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Abstract

Purpose A recent study reported that time to adjuvant chemotherapy (TTC) > 30 days was significantly associated with worse
OS and DFS in triple-negative breast cancer (TNBC). Earlier studies, however, found that worse outcomes were associated
with TTC > 60 days or> 90 days. As the trend for mastectomy with reconstruction continues to rise, TTC of <30 days is often
not feasible due to wound-healing issues in some of these patients. To elucidate the impact of TTC, we sought to evaluate
the clinical outcomes associated with TTC in a contemporary cohort treated for TNBC at a single institution.

Methods A single-institution database was queried to identify nonmetastatic TNBC patients who received adjuvant chemo-
therapy from 2009 to 2018. TTC was defined as interval between date of surgery and adjuvant chemotherapy start date.
Median TTC was used to divide our cohort into four quartiles; <31, 32-42, 43-56, and > 56 days. Logrank, Kaplan—Meier,
and inverse probability weighting (IPW) tests were used to analyze disease-free (DFS) and overall survival (OS).

Results The mean TTC of our study cohort (n=724) was 48 days (median TTC =42 days). Black race, mastectomy without
adjuvant radiation, and mastectomy with immediate reconstruction were associated with delayed TTC (all p-values <0.01).
In multivariate IPW analysis, TTC > 56 (n=173) days did not impact DFS or OS compared to TTC <31 (n=198) days
(»p=0.27 and p=0.21, respectively). Similar results were seen during subgroup analysis for groups identified as higher risk
for delayed TTC.

Conclusion Our results demonstrated that TTC was not significant or significantly associated with DFS or OS in patient
receiving chemotherapy for operable TNBC. Our results were reassuring for patients electing mastectomy with immediate
reconstruction, who may experience a longer TTC.

Introduction

Triple-negative breast cancers (TNBCs), characterized
by lack of expression of hormone and HER2 receptors,
account for~ 15% of all breast cancer subtype diagnoses
[1]. Although adjuvant chemotherapy has improved recur-
rence and mortality rates, TNBC patients continue to have a
worse prognosis following chemotherapy than other breast
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cancer subtypes [2]. While adjuvant chemotherapy usually
starts within 12 weeks after surgery, no definitive treatment
timeline exists [3, 4].

The relationship between time to chemotherapy (TTC)
and outcomes has been evaluated retrospectively with con-
flicting results regarding how long is considered too long for
chemotherapy to commence [3—12]. While the majority of
studies on this topic have not shown detrimental effects of
postponing chemotherapy, two recent studies reported that
a delay in initiating adjuvant chemotherapy was associated
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with adverse outcomes [3, 4]. In the first study, beginning
chemotherapy at 61 or more days after surgery was associ-
ated with diminished survival [3]. This association was the
strongest in the HER2 +and TNBC breast cancer subtypes
[3]. The second report found that initiating chemotherapy
more than 90 days post surgery impacted both overall sur-
vival (OS) and breast cancer-specific survival for patients
with TNBC, but not the patients with HER2 + or hormone
receptor-positive breast cancer [4]. A recent abstract indi-
cated that TNBC patients experienced significantly worse
disease-free survival (DFS) outcomes when TTC was longer
than 30 days [13]. The 30-day interval may not be a feasible
time interval to start adjuvant chemotherapy in patients who
experience postoperative complications after their definitive
surgery.

To elucidate whether the effects of delayed TTC is asso-
ciated with worse outcomes in TNBC, we performed a ret-
rospective study on a patient cohort diagnosed with non-
metastatic TNBC treated at our institution between 2009
and 2018. We evaluated factors associated with delayed TTC
and evaluated the impact of delayed treatment on clinical
outcomes.

Methods
Data sources and study cohort

After obtaining Institutional Review Board approval, our
institution cancer registry database was queried to identify
patients diagnosed with nonmetastatic triple-negative breast
cancer (TNBC) who were treated with surgery followed by
adjuvant chemotherapy between January 2009 and June
2018. Although our institutional registry has been prospec-
tively collecting information since 2004, we elected to begin
our study at 2009, given the improved consistency of elec-
tronic medical record data at that time. We identified 796
patients who met inclusion criteria. We excluded those with
missing pathologic staging (n=38) or treatment information
(n=238) as well as lumpectomy patients who did not complete
adjuvant radiation (n=26). Our final cohort comprised 724
patients.

Time to chemotherapy (TTC)

TTC was defined as the time, in days, from first surgery
to initiation of adjuvant chemotherapy. Since treatment
delay was defined in previous study using cutoffs that were
arbitrarily set, we evaluated the TTC within our institution
to identify when the majority of patients began treatment.
Rather than arbitrarily setting TTC as 30-day intervals, we
used the median TTC (42 days) as the cutoff to define four
intervals or quartiles.). Our four TTC quartiles were <31,
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32-42 days, 43-56 days, or > 56 days. Those who underwent
chemotherapy in the fourth quartile (> 75th percentile TTC)
were considered to have delayed treatment.

Outcome measures

Our primary outcome measures were disease-free survival
(DFS) and overall survival (OS) of patients stratified by
TTC. Overall survival was calculated from the date of diag-
nosis to the date of death or last contact as of January 21,
2019. Disease-free survival was calculated from the date of
diagnosis to the date of first recurrence or last contact. DFS
and OS stratified by TTC categories of <31, 32-42 days,
43-56 days, or greater than 56 days were compared using
the Kaplan—Meier method. We then evaluated the impact
of delayed TTC on survival using the inverse probability
weighting analysis.

Statistical analysis

Demographic and clinical characteristics of our cohort were
compared according to TTC group using Chi-squared tests
for categorical variables and ANOVA tests for continuous
variables. For univariate outcome analysis, we used the
Kaplan—Meier survivor function to estimate the mean OS
and DFS according to TTC group, with TTC of <31 days as
the reference group.

We used inverse probability-weighted (IPW) analysis
based on the propensity score to adjust for imbalances in
baseline characteristics between groups [14-16]. A logis-
tic regression model was fitted to estimate each individu-
al’s propensity score. When performing the IPW analysis,
weights are applied to individuals in each group to create a
pseudo-population in which potential confounders are bal-
anced between groups [16]. Patients with TTC > 56 days
were considered to have delayed chemotherapy treatment,
and patients with TTC <31 day s were used as the refer-
ence group. In secondary analysis, TTC delays of > 60
or> 90 days were used as the delayed chemotherapy group
and compared to a baseline of 30 days or less using an [IPW
model. Weights were used to improve accuracy of our model
and estimate the average effect of delayed TTC on DFS and
OS [15]. We ran IPW models after adjusting for confounders
included in Table 1: age at diagnosis, race, year diagnosed,
pathologic stage, and definitive treatment (lumpectomy with
radiation or mastectomy with or without radiation). Receipt
of reconstruction could not be used in the overall IPW model
as many of the patients who had mastectomy and no post-
mastectomy radiation (PMRT) and those who had mastec-
tomy with immediate reconstruction were the same, causing
colinearity. When doing the subanalysis of just no PMRT
patients, however, we were able to adjust for this potential
confounder.
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Kaplan—-Meier and IPW tests were conducted for vari-
ables including black race, no PMRT, and mastectomy
with reconstruction which were shown to be associated
with delayed TTC in our analyses. All hypothesis tests
were two-sided, and p <0.05 was considered statistically
significant. STATA 15/SE was used to carry out all statisti-
cal analyses (StataCorp LLC, College Station, TX).

Results
Demographics

Among the 724 patients included in our analyses, the
median TTC was 42 days (Fig. 1). Two-thirds of our
cohort began chemotherapy within 48 days, and only
5.66% of patients underwent chemotherapy treatment
beyond 90 days (Fig. 1). The patient, tumor, and treatment
characteristics of our cohort stratified by TTC group are
listed in Table 1. We observed that compared to whites,
blacks were significantly more likely to begin chemo-
therapy > 56 days after surgery (p <0.01). Patients who
underwent mastectomy and no PMRT had significantly
delayed TTC compared to those who underwent breast-
conserving surgery or those who had PMRT (p <0.01).
Patients electing mastectomy with immediate reconstruc-
tion also experienced significantly longer TTC (p <0.01).
TTC did not vary by pathological stage, age at diagnosis,
or year diagnosed.

Fig. 1 Distribution of time to
chemotherapy (TTC) for TNBC
patients (n=724). TTC is
defined as the days between sur-
gery and initiation of adjuvant
chemotherapy
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Primary analysis

Median follow-up was 45 months. Survival analyses using
the Kaplan—-Meier method for DFS and OS according to
TTC are presented in Fig. 2 and 3, respectively. Compared to
TTC <31 days, TTC of 32-42 days did not have significant
impact on DFS or OS (p=0.73 and p =0.48, respectively).
Similar results were seen for TTC of 43-56 days (p =0.36
and p=0.20, respectively) and TTC > 56 days (p =0.84
and p =0.95, respectively) compared to TTC <31 days in
univariate analysis. We then carried out weighted survival
analysis using variables associated with delayed TTC shown
in Table 1. Results were similar to the overall analysis (Fig. 2
and 3). Again, black race, no PMRT, and mastectomy with
immediate reconstruction were more likely to result in
delayed TTC. However, the delayed TTC did not impact
survival (Fig. 2 and 3).

Using a reference of TTC <31 days, we preformed mul-
tivariate analyses for OS and DFS to estimate the impact
of TTC> 56 days on survival (Table 2). After adjusting for
potential confounders using an IPW model, we observed
that a TTC > 56 days did not significantly impact DFS or
OS (p=0.27 and p=0.21, respectively). We performed
subset IPW analyses for black race, no PMRT, and mas-
tectomy with immediate reconstruction. In all the groups,
delayed TTC did not impact OS or DFS compared to TTC
of <31 days (Table 2).

As the benchmark for treatment delays has been defined
as TTC > 60 days or 90 days in prior studies, we repeated
our outcome analyses using quartiles 30 days or less,

Mean: 48.13 days
SD: 31.58 days
Median, IQR: 42 (31-56)

s R,
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Fig.2 Dot plot illustrating the mean and 95% ClIs for disease-free survival (DFS) stratified by TTC group for all patients, black race, immediate

post-mastectomy reconstruction, and no post-mastectomy radiation (no PMRT), with a TTC of <31 days as a reference group

31-60 days, 61-90 days, or more than 90 days used in other
studies (Supplementary Fig. 1 and Table 1) [3, 4]. DFS and
OS stratified by these four TTC quartiles were compared
using the Kaplan—Meier method. We also evaluated the
impact of delayed TTC > 60 days or > 90 days compared to
reference quartile of <30 days using IPW. As shown in Sup-
plementary Fig. 1, we did not observe an impact of TTC on
DFS or OS in TTC > 60 days, TTC > 90 days or any other
TTC intervals.

Discussion

Two recent studies reported that delayed TTC in breast
cancer patients was associated with worse outcomes [3,
4]. The impact of TTC appeared to be most prominent for
those with TNBC. Subgroup analysis of TNBC patients
who had TTC > 60 days (n=156, 17.5%) had worse OS
(HR: 1.54, p=0.02) and distant relapse-free survival (HR:
1.36, p=0.06) compared to those who had TTC <31 days
[3]. In the second report, a TTC of > 91 days (p =371,
7.9%) was associated with diminished OS (HR: 1.53,
CI (1.17-2.00)) for TNBC [4]. Results of a recent study

further narrowed the optimal TTC window to 30 days by
showing that TTC > 30 days for TNBC was associated with
significantly worse outcomes. In contradiction to these
previous reports, we did not see an association between
TTC and outcome during secondary analysis when delayed
TTC was defined as > 60 days or as > 90 days (Supplemen-
tary Table 1).

Our results also showed that outcomes are similar
when TTC is defined using quartiles: <31, 32-42 days,
43-56 days, or > 56 days. These results, however, aligned
with results from several other studies [5, 8, 10, 12, 17].
In one study, Cold and coauthors reported that 98% of the
analyzed patients began chemotherapy within 3 months
following surgery. Of these patients, those who initiated
chemotherapy 13 weeks after surgery had similar OS to
those who began treatment within 3 weeks [5]. A group
from Spain reported that OS was similar for patients with a
TTC of >9 weeks compared to <3 weeks. The majority of
patients in this study began chemotherapy within 6 weeks,
and only 8% delayed treatment beyond 9 weeks [8]. Shan-
non et al. found no differences in DFS or OS when TTC was
assessed as a continuous variable or when using a 21, 28, or
35 days cutoff [10]. Finally, data from the British Columbia
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Fig.3 Dot plot illustrating the mean and 95% ClIs for overall survival (OS) stratified by TTC group for all patients, black race, immediate post-
mastectomy reconstruction, and no post-mastectomy radiation (no PMRT), with a TTC of <31 days as a reference group

Table2 IPW displaying the

. TTC (Days) DFS (ON
average effect, in months, of
delayed TTC on overall survival Months  95% CI P Months  95% CI )4
(OS) and disease-free survival
(DFS) for TNBC patients All
>56 versus<31 -7.36 -20.51 to 579 027 -9.40 -24.03 to 523 0.21
Black race
>56 versus <31 14.49 -6.20 to 35.18 0.17 428 -3.29 to 11.84 0.27
Reconstruction
>56 versus<31 -21.04 -48.11 to 6.04 0.13 6.63 -13.02 to 2628 0.51
no PMRT
>56 versus<31 -1421 -3281 to 439 0.13 -0.82 -17.11 to 1546 092

Reconstruction, mastectomy with reconstruction; no PMRT, mastectomy without adjuvant radiation

IPW inverse probability weighting, DFS disease-free survival, OS overall survival, TTC time to chemo-
therapy

Cancer Agency suggested that chemotherapy is equally
effective if initiated within 12 weeks from surgery [7].

Our study was retrospective by design similar to other
prior studies. Our cohort size was also similar to several
prior studies [3, 4, 13]. Ours is, however, one of the earliest
studies to focus on the clinical impact of TTC on patients
diagnosed with one breast cancer subtype, TNBC. To adjust

@ Springer

for the inherent bias of our retrospective study design, we
used an inverse probability weighting (IPW) model to con-
trol for baseline covariate differences between groups. A
notable difference between our study and others was the
way in which we defined TTC. We used the median time
to chemotherapy and interquartile range of days to define
TTC quartiles as <31, 32-42 days, 43-56 days, or > 56 days.
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Other studies had used arbitrary quartiles of 30 days or less,
31-60 days, 61-90 days, or more than 90 days. We compared
clinical outcomes using TTC quartiles defined in this study
or other studies and did not observe a deleterious clinical
impact of any of the TTC quartiles examined. Our inability
to demonstrate an association between TTC and outcomes
may be because our sample size was not powered to detect
differences or TTC is not a prognostic factor in TNBC. The
lack of clinical impact of TTC may also reflect the relatively
homogeneous clinical practice of a single institution with
an established patient navigation and clinical care pathway.

Our study identified several factors associated with
TTC > 56 days which included black race, no PMRT, and
mastectomy with immediate reconstructions including both
implant-based and autologous tissue-based reconstructions.
As noted in other studies, patients who underwent mastec-
tomy with immediate reconstruction have been shown to
have delayed TTC [18, 19]. Our results, however, did not
show that these patients with TTC > 56 days, who had mas-
tectomy with immediate reconstruction, had worse out-
comes. Besides TTC, several other time intervals, prior to
receipt of chemotherapy, may also play a role in treatment
delay. These time intervals include the time between detec-
tion of abnormal exam or imaging findings and access to
diagnostic breast imaging, time interval from tissue diag-
nosis to oncologic and/or plastic surgery consultation, and
time interval from surgical consultation to definitive surgery.
Whether any of these time intervals individually or in total
affect clinical outcomes is uncertain and warrants further
investigation.

In conclusion, we demonstrated that TTC > 56, TTC > 60,
and TTC > 90 days did not impact DFS or OS in a contem-
porary TNBC cohort treated at a single institution.
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