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Abstract

Objective: To examine the trajectory of psychosomatic symptoms and to explore the impact of psychosomatic
symptoms on setup error in patients undergoing breast cancer radiotherapy.

Methods: A total of 102 patients with early breast cancer who received initial radiotherapy were consecutively
recruited. The M.D. Anderson Symptom Inventory (MDASI) and three different anxiety scales, i.e., the Self-Rating
Anxiety Scale (SAS), State-Trait Anxiety Inventory (STAI), and Anxiety Sensitivity Index (ASI), were used in this
study. The radiotherapy setup errors were measured in millimetres by comparing the real-time isocratic verification
film during radiotherapy with the digitally reconstructed radiograph (DRR). Patients completed the assessment at
three time points: before the initial radiotherapy (T1), before the middle radiotherapy (T2), and before the last
radiotherapy (T3).

Results: The SAS and STAI-State scores of breast cancer patients at T'1 were significantly higher than those at
T2 and T3 (F=24.44, P<0.001; F=30.25, P<0.001). The core symptoms of MDASI were positively correlated with
anxiety severity. The setup errors of patients with high SAS scores were greater than those of patients with low
anxiety levels at T'1 (Z=-2.01, P=0.044). We also found that higher SAS scores were associated with a higher risk of
radiotherapy setup errors at T1 (B=0.458, P<0.05).

Conclusions: This study seeks to identify treatment-related psychosomatic symptoms and mitigate their impact
on patients and treatment. Patients with early breast cancer experienced the highest level of anxiety before the
initial radiotherapy, and then, anxiety levels declined. Patients with high somatic symptoms of anxiety may have a

higher risk of radiotherapy setup errors.
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Introduction of radiotherapy.

Radiotherapy setup errors include errors caused by the
The quality of radiotherapy is a key element in the treatment system that cannot be reduced or eliminated and
treatment of breast cancer (1). Breast cancer radiotherapy errors caused by changes in setup and anatomical position
has entered the era of precision treatment, and setup errors (respiratory motion, tumour size, etc.) during treatment (2).
are one of the important indicators to measure the accuracy Research on breast cancer radiotherapy mainly focuses on
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radiotherapy technology, curative effects, and dosimetry,
while research on the psychological aspects of patients
undergoing radiotherapy is limited.

Anxiety is a common psychiatric symptom in cancer
patients (3-6). Lewis et al. (7) repeatedly assessed the state
anxiety levels of patients with breast cancer undergoing
radiotherapy. The results showed that 5%—16% of breast
cancer patients experienced clinically relevant anxiety
during the entire treatment process. However, in their
study, state anxiety was only measured with a single-item
visual analogue scale instead of a validated questionnaire. In
patients scheduled to receive chemotherapy for breast
cancer and colorectal cancer, patients with high trait
anxiety are particularly likely to require additional support,
as they tend to continuously feel more anxious throughout
treatment (8). While not a commonly observed barrier to
successful delivery of radiation for breast cancer, anxiety is
an important study endpoint in and of itself.

Considering that the dimensionality of anxiety
complaints may have important implications, different
types of anxiety scales were developed (9). Somatic
symptoms found in anxiety disorders are manifested in
many systems, including musculoskeletal (e.g., muscle
tension, trembling), cardiovascular (e.g., palpitations,
tachycardia), respiratory (e.g., constriction in chest,
dyspnoea), gastrointestinal (e.g., nausea, diarrhoea),
genitourinary (e.g., frequency of micturition, urgency), and
skin (e.g., flushing, sweating) systems. The Self-Rating
Anxiety Scale (SAS) was developed primarily as a measure
of somatic symptoms associated with anxiety response (9).

The State-Trait Anxiety Inventory (STAI) (10) was
developed based on Spielberger’s anxiety model, which
differentiates between state and trait anxiety. State anxiety
represents a transitory emotional state as a reaction to a
particular stressor, e.g., being diagnosed with cancer,
fluctuating over time. Trait anxiety, on the other hand, is a
stable susceptibility or proneness to experience anxiety and
is regarded as a vulnerability factor for adverse reactions to
stress.

Anxiety sensitivity is the fear of anxiety-related
sensations. According to Reiss’s theory, anxiety sensitivity
amplifies fear and anxiety reactions and plays an important
role in the aetiology and maintenance of anxiety disorders.
The Anxiety Sensitivity Index (ASI) appears to tap 2
primary aspects of anxiety sensitivity: fears of somatic
sensations of anxiety and fears of loss of mental control (11).

The goal of the current study was to evaluate the anxiety
levels and trajectories of patients with early breast cancer
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undergoing radiotherapy and to examine the relationship
between anxiety levels and radiotherapy setup errors. We
hypothesized that the time point before the initial
radiotherapy was the most anxiety-provoking situation and
that the high somatic symptoms of anxiety would affect the
radiotherapy setup errors.

Materials and methods
Study design

The study was a longitudinal cohort study. Patient’s anxiety
level and radiotherapy setup errors were assessed separately
just before the initial radiotherapy (T1) (SAS, STAI, ASI),
before the middle radiotherapy (T2) (SAS, STAI-State) and
before the last radiotherapy (13) (SAS, STAI-State) in the
waiting room of radiotherapy. All procedures performed in
studies involving human participants were in accordance
with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. The study was approved by the Institutional
Review Board of the Peking University Cancer Hospital
(No. 2014KT54). All patients provided written informed

consent.
Participant vecruitment

The study recruited breast cancer patients who were
admitted to the Department of Radiation Oncology in
Peking University Cancer Hospital from June to
November 2018. The inclusion criteria were as follows: 1)
age >18 years old; 2) diagnosed with early breast cancer
patients (stage I or II); 3) prepared to have initial
radiotherapy; and 4) could understand the questionnaire.
The exclusion criteria were as follows: 1) history of major
severe mental disorders, unable to cooperate with the
investigator; or 2) poor physical condition as judged by the
attending physician and not suitable for participation in the
Study.

Study measures

Demographic information and disease characteristics data
were assessed at baseline, including age, gender, marital
status, educational level, occupational status, economic
status and medical condition.

The M.D. Anderson Symptom Inventory (MDASI) is a

widely used symptom inventory with 19 items (13 items for
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symptom severity, 6 items for interference), and scores
range from 0 (“Nothing”) to 10 (“Most severe”). A
psychometric study has shown that the Chinese version of
the MDASI has good reliability and validity, so the Chinese
MDASI can be used to measure the severity of multiple
symptoms and their impact on function in Chinese cancer
patients.

SAS (12) was used to assess the frequency of anxiety
symptoms based on diagnostic conceptualizations. It
consists primarily of somatic symptoms. This scale contains
20 items ranging from 1 (“no or very little time”) to 4
(“most or all of the time”). The SAS yields a total score that
ranges from 20 to 80, and higher scores indicate a greater
anxiety level. According to the Chinese norm, scores
exceeding a cut-off of 50 are considered to indicate an
anxiety state.

A 40-item STAI (13) widely used measurement of state
and trait anxiety. Each subscale consists of 20 items that are
rated on a 4-point scale. The first 20 items were used to
assess the state of anxiety level, and the last 20 items were
used to assess the patients’ trait anxiety level. The total
score range for each subscale is 20-80, with higher scores
indicating higher anxiety. According to the Chinese norm,
a STAI-State score >48 indicates the presence of anxiety,
and a STAI-Trait score >49 indicates the presence of
anxiety traits.

ASI (14) contains 18 items and is divided into three
subscales: physical concerns, cognitive concerns and social
concerns. Items are rated on a 5-point Likert-type response
scale ranging from 0 to 4. For further analyses, we used the
combined sum score (range, 0—72), with a higher score
having an increased risk for the development of anxiety
disorder.

For the radiotherapy setup errors, patient localization
computerized tomography (CT) was used to delineate the
treatment target area and digitally reconstruct the digitally
reconstructed radiograph (DRR) image. After the simulator
is reset, intensity-modulated radiotherapy is performed on
the linear accelerator. The treatment is aligned with the
body surface marking line, which is based on the end of
inhalation, using portal vision technology. The body
position verification image is taken in the direction of the
illumination field, and the verification image is compared
with the DRR image to obtain radiotherapy setup errors.
Because the mammary gland is soft tissue and there is
edema, the chest wall is the main contrast, and the breast
contour is supplemented. The setup accuracy of patients in
the radiotherapy is evaluated in millimetres (mm) using the
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ventral direction errors (Vrt), the head and foot direction
errors (Lng), and the left and right direction errors (Lat).
According to expert consensus, it is generally believed that
radiotherapy is accurate when the patients’ setup errors are
<5 mm. We used a mean of 3 mm as the cut-off point. In
the study, the maximum of three directions of errors during
each radiotherapy was selected to reflect the maximum
positional change between the patients’ actual position and
the simulated positioning DRR image.

Statistical analysis

Descriptive analysis of each scale score and radiotherapy
setup error data and repeated measure analysis of variance
(ANOVA) to explore the trend of anxiety level were
performed. Least significant difference (LSD) was used for
those variables with statistically significant differences. The
Wilcoxon rank sum test was used to compare the setup
errors of patients with high anxiety levels and low anxiety
levels. The correlation between anxiety and setup errors
was analyzed using the Chi-square test. SAS, STAI-State,
STAI-Trait and ASI scores were ranked, with the top 27%
being in the high anxiety group and the last 27% of
patients being defined as the low anxiety group. The
Wilcoxon rank sum-test was used to analyze the setup
errors of patients in high anxiety group and low anxiety
group. Finally, multiple linear regression analysis was used
to examine the association of setup errors and variables
adjusted by sample demographics and some key covariates.
Linear regression requires that residuals conform to normal
analysis and are independent of each other, so PP chart and
histogram are used to explore whether the residuals
conform to normal distribution. Durbin-Watson is used to
test whether the residuals in linear regression model are
independent of each other. The variance inflation factor
(VIF) is used to judge whether there is collinearity among
variables. All statistical analyses were performed using IBM
SPSS Statistics (Version 20.0; IBM Corp., New York,
USA). All the statistical tests used were two-tailed, and a
P<0.05 was considered statistically significant.

Results
Patients’ baseline characteristics

A total of 106 patients were enrolled in the study. The data
from 102 participants were analyzed, as four participants
refused to complete the follow-up study. The patients were
all females with an average age of 51£8.7 years. The
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baseline characteristics of all participants are summarized in
Table 1. Most patients were married and completed the
surgical operation.

Anxiety levels and symptoms

The distribution of SAS and STAI-State score was
analyzed using normality test. Both of the SAS and STAI-
State scores were following the normal distribution. The
differences in SAS and STAI-State scores of T'1, T2 and
T3 were statistically significant (F=24.44, 30.25, both
P<0.001) (Table 2, Figure I). The results of LSD pair
comparison showed that SAS score and STAI-State score at
T1 were significantly higher than those at T2 (both
P<0.001) and T3 (both P<0.001), and there was no
significant difference in SAS and STAI-State scores
between T2 and T3 (P=0.618; P=0.592). Almost all the
symptoms of MDASI were correlated with anxiety
(P<0.05).

Radiotherapy setup errors

The average setup errors of radiotherapy at all three time
points were the same (2.7+0.1 mm), and the numbers of
patients with >3 mm errors at the three time points were
32,27 and 31 (Table 2). In addition, the results showed that
the patients’ age, marital status, education level,
occupation, and treatments were not associated with

radiotherapy setup errors.
Anxiety and radiotherapy setup ervors

The results showed that according to the SAS score
grouping, the setup errors of patients with a high anxiety
level at T1 (3.2£0.1) were higher than those of patients
with a low anxiety level (2.6£0.1) (Z=—2.01, P=0.044).
There was no significant difference between the setup
errors of patients with high anxiety levels (2.50.1, 2.6+0.1)
and patients with low anxiety levels (2.8+0.1, 3.0£0.1) at T2
and T3 (Z=—0.68, P=0.494; Z=—1.01, P=0.314) (Table 3).

For the STAI-State grouping, we did not find any
significant difference between the setup errors at all three
time points; the results were similar for the STAI-Trait and
ASI scores (Table 4).

Of the 100 patients (two missing data points), 32 patients
had high-risk setup errors (>3 mm) at the initial
radiotherapy, and 10 patients were considered to have an
anxiety state (SAS score >50). A total of 68 patients had
low-risk setup errors (<3 mm), and 8 patients had an
anxiety state (SAS score >50). Using the Chi-square test of
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Table 1 Baseline characteristics of study participants (N=102)

Characteristics n (%)
Age (year) (v+ts) 50.5+8.7
Marital status
Married 93 (91.2)
Divorced .
Widowed 5(4.9)
Educational level (year)
<9 18 (17.6)
>9 84 (82.4)
Occupational status
Farmer 9(8.8)
Worker 21 (20.6)
Office worker 27 (26.5)
Professional skill worker 20 (19.6)
Individual business 2 (2.0
Unemployed 2 (2.0
Other 21 (20.6)
Type of adjuvant therapy received
Surgery 102 (100)
Chemotherapy 59 (57.8)
Endocrine therapy 62 (60.8)
ER and PR status
ER+ 78 (76.5)
ER- 23 (22.5)
PR+ 77 (75.5)
PR- 24 (23.5)
HER?2 status
HER2+ 79 (77.5)
HER2++ 8(7.8)
HER2+++ 14 (13.7)

ER, estrogen receptor; PR, progesterone receptor; HER2,
human epidermal growth factor receptor 2.

the fourfold table, we found that there was a significant
difference in the risk of radiotherapy setup errors between
breast cancer patients with and without anxiety before the
initial radiotherapy (x*=5.597, P<0.05) (Table 4). A multiple
linear regression model was performed to assess the
predictors of radiotherapy setup errors at T'1. The Durbin-
Watson (DW) value is about 1.82, which shows that the
independence of the residuals is acceptable. PP chart and
histogram show that the residuals are normally distributed,
and linear regression analysis is feasible. The range of VIF
is 1.04-1.62, which indicates that there is no multi-
collinearity problem in this regression analysis. The SAS
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Table 2 SAS, STAI, ASI scores and setup errors

Variables T T2 T3 F P
SAS scores

xts 40.8+9.1 35.6+8.7 35.0+£9.5 24.44 <0.001

Range 25-71 25-61 25-62 - -
STAI-State scores

xts 34.1+10.8 27.7+9.1 28.4+9.8 30.25 <0.001

Range 20-71 20-60 20-58 - -
STAI-Trait scores

xX*s 36.5+10.7 - - - -

Range 21-70 - - - -
ASI scores -

xts 22.8+14.9 - - - -

Range 0-67 - - - —
Setup errors (mm) (x+£s) 2.7+0.1 2.7+0.1 2.7+0.1

Errors <3 (n) 68 73 69 - -

Errors >3 (n) 32 27 31 - -

SAS, Self-Rating Anxiety Scale; STAI, The State-Trait Anxiety Inventory; ASI, Anxiety Sensitivity Index; T1, before the initial
radiotherapy; T2, before the middle radiotherapy; T3, before the last radiotherapy.

was positively associated with setup errors, with those

. . . . asr ~—@— SAS average score
reporting higher SAS (B=0.458, P<0.05) experiencing B STAIState average score
greater setup errors. ASI-cognitive concerns were ol
negatively associated with setup errors (B=—0.376, P<0.05) @
(Table 5) e *
able 5). 5 o
: . 2
Discussion
30F * *
This study shows data at different time points to track how
the anxiety level changes as treatment progresses, especially » T D B
when trying to correlate it with setup accuracy. We used Chemotherapy course
multiple anxiety scales to enrich the work, as they may Figure 1 Course of SAS and STAI-State over the course (from
show which scales are more relevant as a potential marker T1-T3) of radiotherapy. SAS, Self-Rating Anxiety Scale; STAI,
for increased setup difﬁculty. the State-Trait Anxiety Inventory; T1, before the initial
There were many somatic symptoms during radiotherapy; T2, before the middle radiotherapy; T3, before the
radiotherapy. Some symptoms tend to be aggravated with last radiotherapy.
Table 3 Setup errors between high and low anxiety level*
. SAS STAI-State STAI-Trait ASI
Course of radiotherapy - - - -
High Low P High Low P High Low P High Low P
T1 (vs) 3.2£0.1 2.6+0.1 0.044 2.6+0.1 3.0£0.1 0.326 2.8+0.1 2.8+0.1 0.788 2.6+0.1 2.6+0.1 0.880
T2 (¥+s) 2.5+0.1 2.8+0.1 0.494 2.7+0.1 2.7+0.1 0.800 - - - - - -
T3 (v+s) 2.6+0.1 3.0£0.1 0.314 2.6+0.1 2.7+0.1 0.860 - - -

T1, before the initial radiotherapy; T2, before the middle radiotherapy; T3, before the last radiotherapy; SAS, Self-Rating Anxiety
Scale; STAI, The State-Trait Anxiety Inventory; ASI, Anxiety Sensitivity Index; *, SAS, STAI-State, STAI-Trait and ASI scores were
ranked, with the top 27% being in the high anxiety group and the last 27% of patients were defined as low anxiety group.

© Chinese Journal of Cancer Research. All rights reserved. WWWw.cjcren.org Chin J Cancer Res 2021;33(3):323-330



328

He et al. Radiotherapy setup errors in patients with anxiety

Table 4 Association between SAS and high-risk setup errors at initial radiotherapy

SAS scores n High-risk errors people (>3 mm) High-risk errors percentage (%) e P
=50 18 10 55.56 5.597 0.018
<50 82 22 26.83 - -
SAS, Self-Rating Anxiety Scale.
Table 5 Multiple linear regression analysis for radiotherapy setup error
Dependent variable: setup error B* SE B** t P R2
Independent variables 0.55
SAS 0.006 0.002 0.458 2.750 0.007
STAI-State 0.003 0.002 0.178 1.330 0.187
STAI-Trait 0.004 0.002 0.338 1.840 0.069
ASI-Total —0.002 0.002 —0.154 —1.505 0.136
ASI-Physical concerns 0.003 0.003 0.136 0.881 0.381
ASI-Social concerns 0.002 0.003 0.103 0.752 0.454
ASI-Cognitive concerns —0.009 0.005 —0.376 —2.048 0.043

SAS, Self-Rating Anxiety Scale; STAI, The State-Trait Anxiety Inventory; ASI, Anxiety Sensitivity Index; SE, standard error, *,

unstandardized coefficients; **, standardized coefficients.

the progress of radiotherapy, such as pain, which affects the
quality of life of patients. The results of our study show
that the core symptoms are positively correlated with the
anxiety level of patients. Some studies have shown that
there is a great correlation between the symptom burden
and anxiety of patients with breast cancer. Therefore, it is
suggested that the control of symptoms in radiotherapy
should also be considered.

The anxiety level of breast cancer patients was the
highest before the initial radiotherapy and decreased
significantly with the progress of radiotherapy. This
trajectory applied to both somatic anxiety and state anxiety,
which is consistent with a previous study (7). Studies have
shown that many patients do not understand radiotherapy
itself and possible side effects (e.g., visceral damage, skin
damage, pain, fatigue) before radiotherapy or lack contact
with radiotherapy professionals, which may cause fear of
the unknown (15). Anxiety during the initial radiotherapy
may also be related to certain characteristics of the
radiotherapy environment (e.g., waiting room, linear
accelerator room) (16). Thus, as radiotherapy progresses, a
significant drop in anxiety levels reflects the patient’s
adaptation to treatment and may be related to the support
provided by the radiation therapy team after the start of
treatment.

Similar processes involving a decline in anxiety levels
have been reported in patients treated with surgery and
chemotherapy. Lien et al. (17) highlighted social support as

an important driver for adjustment and anxiety attenuation.
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Schneider et al. (8) provided an explanation that could be
due to the high overall performance status of the patient
sample. These factors might also play a role in radiotherapy
treatment and may have contributed to the observed
downtrend in anxiety ratings.

For radiotherapy setup errors, we found that in patients
with different levels of SAS, there were significant
differences in radiotherapy setup errors. A similar analysis
was performed between the STAI/ASI and radiotherapy
setup errors, but we did not find any significant difference.
In recognition of the importance of somatic complaints in
anxiety disorders, many self-report measures of anxiety
incorporating items assessing somatic concerns have been
developed. The SAS may be a better instrument than
existing anxiety measures for assessing the somatic
symptoms of anxiety given its broader content sampling of
such symptoms (9). Somatic symptoms involved in many
systems, including musculoskeletal symptoms (e.g., muscle
tension, trembling), may affect the patient’s setup position,
which may affect the patient’s radiotherapy setup errors.

Our study also supports that in the first day treatment
setup, which could detect underlying anxiety, such as a
warning sign, providers might be better equipped to point
patients experiencing elevated anxiety towards
interventions to address psychosocial concerns for
improving patients’ quality of life.

This study suggests that the anxiety of patients with early
breast cancer radiotherapy needs our attention, and
alleviating anxiety before radiotherapy can make them
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better receive radiotherapy. Patients with higher somatic
symptoms of anxiety may have a higher risk of radiotherapy
setup errors. Concerns regarding somatic anxiety before
the initial radiotherapy may be warranted.

The results of this study can improve our understanding
of the anxiety of breast cancer patients during radiotherapy
and provide data support for the development of precision
radiotherapy. Compared with previous studies on the trend
of anxiety levels during radiotherapy (7), our study selected
standardized and widely used scales and explored the
relationship between anxiety and setup errors.

However, the sample size is limited, so a large sample
study is needed for further verification. Because of the lack
of a control group in the study, it was not possible to
determine whether patients’ anxiety was associated with
radiation therapy or was related to the initial treatment and
therefore was nonspecific anxiety. Additionally, in the
actual radiotherapy implementation process, due to the
strict requirements for the fixation of body position, the
analysis of setup errors in the study was limited. Only setup
errors were used as the observation index, which failed to
fully reflect the influences of anxiety for the whole process
of radiotherapy setup. Additionally, some information that
may affect the setup errors has not been collected, such as
axillary dissection. In future studies, we should add
objective observation indexes, such as the time course and
times of posture adjustments of patients on the
radiotherapy bed.

Conclusions

Our study explored the trend of anxiety levels in patients
with early breast cancer during radiotherapy. Patients
experienced the highest level of anxiety before the initial
radiotherapy, and then, anxiety levels declined. Patients
with high somatic symptoms of anxiety may have a higher
risk of radiotherapy setup errors. Our findings provide a
better understanding of psychosocial factors that affect
radiotherapy precision.
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