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Abstract
Women with neurofibromatosis type 1 (NF1) have an increased risk of developing early breast cancer with a poorer prog-
nosis compared to the general population. Therefore, international management guidelines recommend regular screening in 
women with NF1 starting from 30 to 35 years. As the psychological impacts of breast cancer screening in other high-risk 
populations cannot be extended to women with NF1, due to increased incidence of cognitive and mental health issues, the 
psychological harms of breast screening in women with NF1 are unknown. Consequently, the aim of this study was to assess 
the psychological impact of breast cancer screening in women with NF1 attending an established risk management clinic. 
Twenty-eight women with NF1 (30–50 years) completed psychological well-being and patient experience questionnaires, 
administered across five time points, before and after their initial and second round annual breast screening visits. Prelimi-
nary findings demonstrated the screening regimen was well-tolerated, with most participants reporting high satisfaction with 
the screening process. Overall, no significant increase in psychological distress related to the breast screening process was 
identified, with mean cancer worry and anxiety scores decreasing over time. However, some women did experience nega-
tive aspects of screening and barriers to re-attendance at annual breast screening appointments. As some women with NF1 
exhibited clinical levels of psychological distress prior to screening, efforts to identify those at risk and additional support 
to address concerns and expectations throughout the breast screening process may be beneficial.
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Introduction

Women with Neurofibromatosis type 1 (NF1) have a five-
fold increased risk of developing breast cancer by age 50 
[1–3] and recent guidelines recommend annual breast 

screening from age 30 [4, 5] or 35 [6]. In comparison to 
other inherited breast cancer predisposition conditions, indi-
viduals with NF1 have a high incidence of co-morbidities, 
cognitive deficits and mental health problems, which may 
complicate the screening process. Given there is a paucity of 
evidence regarding the patient experience and psychological 
impact of breast screening for women with NF1, this is an 
important area of further exploration.

NF1 is a tumour susceptibility syndrome that predis-
poses affected individuals to cutaneous, subcutaneous and 
plexiform neurofibromas, malignant peripheral nerve sheath 
tumours, and central nervous system tumours [7–9]. The 
condition displays autosomal dominant inheritance, with 
complete penetrance but variable phenotypic expressivity 
[10]. Lisch nodules, axillary and inguinal freckling, and café 
au lait spots are characteristic features [11]. There are sev-
eral other health concerns associated with NF1 including 
chronic pain and itch, skeletal disorders, muscle weakness, 
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cardiovascular abnormalities, neurocognitive deficits and 
increased psychiatric morbidity, which require multidisci-
plinary input [7, 12–18]. Cognitive deficits normally mani-
fest as mild intellectual impairment, learning difficulties or 
attentional difficulty [14, 19], with 8% of individuals with 
NF1 intellectually disabled [19]. As NF1 impacts physical, 
cognitive and psychological functioning, it has been reported 
to have an adverse effect on quality of life [20]. It is also 
associated with higher rates of anxiety and depression than 
the general population, with anxiety and/or depressive symp-
toms identified in more than half of those from two adult 
NF1 cohorts [18, 21].

In the past 15 years, evidence for breast cancer risk in 
women with NF1 has increased [1–3, 8, 9, 13, 22–28]. 
While lifetime risk of developing breast cancer is moder-
ately increased (18%) [3], women with NF1 aged under 50 
have a five-fold increased risk of developing breast cancer 
and present with more advanced disease compared to the 
general population [2]. Other studies have identified that 
women with NF1 have an elevated breast cancer mortality 
and poorer breast cancer survival [3, 9, 28, 29]. A possible 
reason for the poorer breast cancer survival rates in women 
with NF1 (67.9% 5-year survival compared to 87.8% in 
the general population) is the overrepresentation of poorer 
prognostic tumour characteristics, which are associated 
with more advanced-stage presentations [2, 3]. In addition, 
a diagnosis may be delayed if patients with NF1 have lower 
health activation [30, 31]. It has also been hypothesized that 
time to diagnosis may be prolonged due to difficulty differ-
entiating malignant tumours from neurofibromas on clinical 
breast examination as well as on mammography [28, 29].

Current Australian guidelines recommend annual breast 
screening for women with NF1 from the age of 35, and this 
includes magnetic resonance imaging (MRI), ± mammo-
gram ± ultrasound [6]. Internationally, the starting age may 
begin from age 30 [2, 4, 5]. The potential harms associ-
ated with breast cancer screening, identified in other high 
risk cohorts, include pain or discomfort [32], false positive 
results [32–34], radiation exposure [32], over diagnosis [32, 
35], and psychological issues such as anxiety, cancer worry, 
or other forms of distress that may be related to screening 
itself, or needing to be recalled for review or biopsy [32–34, 
36–40]. This can negatively impact on future screening 
attendance, meaning patients do not access the benefits 
of regular screening [32, 37]. Although screening-related 
worry is mostly transient [34, 35, 38–40], distress may per-
sist in those with high baseline anxiety [34, 38] or with a 
family history of breast cancer [34, 36], although this is not 
consistent in all studies [38].

Despite the possible harms, studies of other populations 
at increased risk of developing breast cancer, such as carriers 
of BRCA1 or BRCA2 pathogenic variants, suggest the ben-
efits of screening far outweigh the harms [35, 36, 38–47]. A 

psychological benefit is also seen in TP53 pathogenic variant 
carriers, who have another multiple tumour-prone syndrome, 
Li Fraumeni syndrome (LFS) [48]. These findings cannot 
be extrapolated to the NF1 population due to the additional 
psychosocial characteristics associated with this condition. 
In order to understand the psychological impact of breast 
cancer screening over time and explore the experiences and 
perceived barriers to screening uptake, we prospectively 
surveyed young women with NF1 (30–50 years) as they 
enrolled in a high-risk breast cancer screening clinic.

Materials and methods

This is a pilot, prospective longitudinal cohort study con-
ducted through a tertiary hospital adult NF1 clinic and an 
established breast cancer risk management clinic in Sydney, 
Australia. The study involved three sub-studies. This paper 
will report on the patient experiences and psychological 
impact of breast screening and cancer discussions. The other 
sub-studies (breast cancer screening outcomes and feasibil-
ity and the development and evaluation of patient education 
resources) will be reported separately.

Participants

As part of the overall study, women (30–50 years) with clini-
cally diagnosed NF1 [11] were recruited from the hospital’s 
adult NF1 clinic to attend the breast cancer risk manage-
ment clinic for annual breast screening (which may include 
breast MRI, mammogram, ultrasound or biopsy). Partici-
pants were eligible to enrol in the risk management clinic 
if they fulfilled the following criteria: previous or current 
referral to the hospital’s NF1 clinic, an ECOG status of 0 
or 1; no active cancer diagnosis; no previous breast cancer 
diagnosis; not currently pregnant; and, an expected lifes-
pan greater than three years. Prior to being referred to the 
clinic, potentially eligible participants were first informed of 
the breast cancer risk in NF1, screening options, screening-
associated risks and uncertainties related to the benefits of 
screening younger women with NF1. Socio-demographic 
data were also collected at baseline through patient interview 
and medical record review. This occurred either at their rou-
tine NF1 management appointment, or by telephone.

Individuals who were invited to screening were also 
invited to participate in this sub-study, which involved the 
provision of written consent. Those who attended for screen-
ing were asked to complete questionnaires at different time 
points before and after their initial and second round annual 
breast screening visits. Those who declined their first or sec-
ond round screening were also invited to complete a ques-
tionnaire. Women were excluded from this sub-study if they 
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were unable to provide informed consent, undergo study pro-
cedures or understand an English language consent form.

Instrumentation

Three questionnaires were developed, which were adminis-
tered at five separate time points. Questionnaire 1 (Q1) com-
prised several scales used to measure anxiety and depression 
(Hospital Anxiety and Depression Scale, HADS) [49] and 
the 6-item State-Trait Anxiety Inventory, STAI-6 [50–52]), 
cancer worry (adapted Cancer Worry Scale, CWS [53, 
54]); and behaviour changes (Health Questionnaire, HQ) 
[55]). HADS is a 14-item scale used to measure anxiety and 
depression over the preceding week. Scores > 11 points indi-
cate clinically significant anxiety and/or depression while 
scores between 8 and 10 indicate borderline anxiety and/or 
depression [49]. The 6-item STAI questionnaire is a modi-
fied short-form of the original 40 item STAI questionnaire 
and is a validated measure of anxiety for current state of 
mind and situational factors that may influence anxiety lev-
els: with scores > 36 indicating high anxiety [50–52] (partial 
set of STAIAD items used with permission of the publisher. 
STAIAD instrument © 1968, 1977 Charles D Spielberger. 
All rights reserved in all media. Published by Mind Garden, 
Inc., www. mindg arden. com). The CWS measures cancer 
related worry and its impact in an 8-item questionnaire with 
each question scored on a 4-point Likert scale. A score > 14 
indicates severe cancer worry while a score > 12 can be used 
as a screening measure for possible distress (range 4–24) 
[53, 54]. The HQ measures perceived stress related behav-
iours in the week prior to taking the questionnaire with a 

score of ‘0’ indicating “better than normal behaviour”; a 
score of “1” indicating “normal behaviour” and a score of 
“2” indicating “worse than normal behaviour” with scores 
previously shown to be correlated with HADS anxiety and 
depression levels [55].

Questionnaire 1 for decliners (Q1D) included all meas-
ures above plus an additional question regarding partici-
pant’s reason for declining breast screening. Questionnaire 
2 (Q2) included the measures outlined above plus ad hoc 
scales to assess MRI, mammography and ultrasound expe-
rience (a 6-item, 5-point Likert scale), barriers (a 5-item, 
5-point Likert scale) and satisfaction (1 item, a 5-point Lik-
ert scale), which were adapted from an existing protocol for 
a surveillance study on multi-organ cancer prone syndromes 
[56] (Online Resource 1). A free text space for comments on 
experience of each screening modality was also provided.

Procedures

For those who completed breast screening, questionnaires 
were distributed to participants at four time points (T1, 
T2, T3, T4) in the first round (R1) and one time point 
after completion of the second round of breast screening 
(R2). Q1 was provided at T1, T2 and T4 in R1. Q2 was 
provided at T3 in R1 and at R2. Those who had declined 
either R1 or R2 screening were forwarded Q1D at a single 
time point (Table 1). Questionnaires were sent or pro-
vided directly to the participant at their hospital visit. Par-
ticipants completed the questionnaires on paper or using 
an individualised link to an online REDCap (Research 
Electronic Data Capture) survey [57]. Participants were 

Table 1  Study design—timeline of completion of questionnaires

HADS Hospital Anxiety and Depression scale, HQ Health Questionnaire, CWS cancer worry scale; and STAI-6 6-item State Trait Anxiety Inven-
tory
a All T2 questionnaires were completed pre-results appointment, however, due to clinical timelines some were completed pre-screening and some 
post-screening

Breast screening process Planned timeframe for Questionnaire 
completion

Time point Questionnaire

ROUND 1 (R1)
 Recruitment to study At recruitment Time point 1 (T1) (Baseline) Q1 (HADS, HQ, CWS, STAI-6)
 Breast screening 7–14 days after  recruitmenta Time point 2 (T2) Q1 (HADS, HQ, CWS, STAI-6)
 Appointment to dis-

cuss breast screening 
results

7–14 days after results appointment Time point 3 (T3) Q2 (HADS, HQ, CWS, STAI-6, experience 
of and barriers to screening)

6–12 weeks after results appointment Time point 4 (T4) Q1 (HADS, HQ, CWS, STAI-6)
ROUND 2 (R2)
 Breast screening and 

appointment to 
discuss results

6–12 weeks after results appointment Round 2 (R2) Q2 (HADS, HQ, CWS, STAI-6, experience 
of and barriers to screening)

DECLINERS
6–12 weeks after scheduled screening 

date in R1 or R2
Q1D (HADS, HQ, CWS, STAI-6, reason 

for declining)

http://www.mindgarden.com
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followed up at least twice either by email, SMS text mes-
sage, by telephone or at their scheduled appointment if 
they had not completed their questionnaire within the ini-
tial scheduled completion time.

Analysis

Demographic information, baseline characteristics, the 
ad hoc screening experience and reasons for declining 
are reported using descriptive statistics only. Outliers 
were removed and due to missing data some results are 
reported according to the denominator. Paired-t tests were 
used to assess changes in psychological test scores over 
time, Pearson’s Chi-squared test was employed to meas-
ure any associations between demographic factors and 
screening-related distress (data was dichotomized into age 
30–34/age 35–50; family history/no family history of can-
cer in a first degree relative; recall/no recall and biopsy/
no biopsy) with Fisher’s exact test applied when expected 
cell count was low (< 5 in a cell) and McNemar’s test uti-
lized to assess any change in the proportion of subjects in 
each category (normal, borderline, abnormal) at baseline 
compared to follow-up. For analysis, ages were dichoto-
mized into two groups 30–34 and 35–50 years. This was 
a decision based on two reasons: (1) we were interested 
in whether extending our local screening guidelines to 
younger women between ages 30–34 would be associated 
with increased psychological distress; (2) we had a rela-
tively young cohort (mean age 35.61 at T1) and therefore 
there were not enough women in a 40–49 year age group 
for analysis. Analysis was performed using IBM SPSS 
Statistics for Windows, Version 25.0. IBM SPSS Statistics 
Version 25. Armonk, MY: IBM Corp.

Results

Forty-eight women were invited to undergo breast screen-
ing through the risk management clinic (recruitment com-
menced July 12, 2018). As of 12 February 2021, 36 women 
had enrolled in the risk management clinic. Reasons why 12 
women were not enrolled included: unable to contact to dis-
cuss participation (n = 3), declined and no reason provided 
(n = 3), declined due to time required for appointments and/
or associated travel (n = 3), declined as already accessing 
breast screening (n = 3).

Twenty-eight women agreed to participate in this sub-
study (response rate 78%) (mean age 35.61 ± 4.47; range 
30–47  years). Nine (32.1%) had previously had breast 
screening, although none had previously had MRI breast 
screening (Table 2). Twenty-two of the participants (mean 
age: 36.90 ± 4.42) attended a subsequent round of annual 
breast screening (R2). All three women who were recalled 
in R2 were also recalled in R1. No cases of breast cancer 
were seen in either the first or second round of screening.

For R1 and R2 surveys, completion times varied amongst 
the participants, as many participants did not complete 
the questionnaire in the time requested and needed to be 
followed up. Drop out from screening was also observed 
(Fig. 1).

Baseline anxiety, depression, cancer worry 
and behavioural change

At baseline (time point 1) (n = 28), mean HADS anxiety 
and depression scores were at the top of the normal range 
for anxiety (7.25 ± 4.20) with 6/28 (21.4%) participants hav-
ing a borderline and 6/28 (21.4%) having clinical anxiety 
scores. In comparison, mean HADS depression scores were 
within the normal range (2.61 ± 2.69); and 26/28 (92.9%) 

Table 2  Study participant 
demographics

NF1 neurofibromatosis type 1, FDR first degree relative

Overall participant 
data
n (%)

R1 screening
n (%)

R2 screening
n (%)

Number of participants 28 (100) 27 (96.4) 22 (78.6)
Family history of NF1 in FDR 12 (42.8) 11 (40.7) 8 (36.3)
Family history of cancer in FDR 9 (32.1) 9 (33.3) 8 (36.3)
Family history of breast/ovarian cancer 

in FDR
3 (10.7) 3 (11.1) 3 (13.6)

Screening prior to enrolment 9 (32.1) – –
 MRI 0 – –
 Mammogram 6 (21.4) – –
 Ultrasound 8 (28.6) – –

Recall – 11 (40.7) 3 (13.6)
 Biopsy – 9 (33.3) 2 (9.1)
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of participants had a normal depression score, the remain-
der exhibiting borderline depression. Mean CWS score was 
within the normal range (14.86 ± 3.58), however, over half 
reported scores indicating severe cancer worry (60.7%). For 
individual questions, several participants reported frequent 
or constant thoughts regarding ‘the future possibility of 
surgery’ (7/28 (25.0%)); ‘the future possibility of develop-
ing cancer’ (6/28 (21.4%)), ‘the chance of family members 
developing cancer’ (6/28 (21.4%)); ‘the frequency of can-
cer worry’ (5/28 (17.9%)), and ‘the worry was frequently 
or constantly a problem in their lives’ (5/28 (17.9%)). The 
mean HQ score was within the normal range (8.04 ± 1.86) 
where fifteen participants (53.6%) had an average score indi-
cating no change or improving behaviours and 13 (46.4%) 
reported worsening behaviours in the week prior to com-
pleting the questionnaire. The mean general state anxiety 
(STAI-6) score was in the high anxiety range, 39.52 ± 11.4 
(range 20–57). Whilst 9/28 (32%) reported no change or low 
anxiety, 19/28 (68%) exhibited high levels of state anxiety 
(how one feels at the moment).

Psychological impact of round 1 screening

There was no significant change in mean scores for HADS 
anxiety and depression, and HQ between baseline (T1) and 
pre- (T2) or post-screening results (T3 and T4) (Tables 3 and 
4). In addition, no significant difference was observed in the 
proportion of women falling into the categories of clinical 
concern at baseline compared to follow-up in any of the 
scales (Online Resource 2). However, there was a significant 

decrease in cancer worry score from baseline (T1) to post-
breast screening (T4) (z score − 2.077, p = 0.038) and a 
reduction in STAI-6 anxiety scores T1 to T4 of 4.93 points 
(t = 2.167, df = 18, p = 0.044) (Table 3). In addition, analy-
sis of mean single-item scores at baseline (T1) compared 
to follow-up (T4) demonstrated three potentially important 
aspects of screening. For CWS (question 1), ‘thoughts about 
the chance of getting cancer’ were significantly decreased 
(z = − 2.236, p = 0.025); in HQ, women demonstrated signif-
icantly reduced irritability (t = 2.517, df = 19, p = 0.021) and 
in the STAI-6 scale, participants exhibited a significantly 
increased feeling of calm (t = 2.373, df = 19, p = 0.028). 
Individual scores also indicated a proportion of participants 
exhibit clinically relevant anxiety, depression, cancer worry, 
and change in health behaviours at baseline and throughout 
the screening process (Online Resource 3).

Factors impacting anxiety, depression, cancer worry 
and behaviour

Post-enrolment and pre-results (T2), older women 
(35–50 years) were significantly more likely to record 
worse stress-related behaviours in the previous week com-
pared to younger women (30–34 years) (76.9% vs 33.3%) 
( �2 (1) = 4.812, p = 0.028). The most frequently reported 
adversely affected behaviours in older women were sleep 
(28.6%), being able to stop worrying (28.6%), irritability 
(28.6%), ability to relax (21.4%) and ability to concen-
trate (21.4%). In addition, participants with a family his-
tory of any cancer in a first degree relative (33%) were 

Fig. 1  Summary of participa-
tion in this study. aAt R2, one 
additional participant submitted 
an incomplete questionnaire

Timeline and 
participants

n=28 
Study recruitment 

n=27
Round 1 screening

n=26
Breast screening 

results appointment 

n=22
Round 2 screening

n=1 withdrew

n=1 withdrew

n=5 did not complete R2

Questionnaires 
completed

T1 (n=28, 100%)

T2 (n=25, 92.6%)

T3 (n=22, 84.6%)

T4 (n=20, 76.9%)

R2 (n=19a,86.4%)

R1 and R2 Decliner 
(n=4, 57.1%)
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significantly less likely to report a CWS score consistent 
with severe distress than those without (22% vs 77.8%) at 
baseline (T1) ( �2 (1) = 7.670, p = 0.006). Notably, those 
with a family history of cancer in a first degree relative 
reported less anxiety at baseline with scores 2.4 points 
lower in HADS, and 7.78 points lower on the STAI-6 

questionnaire compared to those with no family history, 
although this was not significant. No other significant 
relationships were observed between psychological out-
comes and age; family history of NF1, any cancer, or 
breast cancer; and screening results including recall and 
biopsy.

Table 3  Hospital Anxiety and Depression, Cancer Worry, Health Questionnaire and 6-item State Trait Anxiety Inventory mean scores over time 
in round 1 screening

HADS Normal score ≤ 7; borderline = 8–10; abnormal ≥ 11 (range 0–21). CWS Normal score is < 12; a score ≥ 14 indicates severe cancer worry 
while a score ≥ 12 can be used as a screening method for possible cancer worry. HQ A score of 7 indicates no change in behaviour; a score < 7 
indicates an improvement in stress-related behaviours and a score > 7 indicates a worsening in stress related behaviours (Range 0–14). STAI-6 
Normal scores are defined 34–36, < 34 represents lower levels of anxiety, and > 36 high levels of anxiety (Range 20–80)

T1
n = 28

T2
n = 25

T3
n = 22

T4
n = 20

R2
n = 19

Hospital Anxiety and Depression scores (HADS)
 Anxiety, mean (SD) 7.25 (4.20) 6.74 (3.88) 6.39 (4.96) 6.55 (4.35) 7.68 (5.66)
  Normal anxiety, n (%) 16 (57.1%) 13 (52%) 13 (61.9%) 15 (75%) 12 (63.2%)
  Borderline anxiety, n (%) 5 (17.9%) 10 (40%) 5 (19%) 2 (10%) 3 (15.8%)
  Abnormal anxiety, n (%) 7 (25%) 2 (8%) 4 (19%) 3 (15%) 4 (21%)

 Depression, mean (SD) 2.61 (2.69) 3.18 (3.42) 3.2 (3.89) 2.95 (3.44) 3.47 (4.03)
  Normal depression, n (%) 26 (92.9%) 22 (88%) 18 (81.8%) 18 (90%) 17 (89.5%)
  Borderline depression, n (%) 1 (3.6%) 1 (4%) 2 (9.1%) 0 2 (10.5%)
  Abnormal depression, n (%) 1 (3.6%) 2 (8%) 2 (9.1%) 2 (10%) 0

Cancer Worry Scale (CWS)
 Cancer worry score, mean (SD) 14.86 (3.58) 14.70 (4.32) 14.55 (3.55) 14.15 (3.44) 14.68 (4.26)
  Normal cancer worry, n (%) 2 (7.1%) 3 (12%) 4 (18.2%) 6 (30%) 3 (15.8%)
  Possible cancer worry, n (%) 9 (32.2%) 6 (24%) 5 (22.7%) 4 (20%) 5 (26.3%)
  Severe cancer worry, n (%) 17 (60.7%) 16 (64%) 13 (59.1%) 10 (50%) 11 (57.9%)

Health Questionnaire (HQ)
 Behaviour score, mean (SD) 8.04 (1.86) 7.64 (1.60) 8.09 (2.52) 7.25 (2.59) 7.95 (2.70)
  No change, n (%) 12 (42.9%) 8 (32%) 11 (50%) 11 (55%) 11 (57.9%)
  Better, n (%) 3 (10.7%) 4 (16%) 2 (9.1%) 4 (20%) 3 (15.8%)
  Worse, n (%) 13 (46.4%) 13 (52%) 9 (40.9%) 5 (25%) 5 (26.3%)

6-item State Trait Anxiety Inventory (STAI-6)
 Anxiety score, mean (SD) 39.52 (11.36) 39.60 (13.89) 37.80 (13.70) 34.48 (15.14) 43.86 (17.01)
  Normal, n (%) 9 (32.1%) 12 (48%) 9 (40.9%) 11 (55%) 5 (26.3%)
  High anxiety, n (%) 19 (67.9%) 13 (52%) 13 (59.1%) 9 (45%) 14 (73.7%)

Table 4  Psychological impact of Round 1 breast screening

Hospital Anxiety and Depression Scale (HADS), Cancer Worry Scale (CWS), Health Questionnaire (HQ) and 6-item State Anxiety Trait Inven-
tory (STAI-6). Parametric t-tests used in analysis HADS, HQ and STAI-6 results. Non-parametric Wilcoxon signed rank test used for analysis 
CWS results. *P < 0.05 considered significant

Baseline (T1) T4 Mean difference Confidence interval P-value

HADS Anxiety: Mean score (SD) 6.70 (SD 4.03) 6.55 (SD 4.35) .150 − 1.65–1.95 .863
HADS Depression: Mean score (SD) 2.55 (SD 3.09) 2.95 (SD 3.44) − .400 − 1.53–.73 .468
CWS: Mean score (SD) 15.15 (SD 3.88) 14.15 (SD 3.44) 0.038
HQ score: Mean (SD) 8.00 (SD 2.00) 7.25 (SD 2.59) .750 − 6.32–2.13 .270
STAI-6 score: Mean (SD) 37.54 (SD 11.69) 32.61 (SD 12.97) 4.93 0.151–9.71 0.044
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Satisfaction, experience and barriers related 
to breast screening

Satisfaction with breast screening procedures was high with 
the majority ≥ 80% (R1) and ≥ 78% (R2) ‘quite’ or ‘very’ 
satisfied with MRI, mammogram and ultrasound. Most par-
ticipants (≥ 76%) also rated their experience of all screen-
ing modalities as ‘not at all’ or only ‘a little’ embarrassing, 
uncomfortable, painful, worrying, or distressing. However 
only around half of these women considered MRI, mam-
mogram and ultrasound to be ‘moderately’ to ‘extremely’ 
reassuring after receiving their results from breast screen-
ing (Table 5). Indeed, a small proportion of women with 
NF1 found MRI, mammogram and ultrasound ‘moderately’ 
to ‘extremely’ worrying, with ≥ 29% rating mammogram 
as ‘moderately’ to ‘extremely’ uncomfortable or painful. 
Despite this worry, discomfort and pain, most women in 
this study (≥ 85%) did not rate physical discomfort, find-
ing the scans distressing, or transport as a major barrier to 
attending future MRI, mammogram or ultrasound screening; 
with the exception of physical discomfort in mammograms 
where > 30% of women in R2 felt this was a ‘moderate’ bar-
rier to future screening. A few participants (15–20%) in R1 
and R2 also reported ‘taking time from obligations’ was a 
potential barrier and ≥ 30% of women in R2 reported ‘fear 
of results’ as a potential barrier to attending future MRI, 
mammogram and ultrasound.

Second round breast screening

Of those 22 women who attended R1 and R2 breast screen-
ing, 19 completed R2 validated scales (HADS, HQ, STAI-6 
and CWS). No significant differences in the post-test result 
scores, for the 16 participants who completed both first 
round (T3/4) and second round (R2), were detected for any 
of the validated scales. This is despite high STAI-6 anxiety 
levels (mean STAI-6 scores 36.45 ± 15.1 T3/4 v 43.86 ± 17.0 
R2) (t = − 1.408, df = 15, p = 0.180), and slightly increased 
HADS anxiety scores in R2 as compared to T3/T4 (mean 
HADS scores 7.31 ± 4.9 T3/4 v 7.50 ± 5.8 R2) (t = − 0.337, 
df = 15, p = 0.741) Slightly increased HADS anxiety levels 
were also seen in the 19 participants who completed ques-
tionnaires at T1 and R2 (T1 mean HADS anxiety 7.21 ± 4.1 
T1 v 7.68 ± 5.7 T2), (t = 0.472, df = 18, p = 0.642) (Table 3). 
There was no association between having increased anxi-
ety levels (borderline/abnormal) at T1 or T3/T4 and attend-
ing second round screening, although numbers were small 
(Fisher exact test T1 p = 0.432, T3/4 p = 1.00).

As for R1, the majority of R2 participants who completed 
ad hoc questions related to experience and barriers were 
‘quite’ or ‘very’ satisfied with their experience of MRI, 
mammogram and ultrasound (R2: 77.8%, 100% and 100% 
respectively). Of interest, comparison of individual results 

for women who completed both R1 (T3) and R2 surveys 
demonstrated more women found MRI (n = 15), mammo-
gram (n = 9) and ultrasound (n = 12) ‘very’ to ‘extremely’ 
reassuring during R2 compared to R1 (R2: 66,7%, 70% and 
60% vs R1: 20%, 14.3%, 28.6% respectively). Other experi-
ences and barriers appeared to be similar between R1 and 
R2 (Table 5).

Screening decliners

Of the original 28 who consented to participate in this sub-
study, two did not complete R1, and an additional five did 
not complete R2. Reasons for not attending were ascertained 
during routine follow up from six out of seven participants 
who did not complete R1 or R2. This included difficulty 
attending appointments in general (due to needing time off 
work, clashes with work schedules, anxiety related to MRI 
screening or long distances to travel) (n = 2), temporary diffi-
culty attending the clinic (e.g., due to recovery from surgery, 
being unwell or pregnant) (n = 3) and due to an administra-
tive error meaning that the participant was not automatically 
booked in for their R2 screening (n = 1). The four partici-
pants in the latter 2 groups were interested in re-joining the 
risk management clinic and have since been booked for R2 
screening. The remaining participant deferred screening by 
3 months, then was uncontactable. Four participants com-
pleted the decliner questionnaire (Q1D), but there was insuf-
ficient data for analysis.

Discussion

To our knowledge, this is the first study to examine the 
psychological impact of breast cancer screening in young 
women with NF1. Preliminary findings suggest the major-
ity of women with NF1 do not suffer adverse effects due to 
screening and most experience satisfaction with surveillance 
through a breast cancer risk management clinic. Indeed, 
stable or decreased measures of psychological distress 
were associated with breast cancer surveillance. Individual 
scores did demonstrate a proportion of women with NF1 
exhibit clinical levels of anxiety, cancer worry, and worsen-
ing behaviours, yet the ratio of individuals in each category 
did not change significantly over the course of breast cancer 
surveillance time points and these findings are most likely 
not related to the screening process. Despite the lack of a 
negative psychological impact of breast screening on young 
women with NF1, only half of the respondents who under-
took the first round of breast screening reported that they 
were reassured by their results (regardless of the screen-
ing modality), however most women who attended a sec-
ond round of breast screening were reassured. Surprisingly, 
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recall and biopsy were not associated with increased psy-
chological distress.

Previous studies have reported a short-term increase in 
psychological distress in women undergoing breast cancer 
screening [40, 47, 58]. However, in the current study, similar 
to other high-risk populations (e.g., individuals who carry 
a BRCA1, BRCA2 or TP53 pathogenic variant, or with a 
family history of breast and pancreatic cancer) undertaking 
MRI-based cancer surveillance, stable or decreased meas-
ures of psychological distress were reported [39, 48, 59, 
60]. In this study, some women with NF1 did demonstrate 
higher levels of anxiety and cancer worry prior to breast 
cancer screening, compared to other MRI-based screening 
studies [39, 40, 48, 59, 60], which persisted over the course 
of the study. Although the anxiety measures used in this 
study have not been commonly used in population studies 
in NF1, the higher rate of anxiety in NF1 is consistent with 
previous literature [18, 21]. Of interest, women with NF1 
have previously been shown to display increased psychoso-
cial, physical morbidity and decreased quality of life (QoL) 
[13, 20, 21, 61] in contrast to other studies of women at 
increased breast cancer risk, where QoL scores are closer 
to the general population [38]. We propose that heightened 
anxiety and cancer worry may be related to the reported 
increased incidence of NF1-specific cognitive and mental 
health issues, as well as the poorer QoL associated with the 
condition [62–66]. Therefore, the possible physical, cogni-
tive and psychological impacts of NF1 may indicate that at 
least some women with NF1 already have a sustained high 
level of psychological distress that may have contributed to 
the lack of additional negative psychological impact associ-
ated with breast screening [40, 47, 58].

Although several women enrolled in this study were sub-
jected to recall and biopsy, these investigations were not 
associated with further impact on psychological measures. 
This finding is reflected in other small studies, where recall 
after MRI was not associated with increased anxiety in a 
small cohort of women with a family history of breast cancer 
[40], nor were there adverse psychosocial outcomes in those 
requiring further investigations in a LFS whole body MRI 
screening study [67]. In contrast, previous studies of recall 
after MRI- or mammogram-based surveillance for other 
cohorts with cancer susceptibility syndromes demonstrated 
adverse psychological effects, which were transient [39, 68, 
69]. The very nature of NF1, as a tumour prone syndrome, 
may also help to explain this finding, given many would have 
already received medical interventions since childhood [7]. 
It is important to note that a true “baseline” was unattainable 
as participants completed their T1 questionnaire only after 
they provided consent to undergo breast screening.

Older age and having no family history of cancer in a 
first degree relative (FDR) were predictors of increased 
stress-related behaviour and cancer worry respectively. 

International guidelines recommend extending screening to 
younger women with NF1 from age 30 [2–5]. Based on these 
findings, extending screening to younger women in Australia 
is unlikely to cause great psychological distress. In addition, 
having no family history of cancer in a FDR was a predictor 
of increased cancer worry, similar to a previous study in a 
high-risk breast cancer population [38]. This is in contrast to 
a study comparing women from the general population with 
those from hereditary breast and ovarian cancer (HBOC) 
families, which demonstrated that although all worried about 
developing breast or ovarian cancer, those from HBOC fami-
lies worried more [70]. In a study of BRCA1 and BRCA2 
pathogenic variant carriers, women were also more likely to 
elect for risk-reducing surgery if they had a direct experience 
of a loved one dying of cancer [71]. Additionally, studies of 
whole-body MRI screening for LFS were different again; the 
prevalence of clinically significant or borderline anxiety and 
depression did not differ between those with and without a 
strong family cancer history [67]. We therefore hypothesize 
that at the time of recruitment, learning of their increased 
risk was alarming for cancer-threat naïve patients. In future 
studies, it would be useful to consider participant knowledge 
of cancer risk prior to recruitment.

Women in this study also described some negative aspects 
to breast cancer screening, despite high satisfaction with the 
screening process. Approximately a third of women reported 
experiencing some ‘discomfort’ or ‘pain’ during mammo-
gram, as reported previously [38, 40]. In addition, some 
respondents reported ‘fear of their results’ was a potential 
barrier. These are important findings as logistical difficulties 
in attending appointments, increased levels of cancer worry, 
and screening distress could impair adherence to surveil-
lance and thus offset the benefits of screening [36, 37, 58, 
72]. Indeed, several women did not return to screening in the 
second year, requiring prompting to attend. This was despite 
an appointment being automatically booked into the risk 
management clinic, and the provision of a phone call to co-
ordinate screening bookings one month prior to the clinic. 
Decreased uptake of health monitoring and management 
has been reported in adults with NF1 [12] and may explain 
this finding. As women with NF1 also appear to be more 
prone to anxiety and cancer worry in general, this high-
lights an area of care requiring sensitive support, additional 
resources, and further exploration in the future. Strategies 
such as utilization of brief, tailored patient-reported experi-
ence and outcome measures (PREMs and PROMs) could 
be used to identify those at risk of psychological distress. 
In addition, early educational interventions to alleviate and 
manage patient concerns and expectations, and to promote 
adherence to screening could be introduced as recommended 
previously [34, 35, 40, 73].

The limitations of this pilot study include the recruitment 
of only a small number of participants. A post-hoc power 
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analysis revealed that sample sizes of 65 (HADS-anxiety), 
35 (HADS-depression), 79 (CWS), 68 (HQ) and 660 (STAI-
6) would be needed to detect a 1-point difference between 
pairs (T1,T3) at a power of 80% and a level of significance of 
5%. Bias is also likely due to the self-selection of the patient 
cohort who may be more likely to be healthy; have higher 
neurocognitive abilities; more able to cope; and already 
engaged with a specialist NF1 clinic. In addition, some par-
ticipants completed screening earlier than the time points 
outlined in the study design, which may have skewed results. 
Some potential confounders were not considered including 
severity and psychosocial impact of NF1, physical disabil-
ity, health activation and pre-existing anxiety and depres-
sion, which may have confounded comparison with other 
high-risk populations. In addition, a number of women were 
completing their T4 or R2 questionnaires at the beginning 
of the Covid-19 pandemic, which has been associated with 
an increase in anxiety and depression within the Australian 
population [74, 75]. As the numbers for first and second 
round screening were small, and participant drop out was 
an issue, these findings need to be confirmed.

The results of this study identify a number of clinical 
implications that could be considered when counselling 
young women with NF1 prior to and during early breast 
cancer surveillance. Some women may exhibit pre-existing 
clinical levels of psychological distress; cancer-naïve and 
older women (35–50 years) may experience higher levels 
of cancer worry; and other participants may have had nega-
tive experiences of cancer within the family. In addition, 
some women may experience barriers to attendance, reduced 
adherence to recurrent breast screening, or lower health acti-
vation known to be exhibited by individuals with NF1. To 
support these women, the number of appointments should 
be minimised where possible (e.g., combining screening). In 
addition, promotion of patient engagement through genetic 
counselling, access to psychological services, plus targeted 
educational resources may encourage patients to harbor 
more realistic expectations of the screening process and 
encourage them to adhere to subsequent rounds of breast 
screening.

Conclusion

In this study of the psychological impact of breast screening 
in young women with NF1 we demonstrated no significant 
psychological impact of early breast screening in an estab-
lished risk management clinic and high levels of satisfaction 
with screening. Although, some individuals exhibited clini-
cal levels of anxiety, cancer worry and stress-related behav-
ioural change, these were not impacted by breast screening. 
These findings are important for future research planning 
and have clinical implications for the management of breast 

cancer risk in young women with NF1. Clinician awareness 
surrounding the high levels of baseline anxiety and cancer 
worry, and exploration of potential barriers with patients 
(fear of results, screening discomfort, transport and logisti-
cal difficulties) may alleviate patient concerns and promote 
better engagement in care. In addition, the development of 
information to address potential barriers and easy to admin-
ister PREMs and PROMs may promote adherence to screen-
ing and help clinicians to identify those who might benefit 
from increased support due to increased psychological con-
cerns throughout the testing process.
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