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Abstract

Purpose The optimal time to initiation of adjuvant chemotherapy (TTAC) for triple negative breast cancer (TNBC) patients
is unclear. This study evaluates the association between TTAC and survival in TNBC patients.

Methods We conducted a retrospective study using data from a cohort of TNBC patients diagnosed between January 1, 2010
to December 31, 2018, registered in the Tumor Centre Regensburg was conducted. Data included demographics, pathology,
treatment, recurrence and survival. TTAC was defined as days from primary surgery to first dose of adjuvant chemotherapy.
The Kaplan—Meier method was used to evaluate impact of TTAC on overall survival (OS) and 5-year OS.

Results A total of 245 TNBC patients treated with adjuvant chemotherapy and valid TTAC data were included. Median
TTAC was 29 days. The group receiving systemic therapy within 22 to 28 days after surgery had the most favorable out-
come, with median OS of 10.2 years. Groups receiving systemic therapy between 29-35 days, 36-42 days, and more than
6 weeks after surgery had significantly decreased median survival, with median OS of 8.3 years, 7.8 years, and 6.9 years,
respectively. Patients receiving therapy between 22-28 days had significantly better survival compared to those receiving
therapy between 29-35 days (p=0.043), and patients receiving therapy after 22-28 days also demonstrated significantly
better survival compared to those receiving therapy after more than 43 days (p=0.033).

Conclusion Timing of adjuvant systemic therapy can influence OS in TNBC patients. Efforts should be made to avoid unnec-
essary delays in administering chemotherapy to ensure timely initiation of systemic therapy and optimize patient outcomes.

Keywords Triple negative breast cancer - Timing of adjuvant chemotherapy - Population-based cancer registry - Outcomes
in TNBC - Routine practice data

Introduction

About 15% of breast cancers do not express estrogen (ER) or
progesterone receptor (PgR) expression (< 1%) or show human
epidermal growth factor receptor 2 (HER 2) overexpression
or amplification [1, 2]. These triple negative breast cancers
P4 Maria Eleni Hatzipanagiotou (TNBCs) usually have an aggressive tumor biology associ-
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Most TNBCs not only metastasize early in the course of the
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rapidly increasing knowledge on the pathogenesis and tumor
biology [6-9]. Due to its specific molecular phenotype, TNBC
is not sensitive to endocrine or molecular targeted therapy.
Thus chemotherapy, in combination with immunotherapy
depending on tumor stage, is currently the most important
systemic therapy in early TNBC [9, 10]. Several randomized
clinical trials have established that adjuvant and neoadjuvant
administration of the same chemotherapy regimen yields in
similar results in disease-free survival (DFS) and overall sur-
vival (OS) [11]. Modern treatment for TNBC consists in the
application of neoadjuvant chemotherapy (NACT), since the
neoadjuvant regimen provides an assessment of response to
treatment and the opportunity to individualize therapeutical
strategies [10, 12, 13]. The current standard of care for chemo-
therapy in the neoadjuvant as well as in the adjuvant setting in
women with TNBC is an anthracycline and taxane based regi-
men [8, 14]. In recent years chemotherapy for TNBC is more
likely to be given in the neoadjuvant setting than as an adjuvant
but population-based data confirm that a relevant proportion of
women with TNBC receive chemotherapy in the adjuvant set-
ting, reflecting the clinical reality in the last years [1, 15, 16].
A recently published study [1] analyzed data to describe the
current clinical practice regarding NACT in 94,638 patients
with early breast cancer in Germany. They found that 31.8%
of patients with TNBC received NACT, while 43% of the
patients with TNBC received adjuvant chemotherapy. If neo-
adjuvant or adjuvant chemotherapy is administered, the dura-
tion should be 18-24 weeks [17]. Delays in time to surgery
[18], time to adjuvant chemotherapy (TTAC) [18-23], time
between neoadjuvant chemotherapy and surgery [24-26] as
well as delays in starting NACT [27, 28] may impact patients
outcome. The effect of TTAC in all breast cancer subtypes
has been evaluated in several studies [18—-23] with conflict-
ing outcomes. Existing data suggest that a potential temporal
impact is particularly important in TNBC, due to the aggres-
sive tumor biology [20, 21]. We recently reported the impact
of time to initiation of neoadjuvant chemotherapy (TTNC) on
patient outcomes in a cohort of patients with TNBC [29]. The
use of NACT in TNBC was increasing through the last years,
but routine practice data shows that there is still a relevant
proportion of patients with TNBC receiving adjuvant chemo-
therapy [1]. Therefore, we aim to clarify whether timing of
adjuvant chemotherapy has an impact on survival in patients
with early TNBC in a large population-based study using the
Tumor Centre Regensburg registry database.

Methods
Study population and variables

In this retrospective cohort study, clinical cancer registry
data from the Tumor Centre Regensburg from patients
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with TNBC with a focus on diagnosis, therapy and recur-
rence 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
follow-up records. The Tumor Center Regensburg has been
documenting tumor diseases in the Upper Palatinate and
Lower Bavaria since 1991 and is integrated into the Insti-
tute for Quality Assurance and Health Services Research
at the University of Regensburg. The population consisted
of women living in Upper Palatinate and Lower Bavaria
who have been diagnoses and treated with chemotherapy
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.

Patient information, including demographic characteris-
tics and variables related to the cancer diagnosis and treat-
ment, were abstracted from medical records by tumor regis-
tries as part of routine procedures. From the Tumor Center
Regensburg we obtained the following patient characteris-
tics: Data on tumor 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, site location, lymphatic vessel invasion, vein invasion,
histopathological cancer stage, grading, Ki67, date of pri-
mary surgery and date of first application of chemotherapy.

Statistical analysis

Patients who received adjuvant chemotherapy were
categorized according to the time between primary
surgery to the application of the first dose of adjuvant
chemotherapy into six subgroups: <14, 15-21, 22-28,
29-35, 36-42,> 43 days. This interval was defined
as TTAC. Descriptive statistics were used to evaluate
the characteristics of the patient population according
to TTAC subgroup. 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 or the date of
death. Patients who were alive at the study cutoff date
of August 31, 2021 were censored on that date. The
Tumor Center Regensburg regularly updates vital patient
status information and active hospital follow-ups through
linkages with state and national health offices and
queries to the residents’ registration offices. Recurrence-
free survival was determined as the difference between
the date of diagnosis of the primary tumor and the last
living date, recurrence date, date of death or cut-off date.
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Fig. 1 Depiction of the study
collective

Univariable analyses of cumulative overall survival,
cumulative recurrence rates, and recurrence-free survival
were conducted using the Kaplan—Meier method, and
the log-rank test was used for group comparisons. Mean

Patients included

Female patients with triple negative,
non-metastatic breast cancer treated
between 2010-2018 in  Upper
Palatinate and Lower Bavaria
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Bilateral breast cancer
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Insufficient documentation

N=631

RO-Resection
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Primary curative care
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Palliative care
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Neoadjuvant chemotherapy
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Adjuvant chemotherapy

N=295 (40,3%)

v

No chemotherapy
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Adjuvant chemotherapy, data
complete

N=245 (83,1%)
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survival time in years and a 5-year survival rate were
analyzed, while median survival was not reached by
the cut-off date. Data collection and statistical analysis

Missing data on Date of Starting
Adjuvant Chemotherapy

N=50

were performed using IBM SPSS Statistic 25 (IBM
Corporation, Armonk, NY), with p-values, and 95%
confidence intervals (CI) calculated for each model. All
tests were two-sided, and significance was set at p < 0.05.
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Results

We identified 15 011 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 between January 1, 2010 to
December 31, 2018. Among these we identified 889 female
patients who were diagnosed with non-metastatic TNBC.
Patients with previous breast cancer were excluded, which
resulted in a population of 828 patients. Patients with a sec-
ondary carcinoma within the following 5 years and the prog-
nostically more favorable side in bilaterally diseased patients
were excluded. Incomplete or entirely missing documenta-
tion also led to exclusion. 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 TNBC. No chemotherapy was adminis-
tered to 118 patients (16.1%), 63 of them refused any type
of chemotherapy (8.6%) and in 49 patients (6.7%) the rea-
son for renouncing chemotherapy was not documented, in
6 cases documentation on chemotherapy application was
missing. 50 patients were excluded because of missing data
on the exact date of starting adjuvant chemotherapy, so the
TTAC could not be evaluated. Here, the results of the study
subgroup of 245 patients with TNBC who were treated with
adjuvant chemotherapy and had valid TTAC are reported.
Out of the total patients, 172 women (70.2%) were post-
menopausal and 73 (29.8%) were premenopausal at the time
of TNBC diagnosis. The median TTAC was 29 days. The
timing of adjuvant chemotherapy initiation after surgery
was as follows: 34 patients (13.9%) started chemotherapy
within 14 days after surgery, 47 patients (19.2%) between
15-21 days, 49 patients (20.0%) between 22-28 days, 55
patients (22.4%) between 29-35 days, 28 patients (11.4%)
between 3642 days, and 32 patients (13.1%) started chemo-
therapy 43 or more days after surgery. Patient, tumor, and
treatment characteristics stratified by TTAC are shown in
Table 1.

At the time of analysis, 41 of 245 patients had died
(16.7%). Overall, patients had an estimated mean OS of
9.3 years after surgery. The group that received systemic
therapy within 22 to 28 days had the most favorable out-
come, with a median OS of 10.2 years. The group that
received systemic therapy within the first two weeks after
surgery had a median OS of 9.9 years. However, for the
groups that received systemic therapy between 29-35 days,
36-42 days, and more than 6 weeks after surgery, there was
a significant decrease in median survival, with a median OS
of 8.3 years, 7.8 years, and 6.9 years. An overview of mean
survival time and 5-year survival can be seen in Table 2.

Most of the patients (n=213, 86.9%) received adju-
vant chemotherapy within 42 days after surgery, while
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only 32 patients (13.1%) started adjuvant chemotherapy
after 42 days or more after surgery. Patients who started
systemic therapy within 6 weeks after diagnosis were
estimated to survive for 9.5 years, whereas patients who
started adjuvant chemotherapy after 6 weeks survived only
6.9 years (see Table 2). Patients receiving therapy between
22-28 days had significantly better survival compared to
those receiving therapy between 29-35 days (p=0.043),
and patients receiving therapy after 22-28 days also dem-
onstrated significantly better survival compared to those
receiving therapy after more than 43 days (p=0.033).
Figure 2 illustrates the Kaplan—Meier cumulative sur-
vival rates for TTAC <42 days versus TTAC > 42 days
(p=0,099).

Discussion

This population-based study examined the impact of timing
of adjuvant systemic therapy on OS in patients who under-
went primary surgery for TNBC. TNBC is known for its
aggressive nature, with early recurrence and limited treat-
ment options beyond chemotherapy and recently immuno-
therapy [7, 8, 30, 31]. Therefore, timely initiation of adjuvant
chemotherapy may be particularly crucial in this subtype of
breast cancer. We observed that patients who received sys-
temic therapy within 22-28 days after surgery had the most
favorable outcome, with a median OS of 10.2 years, while
patients who started adjuvant chemotherapy after 6 weeks
had a lower median OS of 6.9 years. Patients who received
therapy after 2228 days demonstrated significantly better
survival compared to those who received therapy after more
than 43 days (p=0.033).

The concept that commencing adjuvant chemotherapy
early may have potential benefits is based on studies using
animal models, which have shown increased levels of cir-
culating growth factors and accelerated growth of metas-
tases after the removal of the primary tumor [32] and on
experiments using mice which demonstrated that adminis-
tering a single dose of chemotherapy perioperatively or as
an infusion within 3 days of surgery appears to be more
effective compared to treatment given on day 7 after sur-
gery [33]. Since the initial studies that demonstrated the
potential benefits of early initiation of adjuvant chemo-
therapy in animal models, many subsequent studies have
been conducted in breast cancer to investigate the optimal
timing of adjuvant chemotherapy administration. Yu et al.
[34] found that the effect of the influence of delayed ini-
tiation of adjuvant chemotherapy on breast cancer survival
is subtype dependent. Patients with luminal-A tumors who
received delayed chemotherapy had no increased risk of
recurrence. In contrast, patients with luminal-B, triple-
negative, or trastuzumab-untreated HER2-positive tumors
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Table 1 Days from surgery to start of adjuvant systemic therapy (TTAC)

Days from surgery to start of adjuvant systemic therapy (TTAC)

<14 15-21 22-28 29-35 36-42 >43 Total
% N ® N ® N % N ® N ® N %
Age at diagnosis <40 5 147 3 64 5 102 7 12,7 3 10,7 2 63 25 10,2
<50 4 11,8 13 27,7 9 184 10 182 4 143 2 63 42 17,1
50-59 17 50,0 12 255 22 449 13 236 10 357 14 438 88 359
60-69 5 147 9 19,1 7 143 11 200 6 214 7 219 45 18,4
70+ 3 88 10 21,3 6 122 14 255 5 179 7 219 45 18,4
Menopausal Premenopausal 11 324 17 36,2 17 34,7 17 30,9 7 25,0 4 12,5 73 29,8
Status Postmenopausal 23 67,6 30 63,8 32 65,3 38 69,1 21 750 28 875 172 70,2
Co-morbidities No 26 76,5 32 68,1 39 796 40 72,7 22 786 23 719 182 7473
Yes 5 14,7 10 21,3 7 143 11 200 5 179 9 28,1 47 19,2
n.a 3 88 5 106 3 6,1 4 73 1 3,6 0 00 16 6,5
Stage 1A/B 17 500 18 383 21 429 21 382 15 536 10 31,3 102 41,6
1A 10 294 19 404 17 347 16 29,1 9 32,1 10 31,3 81 33,1
1B 6 176 5 10,6 5 102 9 164 1 3,6 6 188 32 13,1
11 1 2,9 5 106 6 122 9 164 3 107 6 188 30 122
Tumor size T1 19 559 23 489 29 592 26 473 19 679 12 375 128 522
T2 14 412 20 42,6 17 347 24 436 7 250 17 53,1 99 404
T3 1 2,9 4 85 3 6,1 4 1713 2 7,1 2 63 16 6,5
T4 0 00 0 00 0 00 1 1,8 0 00 1 3,1 2 0,8
Nodal Status NO 27 794 35 745 33 673 36 655 21 750 18 56,3 170 69,4
N1 6 176 8 170 10 204 13 236 6 214 9 281 52 21,2
N2 1 2,9 2 43 5 102 3 55 1 3,6 4 125 16 6,5
N3 0 00 2 43 1 2,0 3 55 0 00 1 3,1 7 2,9
Lymphatic vessel invasion LO 14 41,2 26 55,3 26 53,1 41 74,5 23 82,1 24 750 154 62,9
L1 12 353 18 383 21 429 13 236 5 179 8 250 77 314
LX/n.a 8 235 3 64 2 4,1 1 1,8 0 00 0 00 14 57
Vein invasion VO 25 735 41 872 38 77,6 49 89,1 28 100,0 32 1000 213 86,9
V1 0 00 4 85 7 143 5 91 0 00 0 00 16 6,5
VX/n.a 9 265 2 43 4 82 1 1,8 0 00 0 00 16 6,5
Ki67 0-25 3 88 5 106 15 306 10 182 8 286 7 21,9 48 19,6
>25 28 824 41 872 34 694 43 782 19 679 24 750 189 77,1
n.a 3 88 1 21 0 00 2 36 1 36 1 31 8 33
Type of surgery BCT 31 91,2 40 851 43 878 44 80,0 21 750 28 875 207 845
Mastectomy 3 88 7 149 6 122 11 200 7 250 4 125 38 15,5
Total 34 100,0 47 100,0 49 100,0 55 100,0 28 100,0 32 100,0 245 100,0

n.a. not available

showed decreased DFS because of delayed chemotherapy,
highlighting the importance of timely initiation of chemo-
therapy in aggressive tumor subtypes. Biagi et al. conducted
a systematic review and meta-analysis to assess the effect
of delay in TTAC on survival in breast cancer patients.
They involved two randomized trials and two cohort trails
for OS, including data on 15.327 patients and their analysis
demonstrated a 6% increase in the risk of death for each
4 week delay to initiation of adjuvant chemotherapy for
breast cancer (HR, 1.06,95% CI 1.02 to 1.10 [19]. Different

retrospective analysis confirmed that early initiation of adju-
vant chemotherapy was associated with improved overall
survival in patients with TNBC. However, the precise opti-
mal time interval differs in the existing literature. A 4 weeks
interval of starting adjuvant chemotherapy is supported by a
retrospective analysis of Gagliato et al. [21]. They included
6,827 patients with breast cancer stages I to III who received
adjuvant chemotherapy and categorized into three groups
according to TTAC: <30, 31 to 60, and > 61 days. Survival
outcomes were estimated and compared according to TTAC
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Table 2 Mean OS and 5-year survival rates according to TTAC

TTAC n Mean OS (years)  95% CI
5 year OS

<14 34 9,881 8,991 10,771  87,6%
15-21 47 8,251 7,235 9,268  75,6%
22-28 49 10,207 9,446 10,969  90,8%
29-35 55 8,253 7,289 9,218  79,8%
3642 28 7,762 7,053 8,471  85,7%
>42 32 6,860 5,811 7,909  69,2%
Total 245 9,321 8,848 9,794

and by BC subtype. Patients with TNBC tumors and those
with HER2 —positive tumors treated with trastuzumab who
started chemotherapy > 61 days after surgery had worse sur-
vival (HR, 1.54,95% CI, 1.09 to 2.18 and HR, 3.09; 95% CI,
1.49 to 6.39, respectively compared with those who initiated
treatment in the first 30 days after surgery.

In 2016 Chavez-MacGregor et al. conducted a
retrospective population-based investigation to evaluate the
timing of adjuvant chemotherapy initiation in patients with
breast cancer. They observed that a 7-day delay in initiation
of adjuvant chemotherapy increased the risk of death by
1% (HR 1.01; 95% CI 1.01-1.01). Their findings confirm
the described subtype-dependent effect on OS of delaying

adjuvant chemotherapy: Time to chemotherapy 91 or more
days was associated with an increased risk in breast cancer
death among patients with TNBC but had no significant
effect among patients with hormone receptor— positive
tumors. [20]. In 2018 Li et al. [22] retrospectively evaluated
the effect of delayed adjuvant chemotherapy on relapse of
TNBC in 331 patients. They found that delayed initiation of
adjuvant chemotherapy beyond 60 days after surgery was
associated with a significantly increased risk of relapse in
TNBC patients [adjusted hazard ratio (HR of 2.39, 95%
confidence interval (CI 1.13-5.07, P=0.02]. A moderate
delay (<30 versus 31-60 days did compromise survival in
lymph node positive patients. They conclude that initiation
of adjuvant chemotherapy within 60 days would be the
adequate time window for most TNBC cases, but an earlier
initiation within 30 days might be more helpful for those
TNBC patients with extremely high-risk factors.

However, few studies have reported conflicting results
regarding the optimal timing of systemic therapy. For
instance, Pomponio et. al in contrast published a retrospec-
tive analysis from a single-institution database in 2019
and found that TTAC was not significantly associated with
DFS or OS in patient receiving chemotherapy for oper-
able TNBC. Among the 724 patients included in their
analysis, the median TTAC was 42 days. They observed
that a TTAC > 56 days did not significantly impact DFS
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Fig.2 Kaplan—Meier 5 year survival rates according to TTAC
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or OS (p=0.27 and p=0.21, respectively) compared to
TTAC <31 days [23]. Other studies that did not find any
association between TTAC and OS are relatively old and
lack subtype analysis or differ in chemotherapy regimens
from contemporary chemotherapy regimes. For instance, it's
worth mentioning the nationwide clinical trial conducted
by the Danish Breast Cancer Cooperative Group, which
included 7501 breast cancer patients who received chemo-
therapy within 3 months of surgery between 1977 and 1999.
The analyses were conducted in four groups of patients
treated during weeks 1-3, 4, 5, and 6—13. The study found
a similar prognosis for patients who started chemotherapy
within 3 weeks after surgery compared to those who started
chemotherapy up to 13 weeks after surgery [35]. However, it
is not feasible to apply these results to the current era, as the
prognosis of various breast cancer subtypes has significantly
improved over time. Additionally, it is important to consider
that the timing of initiation of highly effective and targeted
therapies may also play a crucial role, given the increasing
efficacy of these treatments. This notion is reinforced by
more recent study findings as presented above. Taking our
study and the mentioned studies into account, we suggest a
42 days interval after surgery for starting adjuvant chemo-
therapy in TNBC patients. A later initiation will impact sur-
vival outcomes. Known risk factors for delaying adjuvant
systemic therapy are the presence of positive margins on
pathology specimens and the need for re-surgery, age over
80, high comorbidity index, low socioeconomic status [36],
breast reconstruction and nonprivate insurance [20]. Other
possible risk factors may be wound healing after surgery,
waiting for pathological result, postoperative case discus-
sion, time for second opinion and the preparing of start of
chemotherapy.

The strength of the present study lies in its utilization
of a large population-based regional cancer registry with
comprehensive and longitudinal data on diagnosis, therapy,
and progression of TNBC in a population of over 2.2 million
people. The study also employs rigorous statistical methods,
including Kaplan Meier method, to examine the impact of
delayed initiation of adjuvant chemotherapy on overall sur-
vival. However, there were several limitations in the study
design that need to be acknowledged. For the analysis the
time gap between the last surgery and the start of the adju-
vant therapy was used. For patients who underwent more
than one surgical procedure, the final surgery date before
initiation of chemotherapy was used in this analysis. Time
from biopsy to start of adjuvant chemotherapy is not avail-
able in our data. The specific question if the time interval
between diagnosis and start of the adjuvant therapy has an
impact on patient’s outcome, or if the time gap between last
surgery and start of adjuvant therapy is the crucial point
might be an interesting research question. The data obtained
from the Tumor Centre Regensburg did not provide details

on the type, dose, and duration of systemic therapy received
by patients. Differences in the administered systemic therapy
can have implications on OS and could potentially confound
the results. Furthermore, the retrospective nature of registry-
based studies and the use of statistical models to adjust for
risk factors might not have accounted for all biases. It is
challenging to conduct clinical trials to determine the opti-
mal timing of adjuvant chemotherapy initiation due to ethi-
cal concerns, despite its significant clinical relevance. There-
fore, population-based registries, as demonstrated in this
study, provide a viable approach for answering this question.

The practical implications of the study findings are rel-
evant for clinicians in making decisions about the optimal
timing of systemic therapy after surgery. The results suggest
that early initiation of systemic therapy within maximum
42 days after surgery is associated with better survival out-
comes than delaying initiating of adjuvant chemotherapy
43 days or longer.

Conclusion

In conclusion, our population-based study provides further
evidence that the timing of adjuvant systemic therapy is a
critical factor impacting OS in patients with TNBC who
have undergone primary surgery. Our findings highlight the
importance of timely initiation of adjuvant chemotherapy
for optimal outcomes in TNBC patients. Specifically, start-
ing systemic therapy within 42 days after surgery may be
associated with better outcomes, while delaying therapy
beyond 43 days may be associated with decreased survival.
These results are consistent with the existing literature,
which suggests that delaying adjuvant chemotherapy beyond
4—6 weeks after surgery may be associated with decreased
OS, particularly in TNBC and other aggressive tumor sub-
types. In daily clinical practice is crucial to prioritize timely
initiation of adjuvant chemotherapy within the specified time
frame, as it is feasible in most clinical scenarios. We should
strive to avoid any unnecessary delays in administering
chemotherapy to ensure optimal patient outcomes.
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