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Abstract

In recent years, there has been a wider use of chemotherapy in the pre-operative setting for breast cancer (i.c., as neo-adjuvant
chemotherapy). Most clinicians would agree that neo-adjuvant chemotherapy is justified for patients with inflammatory breast
cancer, locally advanced breast cancer, or patients with large tumors and small breasts who are keen to undergo breast-conserving
surgery. However, in the USA and many other western countries, neo-adjuvant chemotherapy is now used for greater numbers of
breast cancer patients who do not fall within these categories. Yet, randomized trials have consistently shown that there are no
differences in overall survival (OS) between breast cancer patients treated with neo-adjuvant chemotherapy versus adjuvant
chemotherapy. However, neo-adjuvant chemotherapy may increase the risk of loco-regional recurrence after breast-conserving
surgery, perhaps because of an increased risk of leaving behind residual tumor foci. Moreover, the effects of neo-adjuvant
chemotherapy on the primary tumor does not appear to be a suitable way for assessing the potential overall benefits of systemic
therapy regimens on distant micrometastases and risk of death. Yet, based on the results of the KATHERINE and CREATE-X
trials, one might argue that neo-adjuvant chemotherapy should be recommended for patients with HER-2-positive and triple-
negative tumors to identify the subsets of patients who do not achieve pathologic complete response (PCR). Patients with HER-2-
positive tumors who do not achieve PCR may benefit from additional treatment with T-DM1, and those with triple-negative
tumors who do not achieve PCR may benefit from additional treatment with capecitabine.
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Traditionally, for high-risk patients with primary breast can- ~ National Cancer Database indicates an increase in overall

cer, chemotherapy has been administered after surgery (i.e.,
as adjuvant chemotherapy). However, in recent years, there
has been a burgeoning interest in the use of chemotherapy in
the pre-operative setting for breast cancer (i.e., as neo-
adjuvant chemotherapy). Most clinicians would agree that
neo-adjuvant chemotherapy is justified for patients with in-
flammatory breast cancer, locally advanced breast cancer, or
patients with large tumors and small breasts who are keen to
undergo breast-conserving surgery. However, in the USA
and many other western countries, neo-adjuvant chemother-
apy is now used for greater numbers of breast cancer pa-
tients who do not fall within these categories. Indeed, the US
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neo-adjuvant chemotherapy usage from 15.7% in 2010 to
26% in 2015 [1]. More recent data are not yet available,
but most likely will show that the use of neo-adjuvant che-
motherapy continues to increase.

Yet, randomized trials have consistently shown that there
are no differences in overall survival (OS) between breast
cancer patients treated with neo-adjuvant chemotherapy ver-
sus adjuvant chemotherapy [2—5]. Most of the increased usage
of neo-adjuvant chemotherapy in recent years has been attrib-
uted to its wider usage in early stage (clinical stage I/II) dis-
ease, while rates of usage for stage III or locally advanced
disease have been stable. This trend remained significant de-
spite adjusting for demographic and clinical factors that may
have changed over time [6]. In this article, we argue that the
dramatic increase in neo-adjuvant chemotherapy usage for
primary breast cancer is not entirely justified.

Although neo-adjuvant chemotherapy does not appear
to have an effect on OS, it may increase the risk of
loco-regional recurrence. Mauri et al. reported a meta-
analysis of nine trials that randomized patients to neo-
adjuvant versus adjuvant chemotherapy and found that
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neo-adjuvant chemotherapy was associated with statisti-
cally significant increased risk of loco-regional disease
recurrence [2]. Another meta-analysis by the Early
Breast Cancer Trials Cooperative Group (EBCTCG) that
assessed neo-adjuvant chemotherapy for women enrolled
across 10 randomized clinical trials also showed higher
loco-regional recurrences (LRR) after breast-conserving
surgery (BCS) for early stage tumors downsized with
neo-adjuvant chemotherapy. The 15-year local recur-
rence rate was 21.4% for neo-adjuvant chemotherapy
versus 15.9% for adjuvant chemotherapy (a 5.5% in-
crease (95% CI 2.4-8.6), rate ratio 1.37 (95% CI
1.17-1.61); p = 0.0001) [3].

Vaidya et al. argued that after neo-adjuvant chemotherapy,
breast-conserving surgery is problematic due to the oblitera-
tion of the discrete lump with scattered tumor foci left behind
in the tumor bed, and hence the greater likelihood of leaving
behind residual tumor foci after resection (Fig. 1) [7]. A “neg-
ative margin” after lumpectomy may fail to account for occult
residual tumor deposits beyond the clear margins of resection,
and this could explain the increased risk of loco-regional re-
currences among patients treated with breast-conserving sur-
gery following neo-adjuvant chemotherapy (Fig. 1). Although
this increased LRR following neo-adjuvant chemotherapy has
not been shown to have any effect on the OS in the short term,
longer follow-up of patients enrolled in these trials is required
before any definite conclusions can be drawn. Indeed, the
EBCTCG meta-analysis indicates that 4 local recurrences lead
to one extra breast cancer death, but it takes at least 15 years of
follow-up to demonstrate this effect [3].

Patients with locally advanced cancers are generally of-
fered neo-adjuvant chemotherapy to downstage the tumors
and facilitate surgical resection. However, extending the use
of neo-adjuvant chemotherapy therapy to treat greater num-
bers of patients with early stage breast cancer with hopes of
increasing breast conservation rates is not entirely justifiable.
A retrospective analysis by Kantor et al. evaluating clinical
stages I-I1II breast cancer cases reports increased numbers of
patients undergoing bilateral mastectomy following neo-
adjuvant chemotherapy rather than BCS [8]. The largest dis-
parity was reported for cT1 tumors, with 32% of these patients
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opting for bilateral mastectomy after neo-adjuvant chemother-
apy, even though they were candidates for BCS [8]. This sug-
gests that a wider use of neo-adjuvant chemotherapy may not
necessarily increase the rates of breast-conserving surgery and
that decisions regarding local therapy are driven by multiple
other factors. Kantor et al. report that many patients cited their
desire for “peace of mind” as the basis for choosing bilateral
mastectomy after neo-adjuvant chemotherapy, and many
expressed the hope that bilateral mastectomy might prevent
future need for chemotherapy [8].

Hypothetically, the response of the primary tumor to a par-
ticular neo-adjuvant chemotherapy regimen should serve as an
indicator of that regimen’s efficacy in reducing the overall risk
of recurrence and death from breast cancer. Clinicians could
then potentially tailor drug therapies based upon the neo-
adjuvant chemotherapy effects on the primary tumor and as-
sume that the response of the primary tumor was an indicator
of'the drug regimen’s overall effect on distant micrometastases
as well. The National Surgical Adjuvant Breast and Bowel
Project (NSABP)-27 trial tested this hypothesis. That trial ran-
domized patients with primary breast cancer to Adriamycin
and Cyclophosphamide (AC) followed by surgery versus AC
followed by Docetaxol (T) followed by surgery, versus AC
followed by surgery followed by T. Pathologic complete re-
sponse (PCR) rates increased for patients treated with AC
followed by T prior to surgery when compared to pre-
operative AC alone. Yet, even though PCR rates increased
with the addition of pre-operative T, the overall risk of recur-
rence and death was identical in the two groups [9]. This trial
therefore suggests that response of the primary tumor to neo-
adjuvant chemotherapy regimens is perhaps not a good surro-
gate for its effects on micrometastases and overall outcomes.
The effects of neo-adjuvant chemotherapy on the primary tu-
mor is therefore not a suitable way for assessing the potential
overall benefits of systemic therapy regimens on distant
micrometastases, distant recurrences, and risk of death.

Long-term data from NSABP-18 and NSABP-27 trials
have shown that patients who achieve PCR have superior
OS as compared to those who do not achieve PCR [9].
However, neo-adjuvant chemotherapy simply serves as a
means of identifying subsets of patients with a good prognosis
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Fig. 1 Following neo-adjuvant chemotherapy, negative margins are obtained after lumpectomy fails to account for residual tumor foci
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(i.e., those who achieve PCR), but it has never been shown to
improve overall survival. It is also noteworthy that most pa-
tients will not achieve PCR with neo-adjuvant chemotherapy.
Moreover, there is significant heterogeneity in the outcomes
among non-PCR patients, which is perhaps due to differences
in prognosis and chemosensitivity between the primary tumor
and micrometastasis [9, 10].

Yet, recent trials suggest that there is perhaps a role for neo-
adjuvant chemotherapy in the management of specific subsets
of patients with early breast cancer. The multicenter, multina-
tional KATHERINE trial randomized 1486 patients with
HER-2-positive early breast cancer, who had residual disease
after neoadjuvant chemotherapy plus trastuzumab therapy, to
receive adjuvant trastuzumab emtansine (T-DM1) versus ad-
juvant trastuzumab. The risk of recurrence or death was 50%
lower in the adjuvant T-DM1 group [11]. Similarly, the
CREATE-X trial randomized 910 patients, enrolled from sev-
eral institutions across Japan and South Korea, with HER2-
negative residual invasive breast cancer after neoadjuvant che-
motherapy, to receive adjuvant systemic treatment with cape-
citabine versus not. The addition of adjuvant capecitabine was
effective in prolonging DFS and OS, especially among pa-
tients with triple-negative breast cancer who did not achieve
PCR [12].

Based on the results of these two recent trials, one might
argue that neo-adjuvant chemotherapy should be recommend-
ed for patients with HER-2-positve and triple-negative tu-
mors, to identify the high-risk subsets of patients who do not
achieve PCR. Patients with HER-2-positive tumors who do
not achieve PCR may benefit from additional treatment with
T-DM1, and those with triple-negative tumors who do not
achieve PCR may benefit from additional treatment with cap-
ecitabine. Yet, one would hope that we might eventually find
better ways (rather than subjecting large numbers of patients
to neo-adjuvant chemotherapy) to identify high-risk subsets
that may benefit from additional treatment with TDM-1 and
capecitabine.

In conclusion, neo-adjuvant chemotherapy has not met its
promise in the management of breast cancer. Currently, the
role of preoperative systemic therapy in inflammatory and
locally advanced stages of breast cancer are widely accepted
as a standard course of management, as it enables better local
control of the primary tumor. However, the increased use of
neo-adjuvant chemotherapy for the majority of patients with
early stage disease cannot be entirely justified. Recent trials do
indicate, however, that the use of neo-adjuvant chemotherapy
in patients with triple-negative breast cancer and HER-2-
positive breast cancer may serve to identify high-risk subsets
of patients (i.e., those who do not achieve PCR), who may
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benefit from additional adjuvant systemic therapy regimens
(i.e., capecitabine and TDM-1, respectively).
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