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A B S T R A C T

Purpose
For patients with breast cancer (BC), the optimal time to initiation of adjuvant chemotherapy (TTC)
after definitive surgery is unknown. We evaluated the association between TTC and survival
according to breast cancer subtype and stage at diagnosis.

Patients and Methods
Women diagnosed with BC stages I to III between 1997 and 2011 who received adjuvant
chemotherapy at our institution were included. Patients were categorized into three groups
according to TTC: � 30, 31 to 60, and � 61 days. Survival outcomes were estimated and
compared according to TTC and by BC subtype.

Results
Among the 6,827 patients included, the 5-year overall survival (OS), relapse-free survival (RFS),
and distant RFS (DRFS) estimates were similar for the different TTC categories. Initiation of
chemotherapy � 61 days after surgery was associated with adverse outcomes among patients
with stage II (DRFS: hazard ratio [HR], 1.20; 95% CI, 1.02 to 1.43) and stage III (OS: HR, 1.76; 95%
CI, 1.26 to 2.46; RFS: HR, 1.34; 95% CI, 1.01 to 1.76; and DRFS: HR, 1.36; 95% CI, 1.02 to 1.80)
BC. Patients with triple-negative BC (TNBC) tumors and those with human epidermal growth
factor receptor 2 (HER2) –positive tumors treated with trastuzumab who started chemotherapy �
61 days after surgery had worse survival (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.

Conclusion
TTC influenced survival outcomes in the overall study cohort. This finding was particularly
meaningful for patients with stage III BC, TNBC, and trastuzumab-treated HER2-positive
tumors who experienced worse outcomes when chemotherapy was delayed. Our findings
suggest that early initiation of chemotherapy should be granted for patients in these
high-risk groups.

J Clin Oncol 32:735-744. © 2014 by American Society of Clinical Oncology

INTRODUCTION

Randomized clinical trials have shown a survival
benefit associated with the use of adjuvant chemo-
therapy in early-stage breast cancer (BC).1 It is well-
known that BC is a heterogeneous disease and that
certain subtypes, such as triple-negative BC (TNBC)
and human epidermal growth factor receptor 2
(HER2) –positive BCs, are associated with an in-
creased risk of recurrence, which probably influ-
ences the benefit from adjuvant chemotherapy.2-4

Many of the trials that have evaluated the sur-
vival benefit of adjuvant chemotherapy arbitrarily
defined a particular time from surgery to the start of

chemotherapy, beyond which patients were no lon-
ger eligible to participate. For most patients, adju-
vant chemotherapy starts within a few weeks from
surgery, but it is unclear whether a delay in initiation
of therapy is associated with adverse outcomes. In
addition, there is little information about the impact
that the time to initiation of adjuvant chemotherapy
(TTC) has according to BC subtype.

There are reasons to believe that starting chem-
otherapy shortly after surgery might improve sur-
vival. In animal models, after the removal of the
primary tumor, a phase of accelerated growth of
micrometastases associated with an increase in an-
giogenesis has been described.5-7
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Mathematical models have suggested that a delay in the initiation
of systemic chemotherapy could increase the probability of emerging
drug-resistant micrometastatic disease.8 Results from retrospective
studies that address the relationship between the TTC and survival
outcomes have been controversial. Although some studies showed a
positive relationship between shorter TTC and survival,9,10 the major-
ity did not show any detrimental effect in postponing chemotherapy
within specified time frames.11-14 A recent meta-analysis reported that
per each 4-week delay in adjuvant chemotherapy initiation, there was
a 6% increase in the risk of death.15

Furthermore, it remains unclear whether TTC has a differential
impact among the distinct BC subtypes. In this large, retrospective
study, we evaluate the association between TTC and outcomes ac-
cording to tumor characteristics and BC subtypes.

PATIENTS AND METHODS

Patient Population

We performed a retrospective review of the Breast Medical Oncology
Institutional database at The University of Texas MD Anderson Cancer Cen-
ter. We identified women with stage I to III invasive primary BC diagnosed
between 1997 and 2011 who received adjuvant chemotherapy at our institu-
tion. Patients with stage IV disease are generally treated with chemotherapy
with palliative intention and were consequently excluded from this study.

Data on relevant prognostic factors were extracted. We obtained infor-
mation on age at diagnosis, race/ethnicity, type of surgery, tumor pathologic
staging (according to the American Joint Committee on Cancer [AJCC]/
International Union Against Cancer [UICC] TNM staging classification),
lymphovascular invasion (LVI), tumor grade, histology, and comorbidi-
ties. We also obtained data on estrogen receptor (ER), progesterone recep-
tor (PgR), and HER2 status. BC subtype was defined as hormone receptor–
positive (ER-positive and/or PgR-positive and HER2-negative), HER2-
positive (HER2-positive regardless of hormone receptor status), and TNBC
(HER2-negative and hormone receptor–negative). We identified the chemo-
therapy received and classified it as anthracycline-based, anthracycline and
taxane-based, or other type. In addition, for the HER2-positive tumors,
we further categorized them as trastuzumab-treated and not trastuzumab-
treated, because the use of adjuvant trastuzumab was approved in 2005. The
institutional review board of The University of Texas MD Anderson Cancer
Center approved this study.

Statistical Analysis

Patients were categorized according to the time (in days) from definitive
surgery to adjuvant chemotherapy into one of three groups: � 30 days, 31 to 60
days, and � 61 days. Demographic statistics were assessed, and patient char-
acteristics were compared according to TTC category by using �2 test for
categorical variables and F test for continuous variables. Overall survival (OS)
was measured from the date of adjuvant chemotherapy initiation to the date of
death. Relapse-free survival (RFS) was measured from the date of adjuvant
chemotherapy initiation to the date of first documented local or distant recur-
rence or last follow-up, and distant relapse-free survival (DRFS) was measured
from the date of adjuvant chemotherapy initiation to the date of first docu-
mented distant recurrence or last follow-up. Patients who died before experi-
encing a disease recurrence were considered censored at the time of death. The
Kaplan-Meier product limit method was used to estimate the 5-year OS,
5-year RFS, and 5-year DRFS with 95% CIs of all patients according to time to
initiation of chemotherapy and other patient and clinical characteristics.
Groups were compared by using the log-rank statistic. Subset analyses were
carried out according to stage at diagnosis and BC subtype. Because these were
exploratory analyses, no formal adjustments for multiple comparisons
were made.

Cox proportional hazards regression models were fit to determine the
association between TTC and survival outcomes after adjustment for potential

confounders. Variables in the model included age (as a continuous variable),
race/ethnicity, pathologic tumor size according to TNM classification (T1, T2,
T3-4), pathologic nodal status according to TNM classification (N1, N2, N3),
histologic grade, LVI, type of surgery, and number of comorbidities (0, 1 to 2,
3 to 4, or 5�). Within the subset of patients with HER2-positive BC, the use of
trastuzumab was included as an additional covariate. Similarly, among pa-
tients with TNBC, the type of adjuvant chemotherapy (anthracycline-based v
anthracycline and taxane-based) was included as an additional covariate. Re-
sults are expressed in hazard ratios (HRs) and 95% CIs. P values � .05 were
considered statistically significant. All tests were two-sided. Statistical analyses
were carried out by using SAS 9.2 (SAS Institute, Cary, NC) and S-Plus 7.0
(Insightful Corporation, Seattle, WA).

RESULTS

Patient Demographics and Tumor Characteristics

A total of 6,827 women were identified, and median follow-up
was 59.3 months. The majority of the patients (84.5%) had stage I to II
BC; only 15.5% of the patients had stage III. Patient, tumor, and
treatment characteristics stratified by time to chemotherapy groups
are listed in Table 1. Among the included patients, 2,716 (39.8%)
received chemotherapy � 30 days from surgery, 2,994 (43.8%) re-
ceived chemotherapy 31 to 60 days after surgery, and 1,117 (16.4%)
received chemotherapy � 61 days after surgery.

There were no differences in TTC between patients who under-
went breast-conserving surgery and those who underwent a mastec-
tomy (P � .83). There was no association between the number of
comorbidities and the TTC (P � .6).

At a median follow-up of 59.3 months, 1,437 patients (21.0%)
had died, 2,135 (31.3%) had experienced a recurrence, and 1,924
(28.2%) had experienced a distant recurrence. Table 2 summarizes the
5-year OS, 5-year RFS, and 5-year DRFS for the overall population
according to TTC and patient and tumor characteristics.

For the overall cohort, 5-year OS, 5-year RFS, and 5-year DRFS
were 84%, 69%, and 72%, respectively. The 5-year OS estimate was
85%, 83%, and 83% among patients who received chemotherapy �
30, 31 to 60, and � 61 days after surgery, respectively (P � .54).
Similarly, no significant differences across TTC groups were observed
for RFS (P � .67) or DRFS (P � .49).

As expected, patients with larger tumors and greater lymph node
involvement had lower OS, RFS, and DRFS. Worse survival estimates
were seen for patients with grade 3 tumors and those with LVI. We
observed that the impact on TTC initiation was different among the
distinct BC subtypes. Survival estimates by TTC according to tumor
subtype are shown in Table 2. No differences in OS, RFS, or DSFR
were seen among patients with hormone receptor–positive or HER2-
positive tumors. However, among trastuzumab-treated patients with
HER2-positive tumors, the 5-year OS estimate was 88%, 87%, and
75% for patients who initiated chemotherapy � 30, 31 to 60, and � 61
days, respectively, after surgery (P � .01). Similarly, among patients
with TNBC, the 5-year OS estimate was 70% for patients who started
chemotherapy � 30 days, 59% for those who started chemotherapy
from 31 to 60 days, and 67% for those who started chemotherapy � 61
days from surgery (P � .005). Despite the differences in OS, no
differences in RFS or DRFS were seen for either the TNBC or the
trastuzumab-treated patients.

The multivariable models are depicted in Table 3. After adjusting
for confounders, we observed that patients who received chemother-
apy � 61 days from surgery had a 19% increase in the risk of death
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(HR, 1.19; 95% CI, 1.02 to 1.38) compared with patients who received
adjuvant treatment � 30 days after surgery. Among patients with stage
I, there was no significant association between outcome and TTC.
Patients with stage II disease experienced 18% and 20% increases in
the risk of DRFS when systemic treatment started 31 to 60 days (HR,
1.18; 95% CI, 1.03 to 1.34) and � 61 days (HR, 1.20; 95% CI, 1.02 to
1.43) from surgery. Among patients with stage III disease, those who
started treatment � 61 days from surgery had a 76% increase in the
risk of death (HR, 1.76; 95% CI, 1.26 to 2.46), a 34% increase in the
risk of relapse (HR, 1.34; 95% CI, 1.01 to 1.76), and a 36% increase in
the risk of distant relapse (HR, 1.36; 95% CI, 1.02 to 1.80) compared
with the patients who initiated adjuvant chemotherapy � 30 days
after surgery.

The effect that TTC had in outcomes was different according to
BC subtype. Among patients with hormone receptor–positive tu-
mors, those who received chemotherapy � 61 days from surgery had
a 29% increased risk of death (HR, 1.29; 95% CI, 1.02 to 1.64). Patients
who received chemotherapy between 31 and 60 days after surgery had
15% (HR, 1.15; 95% CI, 1.00 to 1.32) and 18% (HR, 1.18; 95% CI, 1.02
to 1.36) increased risks of relapse and distant relapse, respectively,
when compared with those who received chemotherapy � 30 days
after surgery. Patients with TNBC who received chemotherapy 31 to
60 days and � 61 days after surgery had 74% (HR, 1.74; 95% CI, 1.32
to 2.29) and 54% (HR, 1.54; 95% CI, 1.09 to 2.18) increased risks of
death compared with those who initiated chemotherapy � 30 days
from surgery. No differences were seen in RFS or DRFS.

We performed separate multivariable analysis among patients
with HER2-positive tumors, categorizing them as trastuzumab
treated (n � 591) and not trastuzumab treated (n � 551). The results
are provided in Table 4. Among patients not treated with trastu-
zumab, the TTC had no impact on any of the evaluated outcome
measures. However, trastuzumab-treated patients experienced a sta-
tistically significant increase in the risk of death when adjuvant chem-
otherapy was started � 61 days after surgery compared with those who
were treated � 30 days after surgery (HR, 3.09; 95% CI, 1.49 to 6.39).
In this group, there was also a trend toward worse RFS (HR, 1.78; 95%
CI, 0.90 to 3.21) and DRFS (HR, 1.72; 95% CI, 0.94 to 3.15).

DISCUSSION

In this large retrospective cohort, we observed that the TTC after
definitive surgery might influence survival outcomes for specific pa-
tient subgroups according to stage at diagnosis and BC subtypes.

Our study suggests that patients with more advanced stages ex-
perience worse outcomes when initiation of adjuvant chemotherapy is
delayed. Among patients with stage II disease, we identified a detri-
mental effect in RFS and DRFS when chemotherapy started � 61 days
after definitive surgery with no impact on OS. Among patients with
stage III BC, a delay in initiation of chemotherapy of � 61 days was
associated with a detrimental effect in RFS, DRFS, and OS.

It is well known that tumor size and lymph node involvement
status are important factors associated with risk of recurrence and
mortality among patients with BC.16 Larger tumors are associated
with worst RFS and OS, even in the absence of lymph node involve-
ment.17,18 In addition, among patients with advanced stages, the pres-
ence of pre-existing micrometastatic disease is more likely, making
our results biologically plausible.

Delays in treatment initiation have been reported to be more
likely to occur in Medicare patients, in low-income populations, and
in racial minorities.19 A recent noninterventional study that retrospec-
tively evaluated a cohort of 1,786 low-income patients with BC from
North Carolina20 reported that among patients with late-stage disease
(defined as regional or distant), a delay of � 60 days between diagnosis
and first treatment was associated with worse OS (HR, 1.66; 95% CI,
1.00 to 2.77) and worse BC-specific survival (HR, 1.85; 95% CI, 1.04 to
3.27). Among patients with early BC (defined as in situ or local dis-
ease), a delay in initiation of treatment was not associated with worse
outcome. This findings are consistent with our study, in which pa-
tients with more advanced stage at diagnosis experienced worse RFS
and OS with delayed TTC.

Our study includes one of the largest single-institution cohorts of
patients evaluating TTC and BC outcomes. A recent meta-analysis
that included data on 15,327 patients reported that each 4-week delay
in the initiation of adjuvant chemotherapy resulted in a 6% increase in
the risk of death (HR, 1.06; 95% CI, 1.02 to 1.10) and an 8% increase in
the risk of relapse (HR, 1.08; 95% CI, 1.03 to 1.14).15 Previously, an
analysis of the Breast Cancer Study Group (IBCSG) Trials I, II, and VI
showed that in premenopausal patients with node-positive and hor-
mone receptor–negative tumors, 10-year disease-free survival was
60% for patients who started chemotherapy within 20 days and 34%
for those who started adjuvant chemotherapy 21 to 86 days after
surgery. Interestingly, early initiation of chemotherapy had no impact
among patients with hormone receptor–positive tumors, but it did
have a positive effect in those patients with hormone receptor–
negative disease.10 Similarly, in our study, a delay in the TTC was
associated with worse outcomes among patients with TNBC, suggest-
ing that delaying the initiation of adjuvant chemotherapy could be
detrimental for patients with BC subtypes that are typically recognized
as having higher proliferation and more aggressive behavior.

Among patients with hormone receptor–positive tumors, there was
a detrimental impact on survival for those starting chemotherapy � 61
days and worse RFS and DRFS for those treated between 31 and
60 days after surgery; however, the magnitude of the risk was much
smaller than when evaluating TNBC or trastuzumab-treated
HER2-positive patients. Our results are consistent with the major-
ity of retrospective studies that have addressed this issue. Numer-
ous trials have demonstrated that the magnitude of benefit of
adjuvant chemotherapy is less pronounced among hormone re-
ceptor–positive patients.21 In addition, tamoxifen2 and aromatase
inhibitors22-24 are important and effective therapeutic agents that,
when used in the adjuvant setting, reduce the risk of death and
recurrence. It is possible that the detrimental effect observed asso-
ciated with delayed TTC among patients with hormone receptor–
positive tumors is related to a delay in the initiation of
endocrine therapy.

The group of patients with HER2-positive tumors that received
trastuzumab-based therapy experienced an important increase in the
risk of death when systemic treatment was initiated � 61 days after
surgery compared with those whose treatment started � 30 days after
surgery. The HER2 overexpression or amplification in primary tu-
mors is associated with worse prognosis in untreated patients and
might also correlate with other factors associated with poor prognosis,
such as tumor grade and nodal status.25-27 Trastuzumab-based chem-
otherapy is recognized as a key component of the adjuvant treatment
and is part of the standard of care for patients with HER2-positive
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tumors.28-31 Similarly, the TNBC subgroup experienced a detrimental
effect in delaying initiation of adjuvant chemotherapy in terms of OS,
with a 74% and 54% increased risk of death for those women who
received chemotherapy 31 to 60 days and � 61 days after definitive
surgery, respectively. TNBC is known to have a more aggressive be-
havior when compared with other BC subtypes.32 It is important to
mention that there is a lack of targeted therapies for this patient
population and that chemotherapy is the only effective known treat-
ment. The great benefit of adjuvant systemic chemotherapy in this
subgroup of patients is well established and disproportionately greater
when compared with patients with hormone receptor–positive BC.33

The results of our study strongly suggest that early initiation of adju-
vant chemotherapy should be favored.

Despite our interesting findings, our study has some limitations
related to its retrospective nature. We believe that our results, although
obtained from a retrospective analysis, are important because clinical
trials designed to answer this question would be unethical. The only
prospective trial that indirectly addressed this matter compared
whether the sequence of administration of chemotherapy and radia-
tion therapy after breast-conserving surgery had an impact on out-
come among patients with early-stage BC. In a study by Recht et al,34

local BC recurrences were more common when radiation therapy was
given after the completion of chemotherapy, whereas systemic recur-
rence was more frequent when radiation therapy was given
before chemotherapy. However, the updated analysis did not
demonstrate any difference in terms of the pattern of recurrence
and survival between the two groups.35

Other limitations of our study include the lack of a group of
patients who did not receive chemotherapy and the small number of
patients with stage III cancer, since most of these patients received
neoadjuvant chemotherapy at our institution. In our population,
84.5% of the patients had stage I or II BC, which represents a group
of patients at lower risk of BC recurrence.36,37 Despite our median
follow-up of 59.3 months, it is possible that longer follow-up is
needed, particularly to evaluate the effect of delay in adjuvant
chemotherapy initiation among patients with hormone receptor–
positive BC. In addition, among hormone receptor–positive pa-
tients, duration of or compliance with adjuvant endocrine therapy
was not evaluated.

In clinical practice, many factors can influence the time interval
between surgery and initiation of chemotherapy. Some of the fre-

quently involved factors are related to patients’ clinical condition and
comorbidities. In our multivariable analysis, we adjusted for impor-
tant comorbidities; however, some degree of residual confounding
cannot be completely excluded.

It is not clear why we observed a detrimental effect on OS among
patients with trastuzumab-treated HER2-positive and TNBC tumors
who delayed the initiation of chemotherapy without worse RFS or
DRFS. A relationship between the factors that determine a delay in
TTC and survival cannot be excluded, and caution in the interpreta-
tion of our data is warranted.

In conclusion, we demonstrated that delaying the initiation of adju-
vant chemotherapy was associated with worse BC survival outcomes and
that the clinical impact varies according to the stage and the BC subtype.
Early initiation of adjuvant chemotherapy is particularly relevant for pa-
tients with advanced-stage BC at diagnosis, and those with TNBC and
trastuzumab-treated HER2-positive tumors. The adverse outcomes oc-
curred when chemotherapy was delayed � 61 days, which in most cir-
cumstances, gives medical oncologists enough time to initiate adjuvant
chemotherapy. Among patients with stage II and III BC, TNBC, and
HER2-positive tumors, every effort should be made to avoid postponing
the initiation of adjuvant chemotherapy. This may lead to an improve-
ment in outcomes for these subsets of patients.
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■ ■ ■

GLOSSARY TERMS

American Joint Committee on Cancer (AJCC)/
International Union Against Cancer (UICC) TNM
staging: a cancer staging system that describes the extent of
cancer in a patient’s body. “T” describes the size of the tumor and
whether it has invaded nearby tissue; “N” describes regional
lymph nodes that are involved; “M” describes distant metastasis
(spread of cancer from one body part to another). The TNM
Classification of Malignant Tumours was developed and main-
tained by the UICC to achieve consensus on one globally recog-
nized standard for classifying the extent of spread of cancer. The
TNM classification was also used by the AJCC. In 1987, the UICC
and AJCC staging systems were unified into a single staging sys-
tem. Prognosis of a patient is defined by TNM classification.

Cox proportional hazards regression model: a statis-
tical model for regression analysis of censored survival data, ex-
amining the relationship of censored survival distribution to one
or more covariates. This model produces a baseline survival
curve, covariate coefficient estimates with their standard errors,
risk ratios, 95% CIs, and significance levels.

estrogen receptor (ER): ligand-activated nuclear proteins,
belonging to the class of nuclear receptors, present in many breast cancer
cells that are important in the progression of hormone-dependent can-
cers. After binding, the receptor-ligand complex activates gene transcrip-
tion. There are two types of estrogen receptors (ER� and ER�). ER� is
one of the most important proteins controlling breast cancer function.
ER� is present in much lower levels in breast cancer, and its function
is uncertain. Estrogen receptor status guides therapeutic decisions in
breast cancer.

HER2/neu (human epidermal growth factor receptor 2):
also called ErbB2. HER2/neu belongs to the epidermal growth factor recep-
tor (EGFR) family and is overexpressed in several solid tumors. Like EGFR,
it is a tyrosine kinase receptor whose activation leads to proliferative signals
within the cells. On activation, the human epidermal growth factor family
of receptors are known to form homodimers and heterodimers, each with a
distinct signaling activity. Because HER2 is the preferred dimerization part-
ner when heterodimers are formed, it is important for signaling through
ligands specific for any members of the family. It is typically overexpressed
in several epithelial tumors.

progesterone receptor (PgR): nuclear proteins that are activated by
the hormone progesterone in breast cancer cells that are hormone-
dependent. See estrogen receptor (ER).

trastuzumab: a humanized anti-ErbB2 monoclonal antibody approved
for treating patients whose breast cancers overexpress the ErbB2 protein or
demonstrate ErbB2 gene amplification. It is currently being tested in combi-
nation with other therapies.

triple-negative phenotype: breast tumors that are negative for pro-
gesterone and estrogen and that underexpress HER2.
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