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Background. Breast cancer patients with residual disease
after neoadjuvant systemic treatment (NAST) have a worse
prognosis compared with those achieving a pathologic com-
plete response (pCR). Earlier identification of these patients
might allow timely, extended neoadjuvant treatment strate-
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(VAB) after NAST to identify patients with residual disease
(ypT+ or ypN+) prior to surgery.

Methods. We used data from a multicenter trial, collected
at 21 study sites (NCT02948764). The trial included women
with ¢T1-3, cNO/+ breast cancer undergoing routine post-
neoadjuvant imaging (ultrasound, MRI, mammography) and
VAB prior to surgery. We compared the findings of VAB and
routine imaging with the histopathologic evaluation of the
surgical specimen.

Results. Of 398 patients, 34 patients with missing ypN sta-
tus and 127 patients with luminal tumors were excluded.
Among the remaining 237 patients, tumor cells in the VAB
indicated a surgical non-pCR in all patients (73/73, posi-
tive predictive value [PPV] 100%), whereas PPV of routine
imaging after NAST was 56.0% (75/134). Sensitivity of the
VAB was 72.3% (73/101), and 74.3% for sensitivity of imag-
ing (75/101).

Conclusion. Residual cancer found in a VAB specimen
after NAST always corresponds to non-pCR. Residual can-
cer assumed on routine imaging after NAST corresponds to
actual residual cancer in about half of patients. Response
assessment by VAB is not safe for the exclusion of residual
cancer. Response assessment by biopsies after NAST may
allow studying the new concept of extended neoadjuvant
treatment for patients with residual disease in future trials.

Keywords Neoadjuvant systemic treatment - Vacuum-
assisted biopsy - Residual disease - Pathologic complete
response - Extended neoadjuvant treatment

With an estimated 2.3 million new cases in 2020, breast
cancer has become the most commonly diagnosed cancer
worldwide.! Neoadjuvant systemic treatment (NAST) is
routinely applied to women with locally advanced and/or
HER2-positive or triple-negative (TNBC) breast cancer.’
Breast cancer patients with residual disease after NAST have
a worse prognosis compared with those achieving a patho-
logic complete response (pCR).> For non-pCR patients with
TNBC or HER2-positive disease, post-neoadjuvant treat-
ment with capecitabine or trastuzumab emtansine (T-DM1)
showed improved survival.*>

Currently, post-neoadjuvant treatment for non-pCR
patients is administered after surgery as histopathologic
evaluation of the surgical specimen is required to confirm
residual disease. Non-surgical tools such as post-neoadju-
vant imaging showed good performance to assess treatment
response in general but are inaccurate to definitely assess
whether or not residual tumor remains.®® Identifying
patients with residual disease to administer tailored, targeted
treatment prior to surgery (i.e., extended neoadjuvant treat-
ment) might be an opportunity to further improve survival
for these patients. Previous studies showed the potential of

vacuum-assisted biopsies (VABs) after NAST to identify
patients with pCR for the omission of surgery.”!” The aim of
this study was to explore the feasibility of VAB after NAST
to identify patients with HER2-positive breast cancer or
TNBC and residual disease (ypT+ or ypN+), who might
benefit from tailored, extended neoadjuvant treatment in
future trials.

METHODS

This study was performed in line with the principles of
the Declaration of Helsinki. Approval was granted by the
respective Ethics Committees at all study sites (lead ethics
approval Heidelberg University).

Patient Recruitment

For this secondary analysis, we used data from the
RESPONDER trial (NCT02948764), a multicenter, prospec-
tive trial that aimed to evaluate the performance of VAB to
exclude residual disease after NAST but prior to surgery.'!
Data were collected at 21 study sites in Germany from 2017
to 2019. Patients aged 18 years or older with cT1-3, cNO-1
breast cancer of any tumor biology with a partial or complete
response to NAST as evaluated by post-neoadjuvant imaging
were included in the trial. A clip marker by physician choice
was placed into the target lesion at the time of diagnosis to
mark the original tumor bed. Patients underwent NAST for
at least 12 weeks. VAB was performed at the day of surgery
or the day before. To standardize response to treatment at
the 21 study sites, physicians specialized in breast radiol-
ogy (either radiologists, or, in Germany, also gynecologists)
performed the examinations.

The trial was approved by the respective Institutional
Review Board and Ethics Committee. All human partici-
pants gave written informed consent.

Outcomes and Definitions

Assessment of tumor response to NAST was evaluated
within the clinical routine using ultrasound and/or MRI by
physician choice. Recent meta-analyses suggest equivalent
performance of ultrasound and MRI to evaluate response to
NAST.® Thus, ultrasound was deemed sufficient to evaluate
response to NAST on its own. Additionally, mammography
was used to account for potential DCIS. We considered any
residual disease on ultrasound and/or or MRI as residual
disease on routine imaging, whereas complete response
on routine imaging was assumed if ultrasound and/or MRI
showed no residual disease and no potential DCIS was seen
on mammography.

As previously described,”!! VAB was performed under
the guidance of mammography or sonography after the
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completion of NAST but prior to surgery. At least six spec-
imens with needles sizes from 10 to 7 gauge were taken
during the VAB procedure. Histopathologic evaluation of
the VAB specimens was categorized as follows: (1) residual
tumor cells in the VAB specimen; (2) no residual tumor cells
in the VAB specimen, but the VAB specimen was an unclear
representative of the former tumor region (no signs of fibro-
sis); and (3) no residual tumor in the VAB specimen and
representative of the former tumor region (signs of fibrosis)

In our present study that aimed to identify patients for
extended neoadjuvant treatment, we considered VAB cat-
egory (1) as tumor positive biopsy, and type (2) and (3) as
tumor negative biopsy.

Pathological evaluation of the surgical specimen served
as the gold standard for the definition of pCR: pCR was
assumed if no residual invasive or in situ tumor cells were
found in the breast and axillary lymph nodes (ypTO and
ypNO). The results of imaging and VAB were compared
against the results of the surgical specimen. Although breast
VAB cannot reflect axillary status directly, we considered
residual disease as ypT+ or ypN+ in this study, to keep the
comparison consistent with post-neoadjuvant protocols. The
positive predictive value (PPV) of VAB was considered the
main outcome measure, and additional diagnostic metrics
such as specificity, sensitivity, and negative predictive value
(NPV) were calculated.

Statistical Analysis

We performed a descriptive analysis to illustrate the
distribution of the baseline characteristics of the pCR and
non-pCR cohorts. We used the Chi-square test for categorial
data and the #-test for continuous data to compare baseline
characteristics. A p-value <0.05 was considered a significant
difference. For the diagnostic performance evaluation, we
created confusion matrixes of the binary NAST response
assessment of VAB and imaging compared with surgery
and then calculated the respective diagnostic metrics. SPSS
(IBM Corporation, Armonk, NY, USA) and R version 4.1.1
(The R Foundation for Statistical Computing, Vienna, Aus-
tria) were used for all analyses.

RESULTS
Patient Selection

Of 398 patients included in the original trial, 161 were
excluded due to luminal, HER2-negative tumor biology or
missing ypN status. The remaining 237 patients with HER2-
positive or TNBC subtype were included in the analysis
(Fig. 1).

398
Patients of the RESPONDER trial

oy | Excluded from analysis n=161
- missing ypN status (n=34)
- luminal, HER2-negative (n=127)

237
Were included in the analysis set

FIG.1 Flowchart of eligible patients used for analysis

Baseline Clinical Characteristics

Of 237 patients, 57.4% (136/237) achieved a pCR.
Hormone receptor (HR)-positive, HER2-positive subtype
was observed in 15.2% (36/237) of patients, HR negative,
HER2-positive in 31.6% (75/237), and TNBC subtype in
53.2% (126/237). Ultrasound was used in 97.9% (232/237)
of patients to evaluate response to NAST, whereas MRI
was used in 2.1% (5/237). Of all VABs, 183 (77.5%) were
ultrasound-guided biopsies and 53 (22.5%) were stereo-
tactic-guided biopsies (clip marker not clearly visible with
ultrasound). There were significant differences between the
PCR and non-pCR groups with respect to mean age (50.0
vs. 55.9; p = 0.003). Further details of the baseline clinical
characteristics are shown in Table 1.

Diagnostic Performance of Vacuum-Assisted Biopsy
and Routine Imaging for Response Assessment
to Neoadjuvant Systemic Treatment

Table 2 shows the diagnostic performance of VAB and
routine imaging to detect residual cancer after NAST (ypT+
or ypN+). Tumor cells in the VAB indicated a surgical non-
pCR in all patients (73/73; PPV 100%), and no tumor cells
in the VAB indicated a surgical pCR in 82.9% of patients
(136/164; NPV). PPV and NPV of routine imaging after
NAST were 56.0% (75/134) and 74.8% (77/103), respec-
tively. Specificity of VAB was higher (100%, 136/136) com-
pared with that of imaging (56.6%, 77/136). Sensitivity of
the VAB was 72.3% (73/101), and 74.3% for sensitivity of
imaging (75/101), indicating that residual cancer was missed
by VAB in 27.7% of patients and by imaging in 25.7%,
respectively, compared with the surgical specimen.

Table 3 shows the confusion matrix of VAB and imaging.

Subgroup Analysis
Table 4 shows the diagnostic performance of VAB in the

TNBC and HER2-positive subgroups. Diagnostic perfor-
mance was comparable with a descriptively lower sensitivity
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TABLE 1 Baseline clinical characteristics comparison between the
PCR and non-pCR groups

TABLE 2 Diagnostic performance of vacuum-assisted biopsy and
imaging to detect residual cancer after neoadjuvant treatment

Characteristics Whole pCR non- pCR  p-Value
cohort [n=136] [n=101]
[n=237]
Age, years (SD)  52.5(12.5) 50.0 (12.1) 55.9 (12.2) 0.003
Imaging modal-
ity after NAST
Mammography 56 (23.6)
Ultrasound 232 (97.9)
MRI 5@2.1)
ycT status < 0.001
ycTO 116 (48.9) 83(61.0) 33(32.7)
ycT+ 121 (51.1)  53(39.0) 68 (67.3)
cN status 0.987
cNO 166 (71.6)  95(72.0) 71 (71.0)
cN+ 66 (28.4) 37(28.0) 29 (29.0)
Missing 5
ycN status 0.280
ycNO 185(89.8)  107(92.2) 78 (86.7)
yeN+ 21 (10.2) 9 (7.8) 12 (13.3)
Missing 31
Grade 0.190
1 1(0.4) 1(0.7) 0(0)
2 76 (32.9) 37(27.2) 39394
3 154 (66.7)  95(69.9) 59 (59.6)
Missing 6
Tumor subtype 0.141
HR+, HER2+ 36 (15.2) 26 (19.1) 10 (9.9)
HR+, HER2— 75 (31.6) 40(29.4)  35(34.7)
TNBC 126 (53.2) 70(51.5) 56 (55.4)
VAB needle size 0.887
7G 28 (12.3) 18 (13.7) 10 (10.3)
8G 109 (47.8) 62(47.3) 47 (48.5)
9G 11 (4.8) 6 (4.6) 5(5.2)
10G 80 (35.1) 45 (344) 35@6.1)
Missing 7
VAB guidance 0.491
Sonographic 183 (77.5) 102 (75.6) 81 (80.2)
Stereotactic 53 (22.5) 33 (24.4) 20 (19.8)
Tumor response
pCR 136 (574) - -
Non-pCR 101 42.6) - -

Data are expressed as n (%) unless otherwise specified

PCR pathologic complete response, SD standard deviation, HER2
human epidermal growth factor receptor 2, HR hormone receptor,
TNBC triple-negative breast cancer, VAB vacuum-assisted biopsy,
NAST neoadjuvant systemic treatment

in HR-negative, HER2-positive patients (50.0%, 5/10) com-
pared with HR-positive, HER2-positive patients (80.0%,
28/35), and TNBC patients (71.4%, 40/56).

Diagnostic metric Vacuum-assisted biopsy Imaging

Accuracy 88.2% (209/237) 64.1% (152/237)
Sensitivity 72.3% (73/101) 74.3% (75/101)
Specificity 100.0% (136/136) 56.6% (77/136)
PPV 100.0% (73/73) 56.0% (75/134)
NPV 82.9% (136/164) 74.8% (77/103)

PPV positive predictive value, NPV negative predictive value

TABLE 3 Confusion matrix of VAB and imaging

Whole cohort (n = 159) Surgically confirmed

Residual cancer pCR

VAB Residual cancer 73 0
No residual cancer 28 136

Imaging Residual cancer 75 59
No residual cancer 26 77

PCR pathologic complete response, VAB vacuum-assisted biopsy

Table 5 shows details on the patients with residual cancer
correctly identified by VAB (true positives). Of these 73
patients with residual disease by VAB and surgery, 28.8%
(21/73) had ycTO on routine imaging after NAST.

DISCUSSION

In this study, we demonstrate that VAB after NAST is a
reliable tool to identify HER2-positive or TNBC patients with
residual disease after NAST prior to surgery who might bene-
fit from tailored extended neoadjuvant treatment. PPV of VAB
was higher compared with routine imaging after NAST: PPV
100.0% (73/73) versus 56.0% (75/134). Thus, VAB seems
more suitable to select patients who might benefit from tai-
lored extended neoadjuvant treatment. Residual cancer found
in a VAB specimen after NAST always corresponds to non-
pCR; however, residual cancer assumed on routine imaging
after NAST corresponds to actual residual cancer in only
about half of patients, which would result in many patients
who may undergo unnecessary toxic extended therapy. Sen-
sitivity of VAB and imaging were not adequate to reliably
exclude residual cancer in the breast or axilla (sensitivity of
VAB 72.3% and 74.3% for sensitivity of imaging). Despite
comparable sensitivity, VAB seems the preferred method
for extended neoadjuvant treatment indication because of
the higher PPV compared with imaging (100% vs. 56.0%).
Extended neoadjuvant treatment before surgery for patients
with residual cancer based on VAB could have advantages
over existing post-neoadjuvant strategies after surgery. It may
further improve in vivo sensitivity testing to enable targeted
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TABLE 4 Diagnostic

Diagnostic metrics TNBC HER2+, HR— HER2+, HR+ [n = 75]
Perfo.rma.nce of VAB and [n=126] [n=36]
imaging in the TNBC and
HER2-positive subgroups VAB
Accuracy 87.3% (110/126) 86.1% (31/36) 90.7% (68/75)
Sensitivity 71.4% (40/56) 50.0% (5/10) 80.0% (28/35)
Specificity 100.0% (70/70) 100.0% (26/26) 100% (40/40)
PPV 100.0% (40/40) 100.0% (5/5) 100% (28/28)
NPV 81.4% (70/87) 83.9% (26/31) 85.1% (40/47)
Imaging
Accuracy 67.5% (85/126) 58.3% (21/36) 61.3% (46/75)
Sensitivity 76.8% (43/56) 80.0% (8/10) 68.6% (24/35)
Specificity 60.0% (42/72) 50.0% (13/26) 55.0% (22/40)
PPV 60.6 (43/71) 38.1% (8/21) 57.1% (24/42)
NPV 76.4 (42/55) 86.7% (13/15) 66.7% (22/33)

PPV positive predictive value, NPV negative predictive value, VAB vacuum-assisted biopsy, TNBC triple-
negative breast cancer, HER2 human epidermal growth factor receptor, HR hormone receptor

TABLE 5 Patients with residual cancer correctly identified by VAB

N=173 (%)

Tumor subtype

HER2+, HR—- 5(6.8)

HER2+, HR+ 28 (38.4)

TNBC 40 (54.8)
Imaging modality used after NAST

Mammography 13 (17.8)

Ultrasound 71 (97.3)

MRI 22.7)
Results of routine imaging after NAST

ycTO 21 (28.8)

ycT+ 52 (71.2)
ycN status

ycNO 61 (83.6)

ycN+ 6(8.2)

Missing 6(8.2)
Histopathologic results

ypTO, ypNO 0(0)

ypT+, ypNO 57 (78.1)

ypTO, ypN+ 0(0)

ypT+, ypT+ 16 (21.9)
ypT stage

ypTO 0(0)

ypTla 15 (20.5)

ypT1b 13 (17.8)

ypTlc 19 (26.0)

ypT2 14 (19.2)

ypT3 0(0)

ypTis 12 (16.4)

HER?2 human epidermal growth factor receptor 2, HR hormone recep-
tor, TNBC triple-negative breast cancer, NAST neoadjuvant systemic
treatment

therapies for non-responding residual tumor to improve
tumor response, and, at best, reach pCR. This could be
especially helpful for tailoring treatment for patients with
discordant receptor status before and after NAST.

Patients benefit from NAST not only in terms of surgical
downstaging (breast-conserving surgery instead of mastec-
tomy); NAST also allows for early in vivo sensitivity testing
to anticancer drugs.'? Several clinical trials showed improved
survival for high-risk patients who undergo escalated post-
neoadjuvant treatment. The CREATE-X trial showed 13.7%
improved disease-free survival (DFS; 69.8% vs. 56.1%) and
improved overall survival (OS; 78.8% vs. 70.3%) with addi-
tional capecitabine for TNBC patients with residual disease
after NAST.* The KATHERINE trial showed 11.3% improved
DFS (88.3% vs. 77.0%) with additional T-DM1 for HER2-
positive patients with residual disease after NAST.> The
Keynote-522 trial showed 6% improved event-free survival
(EFS; 91.3% vs. 85.3%) with additional (neoadjuvant and
post-neoadjuvant) pembrolizumab for patients with early
TNBC.!? The OlympiA trial showed 8.8% improved invasive
DFS (iDFS; 85.9% vs. 77.1%) with additional olaparib for
patients with HER2-negative breast cancer and BRCA1 or
BRCA?2 germline pathogenic variants after local and neoadju-
vant treatment.'* The MonarchE trial showed 3.5% improved
iDFS (92.2% vs. 88.7%) with additional abemaciclib to endo-
crine therapy for patients with HR-positive, HER2-negative
disease at high risk of early recurrence after local treatment. >
Based on these findings, many more trials have been started
to evaluate the role of post-neoadjuvant treatment for patients
with residual disease (e.g. trastuzumab deruxtecan [T-DXd,
NCT04622319], T-DM1 plus tucatinib [NCT04457596]).
However, response assessment to guide post-neoadjuvant
treatment is thus far based on the histopathologic evalua-
tion of the surgical specimen. Using VAB after NAST and
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prior to surgery to prompt extended neoadjuvant treat-
ment could further improve in vivo sensitivity testing for
patients with residual disease via administrating tailored/
targeted therapies for non-responding residual tumor prior
to surgery. A recent meta-analysis showed that the lower
the residual cancer burden (RCB) in patients after NAST
is, the more favorable is their long-term prognosis: EFS
at 10 years was 88% for patients within the RCB-0 class
(equivalent to pCR), compared with 80% for RCB-1, 65%
for RCB-2, and 45% for RCB-3.3 Thus, lowering RCB, at
best until reaching pCR, via extended neoadjuvant treatment
may be a promising approach to further improve survival
for these patients. Although response assessment via VAB
does not allow for such a granular distinction as RCB (RCB
0, 1, 2, 3) but rather a binary evaluation (pCR vs. non-pCR),
the concept of targeting residual, resisting tumor cells with
additional treatment and the advantage of an additional
round of in vivo sensitivity testing before surgery, seems
worthwhile. To our knowledge, there are no ongoing trials
evaluating the concept of extended neoadjuvant treatment,
which should thus be considered a conceptual or potential
trial design in the future. Some trials are ongoing to identify
high-risk patients with a high risk for relapse after standard
neoadjuvant chemotherapy to guide escalated or targeted
post-neoadjuvant therapy; however, this again refers to post-
neoadjuvant treatment after surgery.'® Tailored extended
neoadjuvant treatment could be especially helpful for tai-
loring treatment for patients with discordant receptor status
before and after NAST (about 20% of patients lose HER2
expression during NAST, 3% acquire HER2 expression, 10%
acquire estrogen receptor (ER) expression, and 5% lose ER
expression).!” Furthermore, future studies should investigate
the concordance of immunohistochemistry between the post-
neoadjuvant VAB and the surgical specimen. Although we
assume that the discrepancy with the post-neoadjuvant VAB
is much lower compared with the pre-neoadjuvant biopsy,
evidence is scarce.

Another potential advantage of extended neoadjuvant
treatment by VAB is time to treatment. A considerable
amount of time lays between the completion of NAST and
the start of systematic adjuvant treatment. Recent data sug-
gest that the average time interval between the end of NAST
and surgery is about 28 days, which is in line with a recom-
mendation to perform surgery about 2—4 weeks after the
completion of NAST to give leukocytes time to recover.'®!?
As for adjuvant treatment after surgery, a National Cancer
Database study showed it took, on average, 2—4 weeks to
begin adjuvant treatment after surgery.?’ Thus, patients
with residual disease after NAST pass a time of 4-8 weeks
without any systemic treatment between the completion of
NAST to the beginning of systemic adjuvant treatment, with
potential risks of further disease progression. Extended neo-
adjuvant treatment for patients with residual disease based

on VAB might improve systemic tumor control and avoid
progression.

As discussed above, escalated post-neoadjuvant treat-
ment is currently based on the histopathologic evaluation of
the surgical specimen and administered after surgery. This
is because thus far no tool except histopathologic evalua-
tion of the surgical specimen can reliably identify patients
with residual disease. A recent meta-analysis summarized
the diagnostic accuracy of post-neoadjuvant MRI to assess
pCR; pooled specificity to detect residual cancer was 78%
(among all patients with pCR, 78% were correctly identi-
fied) and pooled sensitivity was 92% (among all patients
with residual cancer, 92% were correctly identified), while
the corresponding values for ultrasound were 90% and 80%,
respectively.® Specificity of MRI and ultrasound is lower
compared with that of VAB after NAST (specificity of
100% in our sample), meaning that VAB is more suitable
to safely prompt extended neoadjuvant treatment strategies
for patients evaluated to have residual cancer; with MRI or
ultrasound we would administer unnecessary, toxic systemic
treatment to about 20% of patients who actually do not have
residual disease (false-positives). However, the lower sensi-
tivity of VAB means that some patients with residual cancer,
who might be eligible for extended-neoadjuvant treatment,
will be missed and will continue to undergo standard of care
post-neoadjuvant treatment.

Performing VAB to evaluate response to NAST prior to
surgery cannot only be used to prompt targeted extended
neoadjuvant treatment for patients with residual disease but
also to de-escalate treatment for patients without residual
disease.”! The low sensitivity (high rate of missed residual
cancer) of VAB alone is in line with our previous research,
which showed that for the reliable exclusion of residual can-
cer, VAB should be combined with imaging and specific
patient selection criteria.”** Recent studies showed that an
‘intelligent VAB’, a machine learning algorithm analyzing
VAB variables alongside clinical and patient information,
can reliably exclude residual cancer after NAST; these
patients without residual disease might be spared breast and
axillary surgery.'%?} Thus, future trials may evaluate onco-
logic outcomes of response assessment to NAST via VAB
within three patient groups (Fig. 2): (1) patients with resid-
ual disease in the conventional VAB specimen who will then
receive tailored and targeted extended neoadjuvant treatment
before surgery; (2) patients with no residual disease as evalu-
ated by the intelligent VAB who will then omit breast and
axillary surgery’ and (3) patients without residual disease in
the conventional VAB specimen but for whom residual dis-
ease cannot safely be excluded by the intelligent VAB, who
will then undergo surgery and standard post-neoadjuvant
treatment based on the pathologic evaluation of the surgical
specimen. Future studies may also investigate whether (intel-
ligent) VAB cannot only reliably exclude residual disease
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FIG. 2 Concept of individualized post-neoadjuvant treatment strat-
egy based on response assessment via vacuum-assisted biopsy. NAST
neoadjuvant systemic treatment, VAB vacuum-assisted biopsy

after NAST but also during the course of NAST to poten-
tially end NAST ahead of schedule.

Our study has some limitations. First, this was a second-
ary analysis of a previously reported clinical trial.'” Second,
the sample size was moderate, especially for HER2-positive
patients. Larger prospective data are required to validate
our findings. Third, trial inclusion criteria specified that a
clip marker or target lesion must be visible for the biopsy;
patients with dislocated markers were excluded. This may
introduce uncertain bias to some degree. Forth, ultrasound,
in general, is an operator- and device-dependent modality.
To standardize response to treatment at the 21 study sites,
physicians specialized in breast radiology performed the
examinations. Fifth, this was a diagnostic study focusing on
diagnosing pathologic response to NAST but without find-
ings on oncologic outcomes. Recently, the importance of
PCR as a surrogate parameter for survival has come under
scrutiny, with some trials suggesting that long-term benefits
(especially of immune response) may not be reflected by
pCR.?*? Thus, the implication of our findings on oncologic
outcomes may be evaluated in future clinical trials.

CONCLUSION

Minimally invasive biopsies after NAST can identify
HER2-positive or TNBC patients with residual disease
after NAST prior to surgery and might be more suitable to
prompt extended neoadjuvant treatment for these patients

than imaging. Based on the response assessment of NAST
via minimally invasive biopsies, future trials may evaluate
(1) extended neoadjuvant treatment for patients with residual
disease, and (2) de-escalated treatment for patients without
residual disease, i.e. omission of breast and axillary surgery
and, potentially, omission of further chemotherapy. This
newly proposed concept of individualized response moni-
toring to NAST will have to be evaluated in future trials to
assess oncologic outcomes.
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