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ABSTRACT

The likelihood of pathological complete remission (pCR) of

breast cancer following neoadjuvant chemotherapy (NACT)

is increasing; most of all in the triple negative and HER2 posi-

tive tumour subgroups. The question thus arises whether or

not breast surgery is necessary when there is complete remis-

sion after NACT, and whether it provides any improvement of

the oncological treatment result when tumour is no longer

detectable. Avoiding surgery and possibly even radiotherapy

would only be conceivable on the basis of a reliable diagnosis

of pCR without operating. Current imaging does not achieve

the necessary sensitivity and specificity to assure the diagno-

sis of pathological complete remission. Further studies are

therefore required to determine which methods are best able

to evaluate tumour response to NACT. Studies on image-

guided, minimally invasive biopsies after NACT have delivered

first promising results towards diagnosing pCR before surgery

and could provide the basis for further studies on the possibil-

ity of avoiding surgery in this specific patient collective.

ZUSAMMENFASSUNG

Die Wahrscheinlichkeit einer pathologischen Komplettremis-

sion (pCR) bei Brustkrebs nach neoadjuvanter Chemotherapie

(NACT) nimmt zu; vor allem in den Subgruppen der tripel-ne-

gativen und HER-2-positiven Tumoren. Daher stellt sich die

Frage, ob bei einer Komplettremission nach NACT eine opera-

tive Therapie der Brust notwendig ist, und ob es einen Vorteil

für das onkologische Behandlungsergebnis hat, wenn kein Tu-

mor mehr nachgewiesen werden kann. Ein Verzicht auf die

Operation und gegebenenfalls auch auf die Radiotherapie ist

jedoch nur auf der Basis einer verlässlichen pCR-Diagnose

ohne Operation denkbar. Bildgebende Verfahren erreichen

derzeit nicht die nötige Sensitivität und Spezifität, um die

Diagnose einer pathologischen Komplettremission sicher zu

stellen. Daher sind weitere Studien nötig, um herauszufinden,
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welche Methode die bestmögliche Evaluation des Tumor-

ansprechens auf NACT erlaubt. Erste vielversprechende Er-

gebnisse zeigen sich in Studien zu bildgebungsgesteuerten,

minimalinvasiven Biopsien nach NACT. Diese evaluieren die

Möglichkeit einer pCR-Diagnose vor der Operation und könn-

ten die Grundlage für weitere Studien zu einem möglichen

Verzicht auf eine Operation in diesem ausgewählten Kollektiv

sein.
Introduction and Background
In recent years neoadjuvant chemotherapy regimes (NACT) for
the treatment of breast carcinoma have become more and more
effective. As a consequence there has been a significant increase
in rates of pathological complete remission (pCR) particularly in
the triple negative and HER2 positive tumour subgroups where
pCR rates of up to 60% have been achieved. Also, knowledge
about the relationship between tumour biology, achieving patho-
logical complete remission (pCR) and improved prognosis has in-
creased significantly. The point has been reached where, in the
context of routine clinical practice, both doctors and patients are
you asking the question whether an operation, i.e. breast and
lymph node resection (or partial resection), and locoregional ra-
diotherapy are necessary.

The aims of surgery following NACT are therapeutic on the one
hand, and diagnostic on the other: therapeutic removal of possi-
ble residual tumour from the breast, aiming for complete loco-
regional tumour resection, and acquiring diagnostic information
regarding tumour response to NACT. The latter is only possible
through histopathological examination of the resected tissue
since imaging studies are known to be inadequate. In view of in-
creasing pCR rates the following questions are raised:
1. Can available diagnostic methods predict complete remission

with a high level of certainty? This would be an essential pre-
requisite for studies aiming to answer the next question;

2. Can surgery be avoided in the context of pCR, or is it still a ther-
apeutic necessity?

Currently there are good grounds not to avoid surgery. Tumour
remission cannot be confirmed with enough certainty using imag-
ing, so an operation remains indispensable for diagnostic pur-
poses. New study concepts tackle this problem by attempting to
show definite tumour remission using percutaneous, minimally
invasive biopsy.

This article summarises the current status of imaging for the
assessment of treatment response of breast lesions to NACT (NB:
nodal status not considered in this article). In addition, current
and planned studies on the diagnosis of pCR in the breast (ypT0)
using percutaneous, minimally invasive biopsy techniques are
presented. Historical studies are discussed in which locoregional
treatment was modified after NACT.
Historical Studies on Adapting Locoregional
Therapeutic Management

Earlier studies on adapting locoregional therapy were conducted
in an age when high quality breast imaging was not available and
our understanding of intrinsic tumour subtypes and their individ-
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ual responses to NACT was poorly developed. Thus, from todayʼs
perspective they appear to have been doomed to fail. The clinical
assessment of tumour response in the described studies was non-
uniform and inexact, and pathological complete remission could
not be predicted. The results of earlier studies are shown in ▶ Ta-
ble 1; these studies are very inhomogeneous, evaluating various
locoregional treatment strategies only some of which were
guided by tumour response to neoadjuvant therapy (▶ Table 1).
Even the definition of clinical complete remission (cCR) varied sig-
nificantly between the studies. Ellis et al. 1998 [1] based the diag-
nosis of cCR on the complete absence of a palpable breast lesion
following NACT. In this study a collective of 185 breast cancer pa-
tients were evaluated with respect to various prognostic factors.
39 patients with clinical complete remission chose not to undergo
surgery and were treated with radiotherapy alone. The local recur-
rence rate in this group was 21% compared to only 7% in the
group undergoing surgery (28 cCR cases [19.2%] of 146 patients
in the operative group).

Two studies (▶ Table 2) had the primary aim of evaluating lo-
coregional radiotherapy as a definitive treatment option com-
pared to surgery in patient collectives with clinical complete re-
mission (cCR) following NACT. In some instances there were high
locoregional recurrence rates so that in these studies too, this
treatment strategy appears unacceptable. Nevertheless, these
historical results must be considered taking the above-mentioned
diagnostic limitations, the limited general understanding of the
disease situation in the past and significant differences to current
systemic treatments into account. These studies probably only al-
low the conclusion that in these study collectives, physical exami-
nation and imaging were not able to identify the group of patients
with minimal, residual or even absent tumour cells. For example,
in the study by Ring et al. in 2003 [2] only 25% of patients with
cCR had pCR. Preoperative investigations (clinical examination
and imaging) were thus not accurate enough to definitely identify
patients with pCR. Even today imaging does not provide sufficient
certainty. In current routine clinical practice only approximately
two thirds of cases with cCR are ultimately diagnosed with pCR
[3]. This is certainly an improvement on earlier study findings,
however these results are still certainly insufficient to allow avoid-
ance of surgery or the planning of a prospective study on opera-
tion avoidance.
The Level of Diagnostic Certainty of Imaging
in the Assessment of Remission

The sensitivity and specificity of imaging for predicting pCR is in-
adequate, i.e. neither pCR nor residual tumour can be predicted
with certainty [11–14]. In addition, the various studies differ
greatly in terms of imaging methods and even the definition of
49



▶ Table 1 Overview of previous studies evaluating locoregional treatment regimens, adapted from [4].

Study Study
period

n cCR Locoregional therapy 5-year LRR

Operation Only RT Operation (%) Only RT (%)

De Lena et al. [5] 1975–1980

prospective

132
(T3b–4, N0–2)

100% of RT group,
60% of operation group

65 67 29.6 31.1

Perloff et al. [6] 1978–1983

prospective

87 18% 43 44 19 27

Scholl et al. [7] 1986–1990 200 ? 36 mtx ± RT,
62 BCT + RT

102 24

Touboul et al. [8] 1982–1990

prospective

97 33 37 rD (> 3 cm), mtx;
27 rD (< 3 cm), BCT

33 16 after BCT;
5.4 after mtx

16

Ellis et al. [1] 1985–1994 185 39 120; 29mtx, 91 BCT 39 7 21

Maruiac et al. [9] 1985–1989 134 (T2–3) 89; 40 BCT = RT,
49mtx

44 22.5 BCT + RT;
22.4 after mtx

34

BCT: breast conserving therapy, cCR: clinical complete remission, LRR: locoregional recurrence rate, mtx: mastectomy, rD: residual disease, RT: radiotherapy

▶ Table 2 Overview of previous studies evaluating radiotherapy as the only locoregional therapy in the context of cCR, adapted from [4].

Study Study
period

n cCR Locoregional therapy 5-year LRR

Operation Only RT Operation (%) Only RT (%)

Ring et al. [2] 1986–1999 453 136 67 69 10 21

Daveau et al. [10] 1985–1999 1477 (T2-3) 165 65 100 12 23

cCR: clinical complete remission, LRR: locoregional recurrence rate, RT: radiotherapy
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complete remission. Standardised criteria exist for complete re-
mission on imaging, however these use evaluation criteria for sol-
id tumours in general and do not describe details specific to breast
imaging [15]. The majority of studies to date have the estimation
of residual tumour size on imaging as their endpoint. More re-
cently a number of studies have attempted to improve the predic-
tion of pCR using imaging (MRI, mammography, ultrasound).
These studies calculate false negative rates (FNR) and negative
predictive values (NPV), which are regarded as the most informa-
tive indices for diagnostic certainty in this context (comparison in
▶ Table 3). The NPV in these analyses is equivalent to the total
number of cases with clinical complete commission on imaging
(cCR) and pCR on resected breast tissue (all truly negative cases)
divided by total number of cases with cCR. The FNR is the quotient
of false negative cases (cCR on imaging but residual tumour in
resected breast tissue) divided by the total number of cases with
residual tumour cells in resected breast tissue. The various study
results demonstrate that the diagnostic accuracy of imaging re-
mains unsatisfactory for this day and age. Of the imaging modal-
ities magnetic resonance imaging achieves the highest accuracy
with NPV between 44 and 94%. When the different tumour sub-
types are compared there is a recognisable tendency towards
higher NPVs among patient groups with triple negative and HER2
positive tumours [16, 17].
50
Mammography and ultrasound (US) of the breast are the most
commonly used imaging modalities for the determination of tu-
mour size following initial diagnosis. Their accuracy is, however,
limited in estimating tumour size following NACT. Tumour charac-
teristics often change during chemotherapy: tumour fibrosis and
fragmentation occur, tumour density changes and sometimes in-
traductal, in situ components remain after the disappearance of
invasive tumour components. Intraductal tumour components
can also be eliminated by NACT. However, microcalcification that
may be present usually appears unchanged following NACT [24–
27]. Despite all the inaccuracies of classical imaging, first recom-
mendations of modified operative treatment concepts have been
made. When there is complete remission (cCR) on imaging the in-
ternational multidisciplinary working group of the BIG-NABCG
(Breast International Group-North American Breast Cancer Group)
recommends surgical removal of the centre of the tumour only,
this being marked with a clip before NACT [28]. Thus, only the re-
sidual tumour remaining after NACT defines operative target vol-
ume. However, the now frequently discussed question then arises
whether surgery should be performed at all in the absence of de-
tectable residual tumour.

Metabolic and vascular effects produced by NACT, i.e. func-
tional changes, are not demonstrated on classical imaging but on-
ly possible with functional imaging: For example changes in the
Richter H et al. Is Breast Surgery… Geburtsh Frauenheilk 2018; 78: 48–53



▶ Table 3 False negative rates and negative predictive values for predicting pathological complete remission in the breast using mammography,
ultrasound and magnetic resonance imaging [4].

Study n Mammography Ultrasound MRI

NPV (%) FNR (%) NPV (%) FNR (%) NPV (%) FNR (%)

Schott et al. [18] 43 91 9 91 9 94 6

Peintinger et al. [19] 162 93 7 – –

Chen et al. [20] 51 – – – – 74 26

Bhattacharyya et al. [21] 32 – – – – 96 –

Keune et al. [22] 192 86 – 85 – – –

Croshaw et al. [23] 61 30 70 33 67 44 56

De Los Santos et al. [16] 746 – – – – 47a –

Schaefgen et al. [17] 143 52 13 51 24 60 4

a NPV rose to 60% in triple negative tumours and to 62% in HR negative/HER2 positive tumours

FNR: false negative rate, NPV: negative predictive value
morphology and perfusion of the tumour area can be demon-
strated on dynamic contrast-enhanced magnetic resonance imag-
ing (MRI). The precision of MRI in estimating tumour response to
NACT varies by tumour subtype, being most accurate for estrogen
receptor (ER) negative/HER2 positive and triple negative tumours
(NPV 60–62%) and least accurate for luminal tumours [16,29].
Promising results have also been shown for diffusion weighted
imaging and nuclear medicine imaging techniques. Positron emis-
sion tomography (PET) and computer tomography (CT) can de-
tect changes in glucose metabolism with a sensitivity of 84%
(range 78–88%) and an average specificity of 66% (range 62–
70%). The accuracy of PET/CT for predicting pCR seems to depend
on tumour subtype: highest sensitivity for ER negative and triple
negative tumours [30].
Minimally Invasive Diagnosis of Pathological
Complete Remission

In view of suboptimal imaging, attempts have been made to im-
prove investigation to enable inclusion of only the patient group
with pCR following NACT in studies of adapting locoregional man-
agement. In a study from 2007 Clouth et al. [31] evaluated a pa-
tient collective with complete remission clinically and on imaging
after receiving NACT. In addition to axillary surgery each patient
underwent multiple punch biopsies. Patients in whom the biop-
sies were free of tumour, thus presumptively diagnosed as pCR,
were treated with radiotherapy alone and had no further breast
surgery. Patients in whom biopsy detected tumour had breast
conserving surgery or mastectomy followed by radiotherapy. The
local recurrence rate in patients with pCR was 12.5% (two out of
16 patients) at an average of 33.5 months (10.6% [eight out of 75
patients] in the comparison group of operated patients). This high
local recurrence rate without breast surgery is unacceptable, but
the significance of these results is questionable in view of the
small study collective. Nevertheless, the following methodological
problems regarding the biopsies in this study should be noted:
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The punch biopsies were not performed under image guidance
but rather arbitrarily in the (former) tumour-affected breast quad-
rant. Absence of tumour in such biopsy specimens cannot be re-
garded as equivalent to pCR in the breast since areas of residual
tumour may have been missed (“sampling error”). Thus, this
study was also unsuccessful in identifying the patient collective
with pCR. “Sampling error” should be kept as low as possible.
Modern localisation methods and clip markers, implanted in the
tumour area before NACT is commenced, can achieve this. In ad-
dition, research must find a method of assessing the representa-
tivity of biopsy material (taken from former tumour area or not) to
allow evaluation of the actual accuracy of biopsy methods.

Recently various study groups have attempted to set up stud-
ies that implement minimally invasive biopsy methods for more
exact diagnosis of complete remission following NACT. These
studies have arisen from the motivation to be able to avoid breast
surgery after NACTwhen pCR is certain, and have produced some
promising results [16,32].

A number of studies have shown the superiority of the vacuum
biopsy over other minimally invasive biopsy methods. Both fine
needle biopsy (NPV 63%, FNR 52% [33]) and punch biopsy (NPV
70.2%, FNR 60.9% [34]) have achieved worse diagnostic accuracy
than vacuum biopsy in comparative studies. One of the first pro-
spective pilot studies on ultrasound guided vacuum biopsy from
the University of Heidelberg achieved very pleasing results (NPV
94.4% and FNR 4.8% when tissue samples underwent histopath-
ological testing for representativity) ([3] Clinicaltrials.gov
NCT02575612). The MD Anderson Cancer Center recently pub-
lished a similar study with effectively identical results (NPV 90%
and FNR 10%) (“A Clinical Feasibility Trial for Identification of Ex-
ceptional Responders in Whom Breast Cancer Surgery Can Be
Eliminated Following Neoadjuvant Systemic Therapy” [Clini-
caltrials.gov NCT02455791] [33]). The Netherlands Cancer Insti-
tute Amsterdam, the University of Birmingham and the multi-
centre NRG Oncology Group are all currently conducting similar
studies evaluating the diagnostic accuracy of minimally invasive
biopsy methods [35]. A prospective multicentre confirmatory
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study that started in Germany in 2017 will evaluate the diagnosis
pCR in 600 patients using VAB (“RESPONDER – Diagnosis of
pathological complete Response by vacuum-assisted Biopsy after
Neoadjuvant chemotherapy in breast cancer”, Clinicaltrials.gov
NCT02948764). Ultrasound- or stereotactic-guided vacuum biop-
sy of the intramammary lesion is performed after neoadjuvant
therapy and assessed histopathologically. Thereafter, consistent
with current guidelines, every patient is operated. The study end-
point is the false negative rate (FNR) of VAB compared to the
pathological diagnosis of the surgical tissue specimen. In addi-
tion, a subgroup analysis will be undertaken to objectify criteria
that influence the representativity of VAB. This study is currently
in the recruiting phase in 23 breast centres. On the basis of these
results future studies on the therapeutic benefits of surgery in
cases of pCR are conceivable.
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