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Abstract: Chemotherapy has played a significant role in breast cancer therapy and dramatically improved
the outcome of breast cancer patients. Neoadjuvant chemotherapy (NAC) is defined as chemotherapy
conducted before surgery. The rationale for NAC in operable breast cancer is that the benefit of systemic
chemotherapy on the long-term prognosis does not change, regardless of whether chemotherapy is
conducted before or after surgery. NAC is now widely used for early and advanced breast cancer patients
since it has two significant advantages over conventional adjuvant chemotherapy after surgery. One is that
the rate of the breast-conserving surgery increase resulted from tumor shrinkage during NAC, which can
contribute to a minimal invasion from surgical therapy and good quality of life following therapy. Another
is that a response to chemotherapy can be observed in in-vivo setting. Patients who achieve the pathological
complete response (pCR) show a favorable prognosis. Thus, the response to NAC can be used as an indicator
for personalized medicine. To date, novel agents for NAC have been explored in randomized trials, setting
the pCR rate as an endpoint. Also, response- and residual disease-guided therapy have been ready for prime
time in daily practice. The author describes the history, current situation, and future direction of NAC for

HER2-negative breast cancer in the review article.
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Introduction and a good quality of life following therapy. Second, the

response to chemotherapy can be observed in in vivo

Breast cancer is a systemic disease (Fisher’s theory). For . . . . . .
Y ( y) settings, which provides us with valuable information

completely curing this disease, the combination of systemic regarding prognosis and response-guided systemic therapy

therapy to eradicate possible micrometastases with local
to reduce recurrence.

therapy such as surgery and radiotherapy is crucial. In In this review article, the author describes the history,
current situation, and future directions of NAC for HER2-

negative breast cancer.

this context, chemotherapy has dramatically improved the
outcomes of breast cancer treatment (1).
Neoadjuvant chemotherapy (NAC) is defined as

chemotherapy conducted before surgery. It is now widely
The trajectory of NAC for HER2-negative breast

cancer

used for early- and advanced-stage breast cancer patients
(2-4). NAC has two significant advantages over adjuvant

chemotherapy. First, the rate of breast-conserving surgery In the early days of NAC, locally advanced cases were

increases as a result of tumor shrinkage during NAC, which

can contribute to a minimal invasion from surgical therapy
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considered as an indication of an operable tumor as a
result of down-staging by chemotherapy. Several non-
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randomized studies of NAC showed favorable response
rates and safety profiles (5-7). For testing the efficacy and
safety of NAC, randomized trials comparing NAC to
adjuvant chemotherapy using the same agents as NAC were
conducted with regimens that did not include anthracyclines
(8-11). In a randomized trial performed by researchers
in London (8), 210 breast cancer patients were randomly
allocated to the neoadjuvant and post-treatment arms. In
both arms, estrogen-negative and estrogen-positive patients
were assigned to chemotherapy (MMM: mitozantrone,
mitomycin C, and methotrexate) and endocrine therapy
(goserelin or formestane), respectively. The differences
in disease-free survival (DFS) and overall survival (OS)
between the neoadjuvant and post-treatment arms were
not significant. Among the estrogen-negative patients who
received NAC, the clinical response and complete response
(CR) rates were 60% and 34%, respectively. It is interesting
that in the trial designed in the early 1990s, the concept of
biology-oriented therapy was already implemented, and the
response rate was acceptable even though the regimen did
not contain anthracyclines or taxanes, which are currently
standard reagents for breast cancer therapy.

After anthracycline-containing regimes became a
standard therapy for adjuvant chemotherapy (1), randomized
studies comparing NAC to adjuvant chemotherapy
containing anthracyclines were tested (12-15). In the pivotal
study NSABP B-18 (15), 1,523 patients with operable breast
cancer (T'1-3 NO-1 M0) were randomly assigned to receive
surgery followed by four cycles of AC (doxorubicin and
cyclophosphamide) or the same chemotherapy followed
by surgery. With a mean observational period of nine and
a half years, the OS was 70% at nine years in the NAC
group and 69% in the adjuvant group (P=0.80). The DFS
was 53% at nine years in the NAC group and 55% in
the adjuvant group (P=0.50), which was not statistically
significant. The rate of breast conservation surgery was
higher in the NAC group (68%) than in the neoadjuvant
group (60%, P=0.001) (16). However, there was a trend
toward a higher rate of ipsilateral breast recurrence in the
NAC group compared to the neoadjuvant group (10.7% and
7.6%, respectively, P=0.12). This finding was confirmed by
another large scale randomized study, EORT'C10902 (14). In
the study, 698 patients (T'lc-4b NO-1 MO0) were randomly
assigned to four cycles of FEC (fluorouracil, epirubicin, and
cyclophosphamide) preoperatively or after surgery. After a
mean observation period of 56 months, the OS and DFS
at four years in the NAC group and the adjuvant group
were 82% and 84% (P=0.38) and 65% and 70% (P=0.27),
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respectively. Contrary to the NSBABP B-18 trial, the local
recurrence rate did not differ between groups in this study
(P=0.61). Importantly, both studies showed that patients
achieved a clinically CR in the NAC group, which showed
a significantly better prognosis in OS and DFS; thus, the
pathological complete response (pCR) was considered a
surrogate endpoint of prognosis in the NAC studies.

These large-scale randomized studies enabled researchers
of the Early Breast Cancer Trialists Collaborative Group
(EBCTCG) to exam a patient-based meta-analysis
comparing NAC to adjuvant chemotherapy (17). In a meta-
analysis, the OS and DFS of 4756 women in 10 randomized
trials of operable breast cancer were compared between
NAC and the same chemotherapy given postoperatively.
The results provided two compelling points of evidence for
NAC: firstly, the OS and DFS did not change regardless
of whether the chemotherapy was given before or after
surgery. Secondly, the rate of breast-conserving surgery
was higher in the NAC group, although the locoregional
recurrence was higher in the NAC group. Based on the
evidence supporting the safety of NAC, it was considered
standard therapy and not experimental. Currently,
candidates for NAC are patients who should receive
adjuvant chemotherapy, particularly those who want to have
breast-conserving surgery. Thus, almost all patients with
triple-negative breast cancer except for tiny invasive areas
(e.g., less than 5 mm) are suitable candidates for NAC.

After the safety of NAC was confirmed, determining
which regimen should be used in NAC have become areas
of high interest. Given the evidence that the addition of
taxanes to anthracyclines in adjuvant chemotherapy has
improved outcomes (18), several randomized trials to test
the efficacy of taxanes in the NAC setting were designed.
In an Italian study (19), 1,355 patients with breast cancer
(T2-3 NO-1 M0) were randomly assigned to three
treatment arms: arm A: four cycles of doxorubicin and
CMF were sequentially administered, followed by surgery;
arm B: four cycles of AT (doxorubicin and paclitaxel) and
CMEF were sequentially administered, followed by surgery;
and arm C: four cycles of AT and CMF were sequentially
administered before surgery. The results showed that the
addition of paclitaxel to adjuvant doxorubicin followed by
CMF significantly improved relapse-free survival (RFS) and
distant RFS but not OS (arm A vs. arm B). There was no
difference in RFS, distant RFS, or OS between NAC and
adjuvant chemotherapy (arm B vs. arm C). However, the
rate of breast-conserving surgery was significantly higher in
the NAC group. In the Aberdeen study (20), 162 patients
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with operable breast cancer (T2-4 N0-2 MO) received
four cycles of CVAP (cyclophosphamide, vincristine,
doxorubicin, and prednisolone) as NAC. Then, 104 patients
who achieved a clinical CR or PR randomly received four
cycles of the same CVAP or docetaxel before surgery. The
overall response rate (ORR) and the pCR rate in the CVAP
and docetaxel groups were 64% and 85% and 15.4% and
30.8%, respectively. The patients receiving docetaxel had
an increased breast conservation rate (67% wvs. 48%) and an
increased survival at a median follow-up of three years (21).
Meanwhile, the other patients who did not display a
response to the CVAP (clinical SD or PD) received four
cycles of docetaxel before surgery. The ORR and pCR
were 55% and 2%, which implied the potential benefit of
response-guided therapy.

The NSABP B-27 trial examined the efficacy of the
addition of docetaxel to AC-based NAC (22). The 2411
patients with operable breast cancer (T'1¢-3 NO-1 MO or
T1-3 N1 MO) were randomly assigned to receive four
cycles of AC before surgery (group 1), AC followed by
T (docetaxel) and surgery (group 2), or AC followed by
surgery and T after surgery (group 3). After a median
follow-up of 77.9 months, there were no statistically
significant differences in prognosis according to treatment.
The five-year DFS in groups 2 and 3 was better than that
in group 1, although the difference was not significant.
The rate of pCR was higher in group 2 than in groups
1 and 3 (26.1%, 12.9%, and 14.4%, respectively). Thus,
the addition of docetaxel to NAC improved the pCR rate.
Although the addition of docetaxel to NAC did not improve
the OS and DFS despite doubling the pCR rate, patients
achieving pCR showed significantly better OS and DFS (HR
0.33 and 0.45, respectively).

Based on the evidence from the randomized studies
mentioned above, the administration of taxane, in addition
to anthracycline, increases the pCR rate. Given the high
correlation between the pCR rate and better OS and
DFS, the sequential use of anthracyclines and taxane is the
standard regimen for NAC. Furthermore, the pCR rate
has become regarded as the surrogate marker of survival
in NAC studies to investigate novel agents added to the
standard regimen.

The exploration of novel agents for NAC

Entering the 21st century, several novel agents for NAC
were explored in randomized trials with the pCR rate
considered the endpoint. In the GeparQuattro trial
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(23,24), 1,421 patients with breast cancer who should
be candidates for adjuvant chemotherapy (e.g., ¢cT3-4
Nany MO or ER- and/or PgR-negative or ¢T2 c¢cN1 MO
with ER- and/or PgR-positive, or ¢T1 pN1 MO with
ER- and/or PgR-positive) received four cycles of EC and
were then randomized to either four cycles of docetaxel
(EC-T), four cycles of docetaxel and capecitabine (EC-
TX), or four cycles of docetaxel followed by capecitabine
(EC-T-X) before surgery. Approximately one-third of
patients had HER2-positive breast cancer and received
trastuzumab concomitantly with all cycles. The results
showed that there was no significant difference in the pCR
rate (22.3%, 19.5%, and 22.3%, respectively). The rate
of breast-conserving surgery was similar as well (67.8%,
66.9%, and 63.5%, respectively). Outcomes did not
improve for patients in the EC-TX group (DFS: HR 0.92,
P=0.463; OS: HR 0.93, P=0.618) or for patients in the
EC-T-X group (DFS: HR 0.97, P=0.818; OS: HR 0.97,
P=0.825). In the OOTR NO003 trial (25), 477 patients with
operable breast cancer (T'1c-3 NO-1 M0) were randomly
assigned to receive four cycles of docetaxel with or without
capecitabine following four cycles of FEC (fluorouracil,
epirubicin, and cyclophosphamide) before surgery. There
were no significant differences in the pCR rate (docetaxel/
capecitabine: 23%; docetaxel: 24%; P=0.748), DES, or OS.
The rate of breast-conserving surgery was almost identical
in the two groups (70.7% vs. 71.4%).

In the GeparQuinto trial (26,27), which had the
same eligibility criteria as the GeparQuattro trial, 1948
patients with HER2-negative breast cancer were randomly
assigned to receive four cycles of EC followed by four
cycles of docetaxel with or without the concomitant use of
bevacizumab. The pCR rate, the primary endpoint, was
significantly higher in the bevacizumab group than in the
control group (18.4% vs. 14.9%, P=0.04). The difference
in the pCR rate was particularly noticeable in the triple-
negative breast cancer patients (39.3% vs. 27.9%, P=0.003).
However, with a median follow-up of 3.8 years, the three-
year DFS and OS rates did not differ for patients receiving
bevacizumab compared with the control group (DFS: HR
1.03, P=0.784; OS: HR 0.974, P=0.842).

In the NSABP B-40 trial (28,29), 1206 patients with
operable breast cancer (T'lc-3 NO-2a M0) were randomly
assigned to receive four cycles of docetaxel (T-AC),
docetaxel plus capecitabine (TX-AC), or docetaxel plus
gemcitabine (TG-AC) followed by four cycles of AC with
or without bevacizumab before surgery. The pCR rate in
the patients with bevacizumab was significantly higher than
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that in the patients without bevacizumab (34.5% vs. 28.2%,
P=0.02). The pCR rates for the T-AC, TX-AC, and TG-AC
groups were 32.7%, 29.7%, and 31.8%, respectively, which
did not differ significantly. After a median follow-up of 4.7
years, neither capecitabine nor gemcitabine, in addition to
neoadjuvant T-AC, increased the DFS or OS. The addition
of bevacizumab significantly increased OS (P=0.004) but did
not significantly increase DFS (P=0.06). However, a meta-
analysis to examine the efficacy of neoadjuvant bevacizumab
plus chemotherapy (BEV + CT) vs. chemotherapy (CT)
alone for the treatment of HER2-negative breast cancer,
including two previous randomized studies, showed that the
pCR rate and five-year DFS were higher for the BEV + CT
group (P=0.001 and 0.020, respectively); however, the five-
year OS rate showed no significant difference (P=0.18) (30).

After the efficacy of platinum agents for metastatic
triple-negative breast cancer was reported (31), platinum
agents were tested in the NAC setting. Several non-
randomized trials with NAC regimens containing platinum
salts showed a reasonable pCR rate with triple-negative
breast cancer (32-34). Notably, the patients with BRCA1
or BRCA2 mutations showed a high pCR rate, likewise
clinical trial in the metastatic setting. In the CALGB 40603
(Alliance) study (35), which was a 2x2 factorial, open-label,
randomized phase 1II trial, the impact of adding carboplatin
and/or bevacizumab was evaluated. A total of 443 patients
with operable triple-negative breast cancer (Stage II to
IIT) were randomly assigned to receive 12 cycles of weekly
paclitaxel with or without bevacizumab or 12 cycles of
weekly paclitaxel and 4 cycles of carboplatin with or without
bevacizumab. The primary endpoint was the pCR rate,
which was significantly higher in either the carboplatin
(60% vs. 44%; P=0.0018) or bevacizumab group (59% uvs.
48%; P=0.0089). However, the long-term outcomes of this
study were not reported. In the GeparSixto trial (36,37),
315 patients with operable triple-negative breast cancer
(Stage II to IIT) were randomly assigned to receive 18 cycles
of weekly paclitaxel, non-pegylated liposomal doxorubicin,
and six cycles of bevacizumab with or without 18 cycles of
carboplatin followed by surgery. The pCR rate in the group
with carboplatin was significantly higher than that in the
group without carboplatin (53.2% wvs. 36.9%, P=0.005).
In the secondary analysis of the study (n=291), the pCR
rate was higher in the patients with BRCA1 or BRCA2
mutations than in the patients without these mutations
(66.7% vs. 36.4%, P=0.008). However, improvement in
the pCR rate with the addition of carboplatin was observed
only in the patients without BRCA1 or BRCA2 mutations.
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After a median follow-up of 35 months, a preferable DFS
rate was observed in the carboplatin group compared with
the non-carboplatin group (HR =0.55, P=0.03). Similar to
the pCR rate, the improvement in the DFS rate with the
addition of carboplatin was observed only in the patients
without BRCA1 or BRCA2 mutations.

For other agents for triple-negative breast cancer, poly
ADP-ribose polymerase (PARP) inhibitor was effective in
metastatic breast cancer patients with BRCAI or BRCA2
mutations (38). In the I-SPY 2 trial (39), 72 patients with
breast cancer were randomly assigned to receive 12 cycles of
weekly paclitaxel or weekly paclitaxel plus carboplatin and
veliparib followed by four cycles of AC and surgery. The
pCR rate in the triple-negative patients was 51% and 26%,
respectively. Conversely, the patients with HER2-negative
and hormone receptor-positive breast cancer did not benefit
from veliparib and carboplatin. A phase III trial is planned
to confirm the benefits of veliparib in the NAC setting with
a focus on patients with operable triple-negative breast
cancer.

Immuno-checkpoint inhibitors show efficacy for the so-
called hot tumor [e.g., high tumor mutation burden, high
tumor-infiltrating lymphocyte (TILs)]. For metastatic
triple-negative breast cancer, the immuno-checkpoint
inhibitor atezolizumab improved progression-free survival
in combination with nab-paclitaxel (40). In the GeparNuevo
study (41), 174 patients with operable triple-negative breast
cancer (cT'1b-cT4a-d) were randomly assigned to receive
12 cycles of weekly nab-paclitaxel followed by 4 cycles of
dose-dense EC with or without concomitant durvalumab
every four weeks before surgery. At first, the trial planned
a window phase, in which durvalumab or placebo
monotherapy was given two weeks before the start of
chemotherapy. However, the independent data monitoring
committee recommended amending the study design, and
the window phase was stopped after 117 patients were
recruited. In total, the pCR rate was 53.4% and 44.2%,
and the difference was not significant (P=0.287). When
focusing on the patients with the window phase, the pCR
rate in the durvalumab group was significantly higher than
that in the control group (61.0% vs. 41.4%, P=0.035). In
the KEYNOTE-522 study, 1,174 patients with operable
triple-negative breast cancer (T'lc N1-2 or T2-4 NO-2)
were randomized 2:1 to the experimental and control arms
to receive four cycles of paclitaxel and carboplatin followed
by EC or AC with or without concomitant pembrolizumab
prior to surgery. After a median follow-up of 15.5 months,
the pCR rate with pembrolizumab and placebo was 64.8%

Chin Clin Oncol 2020;9(3):29 | http://dx.doi.org/10.21037/cco-20-12



Chinese Clinical Oncology, Vol 9, No 3 June 2020

and 51.2%, respectively. The difference was statistically
significant irrespective of the PDL-1 expression. The
event-free survival rate showed a preferable trend in the
pembrolizumab group compared with the control arm (42).

In summary, no cytotoxic agents, except for carboplatin
for triple-negative breast cancer, provided a benefit in
addition to the sequential use of anthracyclines and taxane
in the NAC setting. The addition of bevacizumab to
NAC improved the pCR rate but has not translated to an
improvement in OS. Platinum salts may play an essential
role in the subset population of triple-negative breast cancer.
However, whether the germ-line mutations at BRCALI or
BRCA?2 are predictive markers remains unclear. The roles
of the PARP inhibitor and immuno-checkpoint inhibitors
are promising, particularly for triple-negative breast cancer.
The results from randomized phase III studies are expected
before the implementation of these agents to daily practice.

PCR rate as a predictive marker

As mentioned above, the pCR rate is regarded as an
endpoint representing long-term outcomes in clinical
studies to identify new drugs for NAC. However, meta-
analyses of NAC studies that use pCR as an endpoint have
shown that the pCR rate differs significantly between the
subtypes (43). Therefore, the meaning of the pCR rate
differs depending on the subtypes. In a meta-analysis by
the GBG and AGO-B, the pCR rate was associated with
improved DFS in ER-positive of grade 2 or 3 and HER2-
negative tumors (P=0.005), ER-negative and HER2-
positive tumors (P=0.001), and triple-negative tumors
(P=0.001) but not in ER-positive of grade 1 and HER2-
negative (P=0.39) or ER-positive and HER2-positive
(P=0.45) breast cancer (44). In a meta-analysis consisting
of 12 randomized trials including 11,955 patients, the
pCR rate was associated with long-term outcomes (OS,
DFS). The association between the pCR rate and long-
term outcomes was most influential in patients with triple-
negative breast cancer and ER-negative and HER2-positive
breast cancer; conversely, it was not significant in patients
with ER-positive of grade 1 or 2 and HER2-negative breast
cancer. Although improvement in the pCR rate predicts
superior long-term outcomes in patient-level analyses, this
did not translate to beneficial long-term outcomes in a trial-
level analysis (45). Based on the results from meta-analyses,
setting the pCR rate, which is postulated to be a surrogate
marker of long-term outcomes, as a primary endpoint
in a NAC study can be justified when the cancer type is
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aggressive (e.g., triple-negative and HER2-enrich) as long
as the long-term outcomes will be assessed.

For patients with ER-positive and HER2-negative
breast cancer, the necessity of NAC depends on the risk
of recurrence (ROR), similar to adjuvant chemotherapy.
In the adjuvant setting, multi-gene assays successfully
segregate high-risk patients who can receive a survival
benefit by chemotherapy (46-49). These gene-expression
analyses have been tested in the NAC setting as well. In
a prospective non-randomized study, 97 patients with
ER-positive and HER2-negative breast cancer received
taxane-based NAC, and gene expression from core-needle
biopsies before the initiation of the therapy was tested for
the prediction of the response. Clinical CR was significantly
related to a high recurrence score (P=0.008) (50).
Another study in which 60 patients with ER-positive and
HER2-negative breast cancer received anthracycline/
taxane-based NAC showed no statistically significant
association with the clinical response when assessed as a
recurrence score classified as a categorical or continuous
variable (P=0.21) (51).

In a study examining the predictive ability of
MammaPrint for the response to NAC (52), among
167 patients, 144 (86%) had a poor prognosis signature
and 23 (14%) had a good prognosis signature. None of the
patients with a good prognosis signature (n=23) achieved
a pCR, whereas 29 patients (20%) in the poor prognosis
signature group (n=144) did (P=0.015).

In another study conducted by Parker et /., expression-
based intrinsic subtypes and the ROR score from 133
core-needle biopsies before the initiation of NAC were
compared to assess the pCR rate (53). The results showed
that the ROR score achieved a 94% sensitivity and 97%
negative predictive value for identifying non-responders to
chemotherapy.

In another study, Tsunashima et #/. constructed an
expression-based prediction model for the pCR rate to
NAC with the expression data from 363 core-needle
biopsies obtained before NAC from their own or public
dataset (54). They developed a prediction model for pCR
named MPCP155, which included 155 genes; this model
was found to have an 88% sensitivity and 97.4% negative
predictive value in the validation dataset.

Multigene assays have the potential to segregate patients
who have a chemo-sensitivity in both the adjuvant and the
NAC setting. In the near future, multigene assay-guided
NAC (55) will be implemented in daily practice after
prospective randomized studies.

Chin Clin Oncol 2020;9(3):29 | http://dx.doi.org/10.21037/cco-20-12



Page 6 of 9

Response- and residual disease-guided therapy
for NAC

One of the benefits of NAC is that the response to
chemotherapy can be observed in in vivo settings, which has
not been conducted in daily practice yet. However, several
randomized studies provided us the survival advantages of
response-guided therapy after NAC.

In the GeparTrio trial (56), 2,072 patients with operable
or local advanced breast cancer received two cycles of TAC
(docetaxel, doxorubicin, and cyclophosphamide). Then,
early responders were randomly assigned to receive four or
six cycles of additional TAC, whereas non-responders were
randomly assigned to receive four cycles of NX (vinorelbine
and capecitabine) or four cycles of additional TAC. Among
the responders, the additional six cycles of TAC did not
improve the pCR rate (24% vs. 21%). However, DFS
significantly improved in the TAC group receiving six
cycles. Likewise, among the non-responders, changing to
the NX regime did not improve the pCR rate (6% vs. 5%),
whereas DFS significantly improved in the NX group.

Similar to the response-guided therapy, residual disease-
guided therapy, defined as additional adjuvant therapy
for patients with residual cancer cells after NAC, is also
promising. In the CREATE-X trial (57), 910 patients with
HER?2-negative breast cancer who did not achieve pCR
after NAC (containing anthracycline, taxane, or both)
were randomly assigned to receive standard postsurgical
treatment with or without capecitabine. In total, the
addition of capecitabine after surgery improved the DFS
and OS (HR 0.70 and 0.59, respectively). In particular,
patients with triple-negative breast cancer showed
significant improvement in DFS and OS (HR 0.58 and 0.52,
respectively).

In the POTENT trial (58), 1939 patients with ER-
positive and HER2-negative breast cancer with an
intermediate or high ROR, which includes the patients
who did not achieve pCR after NAC, were enrolled.
Patients were randomly assigned to receive standard
adjuvant endocrine therapy with or without a one-year
administration of S-1.

After a2 median follow-up of 51.4 months, S-1
significantly reduced invasive events (HR 0.63, P=0.003).
The estimated five-year invasive DFS rates in the S-1 and
control groups were 86.9% and 81.5%, respectively.

The results of these trials clearly demonstrate the
efficacy of response- and residual disease-guided therapy.
Therefore, it should be implemented in daily practice
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during or after NAC.

Conclusions

With plenty of evidence from randomized studies on NAC,
the safety and advantages of NAC have been confirmed.
Almost all patients with triple-negative operable breast
cancer should be candidates for NAC with anthracycline
and taxane. To improve the pCR rate, new drugs will be
integrated into the NAC regimen. Among them, immuno-
checkpoint inhibitors for so-called “hot tumors” and PARP
inhibitors for BRCA1/2 mutation-positive tumors are
promising in the future. For patients with operable ER-
positive and HER2-negative breast cancer, the indication
for NAC is the same as that for adjuvant chemotherapy.
Risk assessment using multi-gene assays can stratify the
patients with high-risk and chemo-sensitive tumors who are
candidates for NAC. Conversely, patients with high-risk
but non-chemo-sensitive tumors may be good candidates
for neoadjuvant hormonal therapy with or without targeted
therapy, such as CDK 4/6 inhibitors.

Response- and residual disease-guided therapy is ready to
play a key role in NAC treatment. For patients who do not
achieve pCR after a standard regimen of NAC with triple-
negative and ER-positive and HER2-negative breast cancer,
additional adjuvant capecitabine and hormonal therapy
with S-1, respectively, can improve long-term outcomes.
New chemo-regimens with response- and residual disease-
guided therapy will be examined in randomized studies and
implemented into daily practice in the future.
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