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Abstract

Background The role of T cell immunity during antineoplastic therapy is poorly understood. In the BEGYN-1 studly,
patients with breast cancer underwent quarterly assessments prior to and during antineoplastic therapy over a period
of 12 months.

Methods We used flow cytometry and multiplex immunoassays to quantify 25 T cell subpopulations and seven
T cell associated plasma cytokines in peripheral blood from 92 non-metastatic breast cancer patients, respectively.
In addition, the association between T cell dynamics and the outcome of patients undergoing neoadjuvant
chemotherapy was investigated.

Results In patients undergoing chemotherapy, a significant reduction in T helper (Th) cells, particularly naive
central and effector cells and thymus positive Th cells, was observed over time. Interestingly, Th1 immune response-
associated cytokines (IL-12, TNF, IFN-y) declined while Th2 cells and cytotoxic T cells increased over time.

Conclusions We conclude that in breast cancer patients, chemotherapy is associated with a transition from a Th1
immune response towards Th2 and an increase in cytotoxic T cells, whereas in patients without chemotherapy, these
alterations were less pronounced. Future studies should clarify whether patterns of T cell subsets or plasma cytokines
can be used as biomarkers to monitor or even improve therapeutic interventions.
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Introduction
Breast cancer is the most common malignancy in women,
accounting for almost 25% of new cancers in women and
over 680,000 deaths per year worldwide [1, 2].

Oncological therapy for breast cancer, encompassing
chemotherapy, endocrine therapy, surgery, and radiation
therapy, aims to eliminate cancer cells and control and
stop their further spread and metastasis. These thera-
peutic interventions also affect the immune system. The
immune status of cancer patients is constantly changing
during the course of the disease and treatment, making
the analysis of immunological components as potential
biomarkers a valuable diagnostic and prognostic tool
[3-8].

In the development and growth of breast cancer,
immune cells can play a crucial, dual role: on the one

hand, they can create a tumor-friendly inflamma-
tory environment and, on the other hand, they can
cause tumor rejection. Understanding the interaction
between tumor cells and cells of the immune system is
of great importance as the effect of an immune response
largely depends on the nature of the stimulated immune
response. T cells represent key cells in the tumor micro-
environment and are classified into different subtypes
based on their transcription factors, markers and func-
tions [9, 10].

Thl cells are often considered to be critical compo-
nents of the anti-tumor immune response in tumor
immunology, as they possess the ability to produce IFN-
Y, activate macrophages and enhance CD8 + T killer cells.
Th2 cells, on the other hand, have been linked to the pro-
motion of cancer development and metastasis [11]. CTLs
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are traditionally considered to be a key component of
effective anti-tumor immunity, and their high infiltrtion
into the tumor tissue is associated with better prognosis
and survival [12, 13]. Memory T cells play a crucial role
in anti-tumor immunity as they can induce a rapid and
sustained immune response to tumors [14].

The role of individual T-cell subsets in the breast tumor
microenvironment and their association with breast can-
cer outcome is the subject of many current studies, with
no clear consensus to date [13, 15-20]. In addition, the
role of T cells in breast cancer immunity depends on a
variety of extrinsic factors, including tumor type or sub-
type, disease stage, immunogenicity of the tumor, local-
ization of cells in tumor tissue, and interaction with other
cells or cytokines [9].

Given the complexity of both the immune system and
the tumor process, extensive research is required to
understand their interactions. The analysis of T-cell sub-
populations and associated cytokines in peripheral blood
is often performed to determine the immune status and
correlation of various parameters such as disease, age or
lifestyle [21-23]. For instance, evidence suggests that cer-
tain subpopulations of cells from peripheral blood might
contribute to the pool of tumor infiltrating regulatory
T cells and could serve as potential targets for immu-
notherapeutic interventions in breast cancer [24-26].
However, current studies have only examined selective
connections between breast cancer, antineoplastic ther-
apies, and specific components of the immune system,
often in small cohorts or over brief periods [25, 27-31].
Consequently, the potential interconnections among
these factors remain poorly understood.

The need for prospective studies investigating factors
influencing the immune system in cancer patients is sub-
stantial, particularly to develop potential individualized
rehabilitation approaches [32-35].

The BEGYN-1 study adopts a holistic approach to
investigate the impact of the disease and anti-cancer
therapies on the immune system. Additionally, it exam-
ines the effects of supportive therapies that may positively
influence the disease course and the immune system,
including physical activity, nutrition, and body compo-
sition, alongside other factors. We previously published
results of the BEGYN-1 study focusing on the physical
activity during the first year after breast cancer diagno-
sis and during different treatments (e.g., chemotherapy,
radiotherapy) [36]. We showed that patients were able to
maintain or even improve their fitness during oncologi-
cal treatment. Moreover, data on vitamins and supple-
ments (vitamin D and selenium) was monitored within
the BEGYN-1 study and we saw a high rate of vitamin D
deficiency, whereas selenium deficiency was rare [37-39].

In the present study, we employed validated meth-
ods for the first time to closely monitor T-cell immune
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status at the level of multiple T-cell subpopulations and
their associated cytokines in peripheral blood during the
first year of antineoplastic therapy and immediately after
diagnosis in a large cohort of non-metastatic breast can-
cer patients. This study includes baseline data collection
before any therapeutic intervention and subsequent data
collection at quarterly intervals [35].

Here we present data from the BEGYN-1 cohort, focus-
ing on the interactions between various oncological ther-
apies and immunological responses in peripheral blood.
We aim to examine both the immediate effects and the
potential long-term consequences on the immune sys-
tem. Although the importance of a functioning immune
system is undisputed, there is a lack of comprehensive
knowledge about the nature of these changes. The inclu-
sion of the immune status in diagnostics and therapy
decisions in breast cancer patients still plays a subordi-
nate role.

Materials and methods
Study design and data collection
For the BEGYN-1 study, 110 patients were recruited at
the Saarland University Medical Center between Sep-
tember 2019 and January 2021 after informed consent
according to the previously published study protocol [35].
The inclusion criteria of the BEGYN-1 study were age>18
years, ability to fill questionnaires in German language
and to use a smartphone and fitness tracker, as well as a
physical condition permitting ergospirometry on a tread-
mill. Exclusion criteria were pregnancy, metastasized
disease or secondary carcinomas, and patients with a life
expectancy of less than one year. Patients were encour-
aged to exercise but it was not mandatory or an inclu-
sion criterion to participate in the study. The BEGYN-1
study encompassed different outcomes, including the
determination of T cell subpopulations and plasma cyto-
kines in newly diagnosed breast cancer patients which
is presented in the present manuscript. Accordingly, the
baseline assessment was performed after diagnosis of
non-metastasized breast cancer and before initiation of
any therapeutic intervention. The same applied for the
blood samples. Baseline (0 months) blood samples were
drawn prior to any therapeutic intervention. Follow-up
visits were performed quarterly until 12 months after
diagnosis. Each study visit included clinical assessments,
medical history reviews, and blood sampling [35].
Patients were divided in two groups: (1) patients who
received chemotherapy (CHT) and (2) patients who did
not receive any chemotherapy (NCHT). All patients
received standardized chemotherapy according to inter-
national and national guidelines [40, 41]. Chemotherapy
regimens included anthracyclines and taxanes. Accord-
ing to the guidelines [40, 41], triple negative carcinomas
received additional carboplatin and/or immunotherapy
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and HER2-positive patients received anti-HER2 agents.
An overview of the treatment pattern is shown in Fig. 1,
individual patient treatment patterns are shown in Sup-
plementary Figure S3 and S4.

Methods

Peripheral blood samples

Plasma and peripheral blood mononuclear cells (PBMCs)
were obtained from EDTA blood samples by routine pro-
cedures. Briefly, plasma was obtained by centrifugation
at 400 g for 30 min prior to cryopreservation at -80 °C.
PBMCs were isolated by density gradient centrifuga-
tion using the Lymphocyte Separation Medium 1.077,
FicoLite-H (#GTF1511KYA, Linaris biological products,
Dossenheim, Germany). Resulting interphase, the PBMC
fraction were washed twice using Dulbecco’s phos-
phate-buffered saline (D-PBS, #D8537, Sigma Aldrich,
Steinheim, Germany) and were centrifuged at 400 g for
10 min. Subsequently, cells were resuspended in fetal
bovine serum (FBS, #11573397, Thermo Fisher Scientific,
Waltham, MA, USA)+10% dimethylsufoxid (DSMO,
#D8418, Sigma Aldrich, Steinheim, Germany). The sam-
ples were prepared for cryopreservation at —80 °C using
a CellCamper®.
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Flow cytometry

Cryopreserved cells were thawed on the day of the exper-
iment, washed twice with D-PBS and centrifuged at 400 g
for 10 min. The number and viability of cells were deter-
mined using acridine orange and propidium iodide (AO/
PI, #F23001, Logos Biosystems, Dongan-gu Anyang-si,
Gyeonggi-do, South Korea) and LUNA-FL™ Automated
Fluorescence Cell Counter (Logos Biosystems, Dongan-
gu Anyang-si, Gyeonggi-do, South Korea). Staining of
dead cells was performed with BD Horizon Fixable Via-
bility Stain 780 (#565388, BD Biosciences, Heidelberg,
Germany), followed by washing with BD CellWASH™
(#349524, BD Biosciences, Heidelberg, Germany) and
centrifugation (10 min, 500 g). Cell pellets were resus-
pended in a panel-specific antibody mix (Supplemen-
tary Table 1) containing BD Horizon™ Brilliant Stain
Buffer (#563794, BD Biosciences, Heidelberg, Germany)
and BD Pharmingen™ Stain buffer BSA (#554657, BD
Biosciences, Heidelberg, Germany). After 30 min of
light protected incubation, the remaining erythrocytes
were lysed with BD FACS™ Lysing Solution (#349202,
BD Biosciences, Heidelberg, Germany) according to the
manufacturer’s protocol. Thereafter, the cell suspen-
sion was diluted with BD CellWASH™ and centrifuged
at 500 g for 10 min. Cell pellets resuspended in D-PBS
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Fig. 1 Treatment pattern of the patients. The individual therapy interventions (red: adjuvant and neoadjuvant chemotherapy; blue: radiotherapy; black:
surgery; pink: maintenance therapy like endocrine therapy, antibody therapy or post- neoadjuvant chemotherapy). Green: blood samples for the BEGYN-
1 study (first blood sample/baseline measurement at 0 weeks, green: blood samples after 3, 6, 9 and 12 months) over time. The basis for this is provided
by the German S3 guideline. The individual treatment of the patients is shown in Figures S3 and S4
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were analyzed using a 3-laser 12-color FACS Celesta
flow cytometer (Becton, Dickinson and Company, Hei-
delberg, Germany). All cell samples from a patient were
analyzed on the same day using the same antibody mas-
ter mix that was prepared on the day of measurement.
Whenever possible, the same batch of reagents was used
for all study samples. The cell samples were thawed for
the first time for flow cytometric analysis. For the quality
control, the following approaches were used: The Cytom-
eter Setup and Tracking Module (CS&T, #655051, BD
Biosciences, Heidelberg, Germany) was used to check
and maintain the flow cytometer performance, stabil-
ity, fluorescence calibrations and reproducibility of the
data on a daily basis. To check the reproducibility of the
data over time, Sphero™ Rainbow Calibration Particles
(8 Peaks, #559123, BD Biosciences, Heidelberg, Ger-
many) were used and the application settings were used
for each acquisition. Compensation settings were calcu-
lated using BD™ CompBeads (#552843, BD Biosciences,
Heidelberg, Germany). Based on the comparison of the
immunostained sample with an unstained sample, a sam-
ple subjected to all procedures except antibody staining,
and the isotype control to determine the non-specific
binding of the antibodies, the positive staining and gat-
ing strategy was determined (Supplementary Figs. 1 & 2).
Cell aggregates were removed from the analysis (FSC-A/
FSC-H) and dead cells were excluded from the analysis
by staining with BD Horizon Fixable Viability Stain 780.
The classification of lymphocytes according to morpho-
logical parameters (FSC-A/SSC-A) was confirmed at the
end. Data were acquired with FACSDiva (BD Biosciences,
Heidelberg, Germany) and analyzed using FlowJo v10
(BD Biosciences).

Multiplex immunoassay

Plasma samples were thawed at room temperature,
vortexed and centrifuged at 1000 g for 10 min. A MIL-
LIPLEX® Human High Sensitivity T Cell Mag Panel
(#HSTCMAG-28SK, Merck KGaA, Darmstadt, Ger-
many) multiplex immunoassay with customizable
selection of analytes was used for simultaneous deter-
mination of multiple cytokines. The following analytes
were included in the panel (the abbreviations used con-
secutively, and the catalog numbers of the antibody-
immobilized magnetic microspheres selected for the
immunoassay are in brackets): Tumor necrosis fac-
tor (TNF, #HCYTNFA-MAG), interferon-y (IFN-y,
#HCYIFNG-MAG), interleukin-4 (IL-4. #HIL4-MAG),
interleukin-7 (IL-7, #HIL7-MAG), interleukin-8 (IL-8,
#HCYIL8-MAG), interleukin-10 (IL-10, #HCYIL10-
MAG), interleukin-12 subunit p70 (IL-12, #HIL12P70-
MAG). A total of 18 kits of the assay with the same
batch number of included consumables were used. Sam-
ples from different time points of a patient were always
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analyzed with one batch, while the distribution of the
patient samples among the 18 HSTCMAG-28SK assays
was random. Samples, standards (in seven defined con-
centration levels by serial dilution), and quality controls
(in two defined concentrations) were transferred in tech-
nical triplicates to a 96-well microtiter plate. Antibody-
immobilized magnetic microspheres were sonicated and
vortexed, pooled, completed with included microsphere
diluent. The microsphere mix was pipetted into all wells.
The 96-well microtiter plate was incubated overnight
at +4 °C. After repeated washing steps, a biotinylated
detection antibody cocktail was added and incubated
for an hour, followed by streptavidin-phycoerythrin (PE)
incubation for 30 min to label multiplexes, both steps at
room temperature and with shaking. After final wash-
ing steps, MAGPIX™ Drive Fluid Plus (Luminex Corp.,
Texas, United States) was added prior to data acquisi-
tion on MAGPIX® instruments with xPONENT® Soft-
ware (Luminex Corp., Texas, United States). When
cytokines of interest were present in the sample, they
were captured by the cytokine-specific antibodies cou-
pled to color-coded magnetic microspheres and formed
a sandwich with the biotinylated detection antibod-
ies. The addition of PE-conjugated streptavidin enabled
subsequent detection and quantification: A magnet in
the MAGPIX® instrument captures the magnetic micro-
spheres in a monolayer when the sample is presented,
while two different light-emitting diodes (LEDs) illu-
minate the microspheres. One LED (621 nm) is used to
identify the cytokine to be detected by the color-code
and the second LED (511 nm) is used to determine the
magnitude of the signal derived from PE. MAGPIX®
instrument was calibrated and validated weekly as it is
described in the manufacturer’s instructions using the
MAGPIX® calibration kit (MPX-CAL-K25, Luminex
Corp., Texas, United States) and MAGPIX® performance
verification kit (#MPX-PVER-K25, Luminex Corp.,
Texas, United States). Sample values for each cytokine
were determined following standard curve calculation by
using 4 and 5 parameter logistics weighted curve fitting
algorithms with Belysa® version 1.2 (Millipore by Merck,
Massachusetts, United States). Sample values below lim-
its of detection were set to half of the minimal detect-
able concentration specified by the manufacturer of the
immunoassay.

Quality controls were within the manufacturer’s speci-
fications for all analytes and showed a maximum inter-
assay coefficient of variation of 12.3% (mean CV quality
control 1: 10.1%; mean CV quality control 2: 6.4%.).

Statistical analysis

Statistical analysis was performed using Prism 10.1.2 for
Windows (GraphPad Software LLC, Boston, MA, USA)
and SPSS (IBM Corp. Released 2023. IBM SPSS Statistics
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for Windows, Version 29.0.2.0 Armonk, NY: IBM Corp.).
Quantitative data derived from protein multiplex immu-
noassay (all patients) and flow cytometric analyses of cell
populations were subjected to the Shapiro Wilk test for
normal distribution. Therapy group differences (CHT
vs. NCHT and pCR vs. non-pCR) of cell population
and cytokine data were assessed using two-tailed Mann
Whitney U test, differences over time within one group
were assessed using two-tailed Wilcoxon matched-paired
signed rank test without p value adjustment for mul-
tiple comparisons. Therapy group differences (CHT vs.
NCHT and pCR vs. non-pCR) of patient’s characteris-
tics were assessed using two-tailed Fisher’s exact test or
Fisher-Freeman-Halton’s exact test. Confidence level for
statistical significance was set at 95%. Number of aster-
isks indicate p values as follows: * p<0.05, ** p<0.01, ***
p<0.005, **** p<0.001.

Results

Patient characteristics

During the recruitment period, 110 patients were
recruited to the BEGYN-1 study. 18 patients were
excluded from further analyes because they dropt out of
the study due to the following reasons: distress (2=9),
technical problems with the fitness tracker (n=3), stress
to fill out the diary and/or questionnaires (n=2), further
treatment in another clinic (n=2), secondary metastasis
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(n=1), secondary paralysis (n=1). Characteristics of the
92 patients that completed the study with complete data
sets are given in Table 1. Treatment groups are listed in
Table 2.

The patients were divided into a chemotherapy group
that had received chemotherapy at any time (CHT group)
and a non-chemotherapy group (NCHT group). Longi-
tudinal dynamics were studied by comparing the time
points of assessment at 3, 6, 9 and 12 months compared
to the baseline visit (0 months). We focused on the com-
parisons of time points 3 and 12 with each other and
against the baseline, because the aim of our longitudinal
analysis is to characterize to what extent and how long
antineoplastic therapy alters the immune status and
whether the immune status approaches baseline during
the first year after diagnosis of breast cancer. Thus, the
3-month follow-up serves as a reference for the dynamics
beyond the initial steps of therapy. At each time point (0,
3, 6, 9, 12 months), n=72 to 82 samples passed all qual-
ity control standards (blood volume, constant number
of thawing cycles, concentration of dead cells) for flow
cytometry and cytokine assays and were included in the
statistical analyses. Sample sizes per time point are given
in Table S2 and Table S5.

As different systemic therapies could have an impact
on immune cell populations, we also performed a sub-
group analysis excluding patients receiving anti-HER2

Table 1 Patient characteristics: age, tumor entity, grading, tumor stage (TNM-classification) and type of therapy

All patients CHT NCHT
Age 55.0 years 50.5 years 59.0 years p-value
(median, min/max) 26/ 78 years) (27 /75 years) (26 / 78 years)
n percentage n percentage n percentage
Total 92 100.0% 54 58.7% 38 41.3% -
Tumor NST 77 83.7% 44 81.5% 33 86.8% 0.383*
entity invasiv lobular 9 9.8% 7 13.0% 2 5.3%
others 6.5% 3 5.5% 3 7.9%
cT cTo* 3 3.3% 2 3.7% 1 2.6% <0.0001*
cT1 64 69.5% 29 53.6% 35 92.1%
cT2 21 22.8% 19 35.2% 2 5.3%
cT3 1 1.1% 1 1.9% 0.0%
cT4 3 3.3% 3 5.6% 0.0%
cN cNO 74 80.4% 38 70.4% 36 94.7% 0.003*
cN+ 18 19.6% 16 29.6% 2 5.3%
M MO 92 100.0% 54 100.09% 38 100.0% -
Grading** Gl1 10 10.9% 0 0.0% 10 26.3% <0.0001*
G2 43 46.7% 20 37.0% 23 60.5%
G3 38 41.3% 34 63.0% 4 10.5%
Receptor Luminal A 40 43.4% 8 14.8% 32 84.2% <0.0001*
Luminal B 18 19.6% 15 27.8% 3 7.9%
HER2 positive 26 28.3% 25 46.3% 1 2.6%
Triple negative 8 8.7% 6 11.1% 2 53%

Patients were divided in two groups: (1) patients who received chemotherapy (CHT) and (2) patients who did not receive any chemotherapy (NCHT). “NST“= No
special type. *Axillary local recurrence without evidence of tumor in the breast **Grading not available in one NCHT patient. *Fisher-Freeman-Halton’s exact test.

*Fisher's exact test
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Table 2 Treatments according to time quartiles
All patients CHT NCHT

Time of assessment (months) n percentage n percentage n percentage
surgery 3 56 60.9% 19 35.2% 37 97.4%

6 15 16.3% 15 27.8% 0 0.0%

9 21 22.8% 20 37.0% 1 2.6%

12 0 0.0% 0 0.0% 0 0.0%
radiotherapy 3 24 26.1% 0 0.0% 24 63.2%

6 17 18.5% 2 3.7% 15 39.5%

9 44 47.8% 42 77.8% 2 53%

12 15 16.3% 15 27.8% 0 0.0%
chemotherapy 3 54 58.7% 54 100.0% 0 0.0%

6 53 57.6% 53 98.1% 0 0.0%

9 19 20.7% 19 35.2% 0 0.0%

12 0 0.0% 0 0.0% 0 0.0%
endocrine therapy' 3 41 44.6% 8 14.8% 33 86.8%

6 49 53.3% 15 27.8% 34 89.5%

9 67 72.8% 33 61.1% 34 89.5%

12 71 77.2% 37 68.5% 34 89.5%
antibody therapy 2 3 17 18.5% 17 30.4% 0 0.0%

6 25 27.2% 25 44.6% 0 0.0%

9 25 27.2% 25 44.6% 0 0.0%

12 25 27.2% 25 44.6% 0 0.0%

total 92 100.0% 54 100.0% 38 100.0%

agents, Atezolizumab, Cepecitabine or Abemaciclib (Fig-
ure S5-Figure S9).

Table 2 indicates when patients received a given cate-
gory of therapy during the BEGYN-1 study. Patients were
divided in two groups: (1) patients who received chemo-
therapy (CHT) and (2) patients who did not receive any
chemotherapy (NCHT). Individual data is illustrated in
Supplementary Figure S3 (CHT) and Supplementary
Figure S4 (NCHT). In summary, n=>54 patients under-
went chemotherapy, all (#=92) patients had surgery,
n =381 patients received radiotherapy, and n =72 patients
received endocrine therapy (Tamoxifen/Aromatase
inhibitor +/- GnRH) [1]. n=21 patients received chemo-
therapy with anthracyclines and taxanes, n=9 patients
received additionally platinum, n=25 patients received
chemotherapy in combination with antibody therapy [2]:
n=1 patient received chemotherapy in combination with
Atezolizumab (checkpoint inhibitor)/placebo accord-
ing to the GeparDouze study, n=24 patients received
chemotherapy in combination with anti-HER2 agents
(Trastuzumab +/- Pertuzumab) including a maintanence
of the HER2 therapy with n=6 patients who received
trastuzumab emtansin after surgery because of a non-
pCR. Values are given as n=number of patients and per-
centage (%).

Changes in T cell subpopulations over time
Throughout the first year following diagnosis, the num-
ber of T-cells (CD3+) declined in all patients (Fig. 2A).

This trend was more pronounced in the CHT group
(p<0.005) than in the NCHT group (p<0.01). Interest-
ingly, the T cell subpopulations were not equally affected
by the decline in overall T cell numbers.

The proportion of regulatory T cells (Treg) increased
significantly over 12 months, primarily driven by changes
in the CHT group, particularly when comparing the time
points 3 to 12 months within the CHT group (p <0.005,
Fig. 2B). The NCHT group showed a significant increase
in Treg after 3 months (p<0.01), with a trend towards
normalization by 12 months. Thymus negative Th cells
(CD3+CD4 +CD45RO-CD31-, Fig. 2C) and thymus
positive (CD3+CD4 +CD45RO-CD31+, Fig. 2D) were
significantly reduced in both treatment groups after 12
months. Notably, this significant decrease in the CHT
group was observed as early as 3 months in both thy-
mus negative (p<0.005) and thymus positive (p<0.001)
Th cells. Within the both treatment groups, CHT and
NCHT, a significant reduction in both cell populations,
thymus negative and thymus positive Th cells, was also
observed when comparing baseline and 12-month mea-
surements (p <0.001 respectively).

As shown in Fig. 3A, a contrasting pattern was
observed in cytotoxic T lymphocytes (CTLs,
CD3+CD8+), particularly in the CHT group, where
the number of CTLs increased continuously over 12
months. In the NCHT group, there was an initial slight
decrease at 3 months, followed by a significant increase
at 12 months (p<0.05). However, the CTL levels were
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Fig. 2 Peripheral blood T cell populations in breast cancer patients over the course of one year. The proportion of (A) T cells (CD3+), (B) regulatory T cells
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data points.

*p<0.05,* p<0.01,*** p<0.005, **** p<0.001, therapy group differences were assessed using two-tailed Mann Whitney U test, differences

over time within one group were assessed using two-tailed Wilcoxon matched-paired signed rank test

significantly lower in the NCHT group compared to the
CHT group at both 3 and 12 months. Notably, there are
no significant changes in the CTL/Treg ratio within the
CHT group during the observation period (Fig. 3B). At
three months, the CTL/Treg ratio in the NCHT group
is significantly reduced compared to both the base-
line (p<0.05) and the CHT group at three months
(p<0.01). In the CTL subgroups, naive central CTLs
(CD3 +CD8+CD45RO-CD62L+, Fig. 3C) were sig-
nificantly reduced after 12 months in the CHT group,
whereas they showed an increase in the NCHT group
after 3 months. There was also a significant increase in
memory central CTLs (CD3 + CD8 + CD45RO + CD62L+,
Fig. 3D) at 12 months in the NCHT group, which was
accompanied by a decrease in naive effector CTLs
(CD3 + CD8 + CD45RO-CD62L-, Fig. 3E, p<0.01 respec-
tively). The notable reduction in naive effector CTLs was
accompanied by an increase in the proportion of memory
effector CTLs (CD3 + CD8 + CD45R0O + CD62L-, Fig. 3F),
which was most pronounced within the CHT group.

Consequently, similar to the overall CTL population, sig-
nificant differences between the CHT and NCHT groups
were observed at both the 3-month and 12-month time
points (Fig. 3A, p<0.05).

A similar finding emerged regarding the differences
between CHT and NCHT for Th cells (CD3+ CD4+,
Fig. 4A): a significant reduction in Th cells over time in
all patients was primarily driven by the CHT group.
The Th cell count was significantly higher in the NCHT
group compared to the CHT group at the 3-month and
12-month time points (p<0.05). In addition, the ratio of
Th to Treg cells decreased significantly more in the CHT
group (p<0.001) than in the NCHT group (p<0.05) at
12 months (Fig. 4B). The changes over time in the Th cell
subpopulations (Fig. 4), with respect to the maturation
markers CD45RO and CD62L, were more pronounced
than in the CTL subpopulations (Fig. 3). Despite the
stability of the parental Th cell population in the NCHT
group, changes in Th subpopulations over time were
evident: There was a significant increase in memory
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data points.

*p<0.05,** p<0.01,** p<0.005, **** p<0.001, therapy group differences were assessed using two-tailed Mann Whitney U test, differences

over time within one group were assessed using two-tailed Wilcoxon matched-paired signed rank test

central Th cells (CD3+CD4+CD45RO +CD62L+,
Fig. 4D) accompanied by a reduction in naive effec-
tor Th cells (CD3 + CD4 + CD45RO-CD62L-,
Fig. 4E). Similar trends were observed in the CHT

group, with a significant reduction in naive cen-

tral

Th

cells

(CD3 +CD4 + CD45RO-CD62L+,

Fig. 4C) and an increase in memory effector Th cells

(CD3 +CD4 + CD45R0O + CD62L-,

Fig. 4F) over time.
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While the NCHT group showed similar trends, their
overall stability was greater.

After three months, the concentration of Thl cells
decreased significantly, primarily in the CHT group,
but stabilized at 6 months, although it did not return

to baseline levels (Fig. 5A). The subpopulations of naive
Thl cells (Fig. 5B) decreased significantly over time in
all groups, while memory Thl cells increase signifi-
cantly (Fig. 5C). In the NCHT group, there were notable
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Fig. 5 Peripheral blood subpopulations of Th1 and Th2 cells in breast cancer patients during one year. The proportion of T cell subpopulations (A) T
helper cells 1 (Th1, CD3+CD4+CD183+CD196+), (B) naive Th1 (CD3+CD4+CD183+CD196+CD45R0-), (C) memory Th1 (CD3+CD4+CD183+CD1
96+ CD45R0+), (D) T helper cells 2 (Th2, CD3+CD4+CD194 + CD294+), (E) naive Th2 (CD3+CD4 +CD194 4+ CD294 + CD45R0-) and (F) memory Th2 (C
D3+CD4+CD194 4+ CD294 + CD45R0O+) in relation to the parent cell population was determined quarterly by flow cytometry. The first measurement
(baseline, 0 months) was performed after diagnosis and before initiation of therapy. (G) shows the Th1/Th2 ratio over time. Boxes extend from the 10th to
the 90th percentiles. Points below and above the whiskers are drawn as individual data points. * p <0.05, ** p<0.01, *** p <0.005, **** p<0.001, therapy
group differences were assessed using two-tailed Mann Whitney U test, differences over time within one group were assessed using two-tailed Wilcoxon

matched-paired signed rank test

differences between 0 and 12 months and between 3 and
12 months in both subpopulations.

Th2 cells increased significantly over time in CHT
patients, whereas their levels remained comparatively
stable in NCHT patients (Fig. 5D). In both patient
groups, there was a decrease in the subpopulation of
naive Th2 cells (Fig. 5E), which is inversely related to the
number of memory Th2 cells (Fig. 5F).

Additionally, the Th1/Th2 ratio shows a significant
decrease in all patients over time, particularly between
3 and 12 months (Fig. 5G). Descriptive statistics of flow
cytometry data are shown in the Supplementary Table
S2.

Changes in cytokine levels over time

Detectable cytokine levels were found in 97.3% (IL-8) to
100% (TNE, IFN-y, IL-7, IL-12) of all analyzed samples.
The cytokine levels for IFN-y, TNEF, IL-7 and IL-12 mostly
remained in the one to two-digit pg/mL range, while
results for IL-4, IL-8 and IL-10 were more heteroge-
neous. Similar to the T cell subpopulations, measurable
effects on cytokine levels over the course of the first year
were generally more pronounced in the CHT group.

Pro-inflammatory IFN-y levels were higher at base-
line in all patients compared to levels 3 and 12 months
post-diagnosis (p<0.005), a trend also evident in the
CHT group (p<0.01, Fig. 6A). In patients receiving che-
motherapy, IL-12 levels decreased over the first year after
breast cancer diagnosis (p <0.01), while an opposite trend
was observed in the NCHT group in the first 6 months
post-diagnosis (Fig. 6B). IL-7 levels declined steadily over
time, primarily driven by the CHT group (Fig. 6C). In the
second half of the first year, IL-7 levels of the CHT group
were significantly lower than those in the NCHT group,
which showed a more consistent IL-7 trajectory.

While the aforementioned cytokines tended to
decrease after the baseline measurement, the median
pro-inflammatory TNF levels peaked in the CHT group
after 3 months (Fig. 6D). At this time point, TNF were
also significantly higher in the CHT group than in the
NCHT group (p<0.01). Subsequently, the TNF level in
chemotherapy patients decreased again and was lower
than baseline measurement after 12 months (p <0.05).

It is notable that IL-4 which is associated with Th2
cells, showed the most heterogeneous effects both inter-
individually and temporally (Fig. 6E). From baseline to

3 months post-diagnosis, the 10-90th percentile gener-
ally increased, although the median IL-4 level remained
almost constant. However, there was a significant decline
in IL-4 levels in the CHT group (p<0.05), but not in the
NCHT group, over the same period.

For most patients, across both groups and over the
entire time course, the plasma levels for anti-inflam-
matory interleukin IL-10 (Fig. 6F) and chemokine IL-8
remained at basal levels (Fig. 6G). Nevertheless, upper
values one or two powers of ten above the median IL-10
and IL-8 levels were observed, although there were no
statistically significant differences in terms of the time
course or the use of chemotherapy.

Descriptive statistics of Multiplex Immunoassay data
are shown in the Supplementary Table S3.

Conjunction of T cell dynamics with the outcome of the
patients undergoing neoadjuvant chemotherapy

In patients undergoing neoadjuvant chemotherapy it is
possible to measure therapeutic responses. The response
to neoadjuvant chemotherapy gives valuable prognos-
tic information, as pathologic complete response (pCR,
ypT0/is, ypNO) is associated with better recurrence-free
and overall survival [42, 43]. In the BEGYN-1 study,
a total of 35 patients underwent neoadjuvant chemo-
therapy, and 12 patients obtained a pathologic complete
response (pCR) (Supplementary Table S4). We analyzed
whether there were differences in the levels of cell popu-
lations or cytokines at any time point of the study com-
paring the pCR group to the non-pCR group.

Patients who obtained a pCR tend to possess a lower
number of T cells (CD3+) than non-pCR patients. This
applies to the entire study period with the exception of
3 months after study initiation (Fig. 7A). Although no
significant differences in the amount of Thl and Th2
cells were found between the pCR and non-pCR patient
groups, there were clear differences found among their
subpopulations: Before any intervention, there is a ten-
dency for pCR patients to have both predominant naive
Thl and naive Th2 cells compared to their memory
partners. At the end of the observation period, the pCR
group displayed significantly more Thl memory cells
compared to the non-pCR patients, whereas the ratio
of naive to memory Th2 cells harmonized. The lack of
expression of the memory marker CD45RO in the group
of pCR patients also appears to be apparent for the cell
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populations of thymus negative Th cells but also for both
naive effector Th and naive effector CTL, mainly at 6 and
12 months after the start of the study.

Both IL-7 and TNF tend to be reduced in pCR patients
at the beginning of the observation period (Fig. 7B).
While the expression of IL-7 harmonized between the
PCR and non-pCR groups over the course of the year, the
tendency for TNF persisted.

Descriptive statistics, grouped by outcome (pCR and
non-pCR), of flow cytometry data are shown in the Sup-
plementary Table S5 and of Multiplex Immunoassay data
in the Supplementary Table S6.

Since different systemic therapies could have an impact
on the immune cell populations, we also performed a
subgroup analysis in which all patients receiving anti-
HER?2 agents, Atezolizumab, Cepecitabine or Abemaci-
clib were excluded. This resulted in a reduction of CHT
patients from #n =54 to n=25. However, the analyses (Fig-
ure S5 - Figure S9) show essentially the same picture as
when the entire CHT patient population is included.

Discussion

The BEGYN-1 study [35] has a holistic approach to inves-
tigate correlations between physical activity [36], body
composition, quality of life and different laboratory val-
ues as e.g. Vitamin D [37, 38], and Selenium [39], and the
immune system. The aim of the BEGYN-1 study was to
develop personalized recommendations to improve the
quality of life, lifestyle and prognosis of breast cancer
patients and to identify potential prognostic biomarkers
[36—38]. Some results have already been published; oth-
ers still have to be evaluated. For example, we were able
to show that wearing a fitness tracker and using a diary
to document physical activity can help mobilize patients
[36]. Notwithstanding the intention to conduct additional
evaluations in the future, including those pertaining to
B cells, it is imperative to establish further correlations
between T cells/interleukins and patient activity, as well
as between patient age and serum Vitamin D levels. In
the present study, we characterize the T cell immune
response on the cellular and cytokine level in non-metas-
tasized breast cancer patients from the BEGYN-1 study
over a 12-month period in relation to the therapy applied.
Compared to other studies known to us, the BEGYN-1
study includes the highest number of non-metastatic
breast cancer patients whose T cell immune response
was analyzed on a cellular and cytokine level during one
year after diagnosis [44—49].

We found that the number of Th cells decreased signifi-
cantly in patients after chemotherapy and was still below
the baseline level after 12 months. This reflects the cyto-
toxic effect on these cells, which include thymus negative
Th cells, thymus positive Th cells, naive central Th cells,
memory central Th cells and naive effector Th cells. This
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could temporarily hamper the immune defense and lead
to e.g. poor vaccine responses, increased risks of infec-
tions and malignancies [50, 51]. Furthermore, we found
an increase in Th memory cells after chemotherapy.
These results confirm and extend results that were previ-
ously published by Verma et al. [21]. In this study T cell
subsets were assessed in 88 patients with primary breast
cancer before chemotherapy and at time points ranging
from two weeks to nine months after completion of che-
motherapy. The number of circulating T cells reached a
nadir two weeks after chemotherapy and remained below
baseline nine months after chemotherapy. Moreover, we
found that Th cell subsets showed divergent dynamics in
the CHT and NCHT groups: While the numbers of naive
central and naive effector Th cells declined only in the
CHT group, naive effector CTL declined both in the CHT
and the NCHT groups. The reduction in naive T cells can
be attributed to chemotherapy-induced thymus atrophy,
which is linked to decreased production of these cells [52,
53]. However, in younger patients, there may be a tran-
sient enlargement of the thymus following treatment,
which is associated with faster recolonization by naive Th
cells, although this should be further investigated in the
context of age based on data from the BEGYN-1 study
[54]. The decline in naive Th cells might also result from
mitochondrial damage induced by chemotherapeutic
agents, leading to increased apoptosis in rapidly prolifer-
ating cells like activated naive T cells. Additionally, naive
T cells are particularly vulnerable to the cytotoxic effects
of chemotherapy [55, 56]. The observed increase in aver-
age memory Th cells, indicated by the CD45RO marker,
could be due to chemotherapy-induced tumor cell death,
which releases tumor antigens [3]. These antigens, when
presented by APCs, activate naive Th cells into effector
cells, some of which differentiate into memory Th cells.
The observed decrease in CD31 +thymus positive and
CD31- thymus negative naive Th cells in patients under-
going chemotherapy aligns with previous findings show-
ing a reduction in CD31+Th cells after two weeks of
treatment [21]. These results suggest that chemotherapy
may impair the frequency of recent thymic emigrants,
explaining the decline in both CD31 +thymus positive
and CD31- thymus negative Th cells. Given that full
immune recovery post-chemotherapy depends on the
thymic production of new CD31 +thymus positive Th
cells to replenish peripheral cells, it is crucial to under-
stand how cancer-related factors and lifestyle choices
impact these cells to optimize treatment outcomes [57].
Interestingly, within the group undergoing neoadjuvant
chemotherapy, the dynamics in the reduction of the two
cell populations differed when comparing pCR and non-
pCR patients especially in CD31- thymus negative Th
cells with a tendency towards lower frequencies in pCR
patients. Further research is needed to examine these
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Fig. 6 Peripheral blood plasma cytokine levels in breast cancer patients during one year. The amount of (A) IFN-y, (B) IL-12, (C) IL-7, (D) TNF, (E) IL-4, (F)
IL-10 and (G) IL-8, was determined quarterly by multiplex cytokine assay (MAGPIX®). The first measurement (baseline, 0 months) was performed after di-
agnosis and before initiation of therapy. Boxes extend from the 10th to the 90th percentiles. Points below and above the whiskers are drawn as individual
data points. * p<0.05, ** p<0.01, *** p<0.005, therapy group differences were assessed using two-tailed Mann Whitney U test, differences over time
within one group were assessed using two-tailed Wilcoxon matched-paired signed rank test

dynamics in detail. Notably, the cytokine milieu also
affects CD31+and CD31- naive T cells and thymopoi-
esis. In example, the marker cytokine IL-7 plays a critical
role in the early stages of T cell development and thymo-
poiesis [58, 59]. Accordingly, we found a decrease in IL-7
levels and CD31 +naive Th cells in CHT patients. The
lower IL-7 levels may originate from effects on its numer-
ous production sites in stromal, epithelial, and fibroblas-
tic cells of both lymphoid and non-lymphoid tissues [60,
61].

Verma et al. also monitored changes in circulat-
ing immune cells over time in breast cancer patients as
part of their study, and observed a transient decrease in
CTL over approximately two weeks after chemother-
apy [21]. In our study, the first blood sample was taken
three months after baseline, which does not allow direct
comparison with the dynamics observed by Verma et al.
CTL numbers were increased after three months in non-
chemotherapy patients but unaltered in patients that
received chemotherapy. Intriguingly, the number of CTL
was greater after one year than at the baseline, suggesting
that breast cancer and antineoplastic therapy might have
a long-term impact on the immune system. Moreover, we
extended these findings by studying CTL subpopulations:
We found that this increase is primarily due to the prolif-
eration of memory CTL, which slightly offsets the decline
in naive CTL. In addition, the study revealed naive effec-
tor CTL to be significantly reduced in pCR patients com-
pared to non-pCR patients. Possibly, naive CTL were
exposed to tumor-derived antigen during chemotherapy,
leading to activation towards CD45RO positive memory
cells [62].

In addition, the concentration of Treg cells and the
change in the ratio of CTLs to Tregs or Th cells to Tregs
in the surrounding tumor or PBMC was described as a
possible biomarker for evaluating the efficacy of ther-
apy or the prognosis of cancer patients [66—70]. In our
study, we found that the Th/Treg ratio decreased signifi-
cantly more in the CHT group at 12 months (p<0.001)
than in the NCHT group (p<0.05). The CTL/Treg ratio
was significantly reduced in the NCHT group only after
3 months compared to the CHT group. No correlation
was observed between Treg levels or CTL/Treg or Th/
Treg ratios and prognosis in the context of pCR group
allocation.

We also studied the plasma cytokine signatures that are
associated with the T cell response during the one year
period of the BEGYN-1 study. In particular, soon after

strong type 1 immune responses are triggered, e.g. by tis-
sue necrosis followed by secretion of IFN-y and IL-12, a
number of T cell inhibitory mechanisms are activated,
e.g. by secretion of IL-4 and IL-9 to avoid an overshoot-
ing response [71, 72].

In our BEGYN-1 study patients, the number of Thl
cells decreased after 3 months, i.e. after the majority of
CHT patients had received their first cycles of therapy.
Subsequently Th1 cells are subject to some variations and
eventually remain below the baseline after 12 months. In
harmony with this finding, the decrease in Th1 cell num-
bers was paralleled by a decline in the plasma concen-
trations of IL-12 levels, a key mediator of the Thl-type
immune response and of IFN-y, the pro-inflammatory
marker cytokine which is preferentially secreted by Thl
cells. Reductions in the Th1/Th2 ratio during the 12
months of the BEGYN-1 study are not only due to the
reduction in Th1 cells but also to the increase in Th2 cells
both in the CHT and NCHT groups. Probably, chemo-
therapy primarily affects the development of Thl cells
and the differentiation of naive Th2 cells into memory
cells. The reduction of antitumor mediators after 3
months occurs at a time when in many cases the tumor
has been resected and endocrine and/or antibody ther-
apy is ongoing.

To better understand the underlying mechanisms con-
tributing to these changes in Thl and Th2 cells, plasma
concentrations of various cytokines associated with Thl
and Th2 responses were measured over the 12-month
period of the study. The pro-inflammatory cytokines
IEN-y and TNF are commonly associated with Thl
responses, while the anti-inflammatory cytokines IL-4
and IL-10 are predominantly produced by Th2 cells. This
is of crucial importance as the Th1/Th2 balance in breast
cancer shifts towards Th2 dominance, leading to more
tumor-promoting immune status [73]. However, the shift
in the Th1/Th2 balance during the course of the study
could also be attributable to the resolution of the initial
acute inflammation caused by the tumor, antineoplastic
medication, radiation and surgery. Notably, various def-
initions were proposed for Thl and Th2 cells and other
Th cell subsets, each of which is associated with diseases,
infections, or similarity to other T cells due to specific
properties [74—79]. Since the majority of T cells in this
study are not classified as Th1 or Th2 cells, it would be
interesting to investigate the direct properties and func-
tions of defined Th1 and Th2 cells at the molecular level.
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Fig. 7 Dynamics of T cell subpopulations and plasma cytokines: pCR vs. non-pCR. A total of 35 breast cancer patients underwent neoadjuvant chemo-
therapy during BEGYN-1 study. 12 patients obtained a pathologic complete response (pCR) which was not obtained by 23 patients (non-pCR). The dif-
ferences in the dynamics of (A) T cell subpopulations (relative amount of parent population) and (B) plasma cytokines were assessed between pCR and
non-pCR using two-tailed Mann Whitney U test. Individual p-value are given in corresponding cells of the matrix, which is connected to the categorical
color code (light red: median & rank higher in the pCR group with p>0.05, dark red: median & rank higher in the pCR group with p <0.05, light blue: me-
dian & rank lower in the pCR group with p>0.05, dark blue: median & rank lower in the pCR group with p < 0.05). Descriptive statistics in given in Table S5

Both TNF and IFN-y are secreted by natural killer (NK)
cells, while IL-10 can increase the metabolism of NK
cells and thus their effectiveness [80, 81]. TNF as a pro-
inflammatory cytokine, is mainly produced by activated
macrophages, T lymphocytes and natural killer cells, but
is also found in the microenvironment of tumors and
showed level modulations especially in the group of CHT
patients. Interestingly, through exogenous administra-
tion, TNF can also play a dual role in anti-cancer therapy
[82, 83]. For an improved interpretation of the cytokine
data, the secreting cell levels would be important.

To our knowledge, this is the largest cohort of patients
that were followed up over course of one year after the
study of non-metastasized breast cancer. The strengths
of the study include the first regular, thorough and very
detailed investigation of T-cell subpopulations and T-cell-
associated cytokines in a large cohort of breast cancer
patients in association with therapeutic interventions.

However, some limitations of our study must be taken
into account: Although this is one of the largest cohorts
of breast cancer patients followed over one year after
diagnosis, the study is underpowered to give detailed
insights into the influences of individual chemotherapy
agents, side medication, or individual factors, such as

intercurrent infections, genetic disposition, microbi-
ota, lifestyle, and others [5, 50]. Due to the personalized
approach in breast cancer treatment increases, patients
may have undergone different therapies at different time
points. Moreover, some patients might have undergone
discontinuation or dose reduction of their medications
due to individual factors. We illustrate this complex-
ity of treatment patterns in Fig. 1, Figure S3 and Figure
S4. However, the number of patients receiving surgery
and radiotherapy, as well as endocrine therapy, was simi-
lar between the two groups (chemotherapy versus no
chemotherapy). It can be concluded that other than the
variable of chemotherapy (yes/no), there should be no
substantial influence on the differences observed in T cell
subpopulations and plasma cytokines.

In the future, it would be valuable to carry out addi-
tional experiments, such as gene expression analyses or
single cell analyses, in order to reveal molecular mecha-
nisms of antineoplastic therapies. It would also be inter-
esting to evaluate patient’s outcome several years later
and to correlate the immunological data in order to iden-
tify prognostic biomarkers.
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Hypothesis

The BEGYN-1 study provides insights into the dynam-
ics of T cell responses during the first year after the
diagnosis of non-metastasized breast cancer. Ongoing
modulations in the T-cell mediated immune response
might remain detectable 12 months after diagnosis and
initiation of anti-cancer therapies. The type of treatment
(chemotherapy versus no chemotherapy) might induce
divergent changes in the immune profile, particularly
affecting a shift from Thl towards Th2 bias, an increase
in circulating CTL during the 12 months study period
and the expression of memory markers. Plasma cytokine
expressions appear to be in harmony with the observed
dynamics of T cell subpopulations. To identify further
potentially prognostic biomarkers, it would be valuable
to investigate B cell immunity and innate immunity as
well as to evaluate the patient’s longterm outcome, and
to explore correlations with potential immunomodulat-
ing factors.
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