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Abstract
Psychosocial and behavioral outcomes of genetic testing in oncology are well known, however, it is unclear how these
findings will generalize to more complex genomic testing. The aim of this systematic review was to assess the psychosocial
and behavioral outcomes of cancer genomic testing. Studies were selected for inclusion if they were published from January
2003 to January 2017 and addressed psychological and behavioral outcomes of cancer genomic testing in adults. A review of
four databases identified 9620 abstracts, with 22 publications meeting the inclusion criteria. Of the included articles,
11 studies reported on outcomes of germline testing, with three articles assessing panel testing and eight SNP testing. No
studies assessed the outcomes of WGS or WES. Eleven articles assessed the outcomes of somatic testing, including testing
for cancer prognosis and for personalized therapies. Studies were biased toward breast cancer and Caucasian women with
high education and socioeconomic status. While studies demonstrated limited adverse psychological outcomes associated
with genomic testing, a lack of consistency in psychosocial measures precluded any meta-analysis. Changes in health
behavior following positive results were limited, and in some cases risk perception was not altered following genomic
testing. There is limited evidence of adverse psychosocial outcomes and changes in health behavior following genomic
testing to assess cancer risk. Findings from this review highlight the need for longitudinal research with superior
methodological and theoretical design.

Introduction

Improved understanding of the molecular basis of cancer
has led to major advances in its management. Reduced costs
and improved technology meant that genomic profiling is

increasingly used in the cancer setting. Genomic testing
is used in several ways in the management of cancer
including (i) somatic testing: tumor testing for assessment
of prognosis, to guide treatment choices; and (ii) germline
testing including whole-genome screening (WGS),
whole-exome sequencing (WES), panel testing, and single
nucleotide polymorphism (SNP) testing to identify cancer
risk, guide surveillance, and preventative behavioral
interventions.

Although most people undergoing genetic testing in the
cancer setting appeared to cope well with testing results,
research has suggested that the process was associated with
several psychosocial problems in the first few months post-
receipt of result [1]. These include an increase in cancer-
specific distress and anxiety in carriers [2], and difficulties
in aligning perceived risk with objective risk [3]. In terms of
behavioral impact, genetic testing generally resulted in
increased surveillance behaviors of both carriers and non-
carriers, but more often in carriers [2]. In one study
examining the risk-reducing surgery choices of women at
high-risk for breast cancer, more chose risk-reducing sur-
gery than breast surveillance. Furthermore, surgery was
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more common in women with higher perceived risk, but
this perception was often incorrect [4].

It is unclear how these findings will generalize to more
complex genomic testing. Genomic testing involves exam-
ination of multiple genes and in some cases, can represent
an unprecedented volume of uncertain results to process.
Given the rapid progress of genomic medicine, an under-
standing of the evidence, based on the psychological and
behavioral impact of genomic testing, is urgently required
to enable translation of discoveries into clinical outcomes in
which individuals are adequately supported. It is only if
people understand and act on their results that many of the
potential benefits of genomic testing will be achieved. To
the best of our knowledge, no systematic review of the
literature in this area has been conducted, and hence we
conducted a systematic review to investigate what is cur-
rently known about the psychosocial and behavioral impact
of genomic testing.

Materials and methods

Search strategy

This systematic review was designed and conducted in
accordance with the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guidelines
[5]. A literature search of peer-reviewed publications was
conducted using the MEDLINE, Embase, PsycINFO, and
CINAHL databases. Search strings are outlined in the
Supplementary Table I. The search was limited to articles in
English, published from January 2003 to January 2017. The
year 2003 was selected, as it coincides with the conclusion
of the Human Genome Project [6]. Additional publications
were identified from the reference list of accepted articles
and correspondence from field experts.

Selection criteria

Quantitative and qualitative studies were eligible for
inclusion if they were original research addressing psy-
chological or behavioral outcomes of cancer genomic test-
ing in adults. Genomic testing of germline and somatic cells
were included. Studies assessing outcomes in pediatric
settings, direct-to-consumer testing, non-cancer diagnosis,
hypothetical scenarios, or healthcare professionals’ views
were excluded from this review, as were studies where
participants responses were not reported separately. Three
authors, TY, AW, and MB independently reviewed the
abstracts and/or articles identified through the search strat-
egy described above. Authors BM and KT verified the
inclusion and exclusion of articles and any disagreements
were reconciled by discussion.

Quality assessment

All studies selected for inclusion were evaluated using the
QualSyst assessment tool [7]. Authors TY, AW, and MB
independently evaluated a random selection of ten studies.
Quality assessments were reviewed by all authors and dis-
agreements were reconciled by discussion. The remaining
articles were divided among TY, AW, and MB for final
quality assessment. No studies were excluded based on
quality assessment.

Data extraction and analysis

Data extracted included sample characteristics (e.g., testing
technology, cancer type, and country of origin), study
design, and outcomes. Given the broad definition of geno-
mic testing, findings were initially compared within each
testing technology (somatic, germline, and SNP testing).
Differences between each testing technology were also
assessed.

Results

We identified 11,137 studies and exported them to Endnote
X7. After removing duplicates, records were screened by
title/abstract. Seventy-eight full-text articles were assessed
for eligibility, with 22 articles relating to 20 unique studies
included in this review (Fig. 1). Eleven studies reported on
outcomes of germline testing, including three articles
assessing panel testing [8–10] and eight SNP testing
(Table I). No studies assessed the outcomes of WGS or
WES. Of the studies that returned the SNP result, five
returned polygenic risk score [11–15], with the remaining
studies reporting individual SNP result [16–18]. Eleven
articles assessed the outcomes of somatic testing [19–29].

Quality assessment

Quality scores ranged from 55 to 95% for qualitative arti-
cles and 73 to 100% for quantitative (Supplementary
Table II). Common issues with qualitative studies included
lack of theoretical framework, inappropriate design to
answer the study question, and no reflexive practice
reported. Among quantitative studies, description of statis-
tical analysis and justification of sample size were often
lacking. No studies were excluded based on quality
assessment.

Germline testing: panel test

Knowledge of patients undergoing germline testing
increased significantly compared to baseline after both
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pre-test counseling and post-test counseling in one study,
particularly knowledge of the limitations of testing (Sup-
plementary Table III) [8]. Another study measuring
knowledge about genetics reported that higher knowledge
was associated with lower avoidance scores of event (where
the event was receiving genomic results) and higher deci-
sional satisfaction [9]. This study also reported some mis-
understanding of genomic test results among participants,
with variants of unknown significance (VUS) findings
interpreted by participants as equivalent to a negative result,
and only 80% of participants who received a positive result
understood it to mean an increased risk of breast cancer [9].
No changes in perceptions of heredity or perceived risk of
finding a hereditary cause for disease was reported between
baseline and post-results [10]. Expectations of heredity were
not associated with heredity-specific distress, coping style,
or illness perception [10].

Two quantitative studies measured the aspects of general
well-being, including generalized anxiety and depression.
Both studies showed no change in general depression and
anxiety, and cancer-specific avoidance and anxiety from
baseline to follow-up [8, 10]. One study comparing groups

at a single time point reported higher distress among those
in the no cancer/pathogenic variant group compared with
other groups defined by cancer status and test results. This
association was statistically significant when controlling for
age, race, education, time since results, and knowledge [9].
Distress was higher among African-Americans compared
with Caucasians and those with lower knowledge scores [9].
One study measuring illness perception found no statisti-
cally significant overall changes from baseline to follow-up
at 2–3 weeks post-result, although those found to have a
pathogenic variant reported more consequences and longer
duration of their illness [10].

Two studies measured the impact of receiving genomic
test results using the Multidimensional Impact of Cancer
Risk Assessment (MICRA) [9, 10]. The MICRA scale was
developed to assess the impact of genetic testing and con-
sists of three subscales: test-related distress, positive
experiences, and uncertainty [9, 10, 30]. One study admi-
nistered an adapted version for hereditary risk across three
time points and reported that distress scores remained low
[10]. The other study measured differences between five
groups defined by cancer status and variant status,

 Full-text articles 
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eligibility  
(n=78) 

Articles excluded 
(n= 9,542) 

 Total records 
identified  

(n=11,137) 
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Fig. 1 PRISMA Flowchart. The
22 studies included a total of
2529 participants (Table I). Most
participants were female (71%)
of Caucasian background (74%).
Somatic testing was most
commonly assessed in the
context of recurrence risk to
guide breast cancer treatment.
Germline testing was assessed
across a range of scenarios
including among individuals
with a high cancer risk, as a
follow-up test for those with
uninformative genetic test result,
or in the general population to
guide population risk screening
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namely: cancer/pathogenic variant positive, cancer/VUS,
cancer/no pathogenic variant, no cancer/pathogenic variant
positive, and no cancer/VUS [9]. Higher distress scores
were reported among the no cancer/pathogenic variant
positive group, followed by the no cancer/VUS group and
cancer/pathogenic variant positive group [9]. Distress was
also higher among the African-American cohort when
compared with the Caucasian population. Test-related
positive experience was lowest among the no cancer/VUS
and the cancer/pathogenic variant positive group. Younger
age was also associated with lower positive experience.
There were no differences in uncertainty among the dif-
ferent groups assessed [9].

Uncertainty was measured in one study and did not
change from pre- to post-testing [8]. Individuals’ tolerance
for ambiguity did not appear to impact on their coping, with

one study finding no association between ambiguity toler-
ance and MICRA, avoidance and distress, or satisfaction
scores [9].

After receiving the results of panel testing, participants in
one study had only modest perceptions of the utility of
testing, with overall perceived utility declining compared to
pre-test scores. However, three of the five participants who
received a positive result had increased perceived utility
compared with pre-test [8]. These observed changes in
perceived utility were not statistically significant, but the
modest increase in perceived utility observed after receiving
results in this study may reflect the fact that the medical
management changed for only two participants as a result of
the test results [8].

Decisional satisfaction and satisfaction with genetic
services were high, did not change from pre-test counseling
to post-results, and did not differ according to test results or
cancer status [8–10]. However, satisfaction was lower for
those with lower levels of education, lower knowledge,
younger age, and Asian and Hispanic individuals (com-
pared to Caucasians) [9]. Satisfaction with the decision to
undergo genomic testing also decreased as the time since
testing increased [9]. Few participants expressed regret, and
dissatisfaction was mainly attributable to the long wait for
results [10].

Participants appeared more likely to use their results in
decision-making if they received a positive result, with
those without a personal history of cancer taking up addi-
tional screening and those with a personal history of cancer
using the results in treatment and/or surgical decisions [9].
Some participants who received a VUS or uninformative
result reported that their results would influence their
treatment or screening decisions [9]. Following receipt of
the results, participants reported concerns about coping with
the psychological burden of risk information, the impact on
everyday life, and insurance and privacy concerns [9]. Few
participants reported worrying about genetic discrimination,
and even fewer had actually experienced discrimination
based on their genomic test results [9].

Germline testing: SNP

When assessing the recall of results, most participants
accurately recalled their SNP result up to a 5-month follow-
up (Supplementary Table III) [11, 12]. Despite accurate
recall, there is limited evidence that the SNP result altered
the risk perception. Risk perception was often shaped by
personal or family history of cancer [11, 12, 17]. For
example, in one study of men with a family history of
prostate cancer, heightened risk perceptions remained
despite individual SNP result and counseling [12]. This was
often explained by experience with prostate cancer in a
close, relative, and fatalistic beliefs.

Table I Characteristics of included studies (n=22)

n %

Test type

Panel 3 14

SNP 3 14

Multiple SNPs (polygenic) 5 22

Somatic 11 50

Country of origin

USA 10 45

Canada 3 14

UK 2 9

Australia 3 14

France 2 9

Netherlands 2 9

Cohort*

Undergoing germline genomic test and not previously tested
for heredity cancer

3 14

Uninformative result from germline testing 4 18

General population, unselected for disease status 5 22

Undergoing cancer treatment 11 50

Cancer Type*

Breast cancer 15 68

Melanoma 3 14

Prostate cancer 3 14

Colorectal cancer 4 18

Renal 1 4

Study type

Qualitative 6 27

Mixed-method 2 9

Cross-sectional 7 32

Longitudinal 5 23

Pilot randomized control trial 2 9

*Value over 100%, as some studies assessed more than one cancer type
and populations group
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Two qualitative studies reported emotional responses to
SNP testing. Common responses included: reassurance,
acceptance of result, and surprise or disappointment when
the results did not match personal or family history of
cancer. Participants also reported some skepticism given the
small effect of individual SNPs [17, 18]. One study reported
no changes to anxiety and distress post-results [18].

Psychological outcomes were assessed in three long-
itudinal studies. No significant changes in psychological
measures between pre- and post-result (3–5 months) were
reported, including no changes in cancer worry [12, 13, 17],
no increased cancer-specific distress [12, 13, 17], and no
changes to general distress and anxiety [12]. Furthermore,
in a pilot randomized control trial, there was no evidence
that skin cancer-related worry, psychological distress, and
general well-being scores differed between the intervention
group (those receiving polygenic result) and control group
[13].

Sharing of personal SNP result with family members was
often done due to perceived 'shared risk', or as a motivator
for discussing risk and health behavior (Supplementary
Table III) [14, 18]. Communication with healthcare pro-
fessionals was influenced by risk result received. For
example, in a pilot randomized trial, 41% of participants
with a high SNP risk for melanoma had shared their results
with healthcare professionals at 3-month follow-up com-
pared with only 16% and 12% of the average and low-risk
group, respectively [14].

There is limited evidence of change to health behavior
(Supplementary Table III). Graves et al. [17] reported that
∼50% of their cohort made changes to diet and exercised
3 months post-receipt of the result. However, SNP result
was not an independent predictor of behavior change. The
author hypothesized that this behavior change was likely
due to the education provided by the genetic counselor
rather than the SNP result. In one study, men with family
history of prostate cancer received SNP result for prostate
cancer risk. Over one-third of participants reported feelings
of reassurance after receiving their SNP result, however,
none of the participants indicated that they would reduce
their screening based on their SNP result [11]. In another
study, melanoma prevention behavior at 3 months was
greater in individuals who had both a family history and
increased genetic risk [16]. In this study, behavior change
was partially mediated by anxiety. Finally, in a pilot ran-
domized control trial to date [13], investigators did not
detect any significant change in risk-reducing or sun pro-
tection and screening behaviors at 3-month follow-up
between the intervention and control groups. When strati-
fied by risk groups (high, average, and low), a borderline
significant reduction in intentional tanning was detected.
The effect size was largest in the average risk group, fol-
lowed by high-risk group and low-risk group.

Somatic testing

All but one study [23] exclusively involved patients with
breast cancer, and most studies involved testing risk for
recurrence (RFR) to guide treatment choices, with one study
assessing the impact of biopsy testing to discover perso-
nalized treatment (Supplementary Table III) [23]. Knowl-
edge about RFR somatic testing was generally found to be
low [20, 21, 24, 26, 27]. However, most participants (76–
95%) undergoing these tests understood that the results
could aid chemotherapy decisions [19, 21, 24, 26, 27, 29].
Fewer women (22–53%) understood the relationship
between the test result and chance of metastasis [21, 26].
The qualitative studies found that patient misunderstanding
about RFR somatic testing led to increased anxiety [20, 24].
Patients with higher knowledge scores were more likely to
have active roles in treatment decision-making, fewer con-
cerns about testing, higher educational level, lower age,
more recent cancer diagnosis, less comorbidity, higher
income, or relatives who had previously undergone che-
motherapy and were more likely to be in full-time
employment, and Caucasian ancestry [21, 25–27]. Lipkus
et al. [21] found that 62% of participants sought information
about their results, and that those who sought information
were significantly more knowledgeable. Perceived risk was
significantly reduced after RFR somatic testing. Perceived
RFR was also correlated with actual risk score of recurrence
post-test [22, 29].

State anxiety for RFR testing decreased 12 months post-
result [22]. State anxiety was positively correlated with
decisional conflict both before and after testing [22].
Patient-reported factors that were associated with increased
anxiety included: receiving results [29], a delay in return of
results [19], or misconceptions about the meaning of the
results [24]. Increased anxiety was associated with higher
actual recurrence risk, more cancer-related distress, the
genomic result not being available, and discordance
between genomic result and recurrence score calculated
through a standard clinical test [29]. Sulayman et al. [28]
found that high levels of cancer-specific distress in 38.7%
participants underwent testing for RFR. Overall, higher
perceived RFR was associated with higher levels of worry,
lower satisfaction, and Caucasian ancestry. Women who
preferred a passive role in treatment decision-making and
received an intermediate recurrence risk result had higher
cancer-related distress, but not worry about recurrence [25,
28, 29].

Most participants (67–77%) thought that the test results
could be trusted [26, 27, 29] and that they were accurate
(71%) [26, 29] and useful (76%) [26]. Reported benefits of
test included the ability to reduce uncertainty [20] and
provide better treatment options [20, 23, 24, 27, 29]. The
latter result was shown in both testing for RFR and targeted
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therapy. Genomic testing gave participants a sense of
empowerment [20], although overestimation of the validity
of the tests was found to increase its value [20]. Reported
drawbacks from testing included being given information
about cancer that was better left unknown [29], and, in the
case of search for personalized treatment, the risk of dis-
appointment from non-findings or lack of access to relevant
trial drugs [23]. However, Pellegrini et al. [24] found that
those participants who did not qualify for a clinical trial
rationalized their outcome, so they remained satisfied with
the treatment. More concerns were reported among parti-
cipants with higher perceived risk of recurrence [29].

Most participants (96%) reported that they would have
RFR testing again [26, 29] and 95% would recommend it to
other women in the same situation [26, 29]. Lo et al. [22]
found that decisional conflict reduced after RFR results
were received. At 1-year post follow-up, 92.5% continued
to feel satisfied that they had undergone testing and 95.5%
were satisfied with their decision. Those patients not
satisfied noted a negative impact on quality of life and
self-image due to treatment. A second study also found a
significant reduction in decisional conflict after the RFR
results were reported [24].

Little attention was given to communication. Miller et al.
[23] found that in a sample of patients with advanced cancer
seeking new treatments, family obligations informed will-
ingness to receive germline results following tumor testing,
but results were perceived as burdensome and/or incon-
sequential, given their disease stage [23].

Somatic RFR results influenced chemotherapy decisions
in several studies. Thirty-nine percent to 84% of participants
reported that the results influenced adjuvant treatment
decision-making (80.6% after 12 months) [21, 22]. The
decision to have chemotherapy differed according to level
of risk [21, 29], but the most influential factor governing the
treatment decision for some patients was the doctor (55%)
[21].

Discussion

This systematic review summarizes the current literature on
the psychosocial and behavioral outcomes of cancer geno-
mic testing. Traditionally, genetic testing in the oncology
setting has been limited to testing of single genes associated
with increased cancer risk. However, as demonstrated in
this review, genomic testing is rapidly being integrated in
several settings including for individuals with unin-
formative genetic test results, to guide population screening
programs, and testing of tumor cells to guide cancer treat-
ment. Furthermore, our review has identified that early
research in this setting has primarily focused on females
from Caucasian background with breast cancer. Hence a

bias exists in the current literature and additional research in
other cancer settings and demographic populations is
needed.

The studies selected for inclusion vary widely in their
aims, research design, methodology, and quality. There was
no consistency in outcome measurement and often non-
validated scales were used. Therefore, meta-analysis was
not possible. Instead, a comparison of similar studies pro-
vided an initial insight and guidance for future research.
Findings from this review highlight the need for further
research on this topic with superior methodological and
theoretical design. For example, including hereditary
cancer-specific measures, consistent measures across stu-
dies, and prospective study designs.

Recently there has been movement away from measuring
knowledge as an outcome of genetic testing [31]. Rather
than conceptualizing knowledge as simply recalling facts, it
is now understood to encompass many subjective and
objective factors, such as relevance of information at the
time of testing, risk perception, and how information has
been provided [31]. Knowledge is also specific to each
setting and individual disease, and thus knowledge mea-
sures are not easily transferable across settings [31]. These
limitations in measuring knowledge were observed in this
review, where no validated scales were used to assess
knowledge, resulting in inconsistent findings of knowledge
across studies. Despite these challenges, this review found
positive outcomes associated with increased knowledge,
including improved psychological well-being, more active
role in treatment decision-making, fewer concerns about the
test, and higher decisional satisfaction. Initiatives to
improve patient knowledge before testing is therefore
recommended.

Similarly to genetic testing [1], no evidence of long-term
adverse psychological outcomes were identified in this
review. However, only seven studies presented in this
review had a longitudinal design, with the majority of
follow-up being < 3 months. Thus, there is limited research
assessing the long-term psychological outcomes of cancer
genomic testing. Additionally, most measures used to assess
psychosocial outcomes were not validated or specific to
hereditary cancer. For example, distress was often measured
using the Impact of Event Scale, a scale originally devel-
oped to assess post-traumatic stress disorders [32].
Recently, there has been increasing debate over the lack of
appropriate measures for psychosocial impact in genetic/
genomic medicine, with some authors highlighting a need
to use cancer-specific scales such as the Psychosocial
Aspects of Hereditary Cancer Questionnaire or MICRA to
be used [1]. Previous studies have demonstrated that the
MICRA has excellent discriminative validly, with BRCA1/
2-positive patients having higher scores than those with
informative BRCA1/2 results [30].
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When assessing communication post-result, most parti-
cipants were willing to share or had shared their results with
family members. In some cases, sharing of results promoted
a conversation about risk management and cancer preven-
tion [14, 18]. Interestingly, when assessing SNP results, the
level of risk received appeared to influence sharing of result,
with those at high risk more likely to have done so when
compared to those with low risk. Participants often reported
the concept of ‘shared risk’ as a motivator for sharing
results with family [14]. Similar findings have been reported
with single-gene testing, with individuals more likely to
share their results with family members if they received a
positive result compared with uninformative or VUS results
[33]. There are many reasons for this difference including a
sense of responsibility toward relatives, a desire to prevent
disease in relatives, and gain emotional support and advice
[33]. This is a notable finding given that SNP-based risk is
personalized and does not follow Mendelian inheritance,
thus family risk cannot be inferred. Future studies should
aim to explore people’s understanding of SNP results and
family communication.

As genomic testing is extended to the general population,
it is expected that more people will have access to perso-
nalized risk management, which may include reduced
screening [34]. Targeting screening to high-risk populations
is likely to have significant benefits to health care as
resources are allocated more efficiently and the burden of
routine screening is reduced for those at the lowest risk.
Previous studies with hypothetical designs have reported
mixed responses to the proposed risk-based surveillance
[35]. As well as initial support, participants reported some
concerns including apprehension about being excluded
from population screening programs and concern that low-
risk result would lead to negative health behaviors [14].
Similar concerns were not consistently identified in this
review. Although some studies reported that heightened risk
perception remained even after a low-risk or when no
pathogenic variant was identified [10–12, 18], there was
also evidence of individuals seeing reduced access to
treatment (due to low-risk) as a form of discrimination
rather than an opportunity to avoid unnecessary interven-
tions [19]. Another study found no negative health behavior
for those at low-risk [13]. Together these highlight the
significant influence of perceived risk on screening and
treatment decisions. Risk perception is often shaped by
lived experiences such as previous diagnosis or family
history of cancer rather than genomic results received. If
individuals do not accept evidence of reduced risk through
genomic testing as a reason to reduce medical interventions,
the hoped-for impact of genomic screening on clinical
practice could be reduced. Clinicians should be aware of
these challenges and ensure appropriate education and
counseling is provided when implementing genomic testing.

Study limitations

Strengths of this review include the use of broad search
terms to capture variable nomenclature and inclusion of
various test types. This enabled a comprehensive review of
genomic testing in cancer. However, our findings should be
interpreted in light of the current limitations. Firstly, in the
germline setting only three studies assessed panel testing
and none assessed WES or WGS, thus there is limited data
on the outcomes of such test. Furthermore, the variety of
measures used, and the inclusion of non-validated mea-
sures limited the comparability of outcomes. Studies were
biased towards Caucasian women with high education and
socioeconomic status. Only English articles were included,
therefore, the results of those within other languages are not
captured. Finally, limited longitudinal data limited our
ability to assess the long-term impact of genomic testing.
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