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Abstract

Background and purpose Breast cancer can be a major challenge for affected women. Knowledge of the physical function,
symptoms of cancer-related fatigue, anxiety, and depression based on the cancer treatment may help to guide adequate
support.

Methods For this prospective observational study, we collected data from seventy-nine women with a mean age
54.6 +9.5 years prior to the onset of breast cancer treatment (T0) and after (T1/T2). Handgrip strength test (HGS), six-minute
walk test (6MWT), the phase angle (PhA), the hospital anxiety and depression scale (HADS), and functional assessment of
chronic illness therapy-fatigue (FACIT-F) were used to collect data from four treatment subgroups SC, surgery + chemo-
therapy; SCR, surgery + chemotherapy + radiation therapy; SR, surgery +radiation therapy; and S, surgery.

Results A mixed ANOVA revealed a significant interaction between time and group for PhA, F=8.55, p<0.01; HGS,
F=3.59,p<0.01; 6o MWT, F=4.47, p<0.01; and FACIT-F, F=2.77, p <0.05 with most pronounced deterioration seen in
group SCR (PhA 4.8°; HGS 27.5 kg, 6 MWT 453.4 m, FACIT-F 33.8 points). HADS data displayed moderate anxiety and
depression predominantly after treatment.

Conclusion Our study showed that the extent of change in physical function, symptoms of fatigue, anxiety, and depression
depends on the treatment conditions. The potentially higher risk of impaired function due to the prevalence of values below
a critical threshold requires early initiated multidisciplinary support.
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Introduction Overall survival has improved in recent decades with new

therapy options and personalized medicine [2].

Breast cancer continues to be the most frequently diagnosed
female cancer in the USA [1]. The European Union reported
91,826 cases of death from breast cancer in 2020. About
70,000 new cases are diagnosed in Germany every year.
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However, breast cancer patients receiving active treat-
ment are often overwhelmed, resulting in various concerns
[3]. Despite the underrepresentation in scientific research,
social-emotional challenges [4], physical functional limi-
tations [5, 6], experiences of depression [7], debilitating
fears [8], and cancer-related fatigue (CRF) [9, 10] have
been observed. If unmanaged, deficits may lead to impaired
quality of life and the inability to handle instrumental activi-
ties of daily living [11, 12]. Especially at an early stage in
life, the ability to function in the workplace and employ-
ment issues are of great concern [13]. Particularly in stages
of cancer I-III, pronounced effects seem not adequately
investigated and underestimated in routine clinical assess-
ment. Moreover, a comprehensive patient-orientated picture
on prevalence and severity of adverse events at diagnosis,
across conventional treatment, and survivorship is lacking.
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Handgrip strength (HGS) [14] and the six-minute
walk test (6MWT) [15] have gained scientific credibility
in the clinical setting as biomarkers of physical function.
In addition, the use of bioelectrical impedance analysis
(BIA)—derived phase angle (PhA) led to scientific interest
because it provides detailed information on body composi-
tion, general health [16], and cell membrane integrity [17].
These measures are of prognostic value for an unfavorable
clinical outcome, e.g., disease progression [18] and the inci-
dence of postoperative complications [19].

More studies are needed on patients’ perceived circum-
stances linked to their routine cancer treatment, including
chemotherapy, surgery, and radiation therapy. Alongside the
traditional clinical reports, transparency on patient-reported
outcomes (PROs) is required to enhance the quality of care
[20, 21]. Close monitoring patient’s care pathway appears
to be of particular relevance as the option to conduct a risk
stratification becomes available. Differentiating the patient’s
perception of disease and detecting unmet supportive care
needs could help personalize and optimize clinical and sur-
vivorship care. Few scientific data are available to establish
critical threshold values of physical function combined with
CREF, anxiety, and depression of women with breast can-
cer. The purpose of the present study was to determine the
extent to which PROs of physical function, CRF, anxiety,
and depression change throughout the treatment of breast
cancer and in early survivorship.

Methods

Between April 2018 and October 2020, a total of 157
patients with the first diagnosis of breast cancer were
recruited within the research study “Return” (trial acronym),
which was approved by the ethics committee of Chemnitz
University of Technology (V-182-17-AS-Tumor-20012017)
and registered with the German Clinical Trials Register (ID:
DRKS00014263). Patients were recruited in the Red Cross
Hospital in Chemnitz-Rabenstein/Germany. Within 1 week
after the breast cancer diagnosis, women were invited by
their doctor to consultation and informed about possible par-
ticipation in the present study. Participants had the opportu-
nity to discuss their participation and consider the informa-
tion leaflet with detailed information on the research process.
Furthermore, sufficient time (> 24 h) to reflect on the impli-
cations of participating in the study was given before the
patients had to decide. Inclusion criteria for this analysis
were patients’ written informed consent, recent diagnosis of
untreated female breast cancer, age < 70 years, no defibrilla-
tor or cardiac pacemaker, and no orthopedic restrictions for
participating in the assessment. Patients were excluded after
completing a medical history interview for eligibility if they
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had a previous invasive malignancy, other malignant tumors,
untreated pulmonary hypertension, and chronic obstructive
pulmonary disease. Eighty-seven participants who had not
initiated cancer treatment met the inclusion criteria and
completed the allocated assessments and medical interven-
tions for statistical analysis of this prospective observational
study. Eight patients were excluded from the analysis if lost
to follow-up or due to missing values in the questionnaires.
Further restrictions were recorded as presented in Fig. 1.
Data were collected three times, prior to the onset of can-
cer treatment, at pre-test (T0O), and after, at post-test (T1).
To be able to keep the schedule, appointments were made
immediately and in progress towards completion. The sec-
ond follow-up (T2) was carried out approximately 3 months
after medical treatment for each woman. Cases with long-
term endocrine therapy continued beyond T2. Based on the
variable duration of breast cancer treatment, repeated test-
ing was performed at different times. Cooperation and coor-
dination between parties involved were required to ensure
participation. Four treatment subgroups were included
for the following analysis (SC, Surgery + Chemotherapy;
SCR, Surgery + Chemotherapy + Radiation Therapy; SR,
Surgery + Radiation Therapy; S, Surgery). Baseline demo-
graphics, tumor pathology, estrogen receptor, progesterone
receptor, and human epidermal growth factor receptor status
were provided by the Clinical Cancer Registry Chemnitz
(Tumorzentrum Chemnitz) (Table 1).

Measurements

Particular patients receiving cytotoxic drugs were reported
to have difficulties performing complex assessments.
Therefore, in order to address conditions, HGS test with a
hydraulic hand dynamometer (Baseline®, HIResTM, Gauge
ERTM, USA) was performed. This test requires only a
single piece of equipment and minimal effort to conclude
muscle mass and muscle function (strength or physical per-
formance) on subjects who may be unwilling or unable to
execute other more strenuous tests. In general, it may be a
measure of physical fitness as it predicts overall strength
and health. Following the Southampton protocol [22], the
subject was seated in a standard chair with legs, back sup-
port, and fixed arms (the same chair for each measurement),
while the feet were placed flat on the floor with the hips
and knees positioned at approximately 90°. The participant
was instructed to maintain the shoulder slightly abducted
(approximately 10°), elbow flexed at 90°, forearm in neu-
tral position (rested on the arms of the chair), thumb facing
upwards, and wrist just over the end of the arm of the chair
(between 15° and 30° of extension and 0—15° of ulnar devia-
tion). A demonstration showed that gripping very tightly
registers the best score. To ensure a comfortable feeling in
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Fig.1 STROBE flow diagram
of the prospective observational
study in women with breast
cancer [

Enrollment ]

( Allocation ]

[ Follow-Up ]

[ Analysis ]

the hand, the bow handles’ span was adjusted for the indi-
vidually preferred length. Three trials on each side (alternat-
ing) of the right and left hand were performed, starting with
the right hand. While holding the dynamometer, the base
rested on the palm of the examinators hand. This supported
the weight of the dynamometer to negate the effect of gravity
on peak strength. Following the protocol, the participant was
instructed: “I want you to squeeze as hard as you can for as
long as you can until I say stop. Squeeze, squeeze, squeeze,
stop” (when the needle stops rising). The maximum grip
score (the peak value in kilograms from the outer dial) of all
six attempts was used in statistical analyses.

The 6MWT is an evidence-based method to determine
treatment effects on cancer patients’ submaximal endurance
performance and functional exercise capacity [16]. The valid
and reliable measure was used to examine the most excellent

Strobe Flow Diagram

Total number of patients assessed for eligibility to participate in
the research project "Return” n = 157 from April 2018 to October
2020

!

Excluded (n = 70)
1. Ineligible (n = 36)
e Diagnosed dementia (n= 7)
e  Previous invasive malignancy (n = 8)
e Other malignant tumors (n = 10)
e  Untreated pulmonary hypertension (n = 4)
e Chronic obstructive pulmonary disease (n = 4)
e Cancer ccll metastasis (n = 3)
2. Eligible but not recruited (n = 34)
e Declined to participate (n = 28)
e No written informed consent for participation (n = 6)

)

Satistying cligibility critcria n = 87

!

Patients after diagnosis of breast cancer were included in main analysis n =87

Allocated to medical intervention (n = 87)
Received allocated assessment (n = 87)
Did not receive allocated assessment (n = 0)

}

Patients were excluded from the analysis if lost to follow-up or due to
missing values in the questionnaires (n = 8)
Discontinued medical intervention (n = 0)

)

Analysed (n = 79)

possible walking distance on a 20-m (m) track in 6 min [23].
In line with standardization, under no circumstances was the
pace increased beyond walking. Walking with other patients
or the observer was prohibited for the examination. Prefab-
ricated markings on the floor of the corridor served as route
boundaries. An acoustic stop signal was signaling the com-
pletion of the test.

The PhA and raw impedance parameters of cell resistance
(R) and cell reactance (Xc) were measured using BIA, a
non-invasive technique to predict the body composition
(BIA® 3 SF, EgoFit GmbH, Germany). After resting for
10 min in supine, the associated bio-signals of R, Xc, and
the PhA were recorded on the subject’s right side of the
body, between the wrist and ankle via skin electrodes on a
non-conductive surface. By applying a harmless, alternating
current at a fixed frequency of 50 kHz, a homogeneous
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Table 1 Baseline demographics

; Variable Group SC Group SCR Group SR Group S
of n=79 women with breast
cancer N (%) 22 (27.9) 17 (21.5) 27 (34.2) 13 (16.5)
Age [years] 519+11.6 54.4+8.5 56.7+£9.0 553+73
(30.0-69.0) (41.0-64.0) (40.0-69.0) (46.0-64.0)
Age, 30-35 years n (%) 2 (2.5) 0(0.0) 0(0.0) 0(0.0)
Age, 35-40 years n (%) 2 (2.5) 0(0.0) 3(3.7) 0(0.0)
Age, 41-49 yearsn (%) 5 (6.3) 6 (7.6) 2(3.7) 3(3.8)
Age, 50-59 years n (%) 6 (7.6) 4(5.1) 9(11.4) 6 (7.6)
Age, 60-69 yearsn (%) 7 (8.9) 7(8.9) 13 (16.5) 4(5.1)
Height [m] 1.65+0.08 1.65+0.08 1.61+0.06 1.63+0.08
(1.50-1.82) (1.47-1.78) (1.45-1.72) (1.41-1.72)
Weight [kg] 72.1+14.2 82.7+20.2 68.6+12.4 72.6+12.5
(55.7-107.9) (54.1-135.1) (49.3-95.9) (46.9-97.5)
BMI [kg m™2] 26.4+5.0 30.5+6.8 26.4+4.8 274+43
(20.3-38.2) (22.0-45.2) (19.0-37.9) (23.0-37.6)
ulcC 1A: 5 (6.3), 1A: 7 (8.9), 1A: 25 (31.7), IA: 5 (6.3)
n (%) IIA: 10 (12.7) 11A:7 (8.9) IIA: 2 (2.5) ITA: 8 (10.1)
IIA: 1 (1.3) IB:2(2.5) 1B: 0 (0.0) IB: 0 (0.0)
IIB: 6 (7.6) 1IB: 1 (1.3) 1IB: 0 (0.0) 1IB: 0 (0.0)
Her2/neu status, Pos. 1 (1.3) Pos. 2 (2.5) Pos. 0 (0.0) Pos. 13 (16.5)
n (%) Neg. 21 (26.6) Neg. 15 (19.0) Neg. 27 (34.2) Neg. 0 (0.0)
ER status, Pos. 13 (16.5) Pos. 14 (17.7) Pos. 27 (34.2) Pos. 13 (16.5)
n (%) Neg. 9 (11.4) Neg. 3 (3.8) Neg. 0 (0.0) Neg. 0 (0.0)
MC, n (%) 1(1.3) 1(1.3) 0(0.0) 0(0.0)
IDC, n (%) 18 (22.8) 16 (20.3) 24 (30.4) 7 (8.9)
IDC-L, n (%) 0(0.0) 0(0.0) 0(0.0) 1(1.3)
ILC, n (%) 3(3.8) 0(0.0) 2 (2.5) 5(6.3)
ICC, n (%) 0(0.0) 0(0.0) 1(1.3) 0(0.0)

Data are expressed as means + standard deviation (SD); minimum and maximum

n=number of patients (percentage)

SC, Surgery + Chemotherapy; SCR, Surgery + Chemotherapy + Radiation Therapy: SR, Surgery + Radiation
Therapy; S, Surgery; ER, estrogen receptor; H HER2/neu, human epidermal growth factor receptor 2; /ICC,
invasive cribriform carcinoma; /IDC, invasive ductal carcinoma; /DC-L, invasive ductal carcinoma with
lobular features; ILC, invasive lobular carcinoma; MC, mucinous breast carcinoma; neg, negative; pos, pos-
itive; UICC, Union for International Cancer Control

electrical energy field was generated by which the conduc-
tivity of the human body was measured. The body water and
the containing substances were causing a resistive ohmic
resistance representing the tissue hydration status of intracel-
lular and extracellular fluid. The electrical charges at the cell
membranes were causing a capacitive resistance associated
with the nutritional status, the body cell mass, membrane
integrity, and skeletal muscle mass. The arctangent between
R (pure opposition of a biological conductor) and Xc (capac-
itative) was computed by using the following equation:
PhA[°] = arctan(%) X (V180> The PhA is the essential ref-

erence value and an indicator of health [22, 24].

Height and weight were measured with footwear and
headwear removed using a standard stadiometer and weigh
scale, Seca IEC 601 (Vogel & Halke, Hamburg, Germany).
This protocol allows the calculation of the body mass index
(BMI). All assessments were performed by personnel trained
in densitometry and blinded to the assignment. Mental
health is investigated by the hospital anxiety and depression
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scale (HADS). Fatigue and the impact on daily activities and
function were self-reported with the functional assessment
of chronic illness therapy-fatigue (FACIT-F). All patients
completed the questionnaires with qualified personnel avail-
able to answer any questions or clarify the meaning of any
of the items.

Questionnaires

The hospital anxiety (HADS-A) and depression scale
(HADS-D) consists of 14 thematically alternately listed
questions (points per question: 0-3; total score 0-21).
HADS-A and HADS-D are interpreted as follows: 0—7 =nor-
mal, 8-10=borderline abnormal (mild case), 11-14 = abnor-
mal (moderate case), 15-21 =abnormal (severe case).
Higher HADS-values represent a more pronounced mental
impairment [25]. To determine CREF, the 13-item functional
assessment of chronic illness therapy-fatigue (FACIT-F)
with a range from 0 to 52 was applied [26]. For FACIT-F,
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higher scores (negative items were reverse-scored) indicate
a non-fatigued status.

Data analysis

For HGS [27], PhA [28], and 6MWT [29], data can be
interpreted and classified in terms of their clinical rel-
evance due to existing critical threshold values in the
scientific literature. Critical grip strength is categorized
by a value below the individual standardized mean risk
threshold of > 1 SD [27]. For the global impedance param-
eter analysis, the fifth percentile, stratified for sex, age,
and BMI, appears as a cutoff and reference for impaired
functional status [28]. The sex-specific reference equation
6MWD = 2.11 X height,,,) — (2.29 X Weighlkg) —(5.78 X age) + 66Tm
was used to compute and categorize the predicted walking
distance (m) for the study individuals [29].

Statistical analysis

The data analysis was performed with the statistical software
package IBM SPSS statistics 26 (Chicago, IL, USA). Only
those patients who completed all assessments were included
in the analysis. Descriptive statistics are presented as mean,
standard deviation (SD), and the minimum and maximum of
the outcome parameters. A significance level of P <0.05 was
set. To avoid estimation problems, the authors were expect-
ing a moderate to large effect size. The power level of analy-
sis was set at 0.80. Based upon pilot testing, the estimated
sample size was sufficient to analyze group effects and sig-
nificant differences. Demographic characteristics (age,
height, weight, BMI) were tested using ANOVA to ensure
comparability between the study groups. All metric data
were normally distributed (Shapiro-Wilk test). Require-
ments for applying mixed ANOVA (between-within) were
identified in terms of sphericity (Mauchly test) and variances
equality (homogeneity) (Levene’s test). A Bonferroni cor-
rection was applied to counteract the accumulation of alpha
errors and estimation problems, avoiding the likelihood of
incorrectly rejecting a null hypothesis (i.e., making a type I
error). The main effects for time (entire group and individual
groups), the interaction between time and group (difference
between groups), and group comparison regardless of the
time were tested for significant effects using a mixed
ANOVA and post hoc analysis (Tukey, Games-Howell). The
primary effect for time on the dependent variables (indepen-
dently of the group allocation) was investigated with simple
main effects of the within-subject factor (Greenhouse—Geis-
ser). The time effect of the individual groups ([mean
TO-mean T1, T2]/SD) was tested with a repeated measure
analysis of variance for simple main effects of the between-
subjects factor (Tukey-HSD) [30]. The effect size was cal-

. . 2 St'j]cu .
culated by using the formula partialn® = Seecrrssemar: Sug

gested benchmarks for interpretation of the effect size are
small (0.1-0.3), medium (0.3-0.5), and large (> 0.5) [31].

Results

Seventy-nine women with breast cancer were included in
the present analysis. The group distribution and patients’
clinical characteristics, and the treatment time are sum-
marized in Table 2. The response rate for patients that
had been contacted to participate in this study was 55%
(the number of enrollees divided by the number of sub-
jects screened). The mean (SD) age of the total sample at
diagnosis was 54.6 +9.5 years (range = 30—69 years). The
mean (SD) time interval between diagnosis of breast can-
cer and initial data collection prior to starting treatment for
breast cancer (TO) was 6.8 + 1.3 days (range 6.0-9.0 days).
Inclusion cutoff time for consent based on diagnosis
was 4.5+ 1.2 days (range 2.0-7.0 days). For complet-
ing treatment, all women with primary disease finished
their cycles of chemotherapy, treatment sessions of radia-
tion therapy, and/or cancer surgery. The total mean (SD)
time for completing therapy was 6.6 + 3.0 months (range
1.0-13.4 months). After the end of breast cancer treatment,
data were collected within 1 week (mean 5.7 + 0.8 days,
range 4.0-7.0). The second follow-up for each patient
took place 3 months after T1 (mean 91.4 + 1.5 days, range
86.0-97.0).

Anthropometrics and biomarkers of physical
functional status

The statistical comparison of the anthropometric data and
the biomarkers of physical functional status is listed in
Table 3. The numerical data of the longitudinal compari-
son indicated a significant main effect for the anthropomet-
ric parameters: weight [kg] and BMI [kg/mz].

Functional status (HGS, 6MWT, PhA) was significantly
reduced at T1 and T2, with more significant restrictions
experienced in women exposed to chemotherapy.

The mean walking distance of 511.1 m (T0), 481.0 m
(T1), and 485.9 m (T2) for the entire group represents
low submaximal endurance performance. Considering the
age of our study participants (54.6 +9.5 years), the overall
HGS (T0=31.9 kg, T1 =28.0 kg, T2=27.8 kg) indicated
a weak muscle strength. Medium to large effects for R, Xc,
and PhA were meeting the criteria for abnormal physiol-
ogy. The most pronounced impact on the state of health
at T1 (4.8°+0.5) in the SCR group represented a mean
reduction of 1.1° from baseline.
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Table 2 Clinical characteristics

. Variable Group SC Group SCR Group SR Group S

of n=79 breast cancer patients

according to their routine cancer n (%) 22 (27.9) 17 (21.5) 27 (34.2) 13 (16.5)

treatment Time of therapy 77+1.3 104+ 1.6 53+1.5 25+1.6
(month) (6.0-10.5) (7.1-13.4) (3.0-9.3) (1.0-5.6)
SNB, n (%) 21 (26.6) 15 (19.0) 27 (34.2) 13 (16.5)
ALND, n (%) 5(6.3) 3(3.8) 0(0.0) 0(0.0)
BCS, n (%) 8 (10.1) 16 (20.3) 27 (34.2) 0(0.0)
MRM, n (%) 2(2.5) 1(1.3) 0(0.0) 2 (2.5)
SCM, n (%) 9(11.4) 0(0.0) 0(0.0) 10 (12.7)
BCS +SCM, n (%) 3(3.8) 0(0.0) 0(0.0) 1(1.3)
ET, n (%) 14 (17.7) 13 (16.5) 26 (32.9) 12 (15.2)
Neoadjuvant ET, n (%) 0(0.0) 1(1.3) 1(1.3) 1(1.3)
Adjuvant ET, n (%) 14 (17.7) 12 (15.2) 25 (31.7) 11 (0.0)
TMX, n (%) 1(1.3) 4(5.1) 6 (7.6) 1(1.3)
ALs, n (%) 13 (16.5) 9(11.4) 20 (25.3) 11 (13.9)
C,n (%) 22 (27.8) 17 (21.5) 0(0.0) 0(0.0)
Neoadjuvant C, n (%) 10 (12.7) 9(11.4) 0(0.0) 0(0.0)
Adjuvant C, n (%) 13 (16.5) 8 (10.1) 0 (0.0) 0(0.0)
E+CP+T+CARB, n (%) 5(6.3) 3(3.8) 0(0.0) 0(0.0)
E+CP+T, n (%) 7(8.9) 6 (7.6) 0(0.0) 0(0.0)
DTX+E, n (%) 4(5.1) 5(6.3) 0(0.0) 0(0.0)
E+CP, n (%) 2(2.5) 0(0.0) 0(0.0) 0 (0.0
DTX+CP, n (%) 1(1.3) 1(1.3) 0(0.0) 0(0.0)
T+ CARB, n (%) 2(2.5) 0(0.0) 0(0.0) 0(0.0)
DTX+CARB+H, n (%) 1(1.3) 2(2.5) 0(0.0) 0(0.0)
R, n (%) 0(0.0) 17 (21.5) 27 (34.2) 0(0.0)

Data are expressed as means + standard deviation (SD); min, minimum; max, maximum; n=number of

patients (percent)

SC, Surgery + Chemotherapy; SCR, Surgery + Chemotherapy + Radiation Therapy; SR, Surgery + Radiation
Therapy; S, Surgery; ALND, axillary lymph node dissection; ALs, aromatase inhibitors; BCS, breast-con-
serving surgery; CARB, carboplatin; CP, cyclophosphamide; C, chemotherapy; DTX, docetaxel; E, epiru-
bicin; ET, endocrine therapy; H, herceptin (trastuzumab); MRM, modified radical mastectomy; R, radia-
tion therapy; SCM, subcutaneous mastectomy; SNB, sentinel node biopsy; S, surgery; T, paclitaxel; TMX,

tamoxifen

Physical function and the corresponding prevalence
of critical values

Substantial deteriorations were recognized post-cancer treat-
ment in SC (91%) and SCR (88%) for a lower limit of the
average range [29].

The mean HGS of 32.5 kg was above the risk threshold
(26.6 kg) of a large German reference population, includ-
ing healthy women aged 50-54 years. A detailed view on
the study groups pointed out that 41% of women with SCR
presented a critically HGS at T1, which decreased to 29%
at T2 [27]. Although fewer patients showed values below
the risk threshold at T2, a negative trend was detected. This
may be explained by a further decline in patients already
detected in a state of higher risk for possible future morbid-
ity and mortality. At the same time, others showed a slight
improvement in line with the cutoff [27].

Average biomarkers were shown before the onset of
cancer treatment. Critical values below the published risk
threshold were detected after breast cancer treatment and
at second follow-up [28]. In order to examine thresholds at
each time point, parameters were displayed in Table 4.
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Cancer-related fatigue

The significant reduction in FACIT-F indicated the presence
of experienced fatigue, with more severe conditions based
on treatment using cytostatic agents and radiotherapy.

Anxiety and depression

Abnormal anxieties (moderate case), 38.0% (T0), 62.0%
(T1), and 43.0% (T2), and depression (moderate case),
17.7% (T0), 36.7% (T1), and 34.2% (T2), were elucidated
for the total group.

Discussion

Based on the preliminary data of the research study
“Return,” we conducted a sub-analysis of the PRO meas-
ures of functional and mental status and the state of CRF
in women with breast cancer regarding their routine can-
cer treatment. Clinically established assessment proce-
dures were used prior to the onset of (T0) and post-cancer
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Table 3 The primary outcome measures of anthropometrics, physical function, fatigue, anxiety, and depression of the subgroups prior to the

onset of (T0), after cancer treatment (T1), and at second follow-up (T2)

s

2

Variable G Mean (SD) P-T F-T F-G F-GxT n
TO Tl T n M (GxD)

Weight [kg] Ne 72.1+142 69.8+13.7 71.8+13.9 22 ac 11.98™  2.84"  1.18 0.14 0.05

SCR  827+2024 80.1+21.3 80.4+20.1 17  ab

SR 68.6+124 67.4+12.2 67.9+11.7 27  a

S 72.6+12.5 713+12.3 71.4+12.4 13
BMI Ne 26.4+5.0 25.6+4.8 26.3+4.8 22 ac 12,46 2.23 1.15 0.14 0.04
[kg m™2] SCR  30.5+6.8 29.5+7.0 29.6+6.6 17  ab

SR 26.4+4.8 2594438 26.1+4.4 27 a

S 274443 26.9+4.1 269+4.2 13
R 50 Ne 556.4+59.1 582.7+57.8 570.1+557 22  a,b,c 3776 335 3807 034 0.3
kHz [Ohm)] SCR  514.9+59.7 5462+60.2 5327+59.1 17 ab,c

SR 559.0447.1 5749+556 5664+470 27 a

S 529.5+33.6  5322+412 525.1+413 13
Xc 50 kHz [Ohm] SC 55.0+7.2 48.6+7.1 50.4+6.4 22 ab,c  13096™ 071N 451" 064 0.15

SCR  53.0+7.7 459+6.9 46.6+6.6 17  ab

SR 53.0+6.0 475+49 50.4+5.5 27  ab,c

S 51.3+6.8 47.6+6.9 495+6.5 13 ac
PhA Ne 5.6+0.6 4.8+0.5 5.1+0.5 22 abc 188.867" 078N 8557 072 026
50 kHz [°] SCR  5.9+0.5 4.8+0.5 5.0+0.5 17  ab

SR 54+0.6 47+0.5 5.1+0.6 27  a,b,c

S 55+0.6 5.1+0.6 54+0.6 13 ac
HGS e 32.7+3.9 27.8+4.5 27.9+4.9 22  ab 139.06™"  0.07%S 359"  0.65 025
peak SCR  32.6+6.0 27.5+5.1 272454 17  ab
[ke] SR 31.4+32 28.4+3.3 28.3+3.1 27  ab

S 30.8+3.8 28.3+3.5 27.5+3.5 13  ab
6MWD Ne 514.6+543 4743+60.6 479.1+573 22 ab 99.12"""  2.11NS 447" 057 0.15
[m] SCR  4933+567 453.4+662 460.5+60.6 17 a,b

SR 5103+59.4 487.8+53.0 49214518 27 ab

S 52994599 514.0+61.7 517.6+534 13 a,b
FACIT-F Ne 452428 345+2.8 362+4.3 22  ab 288.877" 256N 277" 0.79 0.10
(0-52) SCR 4494238 33.8+2.9 35.2+3.9 17  ab

SR 45.1+4.0 36.6+4.9 38.9+5.9 27  ab,c

S 458+5.2 372443 39.9+4.4 13 ab,c
HADS-A Ne 8,8+3.4 11,3+3.0 10.8+2.9 22  ab 18.68""  1.928 151N 020 0.06
(0-21) SCR  9.0+29 12,6423 12.1+2.7 17  ab

SR 92440 10,4+2.8 9.9+2.7 27

S 8,3+3.7 9,8+2.7 9.2+4.0 13
HADS-D Ne 6.5+2.9 9.6+3.8 9.6+2.9 22 ab 18.14™  0.60%  1.02M 020 0.04
(0-21) SCR 6.8+38 10.5+3.0 10.1+4.1 17  ab

SR 6.9+4.0 9.0+3.3 83+3.3 27  a

S 7.1+4.6 8.4+3.6 8.1+3.6 13 a

Data are expressed as means + standard deviation (SD); change in percent (%)

SC, Surgery + Chemotherapy; SCR, Surgery + Chemotherapy + Radiation Therapy; SR, Surgery + Radiation Therapy; S, Surgery; n, number of

patients; NS, not significant; 7, time; G, group
“P<0.05; “P<0.01;

sk

'P<0.001

a, T1 differed significantly from baseline; b, T2 differed significantly from baseline; ¢, T2 differed significantly from T1

treatment (T1, T2). Our main findings provide evidence
that women with breast cancer showed reduced physical
function, mental health, and symptoms of fatigue after
breast cancer diagnosis with significant deterioration
following treatment. A potentially higher risk of impair-
ment accompanied this due to the prevalence of values
below a critical threshold. Across all groups, the most

pronounced impact was found in patients with multi-
modular conditions.

Women receiving anticancer treatment may get over-
whelmed by physical functional changes and emotional
challenges. Possibly the PhA can be used as a global
marker of health status. Available reference values of
healthy adults (n=214,732) across the lifespan (ages
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Table 4 The prevalence of
critical values of bio-impedance
phase angle, handgrip strength,
and six-minute walk test prior
to the onset of (TO), after cancer
treatment (T1), and at second
follow-up (T2)

Variable Group TO Tl T2
Below risk threshold, SC Yes=1 (4.5) Yes=11 (50.0) Yes=5 (22.7)
PhA, n (%) No=21(95.5) No=11 (50.0) No=17 (77.3)
SCR Yes=0 (0.0) Yes=9 (52.9) Yes=5(29.4)
No=17 (100.0) No=8 (47.1) No=12 (70.6)
SR Yes=3 (11.1) Yes=13 (48.1) Yes=7 (25.9)
No=24(88.9) No=14(51.9) No=20 (74.1)
S Yes=1 (7.7) Yes=3 (23.1) Yes=1(7.7)
No=12(92.3) No=10 (76.9) No=12(92.3)
Below risk threshold, SC Yes=0 (0.0) Yes=7 (31.8) Yes=6 (27.3)
HGS, n (%) No=22 (100.0) No=15 (68.2) No=16 (72.7)
SCR Yes=1(5.9) Yes=7 (41.2) Yes=5 (29.4)
No=16 (94.1) No=10 (58.8) No=12 (70.6)
SR Yes=1(3.7) Yes=8 (29.6) Yes=7 (25.9)
No=26 (96.3) No=19 (70.4) No=20 (74.1)
S Yes=0 (0.0) Yes=06 (46.2) Yes=5 (38.5)
No=13 (100.0) No=7 (53.8) No=8 (61.5)
Below reference, SC Yes=13 (59.1) Yes=20 (90.9) Yes=17 (77.3)
6MWT, n (%) No=9 (40.9) No=2(9.1) No=5 (22.7)
SCR Yes=11 (64.7) Yes=15 (88.2) Yes=12 (70.6)
No=6(35.3) No=2(11.8) No=5 (29.4)
SR Yes=13 (48.1) Yes=20 (74.1) Yes=15 (55.6)
No=14(51.9) No=7(25.9) No=12 (44.4)
S Yes=5 (38.5) Yes=8 (61.5) Yes=6 (46.2)
No=8 (61.5) No=5(38.5 No=7(53.8)

Data are expressed as n=number of patients (percentage) for each group

SC, Surgery + Chemotherapy; SCR, Surgery + Chemotherapy + Radiation Therapy; SR, Surgery + Radiation

Therapy; S, Surgery

18-70 years) facilitate the interpretation and classifica-
tion of impedance parameters [28]. According to existing
literature, reduced quality of life and impaired functional
status are prevalent with risk threshold [28, 32, 33]. In
the presented study, the evaluated changes in predicted
body composition indicated unfavorable physiology. The
decreased body cell mass and increased extracellular mass
leading to low PhA may be evidence of clinically relevant
malnutrition and functional loss (skeletal muscles) [24].
The valuable global biomarker is positively associated
with Xc and negatively associated with R. The signifi-
cant change in Xc represents the resistive effect produced
by the tissue interfaces and cell membranes, suggesting a
reduction of membrane function and fewer intact numbers
of cells [34]. R as the flow restriction to an electrical cur-
rent implied a higher water distribution between the extra-
and intracellular compartments [35]. The observed state
of fluid overload may be due to secondary lymphedema
attributed to cancer-specific drug and surgical treatment
[36-38]. Women who have lymph node removal followed
by radiation therapy have a greater risk of developing
swelling (e.g., arms and legs) caused by the congestion
of lymph fluid. Taking part in regular physical activity
stimulates lymphatic circulation and is therefore recom-
mended [39]. Research on bio-electrical characteristics in

@ Springer

connection with physical training initiated early in breast
cancer treatment is needed.

The BIA is reliable and easily applicable for an oncology
nurse or physiotherapist, as no special training is required.
The portable use in various settings and quick feasibility
allows long-term monitoring and identification of patients at
risk. If accompanied by circadian-related measures, causal
inference on insufficient dietary intake, body composition,
and daily sleep and activity patterns may be improved [40,
41].

Weak physical performance status and concurrent can-
cer-related symptoms warrant examination. Limited muscle
strength might impair the upper extremities’ functionality
and performance of everyday tasks (e.g., the ability to dress,
write, or lift small objects) [42, 43]. Findings in patients
exposed to anthracycline-taxane-containing chemotherapy
could potentially be consistent with peripheral neuropathy
and perceived loss of motor function, which can be par-
ticularly severe and long-lasting [44]. Besides the poten-
tially life-threatening danger, women with breast cancer
face various concerns of possible future challenges (e.g.,
familial, professional, sexuality, body image, logistical) [45].
Considering associations between the stressful life event
and the low physical state raises the potential for a skewed
rating affected by motivational and emotional aspects and
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psychological health [46, 47]. Other underlying mechanisms
with possible modifying effects comprise general anesthesia
received [48], changes in hormone levels [49], and chronic
illness with painful or weak hands [50, 51]. The detected
continuous reduced functioning requires close observance
beyond the time frame chosen in this study to prevent further
decline. Early implementation of routine physical function
tests may help health care professionals provide feedback
and educated advice about the benefits of physical activity,
e.g., resistance training.

Surprisingly, even pre-cancer treatment, retrenchment
was detected and may be attributable to certain lifestyle fac-
tors, including diet, physical activity, smoking, and alcohol
consumption [52]. A healthy individual’s 6MWD ranges
from 400 to 700 m (m) and reflects the exercise capacity
for daily physical activities [15]. Overall aerobic capacity
may indicate the inability to meet job requirements to secure
financial stability [53, 54]. The cardiorespiratory fitness of
affected women may be enhanced with moderate to vigor-
ous physical activity (MVPA) of at least 150 min per week
[52, 55].

The German general population—-based FACIT-F norm
of women aged 50-59 years with a mean score of 42.6
indicated the presence of fatigue in our study population
[56]. Intense fatigue (e.g., “I have to limit my social activity
because [ am tired””) was experienced by most women post-
treatment. Severity is shaped by more significant pain, sleep
disruption, distress, lower activity, and lower physical and
social health status [55]. Furthermore, the proposed CRF is
marked by increased lifestyle stresses, such as lack of abil-
ity to work and child or elderly care, and potentiated by the
treatment time and younger age. For a holistic approach to
reduce symptoms, a multidisciplinary support intervention
program should contain pain therapy [57], nutritional medi-
cine [58], and exercise therapy [59, 60].

Mental impairment of anxiety and depression was linked
to early stages of cancer (stages I-III). Especially, combina-
tion therapy evoked restlessness and tension with moderate
to severe expression. It is difficult to distinguish between a
timely fearful reaction and an anxiety symptom that requires
intervention. Therapy appears to be necessary if the behavior
and experience of the patients’ everyday lives are impaired.
Often, anxiety disorders or depression are not recognized or
dismissed as an understandable reaction to a life-threatening
illness. Promoting social support, particularly emotional
support from family, may positively impact psychological
stress and psychiatric morbidity [61]. For more clarity, rou-
tine assessments of psychiatric morbidities need to achieve
widespread implementation in oncological care. By identify-
ing those patients who require psycho-social support, thera-
peutic outcomes may be improved. A more substantial align-
ment with worries about the deterioration of conditions is
favored, while the attitude of helplessness or hopelessness is

associated with poorer breast cancer prognosis [62]. Women
need to receive information about the adverse effects of can-
cer treatment and advice about coping methods [63, 64].
The present study adds to the existing literature on patient
experiences of cancer care. A clear benefit was that patient-
orientated indicators and critical points of interest could
be assessed quickly and easily with accepted measures. By
carefully comprehending patients’ treatment conditions,
prospective capturing of perceived circumstances may be
improved. Study designs must employ baseline testing to
detect changes accurately. PROs may give health care pro-
fessionals and the multidisciplinary team involved, includ-
ing oncologists, physiotherapists, and nurses, guidance to
determine individualized needs. Practical support in subse-
quent oncological rehabilitation treatment requires the most
appropriate modalities and timing for initiation.

Limitations

There are limitations to the present study as we could not
include an additional follow-up analysis. Since the number
of patients, especially in group S, was small (n=13), our
findings can only be regarded as preliminary, and future
investigations are necessary for the generalizability of our
findings. Treatment groups may not represent all cancer
patients and especially not for those with severe course of
illness. Socioeconomic status as a possible influencing factor
was not investigated. Screening patients for their physical
activity levels may have led to a more differentiated assump-
tion of study results.

Conclusion

In summary, women with breast cancer showed decreased
physical function, mental health, and symptoms of fatigue.
Across all groups, the most pronounced impact was found
in patients with multi-modular conditions. A potentially
higher risk of impaired function accompanied this due to
the prevalence of values below a critical threshold. Group
differences were particularly noticeable in the reduced HGS,
6MWT, PhA, mental status, and in the heightened state of
fatigue. Based on our findings, multidisciplinary support
initiated early in breast cancer treatment seems appropri-
ate to address conditions. The permanent adoption of PROs
in clinical research increases the transparency of patients’
perceived circumstances. Routine assessment may lead to an
individual risk stratification, which could help personalize
and optimize clinical and survivorship care.
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