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Highlights

Increased treatment intervals are associated with poorer survival in young

women with non-metastatic breast cancer (BC)

The intervals between adjuvant chemotherapy and radiotherapy, and the
interval between neoadjuvant chemotherapy and surgery had significant

Impacts on patient survival.

Care delays optimization is associated with a 1.2-fold decreased risk for

recurrence or mortality compared to non-optimal delays
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Abstract

Background: Suboptimal treatment delays is known to impact prognosis of patients
with cancer but optimal timing in specific subgroups remains poorly studied. This study
aimed to analyze treatment delays in young women treated for a breast cancer (BC)
on and its impact on their prognosis using French Nationwide Data.

Methods: Using the CAREPAT-YBC Cohort based on the French National Healthcare
System Database, we analyzed disease-free survival (DFS) in 22,093 young women
(18-45 years) who underwent either surgery-chemotherapy-radiotherapy pathway
(adjuvant setting, 15,433 patients) or chemotherapy-surgery-radiotherapy pathway
(neoadjuvant setting, 6,660 patients), according to delays between the different

pathways.

Results: For the adjuvant chemotherapy-radiotherapy interval, the best timing was 17-
31 days with increased risk above this delay. For the neoadjuvant setting, the optimal
neoadjuvant chemotherapy-surgery interval was 17-31 days, while <15 days (HR 1.44,
95%CI 1.21-1.71) or 262 days (HR 2.07, 95%CI 1.36-3.15) showed poorer prognosis.
Combining best timing into an "optimal pathway" was associated with respectively a

1.2-fold decreased risk for recurrence or mortality.

Conclusion: Optimizing treatment intervals enhance BC survival in younger age.
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INTRODUCTION

Breast cancer (BC) in women under 45 years-old represents up to 10% of all BC
cases.[1] Younger age is associated with poorer prognosis in BC compared to their
older counterparts[2—6]. It has been suggested that younger age could be associated
with diagnostic delays that could explain poorer outcomes[7,8]. Indeed, young BC
patients have to face care pathway challenges particularities compared to older
patients: at cancer diagnosis, with the absence of organized screening and the
frequent need of MRI and after diagnosis, for procedures such as oncogenetics
consultation[9], fertility preservation discussions, oncoplastic surgery, immediate

reconstruction. All these further steps could contribute to potential treatment delays.

Despite its recognized importance, the impact of the different delays between
treatments in young BC patients remains controversial[10-16]. European Society of
Breast Cancer Specialists (EUSOMA) [17,18] recommend that the interval between
each treatment steps should not exceed 8 weeks. However, this recommendation was
developed using data from a cohort with a median age of 63 years and fails to capture
the complexity of the relationship between delay and survival: a delay that is either too
short or too long may have a negative impact. This highlights the need for a more
precise consideration of delays between treatment steps in young BC patients.
Moreover, BC is a heterogeneous disease with multiple subtypes, each characterized
by distinct biological features, treatment pathways, and survival outcomes. This
diversity necessitates subtype-specific approaches to treatment and pathways and
underscores the importance of understanding how different therapeutic modalities

Impact prognosis across these varied forms of BC.

The French National Healthcare System Database (SNDS) compiles extensive
medical and administrative data, providing a rich resource for analyzing cancer care,
including treatment sequence impact on prognosis and its potential confounding in all
patients having had BC in France[19,20].

Using this real-life population, we focused on young women with BC who underwent
either  surgery-chemotherapy-radiotherapy  pathway (adjuvant setting) or
chemotherapy-surgery-radiotherapy pathway (neoadjuvant setting). Our objective was
to describe the time intervals between the treatment steps and its determinants and to



94  highlight the optimal timeframe for the different treatments regarding patients’ disease-
95 free survival.
96
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METHODS

This cohort study was authorized by the French data protection agency (Commission
nationale de l'informatique et des libertés) with registration number 920304. Written
informed consent from patients was not required, in compliance with French

regulations.

Population selection

We performed a retrospective cohort study using data from the CAREPAT-YBC cohort,
following the REporting of studies Conducted using Observational Routinely-collected
Data (RECORD) statement[21].The CAREPAT-YBC cohort is a nearly exhaustive
cohort of young women patients treated for BC in France, derived from the French
National Health Data System. For data extraction, we used a specific methodology
described elsewhere[19].

Patients with suspected locoregional or distant metastases at diagnosis, or with
concomitant or previous cancer, were excluded. We included from this cohort all
women who have undergone surgery for BC between 18-45 yo between January 1,
2010, and December 31, 2018 and who underwent either surgery-chemotherapy-
radiotherapy pathway (adjuvant setting) or chemotherapy-surgery-radiotherapy
pathway (neoadjuvant setting). Treatment data were used to infer the BC subtype, as
no histological information was available in the database. Tumors were classified as
HERZ2-positive if patients received anti-HER2 therapy, as luminal if treated with ET,
and triple-negative (TNBC) if receiving chemotherapy without ET or anti-HER2
therapy. Tumors treated only with surgery and/or radiotherapy were labeled as having

an undefined subtype.
Variables definition

The following variables were extracted or reconstructed according to the specific
methodology described elsewhere: age at surgery, BC subtype, diagnostic procedure,
breast surgery type, care structure for breast surgery, axillary surgery, targeted
therapy, endocrine therapy, fertility preservation, immediate BC reconstruction and
type. Median income of the patient’s residential area were retrieved from census data
as a proxy for socio-economic environment. We also extracted 58 health conditions
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(grouped into 15 categories) using the algorithms that have been previously developed

from the medical information available in SNDS[22]

The Aarhus checklist, which ensures precision and transparency in both definitions
and methods in early cancer treatment interval research, has been completed[23].

We analyzed pathways according to two different setting, corresponding to the

standard of care in early breast cancer management.

Regarding the neoadjuvant setting, diagnosis-neoadjuvant chemotherapy (NAC)
interval was estimated as the time between the diagnostic procedure and the first
session of chemotherapy, NAC-surgery interval as the time between the last session
of chemotherapy and the date of the first surgery for BC and surgery-radiotherapy
interval as the time between the last surgery for BC and the first session of

radiotherapy.

Regarding the adjuvant setting, diagnosis-surgery interval was estimated as the time
between the diagnostic procedure and the first surgery for BC, surgery-adjuvant
chemotherapy (adj CT) interval as the time between the last surgery for BC and the
first session of chemotherapy and adj CT-radiotherapy interval as the time between

the last session of chemotherapy and the first session of radiotherapy.

Recurrence events (local or distant) were identified as a new treatment (chemotherapy,
radiotherapy, or surgery) for a BC code, occurring more than 6 months after the last
treatment or a diagnostic code indicating metastasis or a molecule specific to the BC

metastatic treatment.

Study endpoints

We implemented a one-year landmark after diagnosis to help addressed the wait time
paradox, where the most severe cases are treated more quickly, and to ensure that
most patients had completed their treatment.

Disease-free survival (DFS) was defined as the time from the diagnosis to recurrence

or death. Patients were censored on December 31, 2018.
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Statistical analysis

Quantitative variables were presented as median (IQR) and qualitative variable as
counts (frequency). Associations between patient's characteristics and treatment
intervals were assessed using an ANOVA. We cut intervals into 15-days periods ("1-
16 days", "17-31 days", "32-46 days", "47-61 days", "62-76 days", "77-91 days" and
"more than 91 days") and considered these intervals as an ordinal variable. This
decision balances granularity and statistical power, ensuring that each interval is large
enough for robust analysis while maintaining the clinical relevance of the findings. The
"17-31 days" interval was chosen as the reference, as it was the most clinically
relevant, acknowledging that an interval that is too short could be as detrimental as

one that is too long.

Univariable and multivariable Cox model analyses were performed to assess the
association between each interval and survival, after adjustment for confounding
factors, using a stepwise regression approach based on the Akaike Information

Criterion, employing backward selection.

An "optimal pathway" was defined as the combination of optimal treatment intervals
(i.e. the one giving the best survival) in each treatment sequence and compared to all

other pathways.
Analyses were further stratified by BC subtypes, care structure and age.

Analyses were performed with R software, version 4.0.1[24].
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RESULTS

Population description

From 2010 to 2018, 22,093 patients aged 18 to 45 were treated for non-metastatic BC,
15,433 patients (70%) had an adjuvant setting, while 6,660 (30%) underwent a

neoadjuvant setting (Table 1).

Treatment intervals description and determinants

The distribution of the different care intervals is displayed on Figure S1.

Neoadjuvant Setting (Figure S2-S4)

Diagnosis-NAC interval

In the neoadjuvant setting (n = 6,660), over 97% of patients experienced a diagnosis-
NAC interval of 8 weeks or less, consistently across patients' characteristics. Older
patients (41-45 yo) were more likely to experience a diagnosis-NAC interval of more
than 4 weeks (44.7% vs. 37.3% at 18-25 yo, 35.8% at 26-30 yo, 36.9% at 31-36 yo,
39.4% at 36-40 yo, p<0.001). Patients with luminal tumors experienced a longer
interval with 44.1% of patients treated after 4 weeks vs. 37.5% in HER2-positive
patients and 38.7% in TNBC, p<0.001. Patients treated in cancer care centers,
private or semi-private structures were more likely to be treated within 4 weeks (61%,
60% and 62% respectively vs. 52% in university hospitals and 55% in general
hospitals, p<0.001)(Figure S2).

NAC-Surgery interval

For the NAC-surgery interval, 99% of patients experienced an interval within 8
weeks. 91% of patients with HER2-positive tumors underwent surgery within 4
weeks, vs. 56.7% in TNBC and 54.7% in luminal cancer (p<0.001). This interval was

consistent across different care structures (Fig S3).

Surgery-Radiotherapy interval
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Radiotherapy was predominantly (71.5%) administered between 4 and 8 weeks,
unaffected by age (p = 0.2). Patients with postoperative complications were more
likely to receive radiotherapy after 8 weeks (49% vs. 32.6% if no postoperative
complication, p=0.001) (FigS4).

Adjuvant Setting (Figure S5-S7)

Diagnosis-Surgery interval

In the adjuvant setting (n = 15,644), 95% of patients had a diagnosis-surgery interval
within 8 weeks. Patients aged 18-25 yo were more likely to be treated within 4 weeks
(69%), compared to patients aged 40-45 yo (57%, p>0.001) (FigS5).

Surgery-Adj CT interval

93.1% of patients experienced a surgery-adj CT interval up to 8 weeks. This interval
increased with age, with 37% of patients managed within 4 weeks at ages 18-25 and
25.8% at 41-45 yo. Patients with luminal tumors were also more likely to receive their
chemotherapy more than 8 weeks after surgery (75.1% vs. 64.9% in HER2-positive
tumors and 64.2% in TNBC, p<0.001). Patients receiving immediate breast
reconstruction with a free-flap had a higher likelihood of an interval of more than 8
weeks after surgery before receiving chemotherapy (38% vs. 6.2% for patients with

no reconstructive surgery) (FigS6).

Adj CT-Radiotherapy interval

Seventy-nine percent of patients had an adjuvant chemotherapy-radiotherapy interval
between 2 and 8 weeks with no clinically significant differences based on patient

characteristics (FigS7).

Impact of treatment intervals on prognosis

During the study period, 1,272 deaths occurred, 672 in the neoadjuvant setting and
600 in the adjuvant setting. Age, molecular subtype, breast surgery type, salary level,
and care structure showed significant associations with prognosis, with poorer
prognosis for younger patients, TNBC, or patients managed in university hospital
(FigureS8).

10
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Univariate analysis showed significant associations between each treatment interval
and prognosis (Figure 1). After adjusting for confounding factors (age, care structure,
surgical procedure, income environment, post-operative complications, obesity,
comorbidities, psychiatric disease and year of diagnosis), the chemotherapy-
radiotherapy interval in the adjuvant setting, as well as the NAC-surgery interval in the

neoadjuvant setting, remained significantly associated with prognosis (Figure 2).

Adjuvant setting

No impact on DFS was found for the interval between diagnosis and surgery, nor for

the interval between surgery and adjuvant chemotherapy.

Regarding the interval between adj CT and radiotherapy, a longer interval was
associated with a poorer prognosis. Compared to patients managed within 17-31-days,
prognosis increased by 1.14 (adjusted aHR 1.14 95%Cl: 1.09-1.29) for patients
managed between 31-46-days and further increased to 1.85 (95%Cl: 1.51-2.27) for
patients managed after 3 months. These findings remained consistent across

molecular subtypes, care structures and age classes (Figures S9-S19).

Neoadjuvant setting

In the neoadjuvant setting, only NAC-surgery interval was significantly associated to
prognosis with the optimal timing for the NAC-surgery interval within the 17-31-day
period. Prognosis was adversely affected when surgery was performed either too soon
(within the first 15 days, aHR 1.31, 95%CI 1.09-1.58) or too late (aHR 2.16, 95%CI
1.42-3.30 for surgery between 62-76 days). These results were consistent across

molecular subtypes, care structures, and age groups (Supplemental Figures S20-28).
Optimal pathway

An optimal pathway was subsequently defined, incorporating the optimal intervals for
each treatment setting. In the adjuvant setting, this pathway was defined as an adj CT-

radiotherapy interval of 16-31-days, irrespective of the interval between diagnosis and

surgery and surgery and adj CT. Seventy-five percent of patients had a sub-optimal

11
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adjuvant pathway, which was associated with a 1.25-fold increased risk for recurrence
or mortality compared to an optimal pathways (95%CI 1.13-1.38)(Fig3AB).

In the neoadjuvant setting, the optimal pathway was defined by a neoadjuvant
chemotherapy (NAC) to surgery interval of 17-31-days, regardless of the duration of
other treatment intervals. Eighty-six percent of patients had a sub-optimal neoadjuvant
pathway, which resulted in a 1.2-fold increased risk for recurrence or mortality
compared to an optimal pathways(HR 1.2 95%CI 1.09-1.36)(Fig3CD).
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DISCUSSION

Using a nationwide database covering nearly the entire population of young French
women with BC between 2010 and 2018, we found that certain time intervals
between treatments significantly affect prognosis: notably, the adj CT-radiotherapy
interval in the adjuvant setting, as well as the NAC-surgery interval. Our analysis
revealed that an optimal care pathway could result in a 1.2-fold decreased risk for
recurrence or mortality. Socioeconomic and healthcare-related factors, such as a
patient's income environment and the type of care structure, were identified as
significant influences on these treatment intervals. Patients from more deprived
backgrounds and those attending private facilities experienced longer intervals,

although this relationship varied across different types of intervals.

Our findings align with several studies suggesting that not all treatment intervals are
associated with prognosis. The time in initiating NAC within six months of
diagnosis[14], or the timing of surgery following NAC do not seem to significantly
affect prognosis[25]. Similarly, while some research suggests that time intervals in
adjuvant chemotherapy could lead to worse prognosis[26,27], other studies found

that chemotherapy remain equally effective up to 12 weeks post-surgery[15].

In our study, the interval between adj CT and radiotherapy showed a significant and
clinically relevant impact on patient prognosis, consistent with literature indicating
that starting radiotherapy within up to 8 weeks is associated with better DFS and
0S][28,29].

An optimal interval of 16-31-days for the NAC-surgery interval aligns with previous
guidelines, suggesting 2-4 weeks post-NAC as the most suitable timing for
surgery[30] and emphasizing the risk associated with performing surgery too soon
after chemotherapy. A meta-analysis by Su et al. demonstrated that an interval
longer than 4 weeks had a negative impact on prognosis[31]. This interval is crucial
as longer waiting times could negatively impact prognosis due to potential tumor
growth, despite data suggesting otherwise[32].

The rationale for an optimal period, neither too early nor too late, could be based on
a compromise between the immunosuppression after chemotherapy in early cases

13
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and the risk of developing micro-metastases in later cases. Initiating treatment too
early may not allow sufficient time for patients to recover from previous treatment or
for comprehensive evaluations to be completed, potentially leading to complications
or inappropriate treatment choices. The fact that a shorter delay does not necessarily
lead to a better prognosis has already been raised by Hanna et al. In their study, a
4% excess mortality was found for patients who had their surgery within 2 weeks,
although this may be due to the biased fact that patients with the most serious
conditions are treated more quickly [33]. Aside from this point, this study consistently
found that longer delays result in worse outcomes for BC.

Our study corroborates that care structures and income levels have a significant
impact on treatment intervals. Most treatment intervals are predictable and modifiable
with better healthcare coordination. Knowing the chemotherapy end date in advance
allows for the scheduling of subsequent treatments, and having a planned surgery

date makes organizing subsequent treatments straightforward.

Income disparities contribute to longer treatment intervals, highlighting persistent
socioeconomic inequities in healthcare access and delivery. Xiaofang et al. identified
that black race, rural residence, mastectomy, and single status were risk factors

associated with delay in adjuvant chemotherapy among non-metastatic patients[34].

To the best of our knowledge, this is the first study focusing on the impact of delays
between steps in young women treated for early BC. Younger patients experienced
specific situations such as the absence of a screening program, which could lead to a
longer diagnostic interval, or specific exams (genetic, fertility, MRI) that could affect the
delay. Recent studies suggest that a younger age was not associated with a delay in
diagnosis[7,8]. The notion that delays could yield varying impacts according to age is
not substantiated by our study, as the results are analogous to those found for older

women in the literature.

This real-life population study reflects actual delays and potential influencing factors,
such as care structure, BC subtype, age, salary level, living area... The SNDS is one
of the largest exhaustive nationwide aggregated health data resources globally[35]. Its

accuracy and reliability have been established for a broad range of medical conditions,

14
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including BC[36-38]. By ensuring homogeneous treatment among patients, we

enhanced the comparability of our groups and minimized indication bias.

One limitation lies in the accuracy of reimbursement indicators as proxies for the
medical condition, leading to potential discrepancies or errors in coding methods
across different centers, which could affect the validity of the results[39]. Our strict
criteria for patient inclusion, while ensuring high-quality data, may also introduce a
selection bias, potentially limiting the generalizability of our findings[40]. Most of the
exclusions were due to the absence of chemotherapy or radiotherapy for medical
reasons. Only 734 patients were excluded due to aberrations in treatment or coding,

with a minimal impact on the surgery-radiotherapy interval.

One of the main biases of retrospective studies, including our own, is the waiting time
paradox, where patients treated later often have a better prognosis due to physicians'
implicit adaptation to the severity of the disease. In our study, we addressed this by
selecting only patients who had received chemotherapy, aiming to mitigate this
paradox by focusing on the most severe cases with homogeneous treatment and
conditions[41,42]. A landmark analysis as also carried out to take into account and
reduce the effect of this bias. Another limitation of this study is the use of treatment
receipt as an eligibility criterion, which confines the generalizability of our findings to
patients with similar treatment regimens and characteristics. While this approach may
introduce immortal time bias, it does not result in bias between groups, as all patients
received the same standardized treatment protocol. However, this limitation may
restrict the extrapolation of our results to broader patient populations. The immortality

bias was then addressed using a landmark analysis.

Additionally, we defined BC subtypes based on treatment, which may not accurately
represent all patients. Finally, the absence of clinical parameters limited the ability to
adjust for potential confounding factors.

In conclusion, the management timeline of BC influences patient prognosis.
Identifying and addressing the factors contributing to these delays could potentially
enhance outcomes for patients. This strategy is not only more straightforward and
quicker but also less costly than many expensive treatments. Given our findings on

the effects of care structures and socioeconomic status, strategies should be
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developed to address these disparities and ensure equitable access to timely and

effective cancer care.
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Biopsy + cytology
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Imaging
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Diagnosis-NAC (days) 27 (18, 38) - 27 (18, 38)
NAC- Surgery (days) 27 (19, 34) - 27 (19, 34)
51 (41, 65) - 51 (41, 65)

Surgery - RT (days)
! Median (IQR); n (%)

Adj : aduvant; BC Breast cancer; CT: Chemotherapy, IBRS : Immediate Breast reconstructive surgery;NAC : Neoadjuvant chemotherapy; RT : Radiotherapy

Table 1 Description of the population according to the treatment setting
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Figure 1 - Survival curves according to treatment intervals
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Figure 3 - Impact of optimal pathways on survival

A- Survival curve in neoadjuvant setting

B- After adjustment for cofounding factors in neoadjuvant setting
C- Survival curve in adjuvant setting

D- After adjustment for cofounding factors in adjuvant setting
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