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Introduction
Neoadjuvant chemotherapy (NACT) is increasingly being used to
treat early breast cancer, and offers several advantages,
including reducing the extent of breast and axillary surgery, and
providing an in vivo assessment of tumour sensitivity to
treatment1–4. Clinical trials have identified tumour subgroups
with high rates of pCR. A pCR can be achieved in 45–90 per cent
of human epidermal growth factor receptor 2-positive (HER2+)
tumours and triple-negative breast cancer (TNBC), but the rate
in oestrogen receptor-positive (ER+)/HER2-negative (HER2–)
breast cancer remains below 10 per cent3,5. Historically,
increasing pCR rates following NACT have not translated into
more breast-conserving surgery (BCS), but more recent data
suggest that NACT can result in surgical downstaging6.

NACT use in the UK appears inconsistent, as highlighted by a
recent prospective audit7. Although UK guidelines suggest
considering NACT in patients with HER2+ cancers and TNBC,
detailed guidance does not exist8. Furthermore, it is unclear
whether pCR rates in routine clinical practice reflect those
observed in trials, and whether tumour downstaging influences
surgical decision-making beyond the trial setting. Moreover,
there remains a lack of consensus on whether definitive surgery

should aim to excise the original or post-treatment tumour
footprint, as highlighted in a recent UK survey9, in which 24 per
cent of centres stated that their routine practice was to excise
the original tumour footprint rather than carry out
response-adapted surgery.

This prospective study aimed to determine surgical
decision-making in the breast and axilla and pCR rates in
routine clinical practice following NACT for early breast cancer.

Methods
The NeST study protocol has been published previously10. Briefly,
this was a prospective multicentre cohort study, including
consecutive patients in participating units undergoing NACT as
primary treatment for breast cancer, between 1 December 2017
and 30 November 2018. Demographics, multidisciplinary team
(MDT) recommendations for NACT and preoperative planning,
operative outcomes, and oncological data were collected for
each participant. MDTs were asked to record prospectively
whether patients were eligible for breast conservation at
diagnosis. A pCR was defined by the absence of residual invasive
disease with or without the presence of residual in situ disease
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(ypT0/ypTis) with negative axillary nodes (ypN0)11. Further details
are provided in the supplementary material.

Results
A total of 1283 patientswere entered into theNeST study database
from 39 UK units; complete histopathological and surgical
outcomes data were available for 900 patients (916 tumours).
Patient demographics and baseline tumour characteristics are
summarized in Table S1.

Pathological response
A pCR in the breast (ypT0/ypTis) was reported in 379 tumours
(41.4 per cent), and 330 of 448 (36.0 per cent) node-positive
tumours (ypT0/is, ypN0). The pCR rates by tumour subtype are
summarized in Table 1 and pCR rates in patients with
node-positive disease by subtype in Table S2.

Surgical management
Figure 1 shows the initial surgical management plan and actual
treatment received. At diagnosis, 486 tumours were ineligible for
BCS, and were 350 deemed suitable for BCS. Following NACT,
operation for 176 of 486 tumours (36.2 per cent) was converted
from mastectomy to BCS. Downstaging rates varied according to

subtype; 48.8 per cent of TNBC, 32 per cent of HER2+, and 30 per
cent of ER+/HER2– procedures were converted to BCS (P= 0.004;
χ2 test). Among 350 patients suitable for BCS at diagnosis, 280
underwent BCS and 66 had a mastectomy. A breast pCR was
reported in 143 patients (34.5 per cent) who had a mastectomy
and 231 (47.3 per cent) who underwent BCS (P, 0.001; Fisher’s
exact test). Of 176 tumours downstaged from mastectomy, 45
per cent had a pCR and 50 per cent a partial response to NACT.

The intention to resect either the original breast tumour or
post-treatment tumour footprint was stated for 855 patients:
resection of the original tumour footprint in 383 (44.8 per cent)
and of the post-treatment tumour footprint in 472 (55.2 per cent).
After BCS, 54 patients (11.4 per cent) had involved margins. Of
these, surgery in 22 (40.7 per cent) was downstaged to BCS from
an original plan for mastectomy, and 28 (51.9 per cent) were
eligible for BCS at baseline. Further surgery was recommended
for 40 patients, BCS in 34 (85 per cent) and completion
mastectomy in 6 (15 per cent). The final overall mastectomy rate
was 45.9 per cent when re-excision was considered.

Axillary surgery
Nodal status at diagnosis is shown in Table S1. Sentinel lymph
node biopsy (SLNB) was planned before NACT in 42 patients
(9.4 per cent) with cN0 disease, and after NACT in 372

MDT surgical plan
before NACT

Surgery undertaken
after NACT

Mastectomy +/– IBR
n = 486

Mastectomy +/– IBR
n = 305

BCS +/– oncoplastic
approach
n = 176

No surgery
n = 1

Other
n = 4

BCS +/– oncoplastic
approach n = 350

Mastectomy +/– IBR
n = 66

BCS +/– oncoplastic
approach
n = 280

No surgery
n = 2

Other
n = 2

Not specific
 n = 61

Mastectomy +/– IBR
n = 25

BCS +/– oncoplastic
approach
n = 32

No surgery
n = 3

Other
n = 1

Inoperable
 n = 19

Mastectomy +/– IBR
n = 18

No surgery
n = 1

Fig. 1 Surgical management, showing surgical plan at diagnosis and actual surgical management after systemic therapy

MDT, multidisciplinary team; NACT, neoadjuvant chemotherapy; IBR, immediate breast reconstruction; BCS, breast-conserving surgery.

Table 1 Overall pathological response rates by tumour subtype in both the breast and breast/axilla

Final pathological response

pCR pPR No response Total

Pretreatment pathology ypT0 ypT0/ypTis ypT0/yTis, yN0
HER2+++++ 166 (38.9) 236* (55.1) 205* (48.1) 180* (42.3) 10 (2.3) 426 (46.5)

HER2+/ER+ 87 (31.9) 129 (47.3) 115 (42.1) 137 (50.2) 7 (2.7) 273 (29.8)
HR2+/ER– 79 (52.3) 106 (70.2) 85 (56.3) 42 (27.8) 3 (2.0) 151 (16.5)

TNBC 89 (33.9) 110 (41.9) 101 (38.5) 129 (49.2) 23 (8.8) 262 (28.6)
ER+++++/HER2– 27 (11.8) 34 (14.9) 24 (10.5) 175 (76.8) 19 (8.3) 228 (24.9)
Total 282 (30.8) 379 (41.4) 330 (36.1) 484 (52.9) 52 (6.1) 916

Values in parentheses are percentages. A pCR was defined by the absence of residual invasive disease (ypT0) but in situ disease could be present (ypTis); absence of
residual disease in the breast or axilla was classified as ypT0/ypTis, ypN0. Patients with unknown oestrogen receptor (ER) status on core biopsy were excluded. pPR,
pathological partial response; HER2, human epidermal growth factor receptor 2; TNBC, triple-negative breast cancer.
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(82.9 per cent). Among cN1+ axillae, radiological reassessment
after NACTwas planned in 149 (32.3 per cent) and carried out in
112, with disease in 70 patients (62.5 per cent) downstaged to
cN0. The axillary surgery performed was recorded for 908 of
916 tumours (99.1 per cent) (Table S3). SLNB was undertaken
after NACT in 405 (44.6 per cent), with pN+ reported on final
histology in 30 patients (7.4 per cent). Targeted axillary
dissection was carried out in 55 (6 per cent), and the majority
had pN0 disease (85.5 per cent). In total, 385 patients had
axillary lymph node dissection after NACT and, of these, 186
(48.3 per cent) had pathologically negative nodes.

Discussion
This prospective multicentre cohort study reports real-world pCR
rates after NACT, which are broadly comparable to those in
clinical trials, with pCR rates of 41.9 per cent (TNBC), 47.3 per
cent (HER2+/ER+), and 70.3 per cent (HER2+/ER-negative), in
keeping with published data. With respect to ER+/HER2– breast
cancer, it is known that pCR rates in such tumours are low, the
rate of 14.9 per cent in the present series being in line with
reported rates of 7.5–15.2 per cent. Despite this, NACT remains
commonly used in ER+/HER2– disease, as indicated by this
group making up 24.9 per cent of patients in the present study.
This finding highlights the need for careful consideration of
neoadjuvant treatment options for patient with ER+/HER2–
disease.

Variation in surgical practice following NACTwas seen, with 44
per cent of centres excising the pretreatment tumour footprint
following treatment, and 55 per cent undertaking risk-adapted
surgery. Despite this, for 36.2 per cent of tumours requiring
mastectomy at diagnosis, the procedure was converted to BCS,
in keeping with published data suggesting that modern
chemotherapeutic regimens can downstage disease12. Patients
undergoing BCS were significantly more likely to have a pCR
than those undergoing mastectomy, suggesting that, as pCR
rates increase with improved patient selection and treatment, it
is likely that BCS rates will also rise. This study confirms that a
proportion of patients with tumours suitable for BCS will elect
to undergo mastectomy. This might be because of multifocal/
bilateral disease, patient preference or a mutation in a risk
predisposition gene (data on this were not available for the
cohort). Following BCS, rates of margin involvement were low
and comparable with those reported after BCS without NACT,
and this did not appear to be related to whether or not
treatment of the tumour was downstaged from a planned
mastectomy at baseline13.

Downstaging of axillary surgery was less commonly seen after
NACT, with greater variation in treatment. SLNB before
treatment continues to be performed in patients with cN0
disease, despite the known low false-negative rate after NACT.
Not all patients with node-positive tumours underwent axillary
reassessment after NACT, and 64.9 per cent of patients with
node-positive disease at baseline proceeded to axillary dissection
after NACT, with almost half (184 patients, 49.5 per cent) having
no evidence of axillary disease. Taken together, these data imply
that some patients could undergo less extensive axillary surgery
following NACT, but are not currently considered for this. More
patients could be offered pretreatment nodal marking and
targeted axillary dissection, with the options of either being
treated in the UK’s ongoing trial of axillary surgery after
neoadjuvant therapy (ATNEC, https://clinicaltrials.gov/ct2/show/
NCT04109079), or receiving axillary radiotherapy.

There are limitations to this study. Data were collected from
only a proportion of around 150 UK breast units; participating
units may be those with a high use of NACT, and so these
results may not necessarily be more widely generalizable.
Additionally, an observational study introduces the possibility of
bias, although measures were taken to minimize this. There are
some missing data and, to minimize the impact of this, such
patients were excluded from the analysis of pCR and surgical
decision-making. Finally, data were collected during 2017–2018,
and practice may have changed in the intervening period, in
particularly with increasing use of platinums in TNBC further
increasing pCR rates in this subtype. Furthermore, since
inception of the study, guidelines on surgical management of
the axilla have been published in the UK, and this may have
changed clinical practice14.

The NeST study has demonstrated variation in use of and
decision-making around NACT across the UK, with surgical
downstaging more apparent in the breast than the axilla,
and variation according to disease subtype. These findings
highlight the need for clear guidelines for decision-making in
terms of patient selection and both breast and axillary
surgery, to address treatment variation and optimize patient
outcomes.
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