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While genomics provides new clinical opportunities, its complexity
generates uncertainties. This systematic review aimed to summarize
what is currently known about the experience of uncertainty for
adult patients undergoing cancer genomic testing. A search of five
databases (2001 to 2018) yielded 6508 records. After removing
duplicates, abstract/title screening, and assessment of full articles,
ten studies were included for quality appraisal and data extraction.
Qualitative studies were subjected to thematic analysis, and
quantitative data were summarized using descriptive statistics.
Cancer genomic results reduced uncertainty for patients regarding
treatment decisions but did not reduce uncertainty in the risk
context. Qualitative and quantitative data synthesis revealed four
themes: (1) coexisting uncertainties, (2) factors influencing
uncertainty, (3) outcomes of uncertainty, and (4) coping with
uncertainty. Uncertainty can motivate, or be a barrier to, pursuing

cancer genomic testing. Appraisal of uncertainty influences the
patient experience of uncertainty, the outcome of uncertainty for
patients, as well as the coping strategies utilized. While this
systematic review found that appraisal of uncertainty is important
to the patients’ experience of uncertainty in the cancer genomic
context, more mixed methods longitudinal research is needed to
address the complexities that contribute to patient uncertainty
across the process.
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INTRODUCTION
There were an estimated 18.1 million new cases of cancer in
2018.1 Cancer is caused by changes in genes either inherited
from parents (germline), or developed over a person’s lifetime
due to errors in cell division or exposures in their
environment (somatic).2 Cancer genetic testing focuses on
single genes with a known function, for example BRCA1 and
BRCA2 gene testing to identify risk of hereditary breast and
ovarian cancer syndrome testing. Genomic testing refers to a
broader investigation of genetic material with no specific gene
target, for example multigene panel, genome sequencing, or
exome sequencing, which include genes that are not fully
understood in terms of cancer risk or management strategies.3

Genomic testing provides hope for improvement in cancer
prevention, by helping to identify individuals at increased risk
of a broad range of cancers;4 and reducing mortality and
morbidity, through the identification of specific pathogenic
variants to guide treatment.5 Genomic testing also introduces
challenges,2 for example the uncertainty that is inherent in
this new technology.6

Illness uncertainty, a patients’ inability to determine the
meaning of illness-related events,7 can be a result of ambiguity
(conflicting, incomplete, or inadequate information); com-
plexity (difficult to understand information); and unpredict-
ability (likelihood or risk of future outcome of the disease).7–9

Uncertainty in illness has been associated with anxiety,
depression, and distress.7,10,11

The complexity of genomic testing introduces new
scientific, practical, and personal uncertainties specific to this
process.6 Genomic testing can reveal variants that are (1)
relevant to the target cancer versus secondary findings
(relevant to other cancers or diseases), (2) clinically actionable
versus non–clinically actionable (no proven treatments), and
(3) of unknown or uncertain significance.2,12 Treatments
targeting actionable genomic results are often experimental.
Thus, while reducing uncertainty can be a motivator for
pursuing genomic testing,13 results have the potential to
increase uncertainty.
Existing uncertainty research has focused on patient

uncertainty when undergoing single-gene testing (such as
BRCA1/2 testing for specific hereditary cancer syndromes),14–16

the uncertainty related to the science of genomics, or
uncertainty experienced by health-care professionals in
relation to interpreting results, and communicating uncertain
information.17 Little is known about the patient experience of
uncertainty when undergoing cancer genomic testing, and the
impact of this uncertainty on patient psychosocial outcomes.
Furthermore, there has been no synthesis of the extant
literature to aid identification of gaps and guide future
research.
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To meet this need, we conducted a systematic literature
review aimed at identifying and synthesizing what is currently
known about the patient experience of uncertainty when
undergoing cancer genomic testing. Our review questions
were:

1. What type of uncertainty do patients experience?
2. To what extent do patients experience uncertainty?
3. What are the factors that influence uncertainty?
4. What is the impact of uncertainty for these patients?

MATERIALS AND METHODS
Study design
This systematic review protocol was designed using the
Preferred Reporting Items for Systematic Reviews (PRISMA)
standards18 and ENTREQ guidelines.19 The review was
registered with PROSPERO, registration CRD 42018084301.

Search strategy
A literature search of peer-reviewed publications was conducted
using five databases (Scopus, Ovid MEDLINE, Embase,
PsycINFO, and CINAHL). Search terms were a combination
of keywords and MeSH terms relating to uncertainty, cancer,
and genomics (Supplementary material). Qualitative, quantita-
tive, and mixed methods studies (including hypothetical
studies), published in English from January 2001 to June
2018, were included. The year 2001 was set as the outside date
boundary because it was the year the initial sequencing and
analysis of the human genome was completed,20 marking an
important milestone in the field of genetics.
Articles were excluded if they assessed uncertainty in the

context of single-gene testing, for example BRCA1 or BRCA2
testing, or in relation to illnesses other than cancer; or focused
on health-care professionals, or pediatric or adolescent
populations. Unpublished reports, conference abstracts,
systematic reviews, and dissertations were excluded. Reference
lists of accepted articles were hand-searched for additional
relevant publications.

Data extraction and assessment of study quality
Data extracted included study design, study objective,
measures used, cancer genomic test, sample size and
characteristics, and key findings. Data were extracted
independently by two authors (N.B. and C.N.). A 30%
overlap was extracted by a third author (P.B.) to ensure
reliability. All studies included were evaluated using the
Joanna Briggs Institute Critical Appraisal Tools,21 for risk of
bias across the study design, conduct, and analysis. One
author (N.B.) independently assessed study quality with a 30%
overlap assessed for quality by a second author (P.B.). Any
disparities were resolved through discussion. No studies were
excluded based on quality.

Analysis
Analysis was conducted using a three-stage synthesis process
that combined qualitative and quantitative studies

comprehensively and rigorously to answer the review
questions.22 As meta-analysis was not possible due to the
heterogeneity of study outcomes, the first analysis focused on
identifying and summarizing the quantitative data. The
second analysis involved thematic synthesis23 of the qualita-
tive studies. Line-by-line coding of the results sections of an
initial two qualitative studies was conducted (N.B., M.B., and
P.B.) to develop a coding tree and themes. This coding
structure was then applied to the remaining qualitative studies
(N.B.) with new codes created and discussed by the authors.
Finally, a matrix was used to compare the qualitative and
quantitative findings from the first two stages to answer the
review research questions.

RESULTS
The search strategy identified 6508 articles which were
exported to EPPI-Reviewer 4. After removing duplicates, the
remaining 5154 records were screened by title and abstract by
two authors (N.B. and C.N.) with a 10% overlap. The two
authors had an overall agreement rate of 98% (fixed marginal
kappa of 0.97; free marginal kappa of 0.98). The full texts of
111 retained papers were retrieved for screening by three
authors (N.B., C.N., and M.B.), with 10% double screened by
the fourth author (PB) (Fig. 1). Of these, nine studies met
eligibility criteria. One additional study was identified through
a hand search of the eligible article reference lists, and ten
studies were included for data extraction and quality
assessment.

Article characteristics
Table 1 summarizes the ten included studies and their key
findings regarding patient uncertainty. Only two studies
assessed uncertainty as a primary outcome.24,25 Two studies
assessed hypothetical intention to undergo cancer genomic
testing;24,26 the remainder focused on participants’ experience
while pursuing cancer genomic testing.25,27–33 The majority of
studies were quantitative (n= 5), cross-sectional (n= 6), and
conducted in English-speaking Western countries (n= 8).
There was a scarcity of literature investigating the patient

experience of uncertainty in cancer genomics, with only one
or two studies published for each type of genomic test. As
such we analyzed uncertainty across the range of genomic
tests: genetic test for bowel/breast cancer susceptibility
(hypothetical),24 DNA microarray to direct treatment,32

Oncotype DX 21-gene assay to predict chemotherapy
benefit,27,29 single-nucleotide polymorphism (SNP) testing
for colorectal cancer susceptibility (hypothetical),26 exome
sequencing,33 25-gene test for cancer susceptibility,28,31

multigene panel tests for cancer susceptibility,30 and mis-
match repair gene test for cancer susceptibility.25

Sample characteristics
There were a total of 1906 participants across all included
studies, with the number of participants across the studies
ranging from 19 to 1000. Participants’ ages across the ten
studies ranged from 18–90 years. All studies comprised a
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majority female participant sample, and the seven studies
that reported participants’ cancer diagnosis mainly
included participants with a personal or family history of
breast and/or ovarian cancer, and to a lesser extent
colorectal cancer.

Uncertainty measures
Three separate measures of uncertainty were used. The
attitude toward uncertainty scale24 measures attitude toward
uncertainty in the medical testing context, where higher
scores (mean of seven items; possible range 1–5) reflect a
negative attitude toward uncertainty. The Multidimensional
Impact of Cancer Risk Assessment (MICRA) uncertainty
subscale34 measures uncertainties associated with testing
results and future plans, where higher scores (sum of nine
items; possible range 0–45) indicate greater uncertainty. The
Decisional Conflict Scale35 measures uncertainties about a
course of action, factors contributing to uncertainty, and
perceptions of effective decision making, where higher scores
(mean of ten items multiplied by 25; possible range 0–100)36

are associated with higher levels of uncertainty.

Extent of uncertainty

The quantitative synthesis showed that mean uncertainty
scores were midrange for participants when deciding to
undergo genomic testing for cancer risk information28 and
did not change post–result disclosure.28,31 In the cancer
treatment context, genomic results reduced participant
treatment decisional uncertainty, i.e., to have (or not have)
chemotherapy.27,29

Qualitative and quantitative synthesis
Synthesis of quantitative and qualitative results revealed four
themes (Table 2): (1) coexisting uncertainties, (2) factors
influencing uncertainty, (3) outcomes of uncertainty, and (4)
coping with uncertainty.

Coexisting uncertainties
Multiple interrelated uncertainties can exist for patients
considering or undergoing cancer genomic testing. Uncer-
tainty can be a motivation for26,33 or barrier to24,28 pursuing
cancer genomic testing. When hypothetically considering
genomic testing for cancer risk, 15.75% of participants of one
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study were unsure if they would pursue genomic testing for
breast and colon cancer risk.24 These participants reported on
average a somewhat negative attitude toward uncertainty
(M= 2.63, SD 14.41); those with a more negative attitude
toward uncertainty were more likely to choose to pursue

testing,24 motivated by a desire to reduce uncertainty related
to their own and their relatives’ future risk of cancer.26,33

“I’d like to know if that’s where I’m headed. Maybe there’s
nothing I could do about it—that doesn’t matter. I think

Table 2 Quantitative and qualitative analysis matrix.
Review question Quantitative synthesis Qualitative synthesis Theme

What types of uncertainty do
patients experience when
undergoing cancer genomic
testing?

Participants experienced uncertainty about
undergoing genomic testing,24 concerned about
potential uncertainty or unclear utility of results.28

Participants with more negative attitudes toward
uncertainty were more likely to choose to participate
in hypothetical genomic testing for colon or breast
cancer risk.24

Reducing uncertainty about personal and relatives’
cancer risk was a motivation for undergoing genomic
testing.26,33

When considering genomic testing participants
experience multiple uncertainties (future risk,25,26

clinical utility,26,33 ambiguous results,25 decisional
uncertainty,25 reactions to results,26,33 and collateral
damage26,28).
Uncertainties are interrelated and conflicting;
reducing one uncertainty can create a different
uncertainty.28

Some participants were willing to risk uncertainty for
any risk information, while others felt it was not
worth the additional worry.26

Coexisting
uncertainties

To what extent do patients
experience uncertainty when
undergoing cancer genomic
testing?

Participants undergoing genomic testing for risk
information had midrange baseline mean uncertainty
scores,28 and uncertainty did not change over
time.28,31

Genomic results reduced treatment decision
uncertainty.27,29

What are the factors that
influence uncertainty in
patients undergoing cancer
genomic testing?

Attitude toward uncertainty was correlated with
behavioral intention, subjective norm, and attitude
toward testing.24

A less informed choice about genomic testing was
associated with greater uncertainty.28

Previous experience with genetic testing did not
influence participants' mean baseline uncertainty.28

Genomic result (positive, negative, VUS) did not
influence uncertainty in the risk context.30,31

Moderate penetrance pathogenic variant carriers
tended to have more uncertainty compared with high
penetrance pathogenic variant carriers 12 months
postresults.31

Factors affecting appraisal and experience of
uncertainty include:
• Health-care professionals’ credentials,
communication approach and style.25,26,28,32,33

•Genetic literacy (misconceptions; inadequate
information).25,26,28,32,33

• Previous experience with uncertainty, disease, and
perceived self-efficacy in coping with
uncertainty.26,33

•Willingness to experience uncertainty to know all
the information about themselves that their health-
care professional know.33

• Types of results can increase or decrease
uncertainty. Some participants expressed a tolerance
for the uncertainty involved in receiving VUS
results;33 however, VUS can also increase uncertainty
about the future.28,33

• A trust in science influenced treatment decisions
certainty.32

Experience of uncertainty depends on the appraisal
of uncertainty.25,26 Some participants appraise
uncertainty as a danger or health threat, while others
appraise uncertainty as an opportunity or absence of
health threat. A few participants appraise uncertainty
as both a danger and an opportunity (a health threat
but not as severe as a positive result).25

Factors
influencing
uncertainty

What are the outcomes of
uncertainty in patients
undergoing cancer genomic
testing?

Participants with uncertain genomic results had lower
levels of distress and higher levels of positive
experience than participants with pathogenic variants
up to 12 months’ post–result disclosure. VUS carriers
did not differ from participants with a negative result
for both distress and positive experience following
result disclosure.31

Uncertainty is ongoing, cannot un-know information
that created uncertainty.33

Sharing uncertain results with relatives would be
difficult and hesitant to do so.33

Participants who received uncertain results
experienced a range affective reactions to their
results, including shock, regret, sadness, and
disappointment.25,26,32 Some participants did also
experience relief in that something genetic (although
uncertain) was found.25

Participants predicted they would cope with
uncertain results by seeking more information, or by
remaining optimistic.33

Participants coped with their uncertainty by
complying with recommended screening, or by being
optimistic that their VUS result would be reclassified
in the future. Where participants appraised their
uncertain results as a danger, they coped by seeking
information, reaching out to at-risk relatives in an
attempt to protect them, and forming a plan of
action based on high risk.25

Outcomes
of
uncertainty
Coping with
uncertainty

VUS variant of uncertain significance, M mean, Mdn median.
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there’s a benefit to knowing as much as you can about
yourself.”26

Undergoing (or considering) genomic testing can create
uncertainties about future risk,25,26 clinical utility,26,28,33 collat-
eral damage,26,28 potential emotional and behavioral reactions to
results,26,33 as well as decisional uncertainty.25 Ambiguity
surrounding the meaning of a variant of uncertain significance
(VUS) result can create uncertainty about future risk for
participants,25 due to conflicting views and interpretation, and
lack of conclusive information about the variant. Thus, some
participants were motivated against undergoing genomic testing
by high perceived uncertainty regarding clinical utility of
genomic results, particularly if the results indicated a small
increased cancer risk or were of uncertain significance.26,33

“So it’s just—it is an ambiguity, and it makes me wonder,
you know like I said, do I really have it or not?”25

“Unless you might have something that will impact your
health in the future, I don’t know if it’s good or useful for
just anybody to get to see their whole genetic makeup.”33

Participants who received VUS results experienced further
uncertainty related to decision making around reproduction
and preventive surgery.25

Participants expressed uncertainty about potential collateral
damage or negative implications of undergoing genomic
testing, such as impact on insurance, employment, and
privacy.26,28 Participants also acknowledged that they were
uncertain about how they would react to their genomic
results, stating that results could have a negative impact on
their emotions and also behavior.26,33

“I guess I’m concerned that in some ways I might change
the way that I’m living my life now unintentionally. Not
even consciously, but having that knowledge may poten-
tially change what I’m doing now that I don’t actually want
to change.…”33

The above uncertainties are interrelated and can be in
conflict. Acknowledging that the science is still evolving,
participants reported feeling both certainty and uncertainty
from their genomic results, and that decreasing one
uncertainty can increase another type of uncertainty.28,32

“There’s a black cloud over my head if I don’t get the
testing because it’s like you’re constantly wondering what
is causing it, but it’s a little black cloud if I get it the testing
and they find something because then I know it’s genetic
and there’s nothing I can do....”28

Some participants were willing to risk uncertainty for any
risk information, while others felt it was not worth the
additional worry.26

Factors influencing uncertainty
A number of factors influenced participants’ experience of
uncertainty related to genomic testing. Information seekers
showed higher tolerance for uncertainty, preferring to know
as much as possible about their risks even if that information
is uncertain.26,33,37 Some participants also had a preference for
knowing their genomic information (even uncertain results)
over paternalistic secrecy, stating that if medical professionals
know genomic results, that information should be shared with
the individual.33

Participants’ own genomic literacy25,26,28,32,33 influenced
their experience of uncertainty, with high literacy helping to
give meaning to uncertain results.33 However, misconceptions
about results and inadequate information caused confusion
and uncertainty about the future for some participants,25,26,32

as well as difficulty making decisions.28 Bradbury and
colleagues28 found that making a less informed choice (which
was defined as inadequate knowledge and a decision
discordant with attitudes toward testing) about genomic
testing was associated with greater uncertainty prior to
testing. While previous experience with uncertainty and
disease led some participants to believe they could cope with
the uncertainty related to genomic testing,26,33 Bradbury and
colleagues28 found that previous experience with genetic
testing was not associated with participants’ mean baseline
uncertainty scores.
Health professionals’ credentials, and communication

approach and style when discussing genomic
results,25,26,28,32,33 also influenced participants’ uncertainty.
Participants preferred to have a genetic counselor rather than
a medical geneticist or oncologist explain their germline
genomic results,33 and found that uncertainty was increased
when health-care professionals provided too much informa-
tion causing information overload, or used genetic/medical
language, such as “not interpretable.”28,32

A trust in science influenced patients’ experience of
uncertainty about treatment decisions based on genomic
results, with trusting participants feeling more certain about
their targeted or standard treatment.32 These participants
trusted the science, therefore any genomic result was
reassuring and reduced uncertainty to some extent.32

“The tests showed that in any case, I had to be given
docetaxel, which was the only possible option, and
therefore I wasn’t included in the trial protocol. So in the
end I underwent the normal, well-known procedure, which
is quite reassuring.”32

The influence of the type of genomic result and participant
uncertainty was mixed. While the quantitative synthesis
showed no difference in uncertainty levels between partici-
pants who received positive, negative, or uncertain genomic
results,30,31 the qualitative synthesis found decreases in disease
and risk uncertainty for participants who received negative or
positive genomic results, but increased uncertainty about the
future for participants receiving a VUS result.25,28,32,33
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“It’s just that I don’t know…I know I’ve got something, but
I don’t know what and I don’t know what it means.”25

Some participants expressed tolerance for the uncertainty
involved in receiving VUS results;33 others who received
uncertain genomic results subsequently reported feeling more
uncertain.28,33 Participants’ experience of uncertain results
depended on whether they appraised the uncertainty attached
to the result as a danger, an opportunity, or both.25,26 Those
who appraised the uncertainty as a danger considered their
VUS as a health threat (i.e., assumed high risk). Those who
appraised uncertainty as an opportunity held hope for a
positive outcome (i.e., not developing cancer). Some partici-
pants appraised the VUS as both an opportunity and a
danger, seeing it as a health threat but not as serious a threat
as a positive result.

Outcomes of uncertainty
Lumish and colleagues30 reported that participants receiving
uncertain genomic results misinterpreted their VUS result as a
negative result. Esteban and colleagues31 reported that
participants who receive uncertain genomic results have
similar psychological reactions as participants who receive
negative genomic results, including lower levels of distress and
higher levels of positive experience compared with those who
receive a positive genomic result.
Participants who received uncertain genomic results

experienced a range of affective reactions to their results,
including frustration, shock, regret, sadness, disappointment,
and further uncertainty about the future.25,26,32 Some
participants acknowledged that once you experience uncer-
tainty, you cannot go back to being oblivious.33

“I can’t un-know that information.”33

Some participants did also experience a sense of relief that
something (however uncertain) was detected.25

“Yeah, it was a relief in yeah okay I do have something that
it’s not my fault I got cancer and the other part of me was
like this doesn’t mean anything.”25

Uncertainty also influenced participants’ decisions regard-
ing communicating genomic results to relatives. Participants
assessed whether the information would be more harmful
than useful to their relatives, and judged uncertain results to
be more potentially harmful and difficult to communicate,
generating hesitancy to share such results with relatives.33

“...if it was going to do more harm than good by telling them
certain results, there is a slight chance I would not tell them.”33

Coping with uncertainty
Participants were mostly individuals with a personal and/or
family history of cancer. Having experienced cancer-related

uncertainty, they were willing to risk more uncertainty for the
chance of some certainty about their cancer, and/or future
risk. Previous experience of coping with uncertainty gave
participants a sense of self-efficacy to be able to cope with
more uncertainty if that was the outcome of genomic
testing.26,33

Prior to receiving genomic results, participants felt that they
would respond to uncertain results by seeking more
information, or by remaining optimistic about a positive
future outcome.25,33 Subsequently many participants did cope
with their uncertainty by seeking more information and by
remaining optimistic that their VUS would be reclassified in
the future. Researching what was known about their uncertain
result and what clinical trials were available based on that
result helped participants cope with the uncertainty of their
genomic results.25,33

“I didn’t want to get a second opinion because it was a big
deal to get a genetic work-up, and I trusted the geneticist. I
went to the Internet, though, and started doing some
research on my own.”25

Some participants felt that their faith or positive attitude
helped them to be resilient enough to cope with uncertainty,
through believing that the positive outcome would occur.33

Some participants appraised uncertain genomic results as an
opportunity, believing that advances in science would provide
more certain answers in the future.25

“I feel that there is a seed of hope that I could be
completely normal. Some information could come out in
five years, ten years, twenty years, that could make me
interpret these results differently.”25

Additionally, participants coped with uncertainty by
complying with recommended screening, sharing risk infor-
mation with relatives, or by forming a plan of action based on
high risk cancer assumptions.25,26,33 Participants who
appraised an uncertain genomic result as a danger self-
identified as high risk or as having a positive result and acted
accordingly in terms of risk reduction strategies.25

“And getting my ovaries out, that was a hard decision but
the thing is I don’t want to die of something that doesn’t
do anything. I would rather just go ahead and get them
out. I want to live. Definitely safe vs. sorry, absolutely.”25

Regardless of whether participants appraised the uncer-
tainty as an opportunity or danger, coping strategies involved
having a plan. Participants believed that they could intervene
with their behavior to reduce their risk with surveillance and
management plans.25,26

“You know the thing is you need to get a plan in place, like
get a surveillance plan in place, know what you’re going to
be doing and that gives me more comfort. To think every
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year, okay I’m going to have a colonoscopy and you know
I’m going to let the doctors know about it….”25

Some participants coped with uncertainty by sharing their
genomic information with relatives, stating that this gave
them a sense of protecting their relatives with risk
information.25

DISCUSSION
This systematic review provides a synthesis of the existing
research on the patient experience of uncertainty related to
cancer genomic testing. Overall, our findings highlight the
multiplicity of coexisting uncertainties involved in genomic
testing for patients, supporting what has been found in the
literature on the experience of uncertainty in patients who are
pursuing cancer genetic testing.12,15,16,38–44

To ensure that the findings of this systematic review were
grounded in the data, we focused only on the data from the
papers included in the review during the analysis, rather than
using theories or frameworks to guide analysis. It is important
however to discuss these results in the context of the well-
known theories and frameworks of uncertainty. Our results
align with Han’s taxonomy of sequencing uncertainty.6 For
instance the source of patient’s uncertainty may relate to the
imprecise nature and usefulness of genomic results, or the
complexity with which results are delivered. Scientific
uncertainty felt by some patients may be a result of low
genomic literacy, while personal uncertainty may occur as a
consequence of not knowing how they may react psycholo-
gically to their genomic results.
Our results suggest that how a patient appraises uncer-

tainty, as either a danger, opportunity, or both, has
implications initially for whether patients will decide to
pursue cancer genomic testing; and subsequently for the
impact of uncertainty for patients, as well as the coping
strategies engaged to deal with their uncertainty. This
appraisal of uncertainty as opportunity or danger is supported
by Mishel’s7 uncertainty in illness theory, which states that the
experience of uncertainty is neutral until the implications of
uncertainty are determined by the patient. When uncertainty
is appraised as a danger, strategies to reduce the uncertainty,
such as information seeking, are engaged. When uncertainty
is seen as an opportunity, strategies to maintain uncertainty
or reframe the uncertainty into a positive outcome, such as
focusing on the positive aspects of unknowns, are imple-
mented.7,45 Similarly, this systematic review found that those
who viewed their uncertain cancer genomic results as an
opportunity remained hopeful that research would evolve and
provide a more certain result in the future; while those who
appraised their uncertain cancer genomic result as a danger
acted to reduce their uncertainty by implementing risk
management action plans based on a high risk or positive
result.
Appraisal involves evaluation of uncertainty, which is

influenced by personality, previous experience, knowledge,
contextual cues, and beliefs.7,45 Simpkin et al. 46 and Biesecker

et al. 45,47 have discussed the importance of more effectively
communicating the practical and scientific uncertainties of
genomics with patients to better manage patient expectations
and subsequent uncertainties postresults. This systematic
review also found that health-care professionals can help
reduce patient uncertainty by communicating in lay language.
This review highlighted that there is currently limited

published research on the patient experience of uncertainty
when pursuing cancer genomic testing. To more comprehen-
sively assess the limited research available, two hypothetical
studies were included in this systematic review. We recognize
the limitations of hypothetical studies, and that findings may
not be generalizable to real clinical situations. However,
participants’ responses regarding the types of uncertainty they
expected to experience and the factors influencing that
uncertainty are likely representative of their actual opinions
and attitudes.24,26 It should also be noted that patient
experiences of uncertainty reported in the hypothetical studies
were similar to those reported in studies reporting on real-life
use of testing.
Due to the scarcity of literature on any one type of genomic

test, we included studies on a variety of genomic tests in a
cancer context. There did not appear to be differences in the
experience of uncertainty across the test types, for example
exome sequencing compared with SNP testing. The only
difference that emerged was as a result of the purpose of the
genomic testing: providing risk information versus treatment
indications, where genomic results decreased decisional
uncertainty for patients in the cancer treatment context,
compared with no change in uncertainty for patients receiving
cancer risk genomic results.27–29,31

Much of what we know about the psychosocial issues of
cancer patients related to genetic or genomic testing is from
an overrepresented female and breast cancer perspective.48

Similarly, the majority of research investigating patient
uncertainty in relation to cancer genomic has focused on
females with a personal or family history of breast cancer,
highlighting a bias in the literature and a need for future
research to include a more diverse range of cancer patients.
Future research should include patients with rarer cancers, or
cancers with fewer treatment options, to understand more
clearly how cancer genomic testing compounds or mitigates
disease uncertainty.
Mishel’s reconceptualized uncertainty in illness theory8

suggests that uncertainty evolves over time, stating that the
longer a patient lives with a chronic illness and continual
uncertainty, the more positively they appraise their uncer-
tainty. For example, an initial appraisal of uncertainty as
danger may evolve into appraisal of uncertainty as opportu-
nity over time. This is supported in the cancer genetic
literature by Halbert and colleagues49 finding that women
experiencing uncertainty had received their BRCA results
more recently than women who were not experiencing
uncertainty. Of the few studies included in our systematic
review that did follow patients over time, most focused on the
receipt of uncertain genomic results only27–29 and only one
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reported on psychosocial outcomes of uncertainty.31 Further
longitudinal research focusing on uncertainty is needed to
understand the how the experience of uncertainty changes
over time, and the impact of that uncertainty.

Conclusion
This systematic review highlights the need for more mixed
methods longitudinal research to understand the experience
of patient uncertainty across the genomic testing process (e.g.,
waiting for and receiving results, and making treatment/risk
management decisions), as well as the long-term psychosocial
impacts of uncertainty for a broad range of cancer patients.
The evidence highlights that while patients approach genomic
testing as a disease uncertainty reduction strategy, genomic
testing can also raise its own uncertainties for patients. It
appears that appraisal of uncertainty as a danger, an
opportunity, or both, is important in how the patient
experiences uncertainty, as well the impact that uncertainty
will have for them and the coping strategies that they utilize.
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