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Simple Summary: “Scanxiety”, or the distress and/or anxiety occurring before, during, and after
cancer-related imaging/scans, is an upsetting experience during and following cancer. To better
understand the nature of scanxiety, related research gaps and practices, and possible ways to help
manage it, we conducted a review of the literature using a structured search process. We identified
and synthesized findings from 36 articles on scanxiety among adults diagnosed with current or prior
cancer. We found that scanxiety occurs across the cancer continuum. The articles also indicated that
there are various components of the scan experience that prompt anxiety, such as those related to
scan procedures and those related to the implications of important test results. The waiting period
between the scan procedure and receipt of the results was described as particularly stressful. Our
review also summarizes measures and methods used in scanxiety research. We discuss how the
findings of this review may be used to inform future research directions and to generate approaches
for helping people to manage scanxiety.

Abstract: Background: Scan-related anxiety (“scanxiety”) is distressing to people living with and
beyond cancer. We conducted a scoping review to promote conceptual clarity, identify research
practices and gaps, and guide intervention strategies for adults with a current or prior cancer
diagnosis. Methods: Following a systematic search, we screened 6820 titles and abstracts, evaluated
152 full-text articles, and selected 36 articles. Definitions, study designs, measurement methods,
correlates, and consequences of scanxiety were extracted and summarized. Results: The reviewed
articles included individuals living with current cancer (n = 17) and those in the post-treatment
phase (n = 19), across a breadth of cancer types and disease stages. In five articles, authors explicitly
defined scanxiety. Multiple components of scanxiety were described, including those related to scan
procedures (e.g., claustrophobia, physical discomfort) and scan results (e.g., implications for disease
status and treatment), suggesting varied intervention approaches may be needed. Twenty-two
articles used quantitative methods, nine used qualitative methods, and five used mixed methods. In
17 articles, symptom measures specifically referenced cancer scans; 24 included general measures
without reference to scans. Scanxiety tended to be higher among those with lower education levels,
less time since diagnosis, and greater baseline anxiety levels (three articles each). Although scanxiety
often decreased immediately pre- to post-scan (six articles), participants reported the waiting period
between scan and results to be particularly stressful (six articles). Consequences of scanxiety included
poorer quality of life and somatic symptoms. Scanxiety promoted follow-up care for some patients
yet hindered it for others. Conclusions: Scanxiety is multi-faceted, heightened during the pre-scan
and scan-to-results waiting periods, and associated with clinically meaningful outcomes. We discuss
how these findings can inform future research directions and intervention approaches.
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1. Introduction

“Scanxiety” (defined here as distress and/or anxiety occurring before, during, and
after cancer-related imaging/scans [1-3]) is widely recognized as upsetting in patient
reports, popular press, and patient education materials [1,4,5]. Given that scans yield
highly personal and consequential results regarding disease status, treatment response,
and recurrence, it is not surprising that awaiting these results can be anxiety-provoking
for patients during and following cancer treatment. Indeed, stress and anxiety are often
ranked as highly concerning for patients awaiting scan results [6], and people living with
cancer report that scanxiety is a notable and challenging part of their cancer experience [7].
Accordingly, summarizing the emerging empirical research on scanxiety among people
with cancer has the potential to advance the science of cancer survivorship, as well as to
inform potential intervention approaches that may ease this difficult time period that arises
repeatedly for cancer survivors.

In a prior scoping review, Bui and colleagues summarized the quantitative measure-
ment methods, prevalence, and severity of scanxiety among those with and without cancer.
They concluded that the literature lacked a consistent definition of scanxiety [8]. There
remains a need to clarify scanxiety’s definition and components in order to inform measure-
ment and intervention strategies. A useful approach for doing so is to integrate qualitative
research on patients’ experiences. Furthermore, because those with cancer repeatedly expe-
rience uncertainty about disease status while undergoing follow-up scans to establish stage
and treatment plans, evaluate progression and treatment response, and detect recurrence,
they may have unique scanxiety experiences and needs compared to those without cancer
who undergo screening procedures. Accordingly, there is a need to advance the concep-
tualization of scanxiety by including qualitative findings, to review scanxiety literature
specifically in those diagnosed with cancer, and to inform broad research directions in
this area.

In this systematic scoping review, we synthesized findings from empirical articles on
scanxiety among adults living with (e.g., those with current disease or in active treatment)
and beyond (e.g., those deemed cured, post-treatment, or in remission) cancer. The ob-
jectives of this review were to describe the definitions, measurement methods, symptom
levels, and correlates of scanxiety, and to identify research gaps and promising strategies
for intervention. To achieve these objectives, we conducted a scoping review with a system-
atic search strategy. Given the current lack of conceptual clarity and to take an inclusive
approach, we considered a range of psychological symptoms around a scan (including dis-
tress, stress, and anxiety) to reflect scanxiety. In this review, we describe the multi-faceted
nature of scanxiety, outline measures that specifically focus on anxiety with respect to scans
versus those that measure more general anxiety, and summarize research conducted to date
regarding scanxiety’s correlates and consequences. We then discuss how this information
can inform future research directions and opportunities for intervention strategies during
this stressful yet under-addressed period in clinical care.

2. Methods

Because our goals were to examine and clarify definitions of scanxiety and its compo-
nents, the methods used to study it, and current knowledge gaps, we selected a scoping
review method (vs. a systematic review method to address a more specific research ques-
tion, [9]). We used a previously-established scoping review methodology to guide our
study methods and applied the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses for Scoping Reviews [9-11]. A protocol describing the objectives, inclusion
criteria, and methods was posted on Open Science Framework (osf.io/wm79v) in March
2021 [12]. As described below, the approach was updated to include an interim search
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and updated data extraction procedures, due to the time elapsed after the updated search
as well as institution changes among multiple co-authors. For similar reasons, the data
extraction phase included one rater (rather than two as initially planned) to chart the data
for each included article.

References were compiled through a systematic search conducted by a librarian with
expertise in clinical medicine (J.S.). Based upon initial search terms generated by the
corresponding author (H.M.D.V.: cancer; scan; imaging; CT; MRI; recurrence; anxiety;
distress; stress; scanxiety), the librarian constructed an extensive search strategy with
expanded terms. The three main search clusters were cancer survivors, check-ups involving
imaging, and patient anxiety. Medical Subject Headings, Emtree, PsycINFO and Cochrane
terms were combined within each cluster using ‘OR’; these clusters were then combined
using ‘AND’. The search strategy is available in the Supplementary Materials.

The databases searched were MEDLINE, Embase, PsycINFO, CINAHL, Cochrane and
Web of Science. The initial search was conducted in July 2020 for articles published in English
between 1 January 1980 and 31 July 2020, and an updated search was conducted in March
2021. In order to include interim articles, the first author also conducted a limited search
in PubMed up to July 2022. Reference management, abstract/title and full-text screening
decisions, and data extraction utilized the Covidence reference management system.

Prior to initial article screening, references were downloaded into Endnote and then
transferred to the Covidence review management system, which was used to identify and
remove duplicates. The remaining titles and abstracts were then screened for inclusion
using initial eligibility criteria that were clarified through consensus meetings. Titles and
abstracts were indicated for inclusion if they reported data from adults undergoing cancer-
related imaging tests, who also had a measure of psychological symptoms or recalled
symptoms experienced around the time of the scan. Using these criteria, abstracts and titles
were screened independently by two team members (N.G., M.L., and/or HM.D.V.) for
possible inclusion. Disagreements for initial screening were resolved via tiebreaker vote
from the third member.

For records that met the initial criteria, full texts were reviewed by two study authors
(HM.D.V. and L.C.H.) and evaluated for final inclusion. The initial eligibility criteria
above were refined to guide the full-text review phase and revised iteratively via consensus
discussions (Table 1). Inclusion and exclusion decisions (along with exclusion reasons) for
the full-text review phase were recorded using Covidence. Disagreements were resolved
via consensus discussion between the two raters.

Table 1. Eligibility criteria for full text screening.

Inclusion:

Participants: Adults (ages 18 and older) with current or prior cancer diagnosis
Concept: Undergoing imaging tests for detecting disease progression or recurrence
Context: Completed a measure of psychological symptoms while awaiting scans or scan
results or provided retrospective recollection of such symptoms.

° Types of studies: Observational studies, case studies, qualitative studies, conference
abstracts, and intervention studies (single-arm and randomized controlled trials)

Exclusion:

e  Study sample composed primarily of children (mean sample age under 18 years), due to
likely differences in scan experiences and assessment methods

e  People undergoing initial diagnostic cancer screening (i.e., no current or prior
cancer diagnosis)
Scans or scan result discussions not considered in study design, measurement, or results
Review articles or study protocols
Full text unavailable in English
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The first author developed a data abstraction template and utilized this tool to extract
and chart the data from the included articles. The following information was extracted
by a single rater from the included articles as available: study design and methodology;
demographic and cancer-related characteristics of participants; study definition of scanxiety;
methods, instrument, and timing of scanxiety assessment; levels of scanxiety symptoms
from quantitative measures; predictors and correlates of scanxiety; characteristics of the
scan; and descriptions and effects of interventions. For qualitative articles, we also extracted
themes and descriptions of scanxiety. Based on the goals of this scoping review, critical
appraisal tools were not used.

To synthesize results, we grouped articles into those that used quantitative, qualitative,
and mixed methods. To gain insight into research gaps, we summarized measurement
characteristics (e.g., whether the study used a previously-established or newly-created mea-
sure; whether the assessment referenced scanxiety or scans specifically or instead included
general measures of anxiety/stress) and the timing of assessments with respect to the scan.
In addition, we grouped articles according to period in the cancer continuum (during vs.
post-treatment) and summarized the cancer types and stages of the study samples’ partici-
pants. To gain insight on promising intervention strategies, we reviewed articles’ results
for correlates of scanxiety to identify modifiable characteristics, and applied expertise in
clinical psychology to suggest how these patterns could inform intervention development.

3. Results

The systematic search of multiple databases returned 10,319 references, as summarized
by the PRISMA flow diagram in Figure 1. After removing duplicates, 6820 titles and
abstracts were screened. Of these, 152 full-text articles were evaluated for inclusion,
including eight identified in the updated search. At the full-text review stage, articles were
most frequently excluded due to a focus on individuals without current or prior cancer
(such as those undergoing initial cancer screening) or due to not incorporating scans into
the study design, data collection, or results. Ultimately, 36 full-text articles were included
in the review.

Records identified via searching multiple databases
(n=10,319)

A,

Records after duplicates were removed
(n=6820)

Records screened by title and abstract Records excluded
(n=6820) (n=6668)

Additional records identified
through other sources (n=8)

|

|

Full-text articles assessed for eligibility
(n=152) Full-text articles excluded (n=116)

No current or prior cancer diagnosis: 51

Scans not in study design or data collection: 38

Review or study protocol: 11

Other: 9
k. Duplicate article: 4
Studies included in synthesis No measure of psychological symptoms: 3
(n=36) Sample primarily children: 0

Full text unavailable in English: 0

Figure 1. PRISMA diagram.
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3.1. Study Types and Designs

There were 22 quantitative articles, summarizing 8 cross-sectional [3,13-20], 12 longi-
tudinal [13-16,21-28], and 2 intervention trial study designs [29,30]. There were 9 qualita-
tive [2,25-27,31-35] and 5 mixed methods articles [21,22,28,36,37].

3.2. Definitions and Elements of “Scanxiety”

In five articles, authors explicitly defined scanxiety (Table 2; [2,3,17,29,31]). Several articles
credited Bruce Feiler for first using and describing the term in his 2011 Time magazine article,
who wrote that “scans are like revolving doors, emotional roulette wheels ... ” and “[scans]
engender ‘scanxiety’ as they approach” [1]. A common component of these definitions
included a time course, suggesting that distress or anxiety can occur before, during, and
after imaging procedures. One article explicitly emphasized that scanxiety is “normal” [29].
Among articles that did not define scanxiety, several did include a definition of a closely-
related concept (e.g., fear of recurrence), or referenced that aspects of the scan experience can
be stressful (e.g., “anxieties can be heightened around the time of a scan ... ” [18]).

Table 2. Definitions of scanxiety listed in included articles.

e  “Ten years ago, Feiler coined the term, ‘scanxiety”’ to describe the emotional distress that
patients experience immediately before or after medical imaging [31].”
e  “Scanxiety represents a complex array of negative and stressful emotions linked with cancer

scans, and the uncertainties and fears that may accompany them [17].”

e  “Scanxiety” or scan-associated anxiety describes the distress before, during, or after a
cancer-related scan and was a term first coined by a patient writing for the Time magazine in
2011. ... There are no agreed criteria that define scanxiety. Unlike anxiety disorders, which
are characterised by excessive fear and anxiety, scanxiety is often considered a normal
reaction to a scan. Scanxiety is a transitory emotional state, which is consistent with the
concept of state anxiety [19]. Though scanxiety may not be pathological in the same manner
as an anxiety disorder, scanxiety may be a negative experience that impairs quality of life
[29].”

“Distress leading up to, during and after an imaging scan has been termed ‘scanxiety” [2].”
““Scanxiety’ refers to the often-debilitating anxiety patients with cancer experience in the
period surrounding imaging studies for their cancer [3].”

Several articles’ narratives described specific elements of the scan experience that
may be anxiety-provoking for patients. Most commonly, articles noted the uncertainty
and fear associated with what the results would show, and the implications of scan re-
sults for their disease status and treatment [13,17,20,21]. Authors also described anxiety-
provoking aspects of the imaging procedures, such as specialized or unfamiliar technol-
ogy/equipment [13,21], discomfort [21], and claustrophobia arising from being in an
enclosed space [13,21]. Concerns about exposure to radiation from the procedures were
also noted [13,38]. Given the variety of concerns described, there are likely individual dif-
ferences in what part of the scan experience is considered most stressful. These components
suggest that scanxiety is multi-faceted, and people with cancer may have multiple and
differing concerns relating to scans (Figure 2).

Quantitative results in several articles provided further detail on aspects of scanxiety.
In a quantitative study of patients undergoing low dose PET/CT with 18-F-fluor-2-deoxi-
D-glucose (1F-FDG), patients rated pre-selected reasons for their scanxiety [13]. Before
a scan, 79% rated that they were most anxious about the results; others reported that
they were most anxious about the scan procedure (12%), their illness (3%), or other areas
(6%). This pattern did not change much afterwards in the post-scan assessment, with 87%
reporting being most anxious about the scan results [13]. Other articles focused on the scan
procedures (per the specific study goals), but did not appear to ask explicitly about anxiety
related to the scan results. These articles illustrate additional concerns that patients may
have around scans. For example, researchers focused on which experiences during MRI
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and PET/CT procedures were most stressful to esophageal cancer patients [39]. Following
a series of scans, participants reported that body position in the scanner (52%) and waiting
time before scanning (19%) were most stressful during PET/CT. The noise of the scanner
(26%), scan time (22%) and body position (22%) were noted as stressful during the MRI.
Comparing the ratings for MRI versus PET/CT procedures showed that anxiety did not
differ between them [39]. In another quantitative study of cancer survivors in the United
States who participated in the Health Information National Trends Survey (HINTS), 73% of
respondents reported at least some worry about the effects of radiation from surveillance
scans (i.e., medical imaging radiation; MIR), and 16% reported “a lot” of worry [38].

Reminders of initial diagnosis

Uncertainty about results & future

Scan
results . )
Meaning for disease status/course
Implications for treatment
Scan
procedures

Uncomfortable procedures

—

Radiation exposure concerns

Figure 2. Dimensions of scanxiety, clustering around scan procedures and scan results.

Qualitative findings also indicated a range of components of the scan experience
that were stressful. For example, in focus groups, post-treatment breast cancer survivors
described that undergoing scans reminded them of their initial diagnosis and promoted
fears of recurrence [32,40]. Similarly, individual interviews with survivors of several cancer
types suggested that scans served as a reminder of the “fragility of survivor status” and
resulted in “iatrogenic uncertainty” [33]. Claustrophobia [41], exposure to radiation [18],
pain and discomfort associated with the procedures [18,32], and receiving information from
electronic reports [31] were also mentioned as sources of anxiety in qualitative interviews.
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Among people living with advanced cancer, results from open-ended questions and semi-
structured interviews suggested that “most anxiety centered around the scan result and
its implications” [29] and that the procedures themselves were a less significant driver of
anxiety [2]. Taken together, these findings suggest that multiple aspects of scans may be
anxiety-provoking for patients (Figure 2).

3.3. Populations Examined

Below, we summarize descriptive statistics of cancer-related characteristics from the
articles” samples. The number of articles summarized for these characteristics often exceeds
the total number of included articles (n = 36) because some included individuals across
multiple cancer types, stages, or other characteristics.

In 23 articles, the sample comprised individuals with a single cancer type [3,14,16,
18,23-28,30,32,34,36,37,39-46]. In 13 articles, individuals with multiple cancer types were
included in the sample [2,13,15,17,20-22,29,31,33,38,47,48]. In two articles, individuals’
cancer type was not specified [20,21]. Across articles, samples most commonly included
people with breast (n = 18; [8,13,14,24-29,32,33,37,38,40,42,44,45,48]), lung (n = 10; [2,3,13,
15,17,29,33,34,41,48]), or gastrointestinal (n = 9; [2,15,29,31,33,36,39,46,48]) cancer. Most
articles included people with solid tumors, while fewer (n = 5; [13,18,22,33,48]) included
those with hematological malignancies (lymphoma or leukemia).

Seventeen articles included individuals living with cancer (i.e., those with current can-
cer, typically in active treatment [2,3,15-17,23,29-31,34,37-39,41,46-48]), and 19 included
individuals in the post-treatment period [14,18,22,24-28,30-33,36,38,40,42—45]. Three did
not specify participants’ status along the cancer continuum [13,20,21]. People with non-
metastatic cancer were included in 22 articles [2,3,14,16,23-32,36,40-44,46,47], and those
with metastatic cancer were included in 11 articles [2,3,15,17,29,31,34,37,42,46,47]. Specif-
ically, 9 [14,24,25,27,28,30,32,40,42], 14 [14,16,24-28,32,36,40-43,46], 12 [14,24-28,32,36,40—
42,46], 16 [2,3,14,24-29,32,36,40-42,46,47], and 11 [2,3,15,17,29,31,34,37,42,46,47] articles
included people with Stage 0, I, I, I1I, and IV disease, respectively. Thirteen articles did not
specify the stage of participants’ cancer [13,18,20-23,31,33,38,39,44,45,48].

The reasons that participants were undergoing scans varied. Often, people who were
undergoing scans for different reasons were included in the same studies. The most com-
monly listed purposes of scans were routine post-treatment monitoring to detect disease re-
currence (n = 21; [13,14,18,21,22,24-28,30-33,36,40,42—45,48]) and routine monitoring to de-
tect disease progression or treatment response (n = 15; [2,3,13,15-17,21,23,29-31,34,37,47 48]).
Other articles included participants undergoing scans for post-diagnosis staging or treat-
ment planning (n = 6; [13,21,39,41,46,48]. Only one article included individuals who were
undergoing investigative scans for new symptoms [29]. The scans’ purpose was not speci-
fied in two articles [20,38]. Articles included a wide variety of scan types (Table 3).
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Table 3. Summary of included articles.

Sample Characteristics

Scan Characteristics

Scanxiety Measures

Scan-Specific vs.

Design; Assessment

Citation N Cancer Type Cancer Stage Cancer Status Scan Type Scan Purpose Assessment Tool General Measure Time Points
Quantitative Studies
Abreu et al S(t)z%gg/giaorsliys Likert item (anxiety, Longitudinal:
v 232 Multiple Not specified Not specified F-FDG PET/CT . . ’ Scan-specific Immediately pre- and
2017 [21] Detect progression 10-point)
Detect recurrence post-scan procedure
Cross-sectional:
Waiting room prior to
Bauml et al., Living with Examples given: CT, . Impact of Events Scale-6 - medical oncology
2016 [3] 103 NSCLC I, v cancer MRI, PET Detect progression item version (IES-6) Scan-specific appointment (scans
discussed for 73% of
patients)
Breast cancer
Multiple aspects of psychosocial assessment
S screening scale
Bjelic-Radisic Mamni?)ll(;:] ;: p .breas t (BC-PASS)Likert items General (BC-PASS) Cross-sectional:
etal., 284 Breast 0-1v Post-treatment ultrasou r% 4 };bzl’,ominal Detect recurrence  (distress about follow-up Scan-specific Not specified with
2017 [42] ultrasoun. d, chest x-ra components, 1-4) (Likert items) respect to scan
bone SCil”Iti raph v Likert items (anxiety and
graphy stress before follow-up
visits; 0-10 and 1-4)
Mammogram, ECG Three summed items on
Cox et al 613; Multiple; prior (ultrasound or Detect recurrence heilzgliiaisag;t:re Longitudinal:
2013 [22]" varied by childhood Not specified Post-treatment multi-gated acquisition Other: Detect late recurrencé finding a General Not specified with
analysis cancers scan), bone density scan effects ! 5 respect to scan
(DEXA or CT) problem at follow-up
visits; 1-5)
S . . Single item (anxiety Cross-sectional:
Dzeé?g] [e;a]l., 94 Multiﬂz:s()hd I, IV lelgfcglth Not specified Detect progression  about diagnosis, not at General Prior to scan results
all to completely) discussion appointment
. Cross-sectional:
Goense et al., i Living with MRI anFl PET/ CTto Stagmg /early Likert rating (anxiety, i Directly following the
2018 [39] 27 Esophageal Not specified cancer predict clinical response post-diagnosis 1-5) Scan-specific last of several MRI and
g to neoadjuvant tx information
PET/CT scans
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Table 3. Cont.

Sample Characteristics

Scan Characteristics

Scanxiety Measures

o Scan-Specific vs. Design; Assessment
Citation N Cancer Type Cancer Stage Cancer Status Scan Type Scan Purpose Assessment Tool General Measure Time Points
Gril 1 Stagig G State Trait A L dinal
rilo et al,, . i i 1875 post-diagnosis tate Trait Anxiety ongitudinal:
2017 [13] 81 Multiple Not specified Not specified F-FDG PET/CT Detect progression Inventory (STAI)-state General Before and after scan
Detect recurrence
Not specified; item
Living with asked about radiation Single item from HINTS .
Hay etal, 452 Multiple Not specified cancer from medical imaging Not specified on Medical Imaging Scan-specific N((:)i(;ss(:iefci:zgrxiltzh
2018 [38] P P tests such as x-rays, P Radiation (MIR) worry P res pec t to scan
Post-treatment mammograms, (not at all to a lot) P
radioactive dye, etc.
Jeppesen et al Ultrasound: other Fear of Cancer Intervention trial: Not
pp v 214 Endometrial I Post-treatment . . ’ Detect recurrence Recurrence Inventory General specified with respect to
2018 [43] imaging as needed
(FCRI) scan
Koinis et al Living with Modified Greek version Cross-sectional:
2022 [17] v 218 Multiple v ca r%cer Not specified Detect progression  of Impact of Events Scale Scan-specific Within one week after
(IES)-Revised scan
Krajewski Not specified; . . Hospital Anxiety and Lpngltudmal:
1 | ) le- Living with . . ) 1 Directly before
etal, 100 Bladder non-muscle Cystoscopy Detect progression Depression Scale Genera o1
. . cancer procedure and within
2017 [23] invasive (HADS)
7-10 days after
260 (41% MRI, breast imaging Cross-sectional:
LoReetal, were . . » (mammogram, » STAl-state Before scan procedure
2016 [20] oncology Multiple Not specified Not specified ultrasound, breast MRI), Not specified STAI-trait General (presumably in waiting
patients) x-ray, CT, ultrasound area)
Martinez- Earlv post-
Lorca and Livine with dia nos?s}/)sta in STAI Intervention trial:
Martinez- 108 Multiple Not specified 5 I8F_FDG-PET-TAC & BM&  Likert scale (subjective General Directly before and after
Lorca cancer Detect progression anxiety, 0-10) scan
2002 [ 4é] Detect recurrence !
Longitudinal:
. Immediately before and
Mcg,ﬁrz}fzia al., 136 Breast 0-IIIA Post-treatment Mammogram Detect recurrence Cancelz g\/vc\)]rsr)y Scale General one week after

mammogram (following

negative results)
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Table 3. Cont.

Sample Characteristics

Scan Characteristics

Scanxiety Measures

- Scan-Specific vs. Design; Assessment
Citation N Cancer Type Cancer Stage Cancer Status Scan Type Scan Purpose Assessment Tool General Measure Time Points
Longitudinal:
Seven time points;
. baseline, one month
Two visual analog scale
. before, one week before,
McGinty et al items about fear of immediately prior to
v 161 Breast 0-IIIA Post-treatment Mammogram Detect recurrence recurrence General
2016 [14] mammogram, and
CWS immediately after, one
week after, and one
month after receiving
results
. . De.t ect progres- Distress Thermometer . Lor}gltudmal:
Morreale et al., Lung Living with sion/assess On imaging day and one
_ 100 . . v CT or MRI General ..
2020 [15] Gastrointestinal cancer treatment HADS week after receiving
response results
.. . 1 . SF-12 QOL Longitudinal:
Patel etal, 539 Kidney I Living with Axdal imaging (CT or Detect progression Questionnaire Mental General Not specified with
2016 [16] cancer MRI), ultrasound
Component Score respect to scan
2 .(34 Daily stress (single item, S
with 0-10) General (dail Longitudinal:
breast y Daily measures for three
Porter et al., stress)
cancer Breast 0-III Post-treatment Mammogram Detect recurrence . e days about one month
2003 [25] Psychological Scan-specific
and 21 before, day of, and day
. consequences (PCQ)
without . . after mammogram
questionnaire (PCQ)
cancer)
Longitudinal:
Shelby etal, 204 Breast I-I1T Post-treatment Mammogram Detect recurrence Stan.ford acute stress Scan-specific [mmediately before
2012 [26] reaction questionnaire mammogram; adherence
over next year
Daily measure, six items ‘Longltudlnal:
Soriano et al adapted from Insight Daily measures over
7 57 couples Breast 0-11I Post-treatment Mammogram Detect recurrence . General three weeks; two weeks
2018 [28] and Severity subscales of
FCRI before and one week

after mammogram
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Table 3. Cont.

Sample Characteristics

Scan Characteristics

Scanxiety Measures

Citation

Scan-Specific vs. Design; Assessment
Cancer Type Cancer Stage Cancer Status Scan Type Scan Purpose Assessment Tool General Measure Time Points
. - Longitudinal:
Daily measure, six items - . .
. Baseline anxiety; Daily
adapted from Insight measures over three
Soriano et al and Severity subscales of weeks; two weeks before
7 57 couples Breast 0-11I Post-treatment Mammogram Detect recurrence FCRI General '
2019 [27] and one week after
PROMIS Anxiety Short mammogram (results
typically given
Form
same-day)
Westerterp Living with E{f;;sigoceleial Staging/early Cross-sectional:
etal.,, 82 Esophageal -1V & graphy, treatment Likert item (anxiety; 1-5) Scan-specific two weeks after scan
) cancer endoscopy, .
2008 [46] planning procedures
ultrasonography
Qualitative studies
ified: . Cross-sectional:
Aller/l,/ 6 Breast Not spec1f1ec.1, Post-treatment Mammogram Detect recurrence . Sferm-stn.lcture.d General Not specified with
2002 [44] non-metastatic individual interview
respect to scans
Brandzel et al Mammogram and breast Semi-structured Cross-sectional: Not
2017 [40] i 41 Breast 0-III Post-treatment & MRI Detect recurrence interview in focus Scan-specific specified with respect to
groups scans
Bui et al., 2021 Multiple; Living with . Semi-structured . Cross-sectional: Within
[2] 16 solid tumors IIL, v cancer cT Detect progression individual interview Scan-specific four months after scan
Lai-Kwon Living with Semi-structured Cross-sectional:
etal., 2021 20 NSCLC v & CT, PET Detect progression e - . Scan-specific Within three months
cancer individual interview
[34] after scans
Not specified; Living with .
Mannion et al., 20 Multiple included those cancer Not specified Detect progression Semi-structured Scan-specific nyizsse_zief(itlé)rxilt:h
2022 [31] p with Stage IV P Detect recurrence individual interview P P
o, respect to scans
cancer (80%) Post-treatment
Longitudinal:
Pascal and Variety including In-depth individual Two interviews over six
Endacott 15 Multiple Not specified Post-treatment =~ mammograms and other ~ Detect recurrence b . General months, timing not
2010 [33] scans interview

specified with respect to
scans
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Table 3. Cont.

Sample Characteristics

Scan Characteristics

Scanxiety Measures

Scan-Specific vs.

Design; Assessment

Citation N Cancer Type Cancer Stage Cancer Status Scan Type Scan Purpose Assessment Tool General Measure Time Points
Sterba et al Not specified; regular Semi-structured Cross-sectional: Not
2015 [36] v 22 Colorectal I-IIT Post-treatment follow up including CT ~ Detect recurrence interview in focus General specified with respect to
. and colonoscopy groups scans
Thompson, fXﬁgjvlilue a:ali:?teOf Semi-structured Cross-sectional: Not
HS. etal., 10 Breast Not specified Post-treatment P 1 €8 Detect recurrence s - - General specified with respect to
mammogram, X-ray, individual interview
2006 [45] scans
sonogram, CT, PET
Wernli et al Mammosgram and breast Semi-structured Cross-sectional: Not
2017 [32] v 41 Breast 0-I1I Post-treatment & MRI Detect recurrence interview in focus Scan-specific specified with respect to
. groups scans
Mixed methods studies
Quantitative assessment
focused on patients’ use
Detect progres- . .
. . . . - of electronic records for Sequential:
Baun et al., Living with CT or combined sion/monitor X . .
38 Breast v test results (not anxiety) General Not specified with
2020 [37] cancer PET/CT treatment
followed by respect to scans
response .
semi-structured
individual interviews
STAl-state
Claustrophobia
Questionnaire (CLQ)
General (STAI-S,
Bellhouse o . Radiotherapy planning Other: .MRI .anx1ety CLQ) Longitudinal,
Living with CT and two MRI scans . questionnaire (MRI-AQ) concurrent:
etal., 29 NSCLC I-III . 1 Radiotherapy ifi li ¢ h
2020 [41] cancer approximately two plarming Scan-specific Baseline and after eac
weeks apart CT anxiety (MRI-AQ, CT-AQ, MRI scan
questionnaire (CT-AQ) interview guide)

Semi-structured
individual interview
after last scan
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Table 3. Cont.

Sample Characteristics

Scan Characteristics

Scanxiety Measures

Scan-Specific vs.

Design; Assessment

Citation N Cancer Type Cancer Stage Cancer Status Scan Type Scan Purpose Assessment Tool General Measure Time Points
Single item (experience
scanxiety; yes/no)
Modified Distress SC?I’I—Sp.ECIfIC
(single item,
Thermometer s .
Detect progression modified Distress Concurrent:
123(1;21; tza;]’ 222 Multtllllfllli;rss()hd I, IvV lecl;ngcz\;lth CT Open-ended text Tll)er:;logftt)er, Within four months after
Investigative response P scan/scan results
Other measures S;Z;‘r?{lggsl;’
examined as correlates: ’
six-item STAI, HADS,
FOP-Q-SF
Psychological
consequences of
screening questionnaire
(PCQ)
Koo et al 0: non-muscle- Ll\’Cl;;gCZ\;lth Detect progression Customer satisfaction Sequential:
2017 [30]. ’ 12 Bladder ! invasive Cystoscopy survey (CSS) with items Scan-specific After cystoscopy
’ Detect recurrence  on worry and discomfort procedure
Post-treatment from procedure
Semi-structured
interview in focus
groups
ll_Iridgli(c:;Z STAI-trait General (STAI) Concurrent:
Thompson, ymp Not specified with
CA.etal, 70 A . Not specified Post-treatment CT Detect recurrence . i respect to scan (mean
ggressive Semi-structured Scan-specific - ) _
2010 [18] time since last scan

non-Hodgkin’s
lymphoma

individual interviews

(interview guide)

14.8 months, SD 25.3)
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3.4. Measurement Methods

Measurement of psychological symptoms included diverse concepts, such as distress,
anxiety, stress, fear of cancer recurrence, and emotional well-being. Some articles included
assessments that were specifically worded with reference to a scan, while others included a
measure of general symptoms without a specific focus. For the purpose of consistency and
brevity, and to reflect that these concepts were measured around or associated with scan
procedures, we refer to all of these psychological symptoms as “scanxiety” in this paper.

Quantitative measures were used in 27 articles, including the five mixed methods
articles [3,13-18,20-30,37-39,41-43,46-48]. Of these, 10 articles used more than one quan-
titative measure [14,15,20,25,27,29,30,41,42,48]. The most frequently used quantitative
assessment tools were single-item measures that were developed for the purpose of the
given study. Such measures were used in eight articles [21,25,29,39,42,46—48]. Across
articles, there were 28 unique assessment tools; see Table 4. There were 14 scan-specific
measures (used across 17 articles) that were worded specifically with respect to scans, and
14 general measures (used across 24 studies) that assessed psychological symptoms without
a specific reference to scans.

Table 4. Quantitative measures of scanxiety used in included articles, according to scan-specific vs.
general assessments.

Scan-Specific Measures
(Worded with Respect to Scans)

General Measures
(Worded without Reference to Scans)

Measure

n, Articles Measure n, Articles

Impact of Events Scale (IES; revised

State-Trait Anxiety Inventory

or short form) 2[3,17] (STAI) 6[13,18,20,41,48]
Modified Distress Thermometer 2[29] Fearlonf V(éi?cff; g:eéﬁgence 3[27,28,43]
Psychological Consequences of Hospital Anxiety and Depression
Screening Questionnaire (PCQ) 225,301 Scale (HADS) 3115,23,29]
MRI Anxiety Questionnaire 1[41] Cancer Worry Scale (CWS) 2[14,24]
CT Anxiety Questionnaire 1[41] Claustrophobia Questionnaire 1[41]
Medical Imaging Radiation Worry 1038] Breast Cancer Psychosocial 1[42]
item from the HINTS survey Assessment
Stanford Acute Stress Reaction 1026] Health Fears items 1022]
Questionnaire
Customer Satisfaction Survey 130] SF-12 Quality of Life Mental 1016]
(worry and discomfort items) Component Score
Study-specific item (anxiety during 1[21] Visual analog scale (VAS) items 1[014]
procedure, 10-point Likert) on fear of recurrence
Study-specific item (distress about
components of follow-up, 4-point 1[42] Fear of Progression Questionnaire 1[29]
Likert)
Study-specific item (anxiety about .
diagnosis, not at all to completely) 1471 PROMIS Global Anxiety 171
Study-specific item (anxiety during 1[39] Study-specific item, daily stress 1[25]
procedure, 5-point Likert) . (0-10 Likert)
Study-specific item (anxiety about 1[46] Study-specific item, subjective 1[48]
scan modalities, 5-point Likert) anxiety (0-10 Likert)
Study-specific item (whether 1[29] Distress Thermometer (general) 1[15]

experienced scanxiety; yes/no)

Note: Measures were used to assess psychological symptoms around the time of scans or with consideration
of scans in the study design. Scan-specific assessments were specifically worded in reference to a scan; general
measures did not include a specific focus.
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Among the articles that used quantitative measures, 20 provided information about
the timing of survey administration with respect to the scan or scan results discussion [3,13—
15,17,20,21,23-30,39,41,46—-48]. In seven articles, the timing of survey administration was
unspecified or was not timed with respect to the scan [16,18,22,37,38,42,43]. In four articles,
scanxiety was assessed only before a scan procedure or scan results discussion [3,20,26,47].
In five articles, scanxiety was assessed only after a scan or scan results discussion [17,29,30,
39,46]. In 11 articles, scanxiety was assessed both before and after a scan procedure or scan
results discussion [13-15,21,23-25,27,28,41,48].

Fourteen articles used qualitative methods, including the five mixed methods articles
that also incorporated quantitative measures above [2,18,29-34,36,37,40,41,44,45]. Of these,
13 articles used semi-structured interviews (n = 4 in focus groups [30,32,36,40], n = 9
individually [2,18,31,33,34,37,41,44,45]) and one used open text box responses [29]. In nine
articles, the interview topic guides or open text questions explicitly asked about scanxiety
or emotions with respect to scans [2,18,29-32,34,40,41]. In the other five articles using
qualitative methods, responses and themes regarding scanxiety emerged when asking
other questions about cancer survivorship, follow-up care, and quality of life, and were
thus reported in the results [33,36,37,44,45].

3.5. Consequences of Scanxiety

Of the articles reviewed, eight quantitatively investigated [3,17,22,24,26,29,41,47] and
five qualitatively summarized [2,18,33,44,45] the effects of scanxiety. These articles high-
lighted effects on quality of life, somatic symptoms, receipt of follow-up care, and other
healthcare experiences.

3.5.1. Quality of Life

Several articles highlighted links between scanxiety and poorer quality of life. Patients
with metastatic cancer who reported scanxiety had poorer quality of life on the EORTC-
QLQ-30 than those who did not [17]. In another article, advanced lung cancer patients who
experienced higher scanxiety reported poorer quality of life on the FACT-L than those with
lower scanxiety [3]. By examining the subscales of the FACT-L, the authors concluded that
this relationship was primarily driven by an association between scanxiety and emotional
well-being. Consistent with these findings, metastatic cancer patients’ anxiety as assessed
before a scan results discussion was associated with poorer psychological well-being on
the McGill quality of life questionnaire [47].

3.5.2. Somatic Symptoms

Findings from included articles suggested that scanxiety is linked to somatic symp-
toms. For example, advanced cancer patients reported that they experienced trouble
sleeping (32%), feelings of dread (29%), poor concentration (26%), irritability (25%), and
restlessness/agitation or tension (24%) due to scanxiety [29]. Other somatic symptoms
including pain, low appetite, and racing heart, among others [29]. In a study of women
undergoing mammograms following breast cancer treatment, participants with higher
fear of cancer recurrence experienced poorer sleep both immediately before and one week
after their mammograms compared to those with lower fear of cancer recurrence [24].
Similarly, advanced cancer patients described difficulty sleeping, fatigue, irritability, poorer
concentration, and lower motivation for daily activities in qualitative interviews [2].

3.5.3. Receipt and Experiences of Follow-Up Care

There were complex relationships between scanxiety and receipt of follow-up care,
and the direction of the effects differed by article. For example, in a qualitative study of
post-treatment lymphoma survivors, some reported that fear of recurrence motivated them
to complete follow-up care, while others said it was a barrier [18]. These different patterns
were also observed in quantitative studies. Among people with metastatic cancer, 16%
reported that they had delayed follow-up care due to scanxiety [17]. A similar pattern



Cancers 2023, 15, 1381

16 of 28

was observed in post-treatment breast cancer survivors, such that those with higher levels
of anticipatory anxiety were less likely to undergo mammography in the following year
than those with lower levels of anticipatory anxiety [26]. Specifically, compared to women
without anticipatory anxiety, those with median levels of anticipatory anxiety were 32%
less likely to undergo a mammogram in the next year. Women with higher anticipatory
anxiety also reported more negative responses to pain during the mammogram, which
partially explained the relationship between anxiety and mammogram adherence in a
mediation model. Findings from a latent class analysis of adult survivors of childhood
cancers indicated a different pattern [22]. Those in the “worried” latent class were more
likely to report completing mammography, as well as other aspects of follow-up care
including ECG and bone densitometry, within the recommended time frame than those in
other latent classes. Finally, in a study involving a series of three scans, baseline anxiety
scores did not differ between those who went on to complete all of their scans in the series
versus those who did not [41].

Qualitative findings added further context to these relationships. Following breast
cancer treatment, some women noted that concern about recurrence was a motivator for
completing follow-up surveillance care, while others reported that fear of recurrence was
a barrier to follow-up care [45]. Another article highlighted that mammography was
perceived as reassuring, and thus “worth the discomfort it may cause”, suggesting that
anxiety was not perceived as a barrier to completing follow-up mammograms [44]. In
survivors with various cancer diagnoses and cancer statuses, it was noted that follow-up
tests (e.g., mammograms) were reassuring for some, while at least one participant noted
that they did not experience this relief and considered discontinuing follow-up [33].

The effects of scanxiety on other healthcare experiences were examined in two articles.
Among advanced cancer patients, those with higher anxiety prior to a scan results discus-
sion were less likely to report their recently-discussed scan results accurately (compared
to their oncologists’ reports) than those with lower anxiety [47]. In lung cancer patients,
anxiety was not related to motion artifacts during the scan, which can affect the quality of
the imaging for interpretation [41].

3.6. Correlates of Scanxiety

Of the articles reviewed, 21 quantitatively evaluated factors that were associated
with scanxiety [3,13-18,20,21,23-25,27-29,31,38,39,41,46,48], and 12 described qualitative
themes regarding such factors [2,18,29-32,34,37,40,41,44,45]. Findings are synthesized
below, grouped by factors that reflect sociodemographic characteristics, cancer-related
characteristics, scan-related factors, timing of assessment, clinic- and system-related factors,
and psychological and behavioral factors.

3.6.1. Sociodemographic Characteristics

In two articles, women reported higher scanxiety or were more likely to endorse
scanxiety compared to men [20,29]. In Abreu and colleagues’ study, there were no gender
differences in scanxiety prior to the scan procedure, but men reported higher scanxiety than
women afterward [21]. Gender was not associated with scanxiety in four articles [3,13,18,38],
although there was a trend toward higher scanxiety in women in two of these articles [3,18].

Age was not associated with scanxiety in most articles [3,13,15,23,38]. In a study of
advanced cancer patients, younger participants were more likely to endorse experiencing
scanxiety than older participants [29]. Similarly, in people undergoing active surveillance
or primary intervention for kidney cancer, those who were younger had poorer mental
health scores than those who were older [16].

Few articles examined the relationship between scanxiety and race or ethnicity. In
advanced lung cancer patients, there was no significant relationship between race or
ethnicity and scanxiety [3]. Among cancer survivors in the HINTS study, Black individuals
and those who were foreign-born were more worried about exposure to medical imaging
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radiation than white and US-born individuals, respectively, in unadjusted analyses, but
these relationships did not remain in adjusted models [38].

While education level was not associated with anxiety in three articles [3,13,21], several
articles suggested that scanxiety may be worse among those with lower education levels.
In the HINTS study, cancer survivors with lower educational attainment reported more
worry about medical imaging radiation than those with higher educational attainment in
unadjusted analyses, but this relationship was weakened in adjusted models [38]. Similarly,
people with lower education had higher scanxiety when undergoing imaging than those
with higher education [20]. In a study of advanced cancer patients, those with lower
education levels were more likely to endorse scanxiety than those with higher education
levels, but interestingly, health literacy was not associated with scanxiety [29]. In this
study, participants who lived in more remote locations were also more likely to report
experiencing scanxiety than those who lived in more urban locations [29].

Other sociodemographic factors were not associated with anxiety or stress around
the time of scans, including smoking status [3], income [3], and relationship/marital
status [3,29]. Medical imaging radiation worry was not associated with health insurance
status, but those with lower income levels were more likely to report medical imaging
radiation worry than those with higher income levels [38].

3.6.2. Cancer-Related Characteristics

Several articles included individuals with and without cancer and examined whether
scanxiety varied with cancer history. Using daily data collection before and after mammo-
grams, Porter and colleagues observed that breast cancer survivors had a slightly greater
increase in daily stress from baseline to mammogram day compared to control women
without a cancer history [25]. On the other hand, patients undergoing imaging tests for
cancer had lower anxiety levels on the day of the exam than those who underwent imaging
for other health conditions [20]. In a three-week daily diary study, participants with cancer
reported significantly higher fear of cancer recurrence across the study period and greater
peak levels of fear of cancer recurrence on the day of their mammogram compared to
their spouses [27]. Another study indicated a different pattern, in which 71% of patients
and 81% of their caregivers reported scanxiety symptoms on a Greek version of the IES-R,
though the score cutoff and statistical significance of this comparison was not reported in
the conference abstract [17].

In two quantitative articles, time since diagnosis was not related to levels of scanx-
iety [3,15]. Other articles suggested a complex relationship. Among advanced cancer
patients, those who were diagnosed less than a year ago endorsed similar rates of experi-
encing scanxiety (vs. not experiencing scanxiety) compared to those who were diagnosed
more than a year ago [29]. However, in the subset of participants who endorsed scanxiety,
those who were diagnosed less than a year ago rated their peak anxiety as higher than those
with a longer time since diagnosis [29]. In a cross-sectional study, patients with a recent
diagnosis within six months or less had higher levels of scanxiety than those who had been
living longer with cancer [17]. However, in the same study, participants also reported that
scanxiety did not dissipate over time [17]. In the HINTS study, those who had completed
treatment within the past 10 years reported higher worry about medical imaging radiation
than those who had completed their treatment more than 10 years ago [38]. Qualitative
findings similarly highlighted that scanxiety may decrease over time for some people
with cancer, but not for others. For example, some patients with metastatic lung cancer
reported that their anxiety diminished as their condition stabilized, while others reported
that scanxiety is “always there” [34]. Among veterans with bladder cancer, some noted
that anxiety lessened over time with repeated procedures, and with meeting “experienced”
patients who had been living with cancer for a longer period of time [30].

Few articles investigated differences in scanxiety based on cancer stage, cancer type,
treatment type, or health status. Advanced lung cancer patients’ scanxiety did not vary ac-
cording to their cancer histology, stage, or the presence of an actionable tumor mutation [3].
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Patients with progressive lung cancer did not experience significantly higher levels of
scanxiety than those whose disease was stable or improving [3]. On the other hand, cancer
survivors with poorer self-rated health had higher levels of medical imaging radiation
worry than those who rated their health better [38]. Larger proportions of those with breast
and lung cancer reported higher medical imaging radiation worry compared to other cancer
types, and those who received radiation treatment were more likely to report worry than
those who did not [38]. Among those with advanced cancer, those with breast cancer were
more likely to report experiencing scanxiety around a recent scan compared to those with
other cancers [29]. Clinical trial participation was not associated with scanxiety [15].

3.6.3. Scan-Related Characteristics

The number of prior scans or frequency of scans was not reported in most articles we
reviewed. In two articles, anxiety level was not significantly different for those who were
undergoing the F-FDG PET/CT scan procedure for the first time compared to those who
had completed it previously [13,21]. Similarly, among patients who were undergoing a
series of multiple scan types, including MRI and CT, anxiety was not statistically different
between the first and second MRIs [41]. Nevertheless, in qualitative interviews with
advanced cancer patients, increasing familiarity with the procedures was noted to be linked
to lower scanxiety [2].

Findings were inconsistent for whether scanxiety varied by scan type. For example,
among lung cancer patients undergoing CT and MRI scans, state anxiety scores did not
differ significantly by scan type [41]. However, in the semi-structured interview component
of this mixed methods study, participants described that MRI scans prompted more anxiety,
claustrophobia, and discomfort than CT scans [41]. In Goense and colleagues’ study,
participants underwent both MRI and PET/CT scans; they concluded that anxiety did
not vary significantly by scan type [39]. Follow-up regimen type was also not associated
with differences in mental well-being between kidney cancer patients who received active
surveillance including regular imaging (CT, MRI, and ultrasound) and those who received
primary intervention [16]. On the other hand, three studies found group differences
in anxiety according to scan type, with anxiety being higher for MRI (vs. CT) [20], for
endoscopic ultrasonography (vs. cervical ultrasonography, CT, or PET) [46], and for rigid
(vs. flexible) cystoscopy [23].

Several articles examined characteristics of the scan experience. For example, one
study indicated that patients” experiences during the scan (e.g., discomfort, difficulty) were
associated with higher anxiety directly following the procedure [13]. Similarly, focus groups
with breast cancer survivors suggested that pain and discomfort during mammogram
procedures were a source of anxiety [32]. The reason that the scan was being conducted
was not related to anxiety [13,21]. Interestingly, a study of advanced cancer patients did
not indicate a significant association between type of result received (stable or better vs.
progressive) and retrospective anxiety reports [29]. Patients’ expectations about the nature
of the results were also not associated with pre-scan distress levels [15]. Among advanced
lung cancer patients attending an appointment, those who reviewed a recent scan during
the visit did not have significantly higher scanxiety severity compared to those who did
not review a scan at the visit [3].

3.6.4. Timing of Assessment

Articles with longitudinal designs examined the effect of time by comparing scanxiety
at different points in the scan experience. In two articles, anxiety increased from baseline to
pre-mammogram [14,27]. In six articles, anxiety decreased from pre- to post-scan proce-
dure [14,21,23,24,27,41]. In one article, participants experienced higher anxiety following
the scan compared with their pre-scan anxiety [13]. In at least two articles [14,24], partici-
pants had received their results by the post-scan time point. However, the timing of results
was not always clear with respect to the study assessments.
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3.6.5. Other Clinic or System-Level Factors

In qualitative articles, the waiting period between the scan procedure and receiving
scan results was often described as the most distressing period [2,30]. Participants described
that anxiety was present until the results of the scan were known [40,44]. In separate articles
of post-treatment breast cancer and lymphoma survivors, both research teams noted that
the days between the scan and receiving results were particularly stressful and reminded
participants of the time period of when they were first evaluated for and diagnosed with
cancer [40,45]. Wait times may be shortened when receiving results electronically (e.g., via
patient portals), which was perceived positively by some patients [37]. Qualitative findings
also suggested that other stressors arose with this option for some patients, such as the
potential to feel worse after a “bad result” or to need reassurance from an oncologist [31,37].

Although this waiting period was commonly noted as anxiety-provoking in qualitative
articles, few quantitative articles examined this factor. Advanced cancer patients who
waited more than two days for their scan results were more likely to retrospectively report
experiencing scanxiety [29]. With respect to results delivery, advanced cancer patients who
were notified about their results by their preferred provider had greater decreases in their
distress following this discussion than those who received results from a provider that
differed from their preference [15]. However, participants’ distress before imaging and
after results was not associated with whether their preferences were met for the time frame
or method for delivering results [15]. Among lymphoma patients, those who reported a
worse patient—doctor relationship had higher anxiety than those who reported a better
relationship, although this assessment was not timed around scans specifically [18]. On
the other hand, worry about medical imaging radiation was not associated with physician
trust in a heterogeneous sample of cancer survivors [38].

In another article, advanced cancer patients rated clinic-level factors as helpful around
the time of the scan or scan results [29], although the statistical relationships between
these factors and anxiety were not tested specifically. Several factors reported to be helpful
around the time of scans were having experienced (81%) and friendly (88%) staff conducting
the scan procedures, knowing what to expect about the procedures (82%), and undergoing
the scan at a familiar location (i.e., close to home or at the center they received treatment,
71%). Around the time of receiving scan results, several factors reported to be helpful were
the availability of scan results at the time of their oncologist appointment (91%), receipt of
results from their oncologist in clinic (90%), and discussing the treatment plan in the same
visit (81%) [29].

3.6.6. Psychological and Behavioral Characteristics

Some articles indicated that scanxiety was more common among those with certain
baseline psychological factors. Those with higher general anxiety symptoms and fear
of cancer progression were more likely to endorse experiencing scanxiety [29]. General
anxiety symptoms were also associated with patients’ ratings of peak anxiety around the
time of the scan [29] and distress on the day of imaging [15]. In a study of people with
bladder cancer, those with higher baseline anxiety also had higher anxiety following the
cystoscopy procedure [23]. On the other hand, this relationship was not observed between
elevated general anxiety and worry about medical imaging radiation [38]. The likelihood of
reporting scanxiety in the context of a recent scan did not differ for those with and without
clinical depression [29]. In a daily diary study, patients with higher threat sensitivity (i.e., a
tendency to have stronger responses to threatening cues or situations) had higher fear of
cancer recurrence on the day of their mammogram and slower rates of recovery (decreases
in fear of cancer recurrence) following the mammogram than those with lower threat
sensitivity [27].

Other articles examined how health behaviors and coping strategies were related
to scanxiety. For example, people who searched for information prior to their scan did
not have higher levels of anxiety compared to those who did not [21]. In bladder cancer
patients, low perceived control over the procedures was noted, and the ability to watch the
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procedure in real time was noted to help improve feelings of control [30]. Empowerment or
self-efficacy in managing their health by undergoing the procedure was noted as a positive
factor [30]. However, in a trial testing a self-management approach following treatment
for endometrial cancer, women randomized to patient-initiated follow-up (self-referral if
alarming symptoms occurred) had smaller decreases in fear of recurrence compared to
control participants receiving regularly-scheduled hospital-based follow-up [43]. Articles
also summarized ways of coping; patients reported using a wide range of strategies,
including distraction, relaxation, positive self-talk, and self-management of care [2,41]
to tolerate scans and manage scanxiety. Among post-treatment breast cancer survivors,
greater confidence in one’s ability to cope with potential recurrence was associated with
lower fear of recurrence around surveillance [14]. Following a PET-CT scan, state anxiety
scores were lower among cancer patients who were assigned to listen to music immediately
before a PET-CT scan compared to those assigned to a control condition [48].

Several articles examined how social relationships were associated with scanxiety.
Although emotional and instrumental social support were not associated with pre-scan
distress, patients who reported greater social isolation had higher distress on the day of
their imaging compared to their socially connected counterparts [15]. In a dyadic design
using daily diary methods, partner responsiveness (i.e., the degree to which one perceives
their partner to respond with genuine interest and care) and capitalization attempts (i.e.,
the process of sharing good news with one’s partner) were not related to fear of cancer
recurrence before a mammogram [28]. Contrary to hypotheses, patients whose partners
were more responsive had higher fear of cancer recurrence on the day of the mammogram
than those with whose partners were less responsive [28].

4. Discussion

In this scoping review, we identified and synthesized findings from 36 articles on
scanxiety among adults diagnosed with current or prior cancer. The articles included a
notable breadth of individuals across cancer types, disease status, and stage, suggesting
that scanxiety occurs across the cancer continuum. Our synthesis indicated that there are
various components of the scan experience that prompt anxiety, which may differ across
individuals. These components appear to cluster around aspects of the scan procedure
itself and around the uncertainty associated with high-stakes results. The waiting period
between the scan procedure and receipt of the results was described as particularly stressful,
although few quantitative articles captured this period of time or described how results
were delivered. Our review also summarized the measures and methods used in scanxiety
research. The assessment tools used to measure scanxiety varied widely, with 28 unique
assessment tools, and often relied on newly-created single items for study-specific pur-
poses. While this leads to a rich literature to examine scanxiety from different angles,
this variation limits conclusions about levels or consistent factors relating to scanxiety.
Strengths of our approach include the large literature base screened and reviewed, the
inclusion of both quantitative and qualitative research designs, and the focus on cancer
survivorship. Although comprehensive searches were conducted in July 2020 and March
2021, an adjusted search approach limited to Pubmed was conducted for the final period of
this review (March 2021 to July 2022), a limitation. Below, we discuss how the findings of
this review could be used to inform future research directions and to generate hypotheses
and approaches for interventions (Table 5).
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Table 5. Recommended areas for future scanxiety research.

Research Topics: Expanding Research to Areas Needing Additional Attention

Suggested Areas

Example Research Questions

Investigate care partners’ scanxiety levels and supportive care
needs

What are the scanxiety characteristics, levels, and support
needs among care partners/family members?

How do care partners’ scanxiety compare to and influence
that of the cancer survivor?

Determine whether people with cancer experience similar
anxiety and uncertainty while awaiting different types of tests

How does anxiety fluctuate in the time period around
cancer-monitoring blood tests and results delivery?

What are the components or dimensions of anxiety around
these procedures?

What are the correlates and effects of anxiety around other
tests?

Explore how newer modes of scan results delivery (e.g., via
electronic results release; via video or other remote clinical
interactions) affect scanxiety

Which patients experience decreased anxiety when receiving
faster, automated test results (e.g., in patient portals)—and
which patients experience elevated anxiety?

What support strategies may patients need in order to
engage with and benefit from this format of results delivery?

Expand scanxiety research to under-investigated populations,
time periods, and scan types

What are the scanxiety experiences and coping strategies of
those with hematological malignancies?

How does anxiety fluctuate between the scan procedure and
the scan results? What factors may exacerbate or buffer
against increases?

How do patients cope with anxiety in the context of
investigative scans prompted by new or worsening
symptoms?

What are the longitudinal patterns of scanxiety that occur
over time with repeated scans?

Expand work on the effects of scanxiety and moderators of
these effects

For whom and how does scanxiety affect one’s likelihood of
adhering to follow-up care?

How does scanxiety impact physical symptoms,
communication in appointments, and other outcomes?

Determine intervention targets and test whether interventions
are effective

Are brief interventions (e.g., just-in-time
micro-interventions) acceptable, feasible, and efficacious for
reducing anxiety at the time of scan procedures?

Which coping strategies are most effective for managing
uncertainty about what results may show?

When is the optimal time to introduce a behavioral
intervention with respect to scans?

Research Methods: Strengthening how Scanxiety Studies Are Conducted

Suggested Approaches

Example Research Questions/Directions

Harmonize measures and examine psychometrics

How does scanxiety relate to close constructs such as fear of
recurrence or progression, anticipatory anxiety, and state
anxiety?

Is it sufficient to use existing state anxiety measures to index
scanxiety? Or are there advantages to developing specific
measures that reflect multiple elements or specific
components of scanxiety?

Examine psychometrics of scanxiety measures
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Table 5. Cont.

Research Methods: Strengthening how Scanxiety Studies Are Conducted

Suggested Approaches

Example Research Questions/Directions

Improve description of follow-up care procedures

Strengthen descriptions of what typical follow-up
procedures entail (e.g., exams, tests)

In studies of general anxiety, include questions about
whether an upcoming scan or scan discussion is occurring

Detail time periods to include information on procedures and
scan results delivery phases

Describe the length of time between assessment time points
with respect to pre-scan, post-scan, and results delivery time
points.

Report whether, when, and how results were delivered, and
what they showed.

How do waiting periods and results delivery methods
influence scanxiety?

How can clinicians or clinics structure the scan experience to
help mitigate anxiety?

Explore innovative measurement strategies

Are daily diary and/or ecological momentary assessment
approaches acceptable and feasible around the time of scans
for older adults, those with advanced disease, and those on
active treatment?

Do these approaches reveal fluctuations and individual
differences not evident from one-time assessments?

Intervention Approaches: Developing and Testing Ways to Manage Scanxiety

Promising Approaches

Example Research Directions/Intervention Targets

Screening to identify those experiencing or at higher risk for
scanxiety

Use scan-specific measures to identify those with scanxiety
Prioritize at-risk individuals for interventions

Tailoring strategies to stressful time periods

Design interventions that address procedure-related and
results-related components of scanxiety

Optimize strategies for each time period (e.g., pre-scan;
awaiting results)

Behavioral / self-management strategies

Promote self-efficacy for coping with
progression/recurrence

Bolster overall stress management skills (e.g., relaxation,
pleasant activities)

Facilitate just-in-time strategies for distinct periods (e.g.,
during or directly before scans)

Clinic or system strategies

Reduce scan-to-results waiting time

Provide education/structure that promotes knowing what to
expect for the procedure

Engage in shared decision-making about scans and results
delivery

4.1. Current Research Findings, Methods, and Gaps

Conceptual clarity varied across articles. Few articles provided a specific definition
of scanxiety. This may have been because research questions on scanxiety were often
secondary to other study aims. With limited conceptual clarity, it is not surprising that
many different survey measures were used, with little harmonization across articles. To
advance the science of scanxiety, there is a need to examine how it relates to closely-
related constructs that may be exacerbated around scans, such as fear of recurrence or
progression, anticipatory anxiety, and state anxiety. Determining if these constructs are
largely the same, strongly correlated, or composed of different components would help
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to harmonize measurement strategies for indexing anxiety around scans. Because precise
measurement methods are especially needed for assessing the impact of interventions,
a strong interim approach might be to utilize measures that are worded specifically in
reference to a scan (Table 2), such as the Impact of Events Scale (six items) and the modified
Distress Thermometer.

Relatedly, neighboring literature on anxiety while awaiting other types of tests (e.g.,
blood tests) or routine follow-up examinations should be evaluated to determine if ex-
periences are similar during these waiting periods. For example, many patients receive
key prognostic information about their disease from blood tests such as carginoembry-
onic antigen (CEA), prostate-specific antigen (PSA), or cancer antigen 125 (CA125) levels.
As technology becomes more sophisticated, additional blood tests (e.g., cell-free DNA,
or “liquid biopsy” for mutational analysis of tumors) bring with them the potential for
additional distress to patients. The extent to which similar processes of heightened anxiety
and uncertainty occur around these types of tests is needed. Based on the definitions and
elements of scanxiety from our review, we suggest that this experience may not be limited
to scans, but instead may occur in the context of other types of follow-up tests that involve
uncomfortable procedures, waiting for results, and uncertainty around implications for
disease status. During the article screening process, we identified articles that focused on
different types of tests or follow-up without mention of imaging, but we did not review
these articles based on our research objectives and inclusion criteria. Because the search
terms were designed to focus on imaging-related articles, our review of literature on other
testing methods would not have been comprehensive or representative. However, we
identified additional articles that could be relevant to the concepts raised here, an area
for future work. Findings might also inform considerations for administering existing
measures or developing new ones. For example, measures or terminology that apply
to anticipatory anxiety around multiple types of tests may be needed. Scanxiety is cur-
rently used to describe these processes specifically around scans, and we are not aware of
broader terms that encompass anxiety around new or alternative tests that result in similar
prognostic information.

The characteristics of the samples and designs in our review also point to areas in
which research can be extended. For example, most of the current scanxiety literature
focuses on those with solid tumors, and fewer articles included individuals with hema-
tological malignancies. In addition, articles typically focused on individuals who were
undergoing routine, scheduled scans to detect progression, treatment response, or recur-
rence. Only one study included individuals who were undergoing investigative scans due
to new symptoms, but it seems that anxiety would likely be even higher in this context.
Third, scanxiety among family members/care partners has been under-studied. Research
is needed to determine their anxiety levels and needs for psychosocial support, and interac-
tions between these factors and the patient’s experience around the time of scans. Broader
literature suggests that family members’/care partners’ general anxiety is significant and
can be higher than patients” anxiety [49,50], so it is possible that periods around scans are
even more stressful for them. Another future direction is to determine how delivery of
scan results may impact scanxiety, especially in the context of newer formats such as direct
release through patient portals [31,51]. Given that a common focus of scanxiety was on
what the scan results showed, additional research that examines how results are delivered
and what they showed would be useful. These details about results delivery were rarely
included in the articles reviewed, with several exceptions [3,14,15,29,47]. Finally, research
addressing how scanxiety affects day-to-day life, clinical experiences, and follow-up care
receipt is limited. Because existing articles highlighted that scanxiety drives some patients
to seek greater follow-up care and others to seek less, there is a need for research to test
“for whom” and “how” scanxiety affects follow-up care. Both patterns can be problematic
but likely require different management strategies.

Our review also highlights areas for methodological improvements in scanxiety re-
search. For example, psychometrics of quantitative measures were rarely provided. Overall,
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the description of timing of measurements with respect to the scan procedure and the re-
sults delivery could also be improved. Longitudinal assessments often included pre- and
post-scan time points, but it was often unclear when scan results were delivered with
respect to the post-scan assessment. To the extent possible in a given study design, it would
be useful to report the nature of the test results as well as whether, when, and how results
were delivered. Prospective designs that captured the period between the scan procedure
and receipt of the results were especially limited. Future research on this time period is
needed, given that it was identified as the most stressful by patients in qualitative articles.
In addition, methods that allow for repeated measures around these times, such as daily
diary designs or ecological momentary assessment, could help to elucidate fluctuating
patterns of anxiety over time with respect to these events. While these methods are accept-
able and feasible in young survivors of childhood cancer around the time of scans [52],
evaluating their acceptability and feasibility during these time periods in older survivors
and those with active disease would be useful.

Based on our experience with the screening phase of this project, description of the
components of clinical follow-up procedures could be improved in future articles. Some of
the screened abstracts and articles had a focus on routine follow-up, but did not describe
what procedures were included in these visits, or whether they involved scans or other types
of tests. We excluded these articles if scans were not mentioned. However, operationalizing
the types of tests or procedures in regular follow-up could potentially expand the pool
of scanxiety articles available to draw upon. Accordingly, it is possible that the group of
available articles is actually larger than what was reviewed here. In addition, in the broader
cancer literature on anxiety and stress, it is possible that symptoms are assessed at the time
of tests or follow-up visits while awaiting results, and thus affected by scanxiety. Future
work on anxiety could be advanced by including questions about whether participants are
awaiting upcoming tests, scans, or follow-up care to help interpret fluctuations in anxiety.

4.2. Promising Approaches to Intervention

To develop and test interventions for scanxiety, a key step is to learn which individuals
are most at risk for scanxiety. While more research is needed and findings were not always
consistent, our review indicated that women and those with lower education levels, shorter
time since diagnosis, and greater levels of baseline anxiety may be more likely to experience
scanxiety, while associations with other factors were less consistent. If these patterns hold
true in future research, this information could be used to emphasize the inclusion of these
individuals in the intervention development process, tailor strategies to their needs, and
prioritize them for intervention delivery. For example, screening for baseline characteristics
(e.g., general anxiety or fear of recurrence) could be used to inform which patients may be
likely to need or benefit from additional support around the time of scans. Future research
supporting these patterns could also inform intervention components. For example, it is
possible that helping patients manage high levels of general anxiety could have a positive
impact on their scan-specific anxiety. However, we did not analyze these patterns using
meta-analysis, and the measures and time points examined were quite heterogeneous.
Given these limitations, our synthesis can be used to generate hypotheses rather than to
draw firm conclusions on whether these factors are related to higher scanxiety. Further
research is needed to determine which patients may be most prone to increases in anxiety
around the time of scans.

Few articles examined modifiable or theory-driven individual-level factors to inform
intervention targets that mitigate scanxiety, another area for future work. Nevertheless, the
existing literature can be used to identify promising intervention approaches. For example,
a study of post-treatment breast cancer survivors investigated whether factors from the
cognitive-behavioral model were related to anxiety. Women who were more confident in
their ability to cope with potential recurrence experienced lower fear of cancer recurrence
around their surveillance mammograms than those with lower coping self-efficacy [14].
These findings suggest that interventions to strengthen peoples’ coping skills for how
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they might handle the potential “bad news” of recurrence might be useful, as opposed to
reassuring oneself that risk is low (which was associated with greater anxiety in the study).
Because the waiting period before receiving results is often uncontrollable and described as
the most stressful period, strategies to pass the time during this difficult window might
be especially useful. For example, advanced cancer patients described using strategies
such as distraction and pleasant activities to cope with scanxiety [2]. Similarly, engaging in
enjoyable flow activities that fully occupy one’s mind could make the waiting period more
tolerable [53].

When developing and testing interventions, researchers should consider that anxiety
may center around the scan procedures themselves, around the uncertainty associated with
what the results may show, or both. It is likely that different types of intervention strategies
may be needed to address these various components effectively. For example, a patient
who is primarily concerned about the procedure due to claustrophobia may benefit from
cognitive behavioral therapy, including exposure exercises. This approach would likely
be ineffective and inappropriate for someone whose primary concern is the uncertainty
of results. Short interventions around the time of scans, including real-time strategies
employed in the waiting area or during scan time, may be beneficial and acceptable for
those with procedural anxiety. Just-in-time micro-interventions represent a promising
approach that may be well suited for these moments [54]. On the other hand, a common
focus of scanxiety is the ongoing uncertainty associated with the possibility of recurrence
or progression, or anxiety-provoking reminders of initial diagnosis. Interventions that
are employed outside of the scan procedure itself, perhaps in the lead-up to the scan or
emphasized during the waiting period between the scan and results receipt, may be better
suited to address anxiety arising from uncertainty about the results. In this case, people may
be expected to benefit from interventions that promote meaningful engagement in activities,
mindful awareness, coping with fear of progression or recurrence, or acceptance-based
strategies. As research on the most beneficial strategies to support those with scanxiety
emerges, a helpful approach could be to offer several different evidence-based stress
management tools [35], such that patients may practice those that resonate most with them.

This review also suggests that addressing clinic- and system-level factors could help
mitigate scanxiety. For example, findings from qualitative articles repeatedly suggested
that wait times, especially the waiting period between the scan procedure and receipt of the
results, was particularly anxiety-provoking for patients. Shortening wait times to results
could shorten periods of heightened anxiety for patients. Strategies that improve patients’
ability to know what to expect, such as implementing a set routine for results delivery or pre-
scheduling discussion appointments, may also be useful. While the direct release of results
via patient portals may provide a way to shorten wait times, data also indicates that some
patients experience heightened anxiety or confusion around technical terms when viewing
these results independently; thus, they may benefit from additional support, education,
or informed decision-making to determine if this is the right approach for them [31,37,51].
Other patients may benefit from addressing aspects of the scan procedure itself. Improving
the scan experience (e.g., by making adjustments that reduce pain or discomfort) could
help to alleviate procedural anxiety. Finally, clinicians may benefit from considering which
patients could struggle most with scanxiety. Shared decision-making with such patients
(e.g., considering a longer interval to the next scan) as well as communicating about how
to act on (e.g., anticipated treatment decisions based on results) and cope with (e.g., by
voicing unending support for the patient no matter what the results, offering additional
psychosocial supports as available) the potential results are other promising directions for
future research and clinical practice.

5. Conclusions

Our review—which involved screening and reviewing a large literature base, in-
cluded quantitative and qualitative research designs, and focused on cancer survivorship—
provides insight on the nature of scanxiety, research practices and gaps, and promising
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strategies for interventions. In summary, scanxiety occurs across the cancer continuum.
It may focus on procedural or uncertainty-related components of the scan experience.
Future work to determine the ideal measurement strategies and timing of assessments
would advance the current understanding of scanxiety and intervention approaches to help
manage it. Efforts to harmonize measures, examine the waiting period between scans and
scan results, and identify intervention targets are particularly needed. Emerging literature
indicates that some individuals may be more prone to elevated anxiety around the time of
scans, and suggests promising approaches at the individual and clinic/system levels to
help manage scanxiety. Given that scan experiences are common and repeated across the
cancer continuum, strategies to support patients around these times have the potential to
improve quality of life and other outcomes for those living with and beyond cancer.
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