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Simple Summary: In the treatment of patients with breast cancer, post-neoadjuvant approaches
represent an attractive opportunity to improve patient outcomes by stratifying adjuvant treatment
according to tumor response. Thus, these concepts represent a step towards our vision of individual-
ized adaptive tumor treatment. Although apparently in its early stages, increasing evidence indicates
an important change to our historical treatment strategies.

Abstract: Neoadjuvant chemotherapy enables close monitoring of tumor response in patients with
breast cancer. Being able to assess tumor response during treatment provides an opportunity to
evaluate new therapeutic strategies. Thus, for triple-negative breast tumors, it was demonstrated
that additional immunotherapy could improve prognosis compared with chemotherapy alone. Fur-
thermore, adjuvant therapy can be escalated or de-escalated correspondingly. The CREATE-X trial
randomly assigned HER2-negative patients with residual tumor after neoadjuvant therapy to either
observation or capecitabine. In HER2-negative patients with positive BRCA testing, the OlympiA
study randomly assigned patients to either observation or olaparib. HER2-positive patients without
pathologic remission were randomly assigned to trastuzumab or trastuzumab-emtansine within
the KATHERINE study. These studies were all able to show an improvement in oncologic outcome
associated with the escalation of therapy in patients presenting with residual tumor after neoadjuvant
treatment. On the other hand, this individualization of therapy may also offer the possibility to de-
escalate treatment, and thereby reduce morbidity. Among WSG-ADAPT HER2+/HR-, HER2-positive
patients achieved comparable results without chemotherapy after complete remission following
neoadjuvant treatment. In summary, the concept of post-neoadjuvant therapy constitutes a great
opportunity for individualized cancer treatment, potentially improving outcome. In this review, the
most important trials of post-neoadjuvant therapy are compiled and discussed.
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1. Introduction

Historically, neoadjuvant systemic therapy was generally reserved for unresectable
or inflammatory breast cancer. In a randomized comparison of neoadjuvant and adjuvant
systemic therapy using doxorubicin and cyclophosphamide, the analysis revealed no dif-
ference in freedom of disease and survival [1]. However, the study showed a significant
reduction in tumor burden in the breast, allowing patients to avoid mastectomy and opt
for a breast-conserving surgical approach instead. Moreover, the trial also showed a strong
correlation between tumor response to the primary systemic therapy and oncologic out-
comes. This allowed trialists to dichotomize the patient population into two strata and
apply adjuvant treatment (post-neoadjuvant) according to the pathological response to the
neoadjuvant systemic treatment. This strategy permits studying new systemic therapies or
new combinations of treatment modalities. More important, however, is that we can now
use this refined or individualized prognosis assessment to either escalate postoperative
therapy (if the risk of recurrence remains high) or to de-escalate it (if the prognosis is favor-
able). Since such a risk-adapted adjuvant treatment is only possible through a neoadjuvant
application of systemic therapy, this is referred to as post-neoadjuvant therapy.

Three different strategies for the implementation of new therapeutics were followed
in the currently published randomized trials. First, the addition of new substances in the
neoadjuvant phase, which was continued in the adjuvant setting [2,3]. Second, testing new
regimes in trials in the adjuvant setting, which included patients that were treated with
systemic therapy either before surgery or solely after surgery [4]. Third, currently, the most
popular approach is to intensify or de-intensify treatment after a standard neoadjuvant
therapy and then test new drugs according to response [5-7].

This review summarizes the available scientific data and discusses their impact on
the management of breast cancer. The most important trials are shown in Table 1 and the
ongoing trials in Table 2.

Table 1. Important trials of post-neoadjuvant therapy (Only phase III trials are listed).

Trial

N Cohort Design Result

CREATE-X Trial
Masuda et al. 2017
[6]

HER2-neg. BC, residual
910 invasive disease after
neoadjuvant therapy

DFS HR 0.70 (0.53-0.92)
OS HR 0.59 (0.39-0.90)
Capecitabine 1250 mg/m? b.i.d.

d1-14 for 6-8 cycles vs. control DFS HR 0.58 (0.39—0.87)

286 Subgroup with TNBC

OS HR 0.52 (0.30-0.90)
EXTENET
Chan et al., 2020 2840 HER2-pos. BC + RD Neratinib vs. placebo DFS advantage
[8]
NaTaN study (GBG
36/ABCSG 29) 693 RD Zolendronic acid vs. observation No difference

Von Minckwitz et al., 2016 [9]

KATHERINE Study
von Minckwitz 2019 [5]

HER2-pos. BC, residual
1486 invasive disease after
neoadjuvant therapy

iDFS HR 0.50 (0.39-0.64)
More grade 3—4 toxicity with
T-DM1

Trastuzumab emtansine (T-DM1)
vs. trastuzumab for 14 cycles

ECOG-ACRIN EA1131
Mayer et al., 2021
[10]

Carboplatin or cisplatin every
3 weeks for 4 cycles
vs. capecitabine 1000 mg/m? b.i.d.
d1-14 for 6 cycles

Clinical stage II/II TNBC
410 with >1 c¢m residual disease
in the breast

iDFS HR 1.06 (0.62-1.81)
More grade 34 toxicity with
platinum

PENELOPE-B
Loibl et al., 2021
[11]

DFS HR 0.93 (0.74-1.17)
More grade 3—4 toxicity with
Palbociclib

HR-pos. HER2-neg. BC with
1250 residual disease; CPS-EG
score of 3 or of 2 with ypN+

Palbociclib 125 mg d1-d21 for
13 cycles vs. placebo

OlympiA
Tutt et al., 2021
[4]

IDFS HR 0.41 to 0.82 p < 0.001 )
DFS (0.39 to 0.83; p < 0.001))
Death (HR CI, 0.44 to 1.05
p < 0.001)

No substiantial increase in
adverse events

HER2-negative with BRCA1
or BRCA?2 after local
treatment and neoadjuvant or
adjuvant chemotherapy.

1836 Olaparib vs. placebo.
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Table 1. Cont.

Trial N Cohort Design Result
Neoadjuvant:
chemotherapy+placeb
adjuvant: OS (HR 0.72 [95% CI, 0.51-1.02)
placebo Grade >3 treatment-related AE
Keynote 522 1174 Triple-negative vs. Pembrolizumab: 77.1%
neoadjuvant: Placebo:
chemotherapy + pembrolizumab 73.3%
adjuvant:
prembolizumab
IMpassion 031 Neoadjuvant . Patr}lxol_ogic Com}zlietref
Mittendorf et al., 2020 455 Triple-negative chemotherapy plus intravenous esponse-rate superor for
[12] atezolizumab chemothera lus chemotherapy plus
Py P atezolizumab (p = 0.0044)
1 Triple-negative after
A-Brave Trial surgery and adjuvant
Conte et al., 2020 474 2. TNBC neoadjuvant Avelumab vs. observation Results pending
Not published chemotherapy +
surgery no PCR
Table 2. Ongoing trials.
. . Arm A: Sacituzumab govitecan (days 1, 8 q3w for eight
SASCIA HER?2 neg. following neoadjuvant cycles); & (days 1,8 q &
NCT04595565 chemotherapy and local thera ! .. .
Py Py Arm B: treatment of physician’s choice
Arm A
DESTINY-Breast05 HER2-+ without complete response after  trastuzumab deruxtecan
NCT04622319 neoadjuvant therapy Arm B:

trastuzumab emtansine

2. Post-Neoadjuvant Chemotherapy/Immunotherapy

Taking into account the response to systemic therapy administered preoperatively
allows us to estimate the prognosis of the individual patient much more precisely than
was previously possible with initial diagnosis on the basis of tumor stage and tumor
biology. Therefore, if chemotherapy and/or targeted therapy are indicated for primary,
curatively treatable breast cancer, this should be administered neoadjuvantly, i.e., as the
first treatment before surgery [13-15]. In addition to a higher rate of breast-conserving
therapies, this approach also allows in vivo sensitivity testing. This means that the response
of the breast tumor to the neoadjuvant systemic therapy can be used to estimate its effect
on the destruction or control of micrometastases and, throughout this, the prognostic effect,
the actual goal of any systemic therapy in the treatment of primary breast cancer.

One randomized phase Il study demonstrated the advantage of additional capecitabine
after neoadjuvant chemotherapy [6,16]. In this study, 910 patients with HER2-negative
disease and residual disease following neoadjuvant chemotherapy were treated with or
without capecitabine as post-neoadjuvant treatment. Both disease-free survival and overall
survival in the capecitabine group were significantly (p = 0.01) superior to that of the
control group at 5 years, respectively (74.1% vs. 67.6% and 89.2% vs. 83.6%). In subgroup
analysis, it could be demonstrated that this benefit was restricted to patients with triple-
negative disease. However, substantially more high-grade complications were reported
for the capecitabine group, particularly hand—foot syndrome, hematologic side effects and
diarrhea. All complications were nonfatal and only transient. A subsequent phase III trial
by the ECOG-ACRIN group failed to demonstrate the superiority of post-neoadjuvant
treatment with carboplatin or cisplatin over capecitabine in triple-negative breast cancer
patients with residual disease after neoadjuvant chemotherapy [10].

Several trials tested the addition of immune checkpoint blockers in the neoadjuvant
and adjuvant treatment of triple-negative breast cancer [2,3,11,12]. The German Gepar-
Nuevo study was able to demonstrate a non-significant improvement in the pCR rate,
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and even a significantly improved survival rate, in primary triple-negative breast cancer
patients with the addition of durvalumab to neoadjuvant chemotherapy [11]. These results
have been confirmed within the phase III Keynote 522 trial for high-risk, early-stage and
triple-negative breast cancers treated with neoadjuvant chemotherapy, with or without
pembrolizumab [3].

At the same time, post-neoadjuvant therapy offers the opportunity to identify chemo-
resistant subgroups and broadens the scope for individualized treatment. Using a combina-
tion of everolimus and cisplatin, Anand et al. presented a therapeutic approach to target
crucial mechanisms of chemotherapy resistance during the post-neoadjuvant setting of 20
patients with triple-negative breast carcinoma [17].

3. Residual Disease following Neoadjuvant Therapy

Post-neoadjuvant strategies in breast cancer are a smart set-up for adjuvant clinical
trials, presenting the chance to investigate new drugs or combinations in high-risk patients
who did not accomplish pathologic complete response after primary treatment.

The first comparative study that selected a high subgroup (triple-negative breast cancer
patients without a pCR after surgery) in the post-neoadjuvant setting was the CREATE-X
study, showing that this individualization of postoperative therapy can improve sur-
vival outcomes [6,18]. The Japanese and Korean randomized clinical trial (CREATE-X)
of capecitabine versus no additional therapy has been conducted in women with early-
stage breast cancer who received standard neoadjuvant chemotherapy and had residual
invasive breast cancer at the time of surgery. The results from the CREATE-X trial demon-
strate that capecitabine has a statistically significant survival advantage compared with no
additional therapy [6].

Unfortunately, compared with patients with pathologic complete response, the risk of
recurrence is significantly higher in patients with residual disease following neoadjuvant
chemotherapy, indicating a potential resistance to systemic treatment. There is currently
only some evidence for these patients, except for HER2-positive and triple-negative patients.
This is compounded as, until today, only some studies have prospectively investigated
this concept.

The landmark randomized KATHERINE trial involved 1486 patients with HER2
positive early breast cancer, who were found to have residual invasive disease in the
breast or axilla at surgery following neoadjuvant therapy with taxanes (with or without
anthracycline) and trastuzumab. In this trial, patients were randomly assigned to adju-
vant trastuzumab emtansine (T-DM1) or continuation of trastuzumab for 14 cycles. Von
Minckwitz et al. reported that the risk of recurrence of invasive breast cancer or death was
significantly reduced with adjuvant T-DM1 as compared with trastuzumab alone [5]. Cur-
rently, the DESTINY-Breast05 trial (NCT04622319) is enrolling patients and aims to compare
the efficacy of T-DM1 with Trastuzumab Deruxtecan in the post-neoadjuvant setting.

In this context, the findings after neoadjuvant therapy can be used as an in vivo
sensitivity test, and further tailored treatment can improve the outcome in high-risk patients.
To date, for triple-negative, and for HER2-positive patients without pathologic complete
response, there exists clear evidence for a prognostic beneficial post-neoadjuvant treatment.

Several trials are currently addressing this post-neoadjuvant setting. Therefore, the
treatment of patients in the post-neoadjuvant setting remains a clinical challenge, with
limited data supporting the use of additional post-neoadjuvant chemotherapy or other
additional treatment options including, e.g., targeted therapy or immunotherapy.

4. PARP Inhibitors

The specific high-risk subgroup of women carrying the BRCA mutation that were
diagnosed with high-risk breast cancer was addressed in the multi-center international
phase III OlympiA-trial. The authors demonstrated that in patients with HER2-negative
BRCA-positive tumor after local therapy and neoadjuvant or adjuvant chemotherapy,
adjuvant therapy with olaparib was superior to placebo in terms of reducing mortality
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(p = 0.02), disease- (p < 0.001), and distant free survival (p < 0.001) [4]. One criterion for
inclusion in the study was residual tumor after systemic therapy in patients receiving
neoadjuvant chemotherapy. This applied to approximately half of the 1836 patients. A
subgroup analysis of these patients would be highly desirable, as those patients might have
benefitted most from treatment escalation.

5. ER-Positive/HER2-Negative Disease and CDK4/6 Inhibitors

The positive prognostic value of a tumor response to neoadjuvant therapy including
chemotherapy and anti-HER?2 antibody therapy, but also for endocrine therapy, has been
proven for all breast cancer subtypes. This is why the concept of post-neoadjuvant therapy
has been applied to hormone receptor-positive tumors.

In the PENELOPE-B trial, 1250 women with hormone receptor-positive, HER2-negative
primary breast cancer without a pathological complete response after taxane-containing
neoadjuvant chemotherapy, and at high risk of relapse, were randomized to receive 13 cy-
cles of palbociclib 125 mg once daily or placebo. The median age was 49.0 years, and
the majority were ypN+ with a Ki-67 < 15%. After a median follow-up of 42.8 months,
palbociclib did not improve invasive disease-free survival versus placebo and resulted in a
stratified hazard ratio of 0.93 (p = 0.525). Additionally, they did not find any differences
among the subgroups [7]. Different results have been reported by the monarchE trial
investigating the role of abemaciclib in HR-positive high-risk patients after adjuvant or
neoadjuvant therapy (37% neoadjuvant chemotherapy). Both subgroups demonstrated a
significant IDFS benefit by adding the CDK 4/6 inhibitor abemaciclib to endocrine treat-
ment [19]. Currently, due to the controversial results, routine use of adjuvant CDK4/6
inhibitors is not universally recommended.

6. De-Escalation Approaches

While the above-mentioned trials and approaches mostly represent treatment escala-
tion in patients with unfavorable response to neoadjuvant therapy, there is also the potential
to de-escalate treatment in patients with a favorable response. For systemic therapy, this has
been addressed in patients with HER2-positive disease. The PREDIX HER2-trial compared
docetaxel, trastuzumab and pertuzumab to T-DM1 and found similar rates of pathologic
complete response and event-free survival in both arms [20,21]. Results on survival out-
comes are pending. Furthermore, the included treatment response approach by PET/CT
needs further evaluation.

The KRISTINE trial randomized patients to neoadjuvant T-DM1 and pertuzumab vs.
docetaxel, carboplatin, trastuzumab and pertuzumab [22]. Rates of pathologic complete
response were significantly lower with de-escalated neoadjuvant treatment, and increased
rates of locoregional progression before surgery led to inferior rates of invasive disease-
free survival. However, treatment tolerability and patient-reported outcomes favored the
T-DM1 plus pertuzumab arm. Similarly, chemotherapy-free treatment with trastuzumab
and pertuzumab resulted in inferior rates of pathologic complete response when compared
with the same regimen with additional paclitaxel in the WSG-ADAPT HER2+/HR- phase
II trial [23]. In this study, 134 patients with hormone receptor-negative HER2-positive
early breast cancer were randomized to receive neoadjuvant dual antibody therapy, with
or without chemotherapy. Pathologic complete remission was measured after 12 weeks.
For patients treated with dual antibody blockade alone, chemotherapy was added to
neoadjuvant therapy if pathologic complete remission was not achieved. Patients who
achieved pathologic complete remission after antibody therapy alone had survival rates
similar to those reported for patients in the chemotherapy arm.

However, many patients received postoperative chemotherapy with epirubicin and cy-
clophosphamide (with additional paclitaxel in the de-escalated neoadjuvant treatment arm)
without clear evidence of which patients were benefiting from this anthracycline therapy.
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7. Locoregional Therapy

In terms of locoregional treatment, de-escalation can be applied to surgery as well as
radiotherapy [24]. Unfortunately, evidence from prospective trials regarding this topic is
currently limited. For surgery of the primary breast tumor, it is considered standard of care
to operate within the new borders of the tumor after neoadjuvant therapy. The EBCTCG
meta-analysis of neoadjuvant vs. adjuvant chemotherapy showed increased rates of local
relapse in patients who were initially planned for mastectomy and later received breast-
conserving surgery [24]. This was mostly interpreted as a result of outdated postoperative
imaging and margin assessment, as well as the omission of surgery in patients with a
clinical complete response in some of the trials.

On the other hand, in a multicenter prospective study, Heil et al. were able to show
that 37 of 208 residual tumors were not detected using image-guided vacuum biopsy in
patients with a clinical complete response [25]. Procedure and patient selection seem to be
essential to confidently evaluate a pathologic complete remission.

After completion of systemic neoadjuvant therapy, the tumor can be staged with
imaging and pathology. MR imaging represents the diagnostic standard in evaluating
tumor response. However, overestimation and underestimation of residual tumor size
is common. Imaging techniques that combine functional aspects or incorporate artificial
intelligence systems are desirable for better diagnostics [26].

The de-escalation of axillary surgery is applied for patients with clinically involved
lymph nodes that develop a clinical complete response in the axilla [27]. While axillary
lymph node dissection was performed historically, this has been replaced by sentinel
lymph node biopsy, mostly with the additional removal of initially involved lymph nodes
(targeted axillary dissection). Axillary lymph node dissection is still routinely performed in
patients with positive lymph nodes after neoadjuvant chemotherapy.

However, emerging data suggest that if initially affected lymph nodes are negative
subsequent to targeted axillary dissection after neoadjuvant chemotherapy, axillary dis-
section may not be necessary. Nevertheless, a randomized trial by the ALLIANCE group
(NCTO01901094) analyzing whether radiotherapy to the axilla may provide similar efficacy
as dissection with a reduction in treatment-related morbidity is currently enrolling patients.
The omission of breast surgery has been discussed in specific clinical scenarios [25]; how-
ever, results from carefully conducted clinical trials are pending, with one obstacle being
the prediction of pathologic complete response with imaging and biopsy techniques [28].

For radiotherapy, treatment de-escalation may result in the omission of regional nodal
irradiation after breast-conserving surgery or of post-mastectomy radiotherapy [29]. For
patients with locally advanced breast cancer, withholding post-mastectomy radiotherapy
results in inferior outcome, as shown in several retrospective analyses [30]. However, the
benefit of regional nodal irradiation after breast-conserving surgery or of post-mastectomy
radiotherapy in patients with cT1-2 cN1 breast cancer that are ypNO or have a pathologic
complete response remains unclear [30]. The NSABP B-51/RTOG 1304-trial (NCT01872975)
addresses this specific question.

Similarly, neoadjuvant therapy poses organizational and logistical challenges for the
clinical centers to optimize the timing between the different disciplines. Evidence suggests
that surgery within eight weeks after initiation of systemic therapy is advantageous over
later surgery [31].

8. Future Approaches

Unfortunately, our therapeutic options, and thus the range of post-neoadjuvant thera-
pies, are still limited, but new therapeutic approaches such as immunotherapeutic treat-
ments (e.g., tumor-specific vaccinations) are being tested in the post-neoadjuvant setting
in these high-risk situations. In these circumstances, in contrast to metastatic disease, the
systemic tumor cell count is rather low, and the effectiveness of these immunotherapeutic
approaches is probably greater. On the other hand, these perspectives also imply the
dynamic adjustment and modification of therapies, which may concern patients. The close
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involvement of the patient in the medical decision-making process, especially when the
treatment regimen remains unclear at the beginning of the therapy and is independent from
iterative treatment response rates, is a new challenge that we will face more often within
our future clinical routine. Despite the tremendous euphoria associated with the increasing
implementation of post-neoadjuvant strategies, long-term experiences are very limited.

It has recently been recognized that the binary approach of pCR and non-pCR does
not stratify the risk groups optimally. Yau et al. introduced a categorization according to
the residual disease burden, which categorizes the tumor into three grades, according to
the size of the residual tumor [32]. The authors recently found that with an increase in the
residual cancer burden, the outcome worsened.

Circulating tumor DNA (ctDNA) and circulating tumor cells are emerging methods to
determine this. In a study of 196 patients, Radovich et al. showed that patients with no
evidence of ctDNA at the time of surgery had significantly better distant free (p = 0.009)
and overall survival (p = 0.002) [33]. By determining the ctDNA, the findings were even
further refined.

Furthermore, while the correlation between the presence of residual tumor and prog-
nosis seems distinct in triple-negative breast cancer, it does not appear clear in hormone
receptor-positive HER2-negative tumors. For these patients, Marme et al. demonstrated bet-
ter prognostic predictive validity for a scoring system consisting of clinical stage, pathology
after treatment, hormone receptor status and grading [34]. In this way, resistance mecha-
nisms could be identified, which then enable more effective post-neoadjuvant treatments.
The first two large, randomized studies that tested this individualized, post-neoadjuvant
therapeutic approach were the KATHERINE [5] and the PENELOPE-B studies [7]. Both
studies attempted to improve the prognosis of these patients in the persistent high-risk
situation after neoadjuvant standard therapy by targeted modification of the adjuvant or
post-neoadjuvant treatment.

As it must be generally recognized that, as a consequence of a long neoadjuvant ther-
apy, the risk is higher that patients discontinue due to complications or missing compliance,
and therefore subsequently do not receive local therapy, close monitoring of patients be-
comes even more important. Furthermore, it remains to be clarified whether the promising
results are transferable to routine clinical practice. While controversial results were pub-
lished concerning the benefit of intensified adjuvant therapies in the absence of complete
remission, generally worse tolerability became apparent. Therefore, it will continue to
be a challenge during clinical routines to balance the unclear benefit against the higher
risk of complications. The high toxicity associated with the escalation of therapy in the
CREATE-X study led to a high discontinuation rate of 18% after six cycles and 25% after
eight cycles of capecitabine. However, with today’s protocols, the tolerability appears to
have been improved.

These results are consistent with the recently published experience concerning the
intensification of adjuvant treatment with palbociclib in patients with residual disease after
neoadjuvant chemotherapy. While oncologic control rates remained comparable, there was
significantly higher toxicity attributable to palbociclib.

In a meta-analysis including 4756 women from ten randomized trials, neoadjuvant
chemotherapy appeared to be associated with a higher risk of local recurrence than adju-
vant chemotherapy (p = 0.0001). The results can be explained mainly by the lack of surgery
after complete remission in some of the included studies. Furthermore, the conclusions
of this meta-analysis have to be considered with great caution, as the included studies
mostly contain historical chemotherapy protocols and hardly any targeted treatments. Nev-
ertheless, these are exciting times, as the desire for the individualization of treatments, i.e.,
therapy escalation with high individual risk or therapy resistance as well as de-escalation
in the case of low risk or therapy response, becomes a reality; maybe in small, but visible,
steps, at the moment.
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Currently, several promising post-neoadjuvant trials are ongoing. The SASCIA trial is
an encouraging study for patients with HER2-negative breast cancer and residual tumor
after neoadjuvant therapy. These patients will be randomized to determine whether adju-
vant therapy with sacituzumab govitecan, which demonstrated efficacy in the metastatic
setting, is superior to investigator choice.

Patients with HER2-positive breast cancer and non-pathologic complete remission
have been randomized to adjuvant treatment with trastuzumab deruxtecan or trastuzumab
emtansine after neoadjuvant chemotherapy and local therapy in the Destiny Breast 05 study
since December 2020.

However, in the future, we will have to analyze both the initial disease and the residual
disease after surgery more precisely at the molecular level and also with regard to the
tumor microenvironment. This is where modern, high-throughput processes developed by
basic research help us to detect heterogeneous tumors. These are, for example, site-specific
analyses of the tumor microenvironment, individual tumor cell analyses and screening
for individual tumor cells or tumor-specific molecules in the blood. It is increasingly
recognized that differentiation between pathological complete remission or residual tumor
is potentially insufficient.

9. Conclusions

There is still a long way to go before we can realize a truly individualized therapy
using the most appropriate therapy at optimal time and sequence for all our patients. In
view of the explosive growth in knowledge in oncology, only an interdisciplinary network
can bundle all forces for the benefit of our patients with breast cancer. In regard to this
special issue, we would like to discuss the current situation and approaches.

Author Contributions: CM., EB., DJ, S.C, B.T.,, DK, SM,, ER. C.N.K,, J.H. wrote parts of the
manuscript. CM., W.B., M.D., TE, ER,, D.K,, CN.K, B.T,, E.B. and ].H. contributed significantly to
the discussion on the interpretation of the results. All authors have read and agreed to the published
version of the manuscript.

Funding: This research received no external funding.
Data Availability Statement: All data and materials can be accessed via C.M. and E.B.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Wolmark, N.; Wang, J.; Mamounas, E.; Bryant, ].; Fisher, B. Preoperative chemotherapy in patients with operable breast cancer:
Nine-year results from National Surgical Adjuvant Breast and Bowel Project B-18. JNCI Monogr. 2001, 2001, 96-102. [CrossRef]

2. Schmid, P; Cortes, J.; Dent, R.; Pusztai, L.; McArthur, H.; Kiimmel, S.; Bergh, J.; Denkert, C.; Park, Y.H.; Hui, R.; et al. Event-free
Survival with Pembrolizumab in Early Triple-Negative Breast Cancer. N. Engl. |. Med. 2022, 386, 556-567. [CrossRef] [PubMed]

3. Schmid, P; Cortes, J.; Pusztai, L.; McArthur, H.; Kimmel, S.; Bergh, J.; Denkert, C.; Park, Y.H.; Hui, R.; Harbeck, N.; et al.
Pembrolizumab for Early Triple-Negative Breast Cancer. N. Engl. J. Med. 2020, 382, 810-821. [CrossRef] [PubMed]

4. Tutt, ANJ,; Garber, ] E.; Kaufman, B.; Viale, G.; Fumagalli, D.; Rastogi, P; Gelber, R D.; de Azambuja, E.; Fielding, A.; Balmaria, J.; et al.
Adjuvant Olaparib for Patients with BRCA1- or BRCA2-Mutated Breast Cancer. N. Engl. ]. Med. 2021, 384, 2394-2405. [CrossRef] [PubMed]

5. von Minckwitz, G.; Huang, C.S.; Mano, M.S,; Loibl, S.; Mamounas, E.P.; Untch, M.; Wolmark, N.; Rastogi, P.; Schneeweiss, A.;
Redondo, A.; et al. Trastuzumab Emtansine for Residual Invasive HER2-Positive Breast Cancer. N. Engl. ]. Med. 2019, 380,
617-628. [CrossRef] [PubMed]

6. Masuda, N.; Lee, S.J.; Ohtani, S.; Im, YH.; Lee, E.S.; Yokota, I.; Kuroi, K.; Im, S.A.; Park, BW.; Kim, S.B.; et al. Adjuvant
Capecitabine for Breast Cancer after Preoperative Chemotherapy. N. Engl. ]. Med. 2017, 376, 2147-2159. [CrossRef]

7. Loibl, S.;; Marmé, E,; Martin, M.; Untch, M.; Bonnefoi, H.; Kim, S.B.; Bear, H.; McCarthy, N.; Melé Olivé, M.; Gelmon, K; et al.
Palbociclib for Residual High-Risk Invasive HR-Positive and HER2-Negative Early Breast Cancer-The Penelope-B Trial. . Clin.
Oncol. Off. ]. Am. Soc. Clin. Oncol. 2021, 39, 1518-1530. [CrossRef]

8. Chan, A,; Delaloge, S.; Holmes, F.A.; Moy, B.; Iwata, H.; Harvey, V.J.; Robert, N.J.; Silovski, T.; Gokmen, E.; von Minckwitz, G.; et al.

Neratinib after trastuzumab-based adjuvant therapy in patients with HER2-positive breast cancer (ExteNET): A multicentre,
randomised, double-blind, placebo-controlled, phase 3 trial. Lancet Oncol. 2016, 17, 367-377. [CrossRef]


http://doi.org/10.1093/oxfordjournals.jncimonographs.a003469
http://doi.org/10.1056/NEJMoa2112651
http://www.ncbi.nlm.nih.gov/pubmed/35139274
http://doi.org/10.1056/NEJMoa1910549
http://www.ncbi.nlm.nih.gov/pubmed/32101663
http://doi.org/10.1056/NEJMoa2105215
http://www.ncbi.nlm.nih.gov/pubmed/34081848
http://doi.org/10.1056/NEJMoa1814017
http://www.ncbi.nlm.nih.gov/pubmed/30516102
http://doi.org/10.1056/NEJMoa1612645
http://doi.org/10.1200/JCO.20.03639
http://doi.org/10.1016/S1470-2045(15)00551-3

Cancers 2022, 14, 1246 90of 10

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

von Minckwitz, G.; Rezai, M.; Tesch, H.; Huober, J.; Gerber, B.; Zahm, D.M.; Hilfrich, J.; Costa, S.D.; Dubsky, P.; Blohmer, J.U.;
et al. Zoledronate for patients with invasive residual disease after anthracyclines-taxane-based chemotherapy for early breast
cancer—The Phase III NeoAdjuvant Trial Add-oN (NaTaN) study (GBG 36/ABCSG 29). Eur. ]. Cancer 2016, 64, 12-21. [CrossRef]
Mayer, I.A.; Zhao, F; Arteaga, C.L.; Symmans, W.E,; Park, B.H.; Burnette, B.L.; Tevaarwerk, A.].; Garcia, S.F,; Smith, K.L.; Makower,
D.F; et al. Randomized Phase III Postoperative Trial of Platinum-Based Chemotherapy Versus Capecitabine in Patients With
Residual Triple-Negative Breast Cancer Following Neoadjuvant Chemotherapy: ECOG-ACRIN EA1131. J. Clin. Oncol. Off. ]. Am.
Soc. Clin. Oncol. 2021, 39, 2539-2551. [CrossRef]

Loibl, S.; Untch, M.; Burchardi, N.; Huober, J.; Sinn, B.V.; Blohmer, J.U.; Grischke, E.M.; Furlanetto, J.; Tesch, H.; Hanusch, C.; et al.
A randomised phase II study investigating durvalumab in addition to an anthracycline taxane-based neoadjuvant therapy in
early triple-negative breast cancer: Clinical results and biomarker analysis of GeparNuevo study. Ann. Oncol. Off. J. Eur. Soc.
Med. Oncol. 2019, 30, 1279-1288. [CrossRef] [PubMed]

Mittendorf, E.A.; Zhang, H.; Barrios, C.H.; Saji, S.; Jung, K.H.; Hegg, R.; Koehler, A.; Sohn, J.; Iwata, H.; Telli, M.L.; et al.
Neoadjuvant atezolizumab in combination with sequential nab-paclitaxel and anthracycline-based chemotherapy versus placebo
and chemotherapy in patients with early-stage triple-negative breast cancer (IMpassion031): A randomised, double-blind, phase
3 trial. Lancet 2020, 396, 1090-1100. [CrossRef]

Ditsch, N.; Untch, M.; Kolberg-Liedtke, C.; Jackisch, C.; Krug, D.; Friedrich, M.; Janni, W.; Miiller, V.; Albert, U.S.; Banys-
Paluchowski, M.; et al. AGO Recommendations for the Diagnosis and Treatment of Patients with Locally Advanced and
Metastatic Breast Cancer: Update 2020. Breast Care 2020, 15, 294-309. [CrossRef] [PubMed]

Schneeweiss, A.; Fasching, P.A.; Fehm, T.; Gerber, B.; Jackisch, C.; Loibl, S.; Schmidt, M.; Stickeler, E.; Wockel, A.; Janni, W.; et al.
AGO Algorithms for the Treatment of Breast Cancer: Update 2021. Geburtshilfe Frauenheilkd 2021, 81, 1101-1111. [CrossRef]
Denkert, C.; Seither, F.; Schneeweiss, A.; Link, T.; Blohmer, J.U.; Just, M.; Wimberger, P.; Forberger, A.; Tesch, H.; Jackisch, C.; et al.
Clinical and molecular characteristics of HER2-low-positive breast cancer: Pooled analysis of individual patient data from four
prospective, neoadjuvant clinical trials. Lancet Oncol. 2021, 22, 1151-1161. [CrossRef]

Pelizzari, G.; Gerratana, L.; Basile, D.; Fanotto, V.; Bartoletti, M.; Liguori, A.; Fontanella, C.; Spazzapan, S.; Puglisi, F. Post-
neoadjuvant strategies in breast cancer: From risk assessment to treatment escalation. Cancer Treat. Rev. 2019, 72, 7-14. [CrossRef]
Anand, K.; Patel, T.; Niravath, P.; Rodriguez, A.; Darcourt, J.; Belcheva, A.; Boone, T.; Ensor, J.; Chang, J. Targeting mTOR and
DNA repair pathways in residual triple negative breast cancer post neoadjuvant chemotherapy. Sci. Rep. 2021, 11, 82. [CrossRef]
Zujewski, J.A.; Rubinstein, L. CREATE-X a role for capecitabine in early-stage breast cancer: An analysis of available data. NPJ
Breast Cancer 2017, 3, 27. [CrossRef]

Harbeck, N.; Rastogi, P.; Martin, M.; Tolaney, S.M.; Shao, Z.M.; Fasching, P.A.; Huang, C.S,; Jaliffe, G.G.; Tryakin, A,
Goetz, M.P; et al. Adjuvant abemaciclib combined with endocrine therapy for high-risk early breast cancer: Updated efficacy
and Ki-67 analysis from the monarchE study. Ann. Oncol. Off. ]. Eur. Soc. Med. Oncol. 2021, 32, 1571-1581. [CrossRef]
Hatschek, T.; Foukakis, T.; Bjohle, J.; Lekberg, T.; Fredholm, H.; Elinder, E.; Bosch, A.; Pekar, G.; Lindman, H.; Schiza, A.; et al.
Neoadjuvant Trastuzumab, Pertuzumab, and Docetaxel vs Trastuzumab Emtansine in Patients With ERBB2-Positive Breast
Cancer: A Phase 2 Randomized Clinical Trial. JAMA Oncol. 2021, 7, 1360-1367. [CrossRef]

Hatschek, T.; Andersson, A.; Bjohle, J.; Bosch, A.; Carlsson, L.; Dreifaldt, A.C.; Einbeigi, Z.; Elinder, E.; Fredholm, H.; Isaksson-
Friman, E.; et al. 970 PREDIX HER2 trial: Event-free survival and pathologic complete response in clinical subgroups and stromal
TILs levels. Ann. Oncol. 2020, 31, S49. [CrossRef]

Hurvitz, S.A.; Martin, M; Jung, KH.; Huang, C.S.; Harbeck, N.; Valero, V.; Stroyakovskiy, D.; Wildiers, H.; Campone, M.; Boileau, J.E; et al.
Neoadjuvant Trastuzumab Emtansine and Pertuzumab in Human Epidermal Growth Factor Receptor 2-Positive Breast Cancer: Three-Year
Outcomes From the Phase Il KRISTINE Study. J. Clin. Oncol. Off. . Am. Soc. Clin. Oncol. 2019, 37, 2206-2216. [CrossRef]

Nitz, U.A ; Gluz, O.; Christgen, M.; Grischke, E.M.; Augustin, D.; Kuemmel, S.; Braun, M.; Potenberg, J.; Kohls, A.; Krauss, K.; et al.
De-escalation strategies in HER2-positive early breast cancer (EBC): Final analysis of the WSG-ADAPT HER2+/HR- phase II trial:
Efficacy, safety, and predictive markers for 12 weeks of neoadjuvant dual blockade with trastuzumab and pertuzumab + weekly
paclitaxel. Ann. Oncol. Off. ]. Eur. Soc. Med. Oncol. 2017, 28, 2768-2772. [CrossRef]

Dubsky, P; Pinker, K.; Cardoso, F.; Montagna, G.; Ritter, M.; Denkert, C.; Rubio, I.T.; de Azambuja, E.; Curigliano, G.;
Gentilini, O.; et al. Breast conservation and axillary management after primary systemic therapy in patients with early-stage
breast cancer: The Lucerne toolbox. Lancet Oncol. 2021, 22, e18-e28. [CrossRef]

Heil, J.; Kuerer, H.M.; Pfob, A.; Rauch, G.; Sinn, H.P,; Golatta, M.; Liefers, G.]J.; Vrancken Peeters, M.]J. Eliminating the breast
cancer surgery paradigm after neoadjuvant systemic therapy: Current evidence and future challenges. Ann. Oncol. Off. J. Eur. Soc.
Med. Oncol. 2020, 31, 61-71. [CrossRef]

Reig, B.; Heacock, L.; Lewin, A.; Cho, N.; Moy, L. Role of MRI to Assess Response to Neoadjuvant Therapy for Breast Cancer. J.
Magn. Reson. Imaging 2020, 52. [CrossRef]

Friedrich, M.; Kiihn, T.; Janni, W.; Miiller, V.; Banys-Pachulowski, M.; Kolberg-Liedtke, C.; Jackisch, C.; Krug, D.; Albert, U.S,;
Bauerfeind, I.; et al. AGO Recommendations for the Surgical Therapy of the Axilla After Neoadjuvant Chemotherapy: 2021
Update. Geburtshilfe Frauenheilkd 2021, 81, 1112-1120. [CrossRef]

Pfob, A.; Sidey-Gibbons, C.; Lee, H.B.; Tasoulis, M.K.; Koelbel, V.; Golatta, M.; Rauch, G.M.; Smith, B.D.; Valero, V.; Han, W.; et al.
Identification of breast cancer patients with pathologic complete response in the breast after neoadjuvant systemic treatment by
an intelligent vacuum-assisted biopsy. Eur. J. Cancer 2021, 143, 134-146. [CrossRef]


http://doi.org/10.1016/j.ejca.2016.05.015
http://doi.org/10.1200/JCO.21.00976
http://doi.org/10.1093/annonc/mdz158
http://www.ncbi.nlm.nih.gov/pubmed/31095287
http://doi.org/10.1016/S0140-6736(20)31953-X
http://doi.org/10.1159/000508736
http://www.ncbi.nlm.nih.gov/pubmed/32774225
http://doi.org/10.1055/a-1519-7089
http://doi.org/10.1016/S1470-2045(21)00301-6
http://doi.org/10.1016/j.ctrv.2018.10.014
http://doi.org/10.1038/s41598-020-80081-y
http://doi.org/10.1038/s41523-017-0029-3
http://doi.org/10.1016/j.annonc.2021.09.015
http://doi.org/10.1001/jamaoncol.2021.1932
http://doi.org/10.1016/j.annonc.2020.03.037
http://doi.org/10.1200/JCO.19.00882
http://doi.org/10.1093/annonc/mdx494
http://doi.org/10.1016/S1470-2045(20)30580-5
http://doi.org/10.1016/j.annonc.2019.10.012
http://doi.org/10.1002/jmri.27145
http://doi.org/10.1055/a-1499-8431
http://doi.org/10.1016/j.ejca.2020.11.006

Cancers 2022, 14, 1246 10 of 10

29.

30.

31.

32.

33.

34.

Krug, D.; Baumann, R.; Budach, W.; Dunst, J.; Feyer, P,; Fietkau, R.; Haase, W.; Harms, W.; Hehr, T.; Piroth, M.D.; et al.
Neoadjuvant chemotherapy for breast cancer-background for the indication of locoregional treatment. Strahlenther. Onkol. 2018,
194, 797-805. [CrossRef]

Krug, D.; Baumann, R.; Budach, W.; Dunst, J.; Feyer, P,; Fietkau, R.; Haase, W.; Harms, W.; Hehr, T.; Piroth, M.D.; et al.
Individualization of post-mastectomy radiotherapy and regional nodal irradiation based on treatment response after neoadjuvant
chemotherapy for breast cancer: A systematic review. Strahlenther. Onkol. 2018, 194, 607-618. [CrossRef]

Ashok, A.; Sude, N.S.; Rakesh, B.A.; Karanam, V.P.K. Prospective Evaluation of Response Outcomes of Neoadjuvant Chemother-
apy in Locally Advanced Breast Cancer. Cureus 2022, 14, €21831. [CrossRef]

Yau, C.; Osdoit, M.; van der Noordaa, M.; Shad, S.; Wei, J.; de Croze, D.; Hamy, A.S.; Laé, M.; Reyal, F,; Sonke, G.S.; et al. Residual
cancer burden after neoadjuvant chemotherapy and long-term survival outcomes in breast cancer: A multicentre pooled analysis
of 5161 patients. Lancet Oncol. 2022, 23, 149-160. [CrossRef]

Radovich, M,; Jiang, G.; Hancock, B.A.; Chitambar, C.; Nanda, R.; Falkson, C.; Lynce, EC.; Gallagher, C.; Isaacs, C.; Blaya, M.; et al.
Association of Circulating Tumor DNA and Circulating Tumor Cells After Neoadjuvant Chemotherapy With Disease Recurrence
in Patients With Triple-Negative Breast Cancer: Preplanned Secondary Analysis of the BRE12-158 Randomized Clinical Trial.
JAMA Oncol. 2020, 6, 1410-1415. [CrossRef]

Marmé, F.; Solbach, C.; Michel, L.; Schneeweiss, A.; Blohmer, J.U.; Huober, ]J.; Fasching, P.A.; Jackisch, C.; Nekljudova, V,;
Link, T.; et al. Utility of the CPS + EG scoring system in triple-negative breast cancer treated with neoadjuvant chemotherapy.
Eur. J. Cancer 2021, 153, 203-212. [CrossRef]


http://doi.org/10.1007/s00066-018-1329-8
http://doi.org/10.1007/s00066-018-1270-x
http://doi.org/10.7759/cureus.21831
http://doi.org/10.1016/S1470-2045(21)00589-1
http://doi.org/10.1001/jamaoncol.2020.2295
http://doi.org/10.1016/j.ejca.2021.05.027

	Introduction 
	Post-Neoadjuvant Chemotherapy/Immunotherapy 
	Residual Disease following Neoadjuvant Therapy 
	PARP Inhibitors 
	ER-Positive/HER2-Negative Disease and CDK4/6 Inhibitors 
	De-Escalation Approaches 
	Locoregional Therapy 
	Future Approaches 
	Conclusions 
	References

