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Abstract

Purpose For patients with triple negative breast cancer (TNBC), the optimal time to initiate neoadjuvant chemotherapy
(TTNC) is unknown. This study evaluates the association between TTNC and survival in patients with early TNBC.
Methods A retrospective study using data from of a cohort of TNBC patients diagnosed between January 1, 2010 to Decem-
ber 31, 2018 registered in the Tumor Centre Regensburg was performed. Data included demographics, pathology, treat-
ment, recurrence, and survival. Interval to treatment was defined as days from pathology diagnosis of TNBC to first dose of
neoadjuvant chemotherapy (NACT). The Kaplan—Meier and Cox regression methods were used to evaluate the impact of
TTNC on overall survival (OS) and 5 year OS.

Results A total of 270 patients were included. Median follow up was 3.5 years. The 5-year OS estimates according to TTNC
were 77.4%, 66.9%, 82.3%, 80.6%, 88.3%, 58.3%, 71.1% and 66.7% in patients who received NACT within 0-14, 15-21,
22-28, 29-35, 36-42, 43-49, 50-56 and > 56 days after diagnosis. Patients who received systemic therapy early had the
highest estimated mean OS of 8.4 years, while patients who received systemic therapy after more than 56 days survived an
estimated 3.3 years.

Conclusion The optimal time interval between diagnosis and NACT remains to be determined. However, starting NACT
more than 42 days after diagnosis of TNBC seems to reduce survival. Therefore, it is strongly recommended to carry out the
treatment in a certified breast center with appropriate structures, in order to enable an adequate and timely care.

Keywords Time to systemic therapy - Triple negative breast cancer - Neoadjuvant chemotherapy - Clinical cancer registry
data

Introduction

About 15-20% of breast cancers do not express estrogen
(ER) or progesterone receptors (PgR) (<1%) or show
human epidermal growth factor receptor 2 (HER 2) over-
expression or amplification (Sporikova et al. 2018). These
triple negative breast cancers (TNBCs) usually have an
aggressive tumor biology associated with a young age at
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diagnosis of less than 40 years (Hudis and Gianni 2011).
Most TNBCs not only metastasize early in the course of
the disease, but tend to develop prognostically unfavorable
visceral and central nervous system metastases (Lin et al.
2008). In comparison with other subtypes of breast cancer
of the same stage, the survival rates of patients with TNBC
are worse. The mortality rate of TNBC is 40% within the
first 5 years after diagnosis (Dent et al. 2007). Therapeutic
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options for patients with TNBC have been limited, but in
the last years new therapeutic options are arising from the
rapidly increasing knowledge on the pathogenesis and tumor
biology (Schneeweiss et al. 2019; Wesolowski et al. 2022;
Prat et al. 2013; Schmid et al. 2020). Due to its specific
molecular phenotype, TNBC is not sensitive to endocrine
therapy or molecular targeted therapy. Thus chemotherapy
in combination with immunotherapy depending on tumor
stage is currently standard of systemic therapy in early
TNBC (Wesolowski et al. 2022; Chaudhary et al. 2018).
Several randomized clinical trials have demonstrated that
adjuvant and neoadjuvant administration of the same chemo-
therapy regimen yields similar results in disease-free sur-
vival (DFS) and overall survival (OS) (Early Breast Cancer
Trialists’ Collaborative Group 2018). Neoadjuvant chemo-
therapy (NACT) is the preferred treatment approach for early
TNBC (Chaudhary et al. 2018; Burstein et al. 2019; Pusztai
et al. 2019). The use of NACT leads to better operability
with a higher rate of breast-conserving therapy and results
in clinical and pathological downstaging of involved axillary
lymph nodes (Schneeweiss et al. 2019; Pusztai et al. 2019).
In addition to these clinical benefits, the use of NACT pro-
vides the opportunity to obtain early information about the
responsiveness of the primary tumor to chemotherapy, so
that individualized therapeutical strategies can be admin-
istered (Tutt et al. 2021; Masuda et al. 2017). Clinical and
pathologic responses provide important prognostic informa-
tion (Minckwitz et al. 2012). Pathologic complete remis-
sion (pCR;=ypT0/is ypNO) after NACT is associated with a
longer event-free survival and overall survival (Schneeweiss
et al. 2019; Liedtke et al. 2008). The current standard of
care for NACT in women with TNBC is a combination of
anthracyclines and taxanes (Schneeweiss et al. 2019; Korde
et al. 2021). The addition of carboplatin increases the rates
of pCR and improves DFS (Korde et al. 2021; Minckwitz
et al. 2014; Saleh et al. 2021). Recent clinical trials allowed
to develop promising immunotherapeutic strategies and
put immunotherapy in combination with NACT as a new
standard of care in TNBC (Schmid et al. 2020; Korde et al.
2022). In patients with TNBC, pCR rates of up to 65% can
be achieved (Schmid et al. 2020). In patients who do respond
with pCR postneoadjuvant therapy leads to prolonged DFS
and OS (Tutt et al. 2021; Masuda et al. 2017). If neoadju-
vant or adjuvant chemotherapy is administered for breast
cancer, the duration should be 18-24 weeks (Krebsgesells-
chaft and Krebshilfe 2021). The effect of time to adjuvant
chemotherapy administration (TTAC) in all breast cancer
subtypes has been evaluated in several studies with different
results (Chavez-MacGregor et al. 2016; Eastman et al. 2013;
Pomponio et al. 2019; Gagliato et al. 2014; Li et al. 2018).
In contrast there is very limited evidence on the impact of
time to initiation of neoadjuvant chemotherapy (TTNC)
on patient outcomes (Livingston-Rosanoff et al. 2020;
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Melo Gagliato et al. 2020). Both studies evaluating time
to TTAC and studies evaluating TTNC show contradictory
results (Chavez-MacGregor et al. 2016; Eastman et al. 2013;
Pomponio et al. 2019; Gagliato et al. 2014; Li et al. 2018;
Livingston-Rosanoff et al. 2020; Melo Gagliato et al. 2020).
Published data suggest that a potential temporal impact may
be particularly important in triple-negative breast cancer,
due to the aggressive tumor biology (Chavez-MacGregor
et al. 2016; Gagliato et al. 2014). To clarify this important
clinical problem, we evaluated whether TTNC is associ-
ated with survival in patients with early TNBC in a large
population-based study using the Tumor Centre Regensburg
clinical cancer registry database. In addition, we evaluated
the determinants of delayed chemotherapy administration.

Methods
Study population and variables

In this retrospective cohort study, clinical cancer registry
data from the Tumor Centre Regensburg from patients with
TNBC with a focus on diagnosis, treatment and progres-
sion were used for evaluation. A population of more than
2.2 million people including Upper Palatinate and Lower
Bavaria is covered in this population-based regional cancer
registry. Electronic sheets of documentation contain infor-
mation about diagnosis, course of disease, therapies, and the
complete follow-up of patients. These population-based data
originate from medical reports, pathology reports and fol-
low-up records. Diagnosis and treatment modalities, course
of disease and several histologic parameters are documented
as well as long-term follow-up including locoregional or
distant recurrence and mortality. The Tumor Center Regens-
burg has documented tumor diseases in the Upper Palatinate
and Lower Bavaria since 1991 and is integrated into the
Centre for Quality Assurance and Health Services Research
at the University of Regensburg. The population consisted of
women living in Upper Palatinate and Lower Bavaria diag-
nosed and treated with NACT for TNBC and recorded by
the Tumor Center Regensburg in the period from January 1,
2010 to December 31, 2018. Figure 1 describes inclusion
and exclusion for the final study collective. Data analysis
was performed between September 2021 and July 2022.
Patient information, including demographic character-
istics and variables related to cancer diagnosis and treat-
ment, were abstracted from medical records by tumor
registries as part of routine procedures. We analyzed the
following parameters: Tumor site location, lymphatic
vessel invasion, vein invasion, stage, grading, Ki67, ER,
PR, and Her2neu status, date of diagnosis of the primary
tumor, age, last date of follow up, date of recurrence date,
date of death, Charlson comorbidity index, date of primary
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Fig. 1 Depiction of the study Patients selection
collective
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dose of neoadjuvant chemotherapy (in days) into eight
subgroups: < 14, 15-21, 22-28, 29-35, 36-42, 43-49,
50-56,> 56 days. This interval was defined as TTNC. The
exact start for TTNC was the day of the pathologic diagno-
sis. The end date was the first day of neoadjuvant chemo-
therapy. Descriptive statistics were used to evaluate the
characteristics of the patient population according to TTNC.
Follow-up was calculated using the reverse Kaplan—-Meier
method. Survival time was calculated in days from the date
of breast cancer diagnosis to the date of last follow-up, the
date of death, or the cut-off date. Patients who were known
to be alive at the study cutoff date of August 31, 2021,
were censored on that date. The Tumor Center Regens-
burg regularly updates vital patient status information and
active hospital follow-ups through linkages with state and
national health offices and queries to the residents' regis-
tration offices. Recurrence-free survival was determined as
the difference between the date of diagnosis of the primary
tumor to the last living date, recurrence date, date of death
or cut-off date. For cumulative recurrence rates, the date of
diagnosis and the respective recurrence date (local, locore-
gional, or distant metastasis) were used, censored by the
last living date, cut-off date, or date of death. Univariable
analyses of cumulative overall survival, cumulative recur-
rence rates, and recurrence-free survival were implemented
using the Kaplan—Meier method, and the log-rank test was
used to compare differences between groups. Mean sur-
vival time in years and a 5-years survival rate was analyzed.
Median survival was not reached by the cut-off date. Using a
multivariable Cox proportional hazard model, we examined
the impact of TTNC as a categorical variable on OS. Vari-
ables in the multivariable model were selected a priori and
included age at diagnosis, Charlson comorbidity index, year
of diagnosis, site location, lymphatic vessel invasion, venous
invasion, stage, grading, Ki67, and type of primary surgery.
Additionally a supplementary backward stepwise selection
was applied. Data collection and statistical analysis were
performed using IBM SPSS Statistic 25 (IBM Corporation,
Armonk, NY). Hazard ratios (HR), p-values, and 95% con-
fidence intervals (CI) were calculated for each model. All
tests were 2-sided, and p < 0.05 was considered significant
and p <0.001 was considered highly significant.

Results

We identified 37,382 patients with malignant neoplasms of
the mammary gland that were coded by the ,,International
Statistical Classification of Diseases and Related Health
Problems” (ICD-10) Code C50. After exclusion as shown
in Fig. 1 the final study cohort included 732 patients, of
which 319 patients (43.6%) received NACT for TNBC, and
295 patients (40.3%) received adjuvant chemotherapy for
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TNBC. No chemotherapy was administered to 118 patients
(16.1%), 63 of them refused any type of chemotherapy
(8.6%) and in 49 patients (6.7%) the reason for renouncing
chemotherapy was not documented, in 6 cases documenta-
tion on chemotherapy application was missing. 49 patients
were excluded because of missing data on the exact time of
diagnosis, so the TTNC could not be evaluated. Here we
report the results of the study subgroup of 270 patients with
TNBC treated with NACT and valid TTNC. Among the 270
patients included in the final analysis the mean age at diag-
nosis was 53.2 years. 146 women (54.1%) were postmeno-
pausal and 124 (45.9%) were premenopausal at the time of
diagnosis of TNBC. The median TTNC was 28.9 days. A
total of 34 (12.6%) patients started chemotherapy within
14 days after diagnosis; 61 (22.6%) between 15-21 days;
63 (23.3%) between 22-28 days, 39 (14.4%) between
29-35 days, 37 (13.7%) between 36-42 days, 19 (7.0%)
between 43-49 days, 9 (3.3%) between 50-56 days, and 8
(3.0%) started chemotherapy 56 or more days after diag-
nosis. 234 (86.7%) patients started NACT within 42 days
after diagnosis of TNBC, 262 (97.0%) started within 56 days
after diagnosis. Patient, tumor, and treatment characteristics
stratified by TTNC are shown in Table 1.

Median follow up was 3.5 years. At the time of analysis
48 patients (17.8%) had died. Overall, patients had an esti-
mated mean OS of 7.6 years after diagnosis. Those who
received systemic therapy early had the highest estimated
OS of 8.4 years, while patients who received systemic ther-
apy after more than 56 days survived an estimated 3.3 years.
From the cut-off value of 42 days after diagnosis there was
a trend towards worse survival. with only 4.7 years OS
when starting NACT after 43 days, 4.1 years when starting
NACT after 50 days and 3.3 years when starting NACT after
56 days or more (Table 2).

The analysis demonstrated a trend for better 5-years OS
with earlier initiation of systemic therapy. If systemic therapy
is started after 56 or more days, the 5-years OS rate is only
66.7% (Table 2). The pairwise comparisons of the groups
with the log rank test (Mantel-Cox) showed that patients
who already received systemic neoadjuvant chemotherapy
within the first 2 weeks after the diagnosis are more likely to
survive than those who receive systemic therapy after more
than 56 days (p =0.054, data not shown). Although this is
barely not significant, there is a trend towards worse sur-
vival in patients who received NACT after 56 days. The best
5-year OS was seen in patients who received system therapy
within 42 days, 234 patients (86.6%) had been treated within
42 days after diagnosis, 36 patients (13.3%) did not meet this
time criterion. Figure 2 illustrates Kaplan—-Meier cumulative
survival rates for TTNC <42 days versus TTNC > 42 days.

Figure 3 shows the Kaplan—Meier estimates of 5-year sur-
vival according to TTNC in each time interval. It illustrates
the decrease in 5-year survival with increasing delay in the
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Table 1 Patient, tumor, and treatment characteristics stratified by TTNC

Days from histological confirmation of diagnosis to start of neoadjuvant systemic therapy

<=14 15-21 22-28 29-35 3642 43-49 50-56 >56 Total

N n% N n% N n% N n% N n% N n% N n% N n% N n %

Age at diagnosis

<40 8 23.5 12 19.7 6 95 4 10.3 5 135 4 21.1 1 111 1 125 41 15.2
<50 13 382 18 295 14 222 10 256 8 21.6 1 53 2 222 1 125 67 24.8
50-59 9 26.5 21 344 21 333 13 333 16 432 3 15.8 4 444 3 375 90 333
60-69 2 5.9 9 14.8 14 222 6 15.4 5 13.5 9 47.4 2 222 2 250 49 18.1
>70 2 59 1 1.6 8 12.7 6 15.4 3 8.1 2 10.5 0 0.0 1 125 23 8.5
Menopausal status
Prem 22 64.7 32 525 26 413 16 41.0 15 405 6 31.6 5 556 2 250 124 459
Postm 12 353 29 475 37 587 23 59.0 22 595 13 684 4 444 6 750 146  54.1
Co-morbidities
No 28 824 51 836 52 825 31 795 26 70.3 11 579 4 444 3 375 206 763
Yes 4 11.8 7 11.5 6 95 4 10.3 8 21.6 6 31.6 3 333 5 625 43 15.9
n.a 2 5.9 3 4.9 5 7.9 4 10.3 3 8.1 2 10.5 2 222 0 0.0 21 7.8
Stage
IA/B 3 8.8 13 213 17 270 8 20.5 7 18.9 6 31.6 5 556 2 250 61 22.6
A 14 412 21 344 24 38.1 19 487 21 56.8 7 36.8 3 333 2 250 111 41.1
1IB 11 324 18 295 12 19.0 9 23.1 8 21.6 3 15.8 0 00 3 375 64 23.7
I 5 14.7 9 14.8 9 143 3 7.7 1 2.7 3 15.8 1 111 1 125 32 11.9
n.a 1 29 0 0.0 1 1.6 0 0.0 0 0.0 0 00 0 0.0 0 00 2 0.7
Tumor size
T1 7 20.6 18 295 18 28.6 10 256 11 29.7 8 42.1 7 718 2 250 81 30.0
T2 22 647 33 54.1 34 540 27 692 26 703 7 36.8 1 111 4 50.0 154 57.0
T3 3 8.8 9 14.8 6 9.5 1 2.6 0 00 2 10.5 1 111 2 250 24 8.9
T4 1 29 1 1.6 4 6.3 1 2.6 0 00 2 10.5 0 00 0 0.0 9 33
na 1 2.9 0 00 1 1.6 0 00 0 00 0 00 0 0.0 0 00 2 0.7
Nodal status
NO 16 47.1 32 525 45 714 25 64.1 25 67.6 13 684 6 66.7 5 625 167 619
N1 16 47.1 24 393 15 238 13 333 11 29.7 6 31.6 3 333 3 375 91 33.7
N2 1 2.9 4 66 1 1.6 0 00 1 2.7 0 0.0 0 00 0 0.0 7 2.6
N3 1 2.9 1 1.6 2 32 1 2.6 0 00 0 00 0 00 0 00 5 1.9
Grading
G1/2 3 8.8 7 11.5 7 11.1 5 12.8 6 16.2 1 53 0 00 0 00 29 10.7
G3/4 24 706 43 705 45 714 21 538 15 405 9 474 7 718 4 500 168  62.2
n.a 7 20.6 11 18.0 11 175 13 333 16 432 9 474 2 222 4 500 73 27.0
Lymphatic vessel invasion
LO 21 61.8 44 721 52 825 31 795 33 89.2 14 737 8 889 7 875 210 77.8
L1 5 14.7 10 164 6 9.5 2 5.1 1 2.7 4 21.1 0 0.0 1 125 29 10.7
n.a 8 23.5 7 11.5 5 7.9 6 154 3 8.1 1 5.3 1 111 0 0.0 31 11.5
Vein invasion
VO 23 67.6 51 836 57 905 31 795 34 919 16 84.2 8 889 8 100.0 228 844
V1 2 5.9 2 33 1 1.6 2 5.1 0 00 1 53 0 00 0 0.0 8 3.0
n.a 9 26.5 8 13.1 5 7.9 6 154 3 8.1 2 10.5 1 111 0 00 34 12.6
Ki67
0-25 6 17.6 13 213 16 254 7 17.9 11 29.7 4 211 1 111 1 125 59 21.9
>25 28 824 47 T77.0 47 746 30 769 25 676 15 789 8 889 7 815 207  76.7
n.a 0 00 1 1.6 0 0.0 2 5.1 1 2.7 0 0.0 0 00 0 00 4 1.5
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Table 1 (continued)

Days from histological confirmation of diagnosis to start of neoadjuvant systemic therapy

<=14 15-21 22-28 29-35 3642 43-49 50-56 >56 Total

N n% N n% N n% N n% N n% N n% N n% N n% N n %

Type of surgery
BCT 26 765 56 91.8 56 88.9 34 872 34 919 11 579 7 718 5 625 229 84.8
Mastectomy 7 20.6 5 8.2 7 11.1 5 12.8 3 8.1 8 42.1 1 111 3 375 39 14.4
n.a 1 2.9 0 00 0 00 0 00 0 00 0 00 1 111 0 00 2 0.7
Total 34 1000 61 1000 63 100.0 39 100.0 37 1000 19 1000 9 1000 8 100.0 270 100.0
n.a. not available
Table 2 Estimated mean OS TTNC (days) No. Patients n Mean OS Standard- Mean (95% CI) 5-year OS
times a.nd 3-year-OS rates (years) deviation rate (%)
according to TTNC
<14 34 8.37 0.82 (6.76-9.98) 77.4
15-21 61 6.24 0.48 (5.30-7.18) 66.9
22-28 63 6.68 0.42 (5.80-7.51) 82.3
29-35 39 5.52 0.31 (4.90-6.13) 80.6
36-42 37 7.03 0.39 (6.26-7.80) 88.3
43-49 19 4.72 0.45 (3.84-5.61) 58.3
50-56 9 4.10 0.50 (3.12-5.07) 71.1
>56 8 3.30 0.46 (2.38-4.21) 66.7
All 270 7.56 0.43 (6.73-8.39)
Fig.2 Kaplan—Meier estimates Kaplan-Meier estimates of overall survival according to TTNC (cutoff <=42 days versus > 42 days)
of overall survival according
to TTNC (cutoff <42 days ver- P — Biopzy untilt
- iy neoadjuvan
sus > 42 days), p=0.484 S ] chemotherapy
. — (TTNC) in days
08 <=42
! e, . - s42
E e,
£ 06
T |
7]
2
L
2 04
= S
(&]
02
00
0 2 4 6 8

Time after diagnosis (years)

initiation of NACT. The groups with TTNC of 50-56 days  pairwise comparisons of temporal groupings using the log-
or> 56 days experience the worse OS. Although statistical ~ rank test (Mantel-Cox), it was observed that patients who
significance is not reached, the curves clearly demonstrate  received systemic neoadjuvant chemotherapy within the first
the tendency of worse OS with increasing TTNC. In the  two weeks after histological confirmation of diagnosis by
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Fig.3 Kaplan—Meier estimates
of 5-year overall survival
according to TTNC
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biopsy had better survival than patients who received sys-
temic therapy after more than 56 days (p =0.054). Patients
who received systemic therapy within 3 weeks had better
survival compared to those who received it after 4 weeks
(»p=0.095) and compared to those who received it after
6 weeks (p=0.090). In the group of patients who received
systemic therapy after 4 weeks. better survival was observed
compared to patients who received it after more than 56 days
(p=0.069).

In the multivariable Cox-regression analyses for OS we
observed that factors associated with worse OS included
lymphatic vessel invasion, mastectomy and grading (data
not shown). A supplementary backward stepwise selec-
tion showed a significant hazard ratio of 4.675 (95% CI
1.050-20.815; p=0.043) for patients with a TTNC of more
than 56 days compared to patients with TTNC of less than
14 days. Here the significant prognostic variables were grad-
ing, lymphatic vessel invasion and type of surgery.

Discussion

Our study focused on the analysis of survival according to
TTNC in patients with TNBC under routine clinical condi-
tions. We could show a clear trend towards reduced survival
if TTNC exceeded more than 42 days. The magnitude of the
adverse effect of delayed administration of NACT appeared
to be even greater when administration was delayed by more
than 56 days. The results indicate a clinically meaningful,
albeit not statistically significant association between treat-
ment delay and worse OS. The association between treat-
ment delay and decreased OS seems clear but statistical sig-
nificance was not reached presumably due to small numbers

20 30 40 50

Time after diagnosis (years)

in the different subgroups of TTNC. Regarding timing of
adjuvant chemotherapy in patients TNBC we could observe
statistically significant reduced OS when adjuvant chemo-
therapy was delayed for more than 42 days after surgery
(submitted). In the catchment area of the Tumor Center
Regensburg, 86.7% of the patients were treated within a
period of 42 days. Our study suggests that patients with
lymphatic vessel invasion and higher grading experience
worse OS. Regarding factors influencing TTNC, it must be
considered that after histological confirmation an appoint-
ment for adequate counseling, further staging examina-
tions, counseling regarding hereditary breast cancer with,
eventually, genetic counseling and molecular genetic testing
must be performed. Upon diagnosis of TNBC in younger
women, referral for fertility preservation should also take
place before treatment starts. The complex care and the
aggressive tumor biology of TNBC underline the relevance
of this study, which aims to explore the optimal time interval
between diagnosis and initiation of therapy. In previous stud-
ies it has become evident that delays in adjuvant chemother-
apy initiation are associated with worse DFS and OS among
patients with early stage breast cancer (Chavez-MacGregor
et al. 2016; Gagliato et al. 2014; Li et al. 2018; Biagi et al.
2011). Regarding time to adjuvant chemotherapy Chavez-
MacGregor et al. showed that delayed adjuvant chemother-
apy was particularly detrimental among patients with tri-
ple-negative breast cancer (Chavez-MacGregor et al. 2016).
State of the art treatment of TNBC includes the application
of NACT. Given the aggressive biology of TNBC and high
risk of distant recurrence (Hudis and Gianni 2011; Lin et al.
2008; Dent et al. 2007), it is of particular interest to define
appropriate time intervals from diagnosis to initiation of
NACT to prevent an avoidable deterioration of the prognosis
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due to the exceeding of critical time intervals. Timing of
NACT remains an area of controversy. Various studies inves-
tigated the impact of time to surgery after the completion of
NACT (Sanford et al. 2016; Omarini et al. 2017; Sutton et al.
2020), whereas there is little data from research on timing of
NACT with contradictory results (Livingston-Rosanoff et al.
2020; Melo Gagliato et al. 2020; Loibl et al. 2017). Loibl
et al. evaluated in an explorative analysis the relationship
between the time interval from diagnosis to NACT and the
time from last chemotherapy administration to breast defini-
tive surgery and outcomes. They included 9127 participants
from neoadjuvant clinical trials and did not find an influence
of delays in time to NACT on DFS or OS. The TTNC cutoffs
evaluated were <4 vs >4 weeks. likely explaining the dif-
ference in results when compared with our study, in which a
clear tendency to deleterious impact in OS was seen among
patients who initiated NACT 42 days (=6 weeks) or more
after diagnosis. The median TTNC was 23 days, compared to
28.9 days in our study. Loibl et al. concluded that time inter-
val of starting NACT might be uncritical (Loibl et al. 2017).
our study data does not support this assumption. A further
retrospective analysis (n=12,806) by Livingston-Rosanoff
et al. evaluated whether delays in NACT initiation would
impact patient survival in women with stage I-III breast
cancer utilizing the National Cancer Database of the United
States. They neither found an association between delays in
NACT initiation and patient survival for Her2 +and TNBC.
Their definition of delayed NACT was after 3 weeks for
triple negative disease, also in contrast to the cutoff values
of 42 and 56 days in our study. possibly explaining the dif-
ference in results. In addition, the median follow up was lim-
ited with 35 months (range 2-61) for TNBC and the authors
point out that longer follow-up may reveal a difference in
survival attributable to TTNC (Livingston-Rosanoff et al.
2020). In contrast to these studies De Melo Gagliatoa el al.
observed in a large retrospective cohort (N=5137) that in
patients with stage I or II disease a delay in NACT initiation
of 31-61 days and > 61 days after diagnosis was associated
with an increased risk of death, Interestingly, consistent with
our findings, the HR for TNBC suggested an association
between treatment delay and increased risk but statistical
significance was not reached in the group of TNBC presum-
ably due to small numbers (Melo Gagliato et al. 2020). Liv-
ingston et al. hypothesize that the introduction of systemic
therapy earlier in the treatment timeline, before surgery, may
mitigate the impact of any delays that could subsequently
develop, which may explain the different findings regarding
delays in starting NACT versus delays in starting adjuvant
chemotherapy (Livingston-Rosanoff et al. 2020). Although
significance was not reached in our study the results still
indicate, that in primary non-metastatic triple-negative
breast cancer, there are critical time intervals from the date
of diagnosis to the start of NACT.

@ Springer

A limitation of our population-based study is the retro-
spective nature of the study which involves possible con-
founders. Our cohort is a large cohort of TNBC and the
majority of patients was treated in accordance with national
and international guidelines under routine conditions in a
certified breast cancer center. We also reduced the confound-
ers with the inclusion of important clinical factors (age at
diagnosis, concomitant disease, site location, stage, grading,
lymphatic vessel invasion, venous invasion, Ki-67, nodal sta-
tus) in the multivariable analysis, however, the possibility
of additional confounders cannot be excluded. It is possible
that due to the small number of patients in the TTNC cat-
egory of 42-55 days (N=28) and > 56 days (N =8) statisti-
cal significance could not be reached. Median follow up in
the present study was 42.4 months. Longer follow-up might
have lead to significant differences in OS when NACT was
administered later than 42 days after diagnosis. We are not
able to evaluate the effect of delays beyond 56 days, since
86.9% of the patients started NACT within the critical inter-
val of 6 weeks after diagnosis. One advantage of the study is
that data of all patients in the catchment area of the Tumor
Center Regensburg were documented over several years in a
population-based, comprehensive manner and not in a clini-
cal trial setting. Thus, the present study can reliably reflect
routine oncological care and outcome quality. It is shown
that treatment of patients with TNBC in certified breast can-
cer centers leads to a start of NACT after diagnosis within
42 days in the vast majority of patients. The results of this
work suggest that patients with TNBC and delayed initiation
of NACT have poorer OS. The optimal time to start NACT
remains a topic of fundamental clinical importance. Pro-
spective data would be ideal to finally answer this important
question but clinical trials addressing this issue will likely
not be undertaken since they will be considered unethical.

It may be concluded from this large population-based
study on patients with primary non-metastatic TNBC
receiving NACT that there are critical time intervals from
the date of diagnosis to the start of NACT, with reduced
OS when NACT was applied later than 42 days after diag-
nosis. Consultation, therapy planning and implementation
in patients with TNBC are complex. Multidisciplinary
teams in certified breast centers with appropriate struc-
tures should focus on coordination of care and timely treat-
ment planning and delivery.
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