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Abstract

Background Few measurements of fatigue and quality of life have been performed during neoadjuvant chemotherapy of early
breast cancer. This study evaluates fatigue and quality of life experienced by early breast cancer patients during neoadjuvant
chemotherapy and their association with different clinical parameters.

Methods Fifty-four stage I-III patients’ responses to the Multidimensional Fatigue Inventory (MFI) and to the Functional
Assessment of Cancer Therapy-Breast (FACT-B) were analyzed by a linear covariance pattern model. Chemotherapy regi-
men, age, baseline fatigue level, body-mass-index and cancer stage were added to the model to estimate their impact on
both outcomes.

Results All fatigue dimensions worsened in clinically relevant levels. Physical fatigue worsened the most, mental fatigue the
least. For quality of life, physical and functional well-being worsened the most. Only emotional well-being improved during
chemotherapy. Physical well-being worsened more during standard than during dose-dense chemotherapy, and more during
anthracycline than during taxane cycles. Age, body-mass-index and cancer stage had no impact. The higher the fatigue levels
at baseline, the less they worsened during chemotherapy.

Conclusions Further actions to reduce fatigue and improve quality of life during neoadjuvant chemotherapy of early breast
cancer are needed. Focus should be laid on the physical dimension. Future research should also investigate the impact of
different chemotherapy sequences and densities on fatigue and quality of life.

Study registration The study was registered in the German Clinical Trials Register in May 2019 (DRKS00016761).
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Introduction

Neoadjuvant chemotherapy of breast cancer is the adminis-
tration of chemotherapy prior to definitive breast surgery [1].
The proportion of early breast cancer patients treated with
neoadjuvant chemotherapy increased in Germany from 6%
in 2008 to 18% in 2018, resulting in 58% of all chemothera-
pies for early breast cancer being neoadjuvant [2, 3]. Clini-
cal evidence has shown that neoadjuvant chemotherapy can
lead to surgical downstaging of the tumor, render inoperable
tumors resectable, de-escalate axillary surgery in patients
with clinically positive nodes and provide prognostic infor-
mation regarding risk of recurrence and prognosis of adju-
vant treatment, i.e., after surgery [1]. Therefore, early breast
cancer patients with either high-risk hormone-receptor posi-
tive, human epidermal growth factor receptor 2 (HER2)
positive, triple-negative, inflammatory or locally advanced
breast cancer are eligible for neoadjuvant chemotherapy [4].
Neoadjuvant chemotherapy of early breast cancer usually
lasts 18—24 weeks and includes anthracycline, cyclophos-
phamide and taxane cycles together with, if indicated, car-
boplatin or monoclonal antibodies [5].

Fatigue levels have been shown to be 30% higher in
breast cancer patients than in the general population [6].
Fatigue during cancer has been defined as cancer-related
fatigue (CRF), “a distressing, persistent, subjective sense of
physical, emotional, and/or cognitive tiredness or exhaus-
tion related to cancer or cancer treatment that is not pro-
portional to recent physical activity and that interferes with
usual functioning” [7]. CRF levels have been associated with
different demographic, clinical and therapeutic parameters.
Female patients aged 18—40 have shown a stronger increase
in fatigue after cancer diagnosis than those aged 61-70 [6].
CRF levels have been significantly higher in tumor stage
IV than in stages I-III [6]. In the adjuvant setting, biweekly
cycles of anthracyclines and taxanes have generated higher
CREF levels than the same combination given on a three-
weekly basis [8]. The sequence, however, of anthracyclines
and taxanes given as adjuvant chemotherapy has had no
impact on quality of life according to one study [9]. In addi-
tion, a high body-mass-index (BMI) at the beginning of neo-
adjuvant chemotherapy has not been a predictor for CRF
increase during the treatment [10].

Chemotherapy affects physical dimensions of CRF and
health-related quality of life (HRQoL) more than other
dimensions. Physical dimensions of CRF and HRQoL have
worsened during adjuvant and neoadjuvant chemotherapy
in different studies of early breast cancer patients [11-13].
Other dimensions did not change (e.g., mental fatigue and
motivation [14]) or even improved (emotional HRQoL [12]).

Few and relatively small studies on CRF and HRQoL
dimensions have been performed with early breast cancer

patients during neoadjuvant chemotherapy [12, 13, 15,
16], which is why further evaluation of CRF and HRQoL
in this population is needed. Their development might dif-
fer from that of the adjuvant setting, as surgery has been
shown to worsen CRF and HRQoL [17] and thereby alter
the patient’s perception of both endpoints during chemo-
therapy [11]. The present cohort study therefore aimed at
generating more data to identify clinical needs. In addi-
tion, to our knowledge, no study has evaluated the effect
of age, BMI, cancer stage and different chemotherapy regi-
mens on CRF and HRQoL of early breast cancer patients
during neoadjuvant chemotherapy. The aims of the present
study are therefore, first, to evaluate the levels of CRF and
HRQoL experienced by early breast cancer patients during
neoadjuvant chemotherapy and, second, to evaluate their
association with different clinical parameters.

Patients and methods
Participants and study design

This is a prospective, multicenter cohort study. None of the
consulted ethics committees raised concerns regarding its
conduct, and the study was registered in the German Clinical
Trials Register on 6 May 2019 (DRKS00016761). Partici-
pants in this study were female patients with histologically
confirmed early breast cancer, i.e., Union for International
Cancer Control (UICC) stages I-III, excluding patients
with no tumor (T,), with a carcinoma in situ (T;,) or with a
microinvasion (T,;.), and scheduled to receive neoadjuvant
chemotherapy according to guidelines [4]. Participants had
an Eastern Cooperative Oncology Group (ECOG) perfor-
mance score of 0-2, an age between 18 and 80 years, no
current pregnancy, no concomitant medication critically
influencing their ability to follow the requirements of the
clinical observation, no participation in a clinical trial or
use of an investigational agent from four weeks before the
first until the last chemotherapy cycle, and had given signed
informed consent. Participants were treated in four certified
breast cancer centers, two in Southern and Eastern Germany
each, in one large- and one medium-sized city in each region
(Munich, Berlin, Esslingen, Brandenburg a. d. Havel).

The observation started with participant inclusion, before
the first cycle of neoadjuvant chemotherapy, and ended 2
weeks after surgery or, if surgery was not performed, 2
weeks after the last chemotherapy cycle, in order to meas-
ure the effect of the last treatment step after a time interval
comparable to the previous steps. In addition to data from
patient records, standardized questionnaires were filled out
by the patients.

All collected data were transferred into the clini-
cal data management system Marvin EDC (XClinical
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GmbH, Munich, Germany) using electronic case report
forms (eCRFs) developed by the Gesellschaft fiir klinische
Forschung e.V. (GKF). Permanent centralized monitoring
was performed together with on-site-monitoring in each
center 8 weeks after inclusion of the first participant and
thereafter on a risk-based approach to ensure patient safety,
data completeness and accuracy. Data managers of the GKF
checked the eCRF database for new entries on a daily basis.
Conspicuous data (e.g., missing data, data outside reference
ranges) were flagged as query within the eCRF system, elic-
iting a request for check by the data-entry study personnel.
A patient's eCRF documentation could not be electronically
signed and locked if queries were still unresolved. At the end
of documentation and data cleaning the data were transferred
into SAS data formats and analyzed with SAS for Windows
version 9.4 (SAS Institute Inc., Cary, NC, USA).

Demography, tumor factors and chemotherapy
regimens

Demographic and tumor factors were collected at the quali-
fying examination including age, menopausal status, tumor
stage, nodal stage, tumor grading, Ki-67 score, estrogen-
receptor (ER) status, progesterone-receptor (PR) status,
human epidermal growth factor receptor-2 (HER-2) status,
ECOG-score, BMI and concomitant diseases.

Recording of chemotherapy drugs and regimens started
with the first chemotherapy cycle, which defined the base-
line visit. Thereafter, visits during the whole observation
time were documented every 2 or 3 weeks, depending on the
density of the anthracycline cycle, i.e., whether it was given
every 2 (dose-dense) or 3 weeks (standard).

Patient-reported quality of life and symptoms
assessment

Primary outcomes of this study were ‘general fatigue’, as
assessed by the Multidimensional Fatigue Inventory (MFI),
and HRQoL as assessed by the Trial Outcome Index (TOI)
of the Functional Assessment of Cancer Therapies — Breast
Cancer (FACT-B). The MFI is a self-report instrument
designed to measure fatigue. It consists of 20 items grouped
in five dimensions: general fatigue, physical fatigue, mental
fatigue, reduced motivation and reduced activity. Patients
indicate on a 1- to 5-point scale to what extent the corre-
sponding statement applies to them. One score between 4
and 20 is generated per dimension. The higher the score, the
higher the fatigue perceived by the patient [18]. The FACT-
B is a self-report instrument designed to measure multi-
dimensional HRQoL in patients with breast cancer. In its
fourth version, it consists of 37 items with five ordered cat-
egorical answers. FACT-B items are grouped into the sub-
scales physical, social, emotional and functional well-being,
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with score ranges of 0-28, 28, 24, 28, respectively, and an
additional breast cancer subscale with a score range of 0—40.
The TOI summarizes the physical, the functional well-being
and the breast cancer subscales with a score range of 0 to
96. The FACT-B total score summarizes all subscales with
a score range of 0 to 148. The higher the score, the better
is the HRQoL [19]. The MFI and FACT-B were completed
by participants before chemotherapy at visits defined by the
protocol, i.e., every 2 or 3 weeks (see above).

Secondary outcomes of this study were the incidence
and severity of adverse events arising during neoadjuvant
chemotherapy. The severity of adverse events was docu-
mented according to the Common Terminology Criteria for
Adverse Events (CTCAE), version 5.0. Adverse events were
classified according to the Medical Dictionary for Regula-
tory Activities (MedDRA), version 22.1, by data managers
of the GKF.

Statistical analyses

While no confirmatory interpretation of statistical results
was intended, the planned sample size of 50 patients was
chosen for having a power of 80% to detect a standardized
mean difference of 0.4 for the change from baseline to the
end of the study in one of the primary efficacy parameters.
All analyses of the primary and secondary outcomes were
done with the Full Analysis Set which included all patients
fulfilling the inclusion/exclusion criteria, having given
informed consent and having at least one follow-up after
the baseline visit. There was only one patient who dropped
out of the study immediately after the qualifying examina-
tion and for whom no further efficacy- or safety-relevant data
were documented.

Demographic and baseline characteristics, as well as
outcome parameters, are presented by descriptive statistics,
including median and interquartile range (IQR) in case of
quantitative data, and contingency tables showing absolute
and relative frequencies for categorical data. Results of sta-
tistical tests are shown as estimates, 95% confidence inter-
vals and corresponding p-values, which were interpreted in
exploratory intent only, which is why no adjustment for mul-
tiple testing was done. As an exception, in accordance with
good statistical practice, the p values of the two primary
outcome parameters were evaluated after Bonferroni-Holm
adjustment for multiple testing, with statistical significance
claimed only when the smaller p value was less than half the
global a error level, i.e., 2.5%.

Missing data were considered in general as 'missing
at random’, which is reasonable since only five out of 54
included patients (9.3%) terminated chemotherapy early,
one directly lost to follow-up after qualifying examination,
the other four after 14 to 21 weeks of chemotherapy. Miss-
ing data were not substituted, with two exceptions. First,
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missing individual items of the MFI and FACT-B ques-
tionnaires were supplemented according to the respective
guidelines. Second, MFI and FACT-B baseline scores still
missing after this supplementing procedure were estimated
by linear regression based on all available data, with patients
and patient*time interactions included as fixed factors in
the model.

The MFI and FACT-B results of all Full Analysis Set
patients were analyzed by a linear covariance pattern
model which included the respective baseline values and
baseline*time interactions as independent covariates. In
addition, the model contained the density of anthracy-
cline cycles (standard vs. dose-dense), the time since start
of chemotherapy, and their interaction as fixed factor and
covariate, respectively. Dependent parameters were the
change from baseline of the specific dimensions of the MFI
or FACT-B, respectively. Of these, the MFI general fatigue
scale and the FACT-B TOI represented the primary efficacy
parameters of the study, while other MFI dimensions and
FACT-B subscales were regarded as the secondary param-
eters. To account for dependencies between intra-individual
measurements, a first-order autoregressive covariance struc-
ture between adjacent time points was chosen. Since most
chemotherapy regimens consisted of two drug combinations,
epirubicin with or without cyclophosphamide (Epi+ Cyc)
and (nab-)paclitaxel with or without carboplatin (Pac + Car),
administered in this or reverse order, in a subsequent analy-
sis of these regimens we additionally included the type and
order of these drugs in the statistical model together with
their respective interactions with the duration of their admin-
istration. Density of chemotherapy cycles was removed from
this model, since this factor was found to be uninformative
in this parameter constellation.

In sensitivity analyses of the primary statistical model,
possible confounders (age, BMI, UICC stage) were added
to the original model in a multivariate variable selection
procedure to estimate their impact on primary outcome
parameters.

Analysis of adverse events focused on patients receiving
Epi + Cyc and Pac + Car due to the small number of patients
(N=3) and adverse events under other drug combinations.
Adverse events were evaluated according to their MedDRA
classification, severity and prevalence during treatment.
Adverse events were also classified into “new onset” and
“ongoing” adverse events and were analyzed separately.
“New onset” describes adverse events documented for
the first time in the patient’s observation time. “Ongoing”
adverse events have already been documented for this patient
during the previous drug combination. Incidences of AEs
of severity grade >?2 between the drug combinations were
estimated separately for each diagnose using exact logistic
regression. No order or interaction term was considered in
this specific model for the sake of model stability. Yet, for

'new onset' adverse events, the model additionally included
the individual patients as strata to account for within-patient
dependencies. Over all AEs, hazard rates (HR; number of
adverse events per week per patient) were calculated using
a Poisson regression model including the drug combina-
tion as fixed factor and the (logarithmized) duration of the
respective combination’s treatment time as offset parameter
to account for different drug treatment durations. For 'new
onset' adverse events, the order of the respective drug com-
bination and order*drug combination interaction were also
added to the model, as well as a random factor controlling
for the dependencies between intra-individual measurements
of consecutive sequences. Finally, reasons for premature
chemotherapy termination were listed in the supplementary
data.

Results
Patient characteristics

From June 2019 to April 2020, 54 patients from four Ger-
man centers were included in the cohort and were followed
up until February 2021. Patient characteristics are summa-
rized in Table 1. The median age at baseline was 50 (IQR
43-62). Fifty-one (94%) and three (6%) patients had an
ECOG-score of 0 and 1, respectively, none had a higher
score. The median BMI was 24 (IQR 22-28). The median
MFI general fatigue and FACT-B TOI scores at baseline
were 9 (IQR 6-11) and 71 (IQR 63-81), respectively.

Baseline characteristics were statistically different
between the 29 patients receiving dose-dense chemotherapy
and the 25 patients receiving standard chemotherapy in five
parameters. Patients in the dose-dense chemotherapy group
were more often premenopausal, had higher tumor grad-
ing and tended to be younger. Furthermore, the dose-dense
chemotherapy group had less physical fatigue at baseline
and a better FACT-B score in physical well-being (Table 1
and S1).

Course of fatigue

During neoadjuvant chemotherapy, all MFI scales increased
by more than two points after 25 weeks of treatment (all
P <0.001) (Table 2). Patients started chemotherapy with a
mean general fatigue of 9.0, which increased by 3.4 points
after 25 weeks of treatment. Physical fatigue and reduced
activity increased the most, by 4.8 and 4.4 points, respec-
tively. Reduced motivation and mental fatigue increased the
least, by 2.4 and 2.1 points, respectively.

Analyses of treatment parameters showed only one sta-
tistically significant difference between the standard and the
dose-dense chemotherapy group, where physical fatigue
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Table 1 Demographic data Total (N=54) Standard (N=25) Dose-dense (N=29) P value
of the total patient cohort and
of the subcohorts receiving Age (years) 50 (43-62) 57 (46-68) 49 (40-59) 0.062

standard or dose-dense

. Menopausal status
neoadjuvant chemotherapy

Premenopausal 22 (41%) 5 (20%) 17 (59%) 0.013
Perimenopausal 4 (7%) 3 (12%) 1 (3%)
Postmenopausal 27 (50%) 16 (64%) 11 (38%)
Missing 1 (2%) 1 (4%) 0
Histologically assessed tumor
stage
cT1 (Tl excl.) 15 (28%) 8 (32%) 7 (25%) 0.988
cT2 32 (59%) 13 (52%) 19 (66%)
cT3 4 (7%) 3 (12%) 1 (3%)
cT4 2 (4%) 1 (4%) 1 (3%)
cTX 1(2%) 0 1 (3%)
Nodal stage
cNO 29 (54%) 15 (60%) 14 (48%) 0.862
cN1 20 (37%) 9 (36%) 11 (38%)
cN2 4 (7%) 0 4 (14%)
cN3 0 0 0
cNX 1 (2%) 1 (4%) 0
Tumor grading
Gl 0 0 0 0.023
G2 24 (44%) 15 (60%) 9 (31%)
G3 29 (54%) 9 (36%) 20 (69%)
Missing 1 (2%) 1 (4%) 0
Ki-67 score 40 (25-70) 40 (25-70) 40 (30-70) 0.676
ER- and PR-status
Both negative 11 20%) 5 (20%) 6 (21%) 0.950
One or both positive 43 (80%) 20 (80%) 23 (79%)
HER-2 status
Positive 17 (31%) 9 (36%) 8 (28%) 0.511
Negative 37 (69%) 16 (64%) 21 (72%)
Breast cancer subtype
HER-2 neg., HR pos 26 (48%) 11 (44%) 15 (52%) 0.790
HER-2 neg., HR neg 11 (20%) 5 (20%) 6 (21%)
HER-2 pos., HR pos 17 (32%) 9 (36%) 8 (28%)
HER-2 pos., HR neg 0 0 0
ECOG
0 51 (94%) 23 (92%) 28 (97%) 0.471
1 3 (6%) 2 (8%) 1(3%)
2-4 0 0 0
BMI 24 (22-28) 23 (22-28) 25 (23-29) 0.139
Concomittant disease
No 13 (24%) 6 (24%) 7 (24%) 0.991
Yes 41 (76%) 19 (76%) 22 (76%)
Vascular 10 (19%) 4 (16%) 6 (21%)
Endocrine 8 (15%) 3 (12%) 517%)
Cardiac 3 (6%) 2 (8%) 1(3%)
Psychiatric 3 (6%) 2 (8%) 1 (3%)
MFI (Baseline)
General Fatigue 9 (6-11) 10 (6-14) 9 (6-10) 0.396
FACT-B (Baseline)
TOI 74 (63-81) 67 (61-80) 77 (67-82) 0.151

Standard neoadjuvant chemotherapy implies a three-weekly anthracycline administration, dose-dense a
two-weekly administration

Data are N (%) or median (IQR), P-values compare the standard and the dose-dense subcohorts

@ Springer



Breast Cancer (2024) 31:124-134

129

Table 2 Estimated mean baseline and change of score of the MFI and
the FACT-B subscales after 25 weeks of neoadjuvant chemotherapy

Scale Subscale Baseline Score change from base-
score line after 25 weeks
(mean) -
Estimate 95% CI
MFI General fatigue 9.0 3.477F 23 46
Physical fatigue 8.3 4,87 37 6.0
Reduced activity 8.0 4477 31 57
Reduced motiva- 7.0 2,57 14 35
tion
Mental fatigue 8.2 217 1.0 32
FACT-B FACT-B total 111.7 -95"  —155 —3.6
score
Trial Outcome 71.0 -98""  _144 -5.1
Index
Physical well- 23.7 —417 —6.0 -22
being
Social well-being 24.7 -1.6 -3.0 =02
Emotional well- 15.6 2.2 08 37
being
Functional well- 17.0 -297 48 -10
being
Breast cancer 294 —2.1F -4.1 -0.1
subscale

Statistical significance of the change from baseline: T <0.05;
p<0.01; p <0.001

increased by 2.6 points more in the former than in the latter
(Table 3). Comparing Epi+ Cyc and Pac + Car cycles, the
MEFI scores always increased more during Epi + Cyc cycles,
but the difference between both groups did not become sta-
tistically significant in any dimension (Table S2).

Further sensitivity analyses of the statistical model
showed that the lower the general fatigue score was at base-
line, the higher its average increase after 25 weeks of treat-
ment (Table S3). For patients with the lowest general fatigue
at baseline, 4.0 points, the model estimated an average score
increase of 8.3 points. On the opposite, with the highest
observed general fatigue at baseline, 16.0 points, the score
was estimated to decrease by 3.3 points. In the present data
set, general fatigue increased if baseline scores were below
12.0 and decreased if baseline scores were above. Multi-
variate analyses of further parameters did not indicate any
statistically significant influence of BMI, UICC stage or age
on the MFI score development (Table S4).

Course of quality of life

During neoadjuvant chemotherapy, the TOI scale, and all
the subscales it summarizes, decreased in a statistically
significant manner after 25 weeks of treatment (Table 2).
Patients started chemotherapy with a mean TOI score of
71.0, which decreased by 9.8 points. The subscales that the

Table 3 Estimated change of score of the MFI and the FACT-B subscales after 25 weeks of either standard or dose-dense neoadjuvant chemo-

therapy
Scale Subscale Score change from baseline after 25 weeks
Standard Dose-Dense Difference
Estimate 95% CI Estimate 95% CI Estimate 95% CI
MFI General fatigue 5.6 3.8 73 3.3 1.6 49 2.3 0.0 4.7
Physical fatigue 6.177f 4.4 7.8 3.57ft 1.9 5.1 26" 0.3 49
Reduced activity 517 33 7.0 3,777t 1.9 55 1.4 -12 4.0
Reduced motivation 2.87Tf 1.3 4.4 0.9 -0.6 23 2.0 -0.1 4.1
Mental fatigue 2.2 0.6 3.9 2.0 04 35 0.3 -20 2.6
FACT-B  FACT-B 16.67 -24.9 —-8.2 -25 —11.1 6.1 —14.17 —-26.1 -2.0
total score
Trial Outcome —16.171 -22.6 -9.6 -35 —-102 32 —12.6' -219 -32
Index
Physical —6.6"T -93 -39 -16 —43 1.1 —49° —-8.8 —1.1
well-being
Social -2.17 —4.1 -0.2 —1.1 -30 09 —1.1 -38 1.7
well-being
Emotional 2.0 -0.1 4.1 2.5 0.4 45 -05 -35 2.5
well-being
Functional —5.37 -8.0 -2.6 -04 -3.1 2.3 —4.9" -87 —1.1
well-being
Breast cancer subscale —3.7" -6.5 -1.0 -0.5 -34 2.3 -32 -7.2 0.8

Statistical significance of the change from baseline and of the difference between standard and dose-dense subcohorts: p <0.05; T7p<0.01;

T <0.001
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TOI summarizes, i.e., the physical, the functional well-being
and the breast cancer subscales, decreased the most, by 4.1,
2.9 and 2.1 points, respectively. Emotional well-being was
the only dimension to increase over the entire therapy, by
2.2 points.

Analyses of treatment parameters showed that physical
well-being decreased more during standard chemotherapy
(—4.9 points) and during Epi + Cyc cycles (—2.2 points)
than during dose-dense chemotherapy and Pac + Car cycles,
respectively (Table 3 and Table S5). Other FACT-B scales
also decreased more in the standard than in the dose-dense
chemotherapy group, i.e., the functional well-being, the
TOI and the FACT-B total scale, by —4.9,—12.6 and — 14.1
points, respectively. During Epi+ Cyc and Pac + Car cycles,
all FACT-B scales decreased more during Epi + Cyc cycles,
but the difference in score decrease only became statistically
significant for physical well-being (Table S5). In addition,
the multivariate analysis did not indicate any statistically

significant influence of BMI, UICC stage or age on the
FACT-B total score after 25 weeks of treatment (Table S6).

Incidence, severity and rate of adverse events

Analysis of adverse events considered only patients receiv-
ing Epi + Cyc and Pac + Car and distinguished between new
onset and ongoing adverse events. Forty patients received
Epi + Cyc as first and Pac + Car as second drug combination
(Table 4). Ten patients received Pac + Car as first drug com-
bination and nine Epi + Cyc as second combination.

Most adverse events were grade 1-2, while only six
patients experienced seven adverse events of grade 3
(Table 4). Seven MedDRA preferred term classes of
adverse events, all of grade 1-2, occurred in more than
20% of the patients, i.e., alopecia, nausea, pain symptoms,
peripheral sensory neuropathy, fatigue, diarrhoea and ane-
mia. Adverse events of grade 3 included pyrexia, febrile

Table 4 Incidence of the most documented adverse events (No. 1-7) and of the adverse events with grade 3 according to CTCAE (No. 8-12)

No. Adverse event New onset /ongoing Number of patients affected during Number of patients affected during
Epi +Cyc cycles Pac + Car cycles
New onset: N=49; Ongoing: N=9 New onset: N=50; Ongoing: N=40
Grade 1 Grade 2 Grade 3 Grade 1 Grade 2 Grade 3
1 Alopecia New onset 12 24%) 23 (47%) 0 5 (10%) 7 (14%) 0
Ongoing 3 (33%) 4 (44%) 0 6 (15%) 23 (58%) 0
2 Nausea New onset 21 (43%) 7 (14%) 0 4 (8%) 1 2%) 0
Ongoing 1 (11%) 1 (11%) 0 8 (20%) 2 (5%) 0
3 Pain symptoms New onset 20 (41%) 2 (4%) 0 19 (38%) 2 (4%) 0
Ongoing 1 (11%) 0 0 13 (33%) 2 (5%) 0
4 Peripheral sensory neuropathy New onset 4 (8%) 0 0 19 (38%) 3 (6%) 0
Ongoing 3 (33%) 0 0 3 (8%) 0 0
5 Fatigue New onset 11 23%) 0 0 9 (18%) 1 2%) 0
Ongoing 1 (11%) 0 0 7 (18%) 0 0
6 Diarrhoea New onset 10 20%) 0 0 9 (18%) 2 (4%) 0
Ongoing 0 0 0 4 (10%) 0 0
7 Anemia New onset 6 (12%) 3 (6%) 0 2 (4%) 2 (4%) 0
Ongoing 0 1 (11%) 0 5 (13%) 2 (5%) 0
8 Pyrexia New onset 4 (8%) 0 12%) 2(4%) 0 1 (2%)
Ongoing 0 0 0 0 0 0
9 Febrile neutropenia New onset 1 2%) 1 2%) 2 (4%) 0 0 0
Ongoing 0 0 0 0 0 0
10 Infection New onset 4 (8%) 0 0 3 (6%) 0 1 2%)
Ongoing 0 0 0 0 0 0
11 Erythema New onset 0 0 0 1 2%) 0 1 2%)
Ongoing 0 0 0 0 0 0
12 Pneumonia New onset 1 2%) 1 2%) 0 0 0 1 2%)
Ongoing 0 0 0 0 0 0

The adverse events’ highest documented CTCAE grade is shown. Adverse events defined as ‘new onset” were first documented during the indi-
cated drug combination (Epi+Cyc or Pac+ Car), ‘ongoing’ adverse events were first documented during the previous drug combination. No
statistically significant differences were found between Epi + Cyc or Pac + Car groups regarding the incidence of adverse events of grade >2
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neutropenia, infection, erythema and pneumonia. No sta-
tistically significant differences were observed between
Epi + Cyc or Pac + Car groups regarding the incidence
of adverse events of grade > 2. Two patients terminated
chemotherapy early due to grade 3 adverse events, one
patient during Epi + Cyc cycles, one during Pac + Car
cycles (Table S7).

The risk of experiencing adverse events in general was
not significantly different between Epi + Cyc and Pac + Car
cycles, neither for new onset adverse events during first
(P=0.173) or second sequences (P =0.850), nor for
ongoing adverse events (P =0.229) (Table 6). Patients,
however, experienced significantly more new adverse
events during the first chemotherapy sequence than dur-
ing the second, independent of the administered regimen
(Epi+Cyc Ist vs. 2nd sequence: HR=0.63 vs. HR =0.29;
RR =2.20; Pac + Car 1st vs. 2nd: HR=0.47 vs. HR =0.30;
RR =1.56) (Tables 5 and 6). Moreover, considering the
two alternative sequence arrangements, in the arrangement
Epi + Cyc followed by Pac + Car (Epi + Cyc | Pac + Car)
patients had a higher risk of new onset AEs in each of
the two sequences than in the alternative arrangement
(Epi+Cyc | Pac + Car: 0.63 1 0.30; Pac + Car | Epi +Cyc:
0.4710.29).

Discussion

This cohort study is to our knowledge the largest real world,
multidimensional examination of CRF and HRQoL in early
breast cancer patients undergoing neoadjuvant chemother-
apy. Fifty-four patients’ answers of the MFI and the FACT-B
were used to measure CRF and HRQoL repeatedly over the
course of chemotherapy.

On average, early breast cancer patients experienced a
clinically significant worsening of general fatigue and of
the FACT-B-TOI during neoadjuvant chemotherapy. General
fatigue and TOI deteriorated by 3.4 and 9.8 points, respec-
tively, thereby reaching statistical and clinical significance
[20, 21]. These results are similar to other findings collected
during neoadjuvant chemotherapy of early breast cancer,
where the MFI general fatigue scale increased by 2.2 points
from a baseline of 11.3 [13] and the TOI decreased by 16
points from a baseline of 76 [15].

Comparisons with the literature show the following: first,
our results suggest that CRF during chemotherapy remains
an unmet clinical need. While early breast cancer patients
start neoadjuvant chemotherapy with an average fatigue
comparable to that of the general population [6], they end
this treatment on average with a critical level of CRF [22].

Table 5 Number of adverse events documented during Epi+ Cyc and Pac + Car cycles, with the according hazard rate of adverse events (total

number of adverse events per week and per patient)

New onset/Ongoing Drug combination Sequence no. No. of No. of patients Average no.  Hazard rate of adverse
adverse of weeks events (adverse events/
events patient/ week)

Mean 95% CI
New Onset Epi+Cyc 257 40 9.6 0.63 0.36 1.09
2 19 9 11.2 0.29 0.13 0.61
142 276 49 9.9 0.42 0.23 0.77
Pac + Car 1 56 10 14.7 0.47 0.25 0.89
2 187 40 14.1 0.30 0.17 0.53
142 243 50 14.2 0.38 0.22 0.66
Ongoing Epi+Cyc 2 19 9 12.1 0.17 0.11 0.28
Pac + Car 2 132 40 14.1 0.23 0.20 0.28
Table 6 Risk ratio of hazard rates during drug combinations either given first (sequence no. 1) or second (sequence no. 2)
New onset/Ongoing ~ Comparator 1 Comparator 2 Relative Risk  95% CI P-value
. . (AE/week)
Drug combination ~ Sequence no.  Drug combination  Sequence no.
New Onset Epi+Cyc 1 Epi+Cyc 2 2.20 122 398  0.010
Epi+Cyc 1 Pac + Car 1 1.33 0.88 2.02 0.173
Epi+Cyc 2 Pac + Car 2 0.94 052  1.72  0.850
Pac + Car 1 Pac + Car 2 1.56 1.02 239 0.041
Ongoing Epi+Cyc 2 Pac + Car 2 0.74 0.45 .21 0.229
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Second, physical dimensions of CRF and HRQoL worsen
more than other dimensions during neoadjuvant chemother-
apy. Our study confirmed previous results on CRF in the
adjuvant and neoadjuvant setting, where physical fatigue had
worsened, while mental fatigue and reduced motivation had
not changed [11, 13, 14]. Similarly, for HRQoL, our study
confirmed previous results where physical well-being wors-
ened during neoadjuvant chemotherapy, while emotional
well-being improved [12].

Third, our results suggest that the baseline fatigue score
is a better prognostic factor for the course of CRF than age.
This new hypothesis does not contradict previous findings.
Hinz and colleagues showed that the general population
had less fatigue in younger and more fatigue in older age
groups (18—40 years vs. above 61) [6]. In the cancer popu-
lation, however, all age groups had a similarly high fatigue
score, thereby suggesting that cancer led to a stronger fatigue
increase in younger patients. While our study did not identify
any correlation between age and the worsening of fatigue,
we identified a correlation with the baseline fatigue score:
the lower the fatigue at baseline, the stronger its worsen-
ing during chemotherapy. This more general correlation can
also be applied to the data of Hinz and colleagues. Further
research is needed to confirm this observation.

Fourth, we can confirm that neither BMI at baseline nor
cancer stage [-III has an impact on CRF. Reinertsen and col-
leagues did not observe differences in CRF change between
obese (BMI >30) and non-obese (BMI < 30) patients [10].
These 84 patients (17 obese) received a treatment similar
to patients in the present study: four three-weekly cycles
of fluoruracil, epirubicin and cyclophosphamide followed
by twelve weekly cycles of paclitaxel or four three-weekly
cycles of docetaxel. While BMI has been reported to be a
predictor for long-term CRF in cancer survivors [23], it does
not seem to play a role during chemotherapy itself. Regard-
ing the impact of the cancer stage on CRF, we could confirm
the results of Hinz and colleagues, who found no difference
in CRF-levels in cancer patients of stages I-III [6].

Fifth, the impact of the density of anthracycline cycles
(dose-dense vs. standard) on CRF and HRQoL remains
unclear. Our results contradict earlier published data [7]. We
observed a tendency for a stronger worsening of CRF and
HRQoL during standard neoadjuvant chemotherapy, which
becomes significant in the physical dimensions of both end-
points. Brandberg and colleagues, however, observed that
patients under standard adjuvant chemotherapy had better
HRQoL and less CRF than those under dose-dense chemo-
therapy did [8]. Brandberg’s results have more weight than
ours, as they originate from a randomized controlled trial.
Although our two groups do not differ for most demographic
and anamnestic parameters, we cannot exclude differences in
undocumented parameters. Particularly, both groups started
neoadjuvant chemotherapy from statistically different scores
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in the physical dimensions, the standard chemotherapy group
having worse baseline scores than the dose-dense group.
This suggests that dose-dense chemotherapy was preferably
administered to patients with a better health status at start of
therapy, who might be able to tolerate the expected higher
toxicity of this therapy.

Sixth, while CRF, HRQoL and adverse events are not
statistically different during anthracycline and taxane cycles,
we observed a trend that these parameters become worse
under Epi + Cyc. Zaheed and colleagues reported results of
one study in the adjuvant setting that did not show any statis-
tical difference in HRQoL regarding the sequence arrange-
ment of taxanes and anthracyclines in breast cancer patients
[9]. Like us, they could find some indication that a taxane
first arrangement may result in a slightly reduced overall risk
of adverse events, e.g. for grade 3/4 neutropenia. Also, the
hypothesis that CRF, HRQoL and adverse events are worse
under anthracyclines should not be ruled out yet, as Zaheed
and colleagues concede that their conclusions are based on
few studies and require further research.

The impact of the risk factors shown above requires fur-
ther research, as the synergies of multiple risk factors are not
fully understood. Comorbidities known to influence CRF
were balanced for the evaluation of certain risk factors (e.g.
concomitant diseases at baseline for dose-dense and standard
groups; adverse events for Epi + Cyc and Pac + Car groups).
This balance, however, cannot be guaranteed for all com-
parisons. Furthermore, other factors influencing CRF such
as social parameters (e.g. marital status, income level) and
certain inflammatory markers [23] need to be documented
in future studies to give a complete picture.

Conclusion

Our results suggest that further actions to reduce CRF and
improve HRQoL during neoadjuvant chemotherapy of early
breast cancer patients are needed. Physical dimensions of
CRF and HRQoL are particularly impacted by neoadjuvant
chemotherapy. Future research should investigate the impact
of different chemotherapy sequences and densities on CRF
and HRQoL.
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