16
7 (1%)

38.46 (5.71)
13-48
7 (1%)

homogeneity of variance were checked visually through diagnostic re-
sidual plots. Multivariable models were constructed with the inclusion
of all potential confounders, and those predictors that showed at least
weak evidence for an association with the outcome in univariate

analysis. Collinear independent variables were identified and removed.
This study was approved by the St Vincent’s Hospital Human
Research Ethics Committee, Reference number HREC/16/SVH/23.



Table 3
Summary of significant results from linear regression analysis — hypothesis 1: actionable (n = 356) vs non-actionable (n = 204).
Satisfaction with MICRA TOTAL MICRA Uncertainty HADS_Anxiety HADS _Depression Impact of Events Scale Hope Herth Index
Decision
Independent Regression P Regression P Regression P Regression P Regression Regression Regression P
variables Coefficient value Coefficient value Coefficient (95% CI) value Coefficient value Coefficient value Coefficient value Coefficient value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Sex -0.33 (-1.11 to 413 1.23 (-1.32to .345 1.37 (—0.03 to 2.78) .056 0.66 (—0.07 to .077 -0.38 (—1.03 to .257 0.49 (-1.82 to 677 0.21 (—0.80 to .680
0.46) 3.78) 1.39) 0.28) 2.81) 1.23)
Age (for every -0.02 (—0.33 to 882 -1.11 (—2.10 to .028 -0.73 (-0.13 to —0.19) .009 -0.54 (—0.83 to <.001 -0.23 (—0.48 to .080 -0.22 (—1.12to .632 0.47 .021
10-year 0.28) -0.12) —0.26) 0.03) 0.68) (0.07-0.86)
increase)
Education 0.08 (—0.15 to 447 -0.63 (—1.38 to 101 -0.49 (—0.91 to —0.08) .021 -0.12 (—0.34 to .269 -0.13 (—0.32 to .194 -0.83 (—1.51 to .018 0.08 (—0.21 to .586
0.32) 0.12) 0.09) 0.07) —0.15) 0.37)
Speaks language other than English
Yes -0.87 (—1.98 to 121 2.64 (—0.97 to 152 2.05 (0.06-4.05) .044 0.91 (-0.12 to .082 0.57 (—0.36 to .228 8.82 .001 -1.01 (—2.43 to .163
0.23) 6.26) 1.94) 1.49) (5.56-12.08) 0.41)
No Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Parental status
Yes -0.73 (—1.74 to 153 3.60 .032 3.32(1.51-5.14) <.001 0.73 (—0.21 to 126 0.19 (—0.65 to .657 -0.05 (—2.03 to 976 0.47 (—0.83 to 481
0.27) (0.31-6.89) 1.67) 1.04) 2.94) 1.76)
No Ref. Ref. Ref. Ref. Ref. Ref. Ref.
ECOG 0.10 (—0.63 to 792 1.30 (—1.05 to 278 0.73 (—0.57 to 2.02) 272 0.29 (—0.39 to .402 1.40 .001 0.88 (—1.26 to 420 -0.94 (—1.88 to .048
0.82) 3.65) 0.96) (0.79-2.00) 3.02) —0.01)
Self-efficacy 0.71 .041 -4.53 (—6.75 to <.001 -2.99 (—4.22to —1.77) <.001 -1.23 (—1.87 to <.001 -0.92 (—1.49 to .002 -2.24 (—4.26 to .030 1.51 .001
(0.03-1.39) —2.31) —0.60) —0.35) —0.22) (0.62-2.39)
Attitude 0.84 .05 2.66 (—0.07 to .056 1.77 (0.26-3.28) .021 0.85 .033 0.70 .051 0.21 (—-2.27 to .870 -0.40 (—1.49 to 474
towards (0.00-1.67) 5.39) (0.07-1.63) (0.00-1.40) 2.68) 0.69)
uncertainty
Actionable results
Yes 0.84 .040 -6.18 (—8.79 to <.001 -1.00 (—2.45 to 0.44) 171 -0.16 (—0.91 to .669 0.13 (-0.54 to .696 -2.50 (—4.88 to .039 0.54 (—0.49 to .302
(0.04-1.64) —3.57) 0.59) 0.81) —0.12) 1.56)
No Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Ref. = Reference category
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Fig. 2. MICRA scores by result of CTGP. Data represent average + SEM.
3. Results

In this longitudinal study, 1525 participants were recruited to MoST
between October 2016 and October 2019, of whom 1422 (93%)
completed the TO questionnaire. Of consented participants, 1191
received results (the remainder died or were waiting for results), of
whom 560 (47%) completed the T1 questionnaire (see Fig. 1 for patient
flow through the study).

Those who were female (p = 0.039), older (p = 0.03) with a first
degree relative with cancer (p = 0.019), who spoke English at home
(p > 0.001) and who received an actionable result and were offered
ensured access to treatment via MoST (p = 0.004) were more likely to
complete the T1 questionnaire, as were those with better ECOG status
(p = 0.001), more negative attitudes towards uncertainty (p = 0.001),
and higher self-efficacy (p = 0.002) at baseline. Some of these variables
were significantly correlated with death since study entry (results
available on request); thus it appears that overall, sicker and less
empowered participants were less likely to complete T1.

Participants who completed the T1 questionnaire had a mean age of
56.34 years (range 18-89 years), with an even gender distribution
(Table 2). Two hundred and forty (43%) had a university education and
56 (10%) lived in rural/remote areas of Australia. Actionable results
were received by 356 (64%) participants, comprising 151 who were
offered ensured access to treatment via a MoST substudy and 205 rec-
ommended treatment potentially accessible through their oncologist. A
non-actionable variant result was received by 204 participants. At
baseline, groups differed only on knowledge (F=3.22, p = 0.041). Pa-
tients with an actionable result recommended treatment potentially
accessible through their oncologist had greater knowledge than those
who received a non- actionable variant (t = 2.53, p = 0.035). Thus, we
controlled for knowledge in all analyses comparing treatment groups.

3.1. Impact of receiving genetic test results

Psychological outcomes at T1 revealed significant distress, unsur-
prising in an advanced cancer population who had failed several treat-
ment options (see Table 2). Cancer-specific anxiety (IES) was elevated,
with proportions in the clinical range (>8) ranging from 38% to 52%
across groups. Mean general anxiety and depression scores were low,
however 34-42% and 21-27% scored in the clinical range (>8) for
anxiety and depression symptoms respectively. Mean MICRA distress
scores were low (6.08-8.19 across result groups), while uncertainty
scores (means 13.82-15.60) were higher and comparable with those
reported in other cancer populations [19]. Participants were on the
whole very satisfied with their decision to have testing (mean of
25.34-26.54 out of a possible total of 30).

Consistent with Hypothesis 1, patients with actionable results re-
ported lower levels of psychological distress and higher satisfaction with
CTGP compared with those receiving non-actionable results (Table 3
and Fig. 2). Specifically, when controlling for gender, age, education,
English-speaking, parental status, ECOG, baseline self-efficacy and
attitude towards uncertainty, patients who received actionable results

Patient Education and Counseling xxx (xxxx) xxx

had MICRA scores on average 6.16 points lower than those without an
actionable result (p < 0.001, 95% CI 8.79-3.57), IES scores 2.50 points
lower (p = 0.039, 95% CI —4.88 to —0.12), and satisfaction scores 0.84
points higher (p = 0.04, 95% CI 0.04-1.64). Of note, 52% of those
receiving a non-actionable result scored above the clinical range on the
IES (cancer related anxiety), versus 41% and 38% of those with
actionable results with and without a MoST study recommendation
respectively. Other outcomes were not impacted by actionable versus
non-actionable results.

In partial support of Hypothesis 2, availability of treatment was
shown to modify the impact of receipt of actionable results. When
controlling for demographics, knowledge, self-efficacy and attitude to-
wards uncertainty, patients with actionable results offered ensured ac-
cess to treatment within the MoST Program had HADS anxiety scores on
average 1.45 points lower (p = 0.002, 95% CI —2.38 to —0.52), HADS
depression scores 1.13 points lower (p = 0.01, 95% CI —1.98 to —0.27)
and levels of hope 2.11 points higher (p = .002, 95% CI 0.81-3.40) than
those recommended treatment potentially accessible via their oncolo-
gist. Of those with actionable results, 41% of those recommended
treatment potentially accessible via their oncologist scored in the clin-
ical range of anxiety on the HADS, versus 34% of those offered a MoST
substudy (Table 4). Other outcomes were not impacted by treatment
path.

Consistent with Hypothesis 3, both positive attitudes towards uncer-
tainty and higher self-efficacy for coping with results impacted a number
of outcomes. Patients with more positive attitudes towards uncertainty
reported HADS anxiety scores on average 0.88 points lower (p = 0.027,
95% CI 0.10-1.65) and HADS depression scores on average 0.72 points
lower (p = 0.043, 95% CI 0.02-1.42) than patients with more negative
attitudes towards uncertainty (see Table 5). However, they reported
MICRA uncertainty subscale scores on average 1.77 points higher
p =0.021, 95% CI 0.26-3.28). Patients with higher self-efficacy for
coping with results reported MICRA total scores on average 4.56 points
lower (p < 0.001, 95% CI —6.79 to —2.34) than patients with lower self-
efficacy, as well as HADS anxiety scores 1.28 points lower (p < 0.001,
95% CI —1.91 to —0.64), HADS depression scores 0.95 points lower
(p =0.001, 95% CI —1.52 to —0.38), IES scores 2.29 points lower
(p = 0.027, 95% CI —4.31 to —0.27), MICRA uncertainty 3 points lower
(p < 0.001, 95% CI —4.23 to —1.77), hope (HHI) 1.54 points higher
(p = 0.001, 95% CI 0.67-2.42) and satisfaction with the decision to have
CTGP 0.73 points higher ( p = 0.037, 95% CI 0.04-1.41). Interactions
between self-efficacy and attitude to uncertainty with result type were
non-significant.

Contrary to Hypothesis 3, patients with a higher knowledge of CTGP
reported higher levels of HADS anxiety (on average 0.24 points) than
patients with a lower knowledge of CTGP (p =0.034, 95% CI
0.02-0.46). There were no other differences found regarding knowledge
and other outcomes (Table 5), or interactions with result type.

3.2. Demographic/disease variables

Notably, several demographic and disease variables were associated
with poorer psychosocial outcomes (Tables 3-5). Younger patients,
parents, those with lower education, and who did not speak English at
home, had poorer psychosocial outcomes after receipt of non-actionable
results or receipt of actionable results but not recommended treatment
within MoST. Notably, lower education and not speaking English at
home were both significantly correlated with knowledge of CTGP
(p = 0.001 and 0.002 respectively). Thus, knowledge may have medi-
ated the impact of these variables on psychological outcomes.

4. Discussion and conclusion
4.1. Discussion

This study is one of the first to explore the impact of result return



Table 4

Summary of Significant Results from Linear Regression Analysis — Hypothesis 2: Availability of treatment: via MoST (n = 151) versus Other (n = 205.

Satisfaction with MICRA TOTAL MICRA Uncertainty HADS_Anxiety HADS _Depression Impact of Events Hope Herth Index Decisional Conflict
Decision
Independent Regression P Regression p value Regression P Regression P Regression P Regression P Regression P Regression P
Variables Coefficient value  Coefficient Coefficient value Coefficient value Coefficient value Coefficient value Coefficient value  Coefficient value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Sex -0.50 (—1.50 .333 0.86 (—2.40 1.33 (—0.45 .143 0.62 (-0.31 187 -0.31 (-1.17 471 -0.04 (—2.82 979 -0.20 (—1.46 .755 -2.70 (—-8.28 .341
to 0.51) to 4.13) .604 to 3.12) to 1.55) to 0.54) to 2.74) to 1.06) to 2.88)
Age (for every -0.04 (—0.41 .853 -0.60 (—1.82 -0.54 (-1.20 113 -0.57 (—0.92 001 -0.21 (—0.53 .199 0.04 (-1.00 941 0.49 .043 -25(-1.76 .808
10-year to 0.34) to 0.61) .328 to 0.13) to —0.22) to 0.11) to 1.08) (0.02-0.96) to 0.23)
increase)
Education 0.10 (-0.20 .504 -0.58 (—1.55to .235 -0.52 (—0.45 .052 -0.12 (-0.39 408 -0.10 (—0.35 457 -0.41 (—-1.24 .327 0.04 (-0.32 .821 0.04 (-1.64 .965
to 0.40) 0.38) to 3.12) to 0.16) to 0.16) to 0.41) to 0.40) to 1.71)
Speaks language other than English
Yes -0.88 (—2.37 244 7.19 4.05 .003 1.87 .008 1.46 .024 12.16 <.001 -2.72 (—4.57 .004 3.89 (—4.57 .366
to 0.60) (2.36-12.03) .004 (1.41-6.70) (0.50-3.24) (0.19-2.72) (8.05-16.28) to —0.88) to 12.35)
No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Parental
status
Yes -0.84 (—2.08 .186 3.12 (-0.91 to .128 3.20 .004 1.20 .040 0.30 (—0.76 .584 0.44 .801 0.39 .616 4.39 227
to 0.41) 7.14) (1.00-5.40) (0.06-2.35) to 1.35) (—3.00 (-1.14 (—-2.74
to 3.88) to 1.92) to 11.51)
No Ref. Ref. Ref. Ref. Ref. Ref. Ref.
ECOG -0.04 (—0.98 1932 2.79 (-0.22 to .069 1.47 (-0.18 .081 0.58 (-0.29 .191 1.47 <.001 1.91 147 -1.27 (-2.44 .032 4.34 .097
to 0.89) 5.80) to 3.11) to 1.44) (0.67-2.27) (—0.68 to —0.11) (-0.79
to 4.50) to 9.46)
Self-efficacy 0.35 (—0.55 446 -6.13 (—9.03 -3.69 (-5.27 <.001 -1.57 (-2.39 <.001 -1.09 (—-1.85 .005 -2.13 .092 1.67 .004 -7.41 .002
to 1.24) to —3.23) <.001 to —2.11) to —0.74) to —0.33) (—4.60 (0.55-2.79) (-12.15
to 0.35) to
—2.66)
Attitudes 0.81 (-0.25 133 3.13(-0.31 2.23 .020 0.85 (—0.13 .089 0.84 (—0.06 .068 -0.07 .959 0.22 (—-1.11 .750 3.57 .238
towards to 1.88) to 6.56) .074 (0.35-4.10) to 1.83) to 1.74) (-3.01 to 1.55) (-2.37
uncertainty to 2.86) to 9.50)
Available via MoST Substudy
Yes 0.56 (—0.45 277 -1.34 (—4.60 to 422 -0.11 (-1.90 .904 -1.45 (—2.38 .002 -1.13 (-1.98 .010 -1.92 175 211 .002 0.66 812
to 1.56) 1.93) to 1.68) to —0.52) to —0.27) (—4.70 (0.81-3.40) (—4.81
to 0.86) to 6.13)
No Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

Ref. = Reference category
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Table 5

Summary of significant results from linear regression analysis - hypothesis 3: self-efficacy, attitudes to uncertainty and knowledge.

Satisfaction with MICRA TOTAL MICRA Uncertainty HADS_Anxiety HADS _Depression Impact of Events Scale Hope
Decision
Independent Regression P Regression P Regression P Regression P Regression p Regression p Regression p
Variables Coefficient value Coefficient value Coefficient value Coefficient value Coefficient value Coefficient value Coefficient value
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
Sex 0.32 (—0.46 to 423 1.20 (-1.38 to .356 -1.37 (—2.78 to .056 -0.65 (—1.37 to .080  0.39(-0.26 to .243 -0.47 (—2.79 to .689 -0.24 (-1.25 to .640
1.10) 0.13) 0.04) 0.08) 1.04) 1.84) 0.77)
Age (for every 10- -0.01 (—0.31 to .960 -1.14 (—2.14 to .024 -0.73 (—1.28 to .009 -0.58 (—0.86 to <.001 -0.26 (—0.51 to .048 -0.27 (-1.17 to .562 0.50 .012
year increase) 0.30) —-0.15) —-0.18) —0.30) 0.00) 0.64) (0.11-0.89)
Education 0.08 (—0.15 to 479 -0.63 (—1.38 to .102 -0.49 (—0.91 to .021  -0.12 (-0.33 to 271 -0.13 (—-0.32 to 196 -0.82 (-1.51to .018  0.07 (-0.22to 624
0.32) 0.13) —0.08) 0.09) 0.07) -0.14) 0.36)
Speaks language
other than English
Yes 0.90 (-0.21 to .110 2.68 (—0.93 to .145 -2.05 .044  -0.98 (—2.00 to .060  -0.62 (—1.54 to 186  8.90 <.001 1.11 (-0.31 to 124
2.01) 6.30) (0.06-4.05) 0.04) 0.30) (5.64-12.16) 2.52)
No Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Parental status
Yes 0.77 (—0.24 to 133 3.67 .029 3.33 <.001 -0.83 (—1.76to .083 -0.27 (-1.11 to 537 -0.08 (—3.07 to .959 -0.34 (—-1.63 .603
1.78) (0.37-6.97) (1.50-5.15) 0.11) 0.58) 2.91) (0.95)
No Ref. Ref.
ECOG 0.09 (—0.63 to 799 1.31 (-1.04 to 273 0.73 (—0.57 to 273 0.30 (—0.37 to .381 1.40 <.001 0.89(-1.25to 414 -0.94 (—1.87 to .046
0.82) 3.67) 2.03) 0.97) (0.80-2.01) 3.03) —-0.02)
Self-efficacy 0.73 .037 -4.56 (—6.79 to <.001 -3.00 (—4.23 to <.001 -1.28(-1.91to <.001 -0.95(-1.52to 001  -2.29 (—4.31to 027  1.54 .001
(0.04-1.41) —2.34) -1.77) —0.64) —-0.38) —-0.27) (0.67-2.42)
Attitudes towards 0.83 (—0.01 to .052 2.69 (—0.04 to .054 1.77 .021  0.88 .027  0.72 .043 0.24 .849 -0.41 (—1.49 to .459
uncertainty 1.67) 5.41) (0.26-3.28) (0.10-1.65) (0.02-1.42) (02.23-2.71) 0.67)
Knowledget -0.02 (—0.26 to .879 -0.23 (-1.00 to .546 -0.16 (—0.58 to 460  0.24 .034  0.18(-0.01to .062  0.15(-0.56 to .678 -0.18 (—0.47 to 237
0.22) 0.53) 0.26) (0.02-0.46) 0.04) 0.86) 0.12)
Treatment
recommendation
Treatment via MoST 1.17 .019 -6.90 (—10.11 <.001 -1.04 (—2.81 to .250 -0.96 (—1.87 to .038 -0.50 (—1.31 to 234 -3.55 (—6.44 to .016 1.85 .006
substudy (0.20-2.15) to —3.69) 0.73) —0.05) 0.32) —0.65) (0.53-3.18)
Treatment via 0.59 (—0.32 to .201 -5.66 (—8.60 to <.001  -0.98 (—2.60 to 237 0.43(-0.41to 313 0.60 (—0.15 to 117 -1.71 (—-4.39to .210 -0.19 (-1.31 to 742
‘other’ 1.49) —2.72) 0.64) 1.27) 1.36) 0.97) 0.93)
Non-actionable Ref. Ref. Ref. Ref. Ref. Ref.

variant

Ref. = Reference category
fKnowledge was added to the model in a separate analysis using a subset of participants who completed this measure (N = 443)
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after CTGP on the psychological well-being of patients with advanced,
incurable cancer receiving or having failed their last line of therapy. This
population is facing loss of hope and impending death. Thus, for many,
CTGP offers a last opportunity to find a tailored treatment which would
offer them more time or (perceived) potential cure [24]. Given the
vulnerability of this patient group, it is critical that we attend to the
psychosocial impact when CTGP fails to meet expectations.

As predicted, patients receiving non-actionable results reported
greater result-specific distress, higher cancer-specific anxiety and less
satisfaction with their decision to have CTGP, than those receiving
actionable results. Patients with advanced cancer are known to have
unrealistic expectations for chemotherapy, [25] and this is likely true of
genomic testing as well. When these hopes are dashed, patients can
experience significant distress and reduced satisfaction with testing
decisions. Over half of those with non-actionable results were in the
clinical range for cancer-specific anxiety, suggesting that receipt of
non-actionable results should prompt exploration of need for counseling
and support, as suggested by others [26]. Palliative care referral has also
been found helpful in this scenario [27].

Participants receiving a non-actionable result did not, however,
experience greater uncertainty, general depression or anxiety, or less
hope, than those receiving actionable results. This may reflect the high
level of uncertainty inherent to cancer, [28] and accompanying even
actionable results, which might precipitate experimental treatments of
unknown benefit where prolongation of life, rather than cure, is the goal
of therapy.

For those receiving an actionable result, only a few variables were
associated with the treatment pathway. Thus hypothesis 2 was partially
supported. Those offered treatment through MoST reported less general
anxiety and depression and higher hope than those advised to consult
their oncologist about treatment. Indeed, 7% more patients recom-
mended treatment through their oncologist experienced anxiety symp-
toms in the clinical range, than those recommended a MoST substudy.
This difference may be due to challenges experienced by oncologists in
accessing recommended drugs, while the treatments offered via MoST
itself are by definition available. In addition, drug access outside of trials
may entail out-of-pocket expenses. Notably, more patients recom-
mended treatment through MoST completed the T1 questionnaire than
other result groups, suggesting this group was also more engaged with
and positive about the research. However, treatment offered did not
impact participants’ satisfaction with their decision to undergo CTGP, or
other outcomes.

In line with Uncertainty in Illness Theory, [9] those with more
negative attitudes towards uncertainty experienced higher general
anxiety and depression, regardless of the result they received. Similarly,
as predicted by Social Cognitive Theory, [13] lower self-efficacy to cope
with results was strongly associated with negative outcomes. Both these
variables may be useful targets for pre-test screening to identify those
likely most vulnerable to negative psychosocial outcomes, regardless of
result return. Targeting interventions to this sub-group may minimize
negative psychosocial sequalae and allow more cost-effective provision
of psychosocial care.

We found knowledge of CTGP and its implications was associated
with increased, rather than decreased anxiety, however the differences
in anxiety were small. Patients who had invested the time to research
and understand the test may be more invested and anxious about its
outcome, whereas those with lower knowledge might have less of an
understanding about their likelihood of accessing personalized treat-
ment. Another study of patients with metastatic breast cancer under-
going testing to guide treatment earlier in their cancer trajectory, found
that knowledge did not impact psychological outcomes [29]. Simply
presenting more or better information to ensure patients have realistic
expectations prior to result return, may not prevent disappointment or
mitigate the effect of receiving non-actionable findings. Further, in the
study above, [29] education level was not associated with genetic
knowledge. Thus, predicting who will need more information to address
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health illiteracy is not straightforward. The impact of knowledge needs
further exploration in future studies.

The finding that younger participants and those with children had
poorer psychosocial outcomes is consistent with the literature. Younger
age has been found to predict greater distress in a variety of cancer
populations, [30] perhaps reflecting life stage as well as a greater exis-
tential crisis concerning an unexpected, shortened lifespan. Similarly,
many studies have reported that low education and migrant status
predict poorer cancer psychosocial outcomes, [31,32] possibly due to
poorer access to support. As we found a correlation between these var-
iables and knowledge of CTGP, it is also possible that low health literacy
impacted their psychological outcomes.

A number of limitations impact the results of this study. Participants
received CTGP in the context of a research study and this may not fully
reflect the experience of patients offered CTGP in routine care. Our
sample included a higher proportion of university-educated participants
than in the general public, possibly reflecting those likely to consent to
research participation. Fifty percent of the sample did not complete the
T1 questionnaire. Our analyses suggested that poor health was likely to
account for much of this dropout, but the potential for bias remains, thus
results may not generalize to patients with lower education or worse
health. Our participants appeared more empowered and active on
outcome measures, suggesting that outcomes may have been worse if
the whole sample had been included. We measured psychological im-
pacts immediately post result receipt; future research should explore
longer term impacts. Note, testing for germline mutations while plan-
ned, had not occurred at the time this analysis was conducted, and so we
are unable to report on those. Study strengths included the essentially
random nature of result received, allowing causal, rather than associa-
tive relationships to be inferred.

5. Conclusion

In summary, this longitudinal study investigating the outcomes of
receiving CTGP results in advanced cancer patients has demonstrated
poorer psychosocial outcomes in a subset of those receiving non-
actionable results, as well as in those not offered an ensured treatment
option.

5.1. Practice implications

Since negative attitudes towards uncertainty and low self-efficacy to
cope with results at baseline predicted poorer outcomes regardless of
result type, these variables offer a potential screening target that may
identify vulnerable individuals who may benefit from proactive support.
Similarly, it appears that people with low education and who do not
speak English at home are a vulnerable population who might benefit
from greater support. Assessment of individuals who do not receive
actionable results with ensured access to tailored treatment may identify
a subset who could benefit from counseling at this time.
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