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Abstract: The advancement in systemic neoadjuvant therapy has significantly increased the pathological complete
response (pCR) rate in breast cancer. As surgeries inevitably affect patients physically and psychologically and the
accuracy of pCR prediction and diagnosis by minimal invasive biopsy is improving, the necessity of surgery in neo-
adjuvant chemotherapy (NAC) patients who achieve pCR is under debate. Thus, we conducted a literature review
of studies on the selective omission of breast surgery after NAC for breast cancer patients. We summarized the
existing predictive models and technologies to predict and diagnose pCR after NAC. Our research indicates that,
for nearly half a century, the extent of surgery on both breast and axillary lymph nodes is decreasing, while more
precise systematic treatments are increasing. NAC has advanced significantly and its pCR rates have improved, so
surgery may be omitted in certain patients. However, accurately predicting pCR after NAC is still a challenge. We
also described the design for a randomized clinical trial and the potential problems of omitting surgical treatment
after NAC. In summary, the decrease in breast cancer surgery is an unavoidable trend, and more high-quality clinical

trials need to be conducted.
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Introduction

Breast cancer has surpassed lung cancer as
the most diagnosed cancer in women globally
[1]. Surgery is the commonly used multidisci-
plinary management for early breast cancer
[2]; however, surgery can substantially affect
patients physically and mentally, as up to 20%
of the patients after breast-conserving surgery
(BCS) experience unfavorable long-term aes-
thetic outcomes and an impaired quality of life
[3, 4]. To circumvent this, breast cancer treat-
ment has advanced the surgical options from
radical mastectomy and modified radical mas-
tectomy to breast-conserving surgery and plas-
tic/reconstruction surgery during the past half
a century. This evolution process demonstrat-
es that the quality of life has become a signifi-

cant concern in the selection of treatment
regimens.

Neoadjuvant chemotherapy (NAC) is a well-
established treatment option for patients with
inoperable locally advanced breast cancer or
for those who may benefit from size reduction.
It is increasingly being used based in accor-
dance with the clinicopathological features of
the tumor [5]. NAC has significantly increased
the percentage of patients who achieve patho-
logical complete response (pCR) and dramati-
cally shifted the local treatment regimen of
breast cancer and the surgical option for axil-
lary management. According to the consensus
from St. Gallen and other expert panels, NAC
reduces the extent of surgery and may avoid
unnecessary axillary lymph node dissection
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(ALND) [6-9]. Since NAC has increased the rate
of eliminating ALND for patients presenting
with clinical node-positive (cN+) disease [10],
surgical treatment of the breast is not a require-
ment. Determining whether surgery is neces-
sary has inspired many investigations. In the
study by Tadros et al. [11], the association
between breast pCR and nodal pCR in patients
with stages | and Il triple-negative or HER2-
overexpressing breast cancers was examined,
and a parallel response between the breast
and nodes was found. In the 116 patients with
clinically negative nodes at presentation and a
breast pCR, 100% had antagonistic nodes after
NAC. In those with nodal metastases at diagno-
sis, 69 of 77 (90%) with a breast pCR had ne-
gative nodes compared with only 68 of 160
(43%) who had the residual disease in the
breast.

For other types of cancer, such as rectal and
esophageal cancer, a ‘watch-and-wait’ strategy
has been proposed, and omitting surgery is
chosen for cPR patients after NAC without local
recurrence [12]. In breast cancer patients who
achieved pCR after NAC, it may be reasonable
to omit or postpone breast surgery and adopt
a ‘watch-and-wait’ approach. At the 16th St.
Gallen International Breast Cancer Conference,
M. Morrow [13] suggested the exemption of
breast cancer surgery [14]. However, surgery is
currently the standard approach for the patho-
logical diagnosis of the response to NAC. More
nonsurgical tools such as imaging, minimally
invasive needle biopsy, or a combination of
diagnostic and predictive tools are urgently
needed.

In this review, we first presented an overview of
the current strategies of response evaluation
and the corresponding surgical treatments af-
ter NAC. Then, the clinical trials and obstacles
for patients with pCR after NAC to exempt from
surgery were comprehensively discussed.

Neoadjuvant chemotherapy and pCR

NAC was initially applied to convert inoperable
locally advanced breast cancer to operable sta-
tus; however, it was used recently to shrink the
tumor and increase the rate of breast-conserv-
ing surgery [15]. In the trials of NAC for breast
cancer, pCR is the commonly used endpoint.
The US Food and Drug Administration (FDA) has
proposed that pCR rate can be used as a sur-
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rogate for evaluating the efficacy of neoadju-
vant treatment because it reasonably predicts
clinical benefit [16, 17]. A large meta-analysis
of 14,640 patients in 29 studies using neoad-
juvant systemic therapies for patients with bre-
ast cancer has revealed that pCR potentially
meets the criteria of a surrogate endpoint for
disease-free survival (DFS) and overall survival
(0S) [18].

The definition of pCR is not consistent in histo-
ry. Two different definitions of pCR are often
adopted: ypT, ypN, (i.e., absence of invasive
cancer and in-situ cancer in the breast and axil-
lary nodes), and ypTO/is ypN, (i.e., absence of
invasive cancer in the breast and axillary no-
des, regardless of ductal carcinoma in situ)
[19, 20]. In the CTNeoBC pooled analysis [21],
the progression-free survival (PFS) and OS are
similar. However, since the residual ypT  after
NAC still has a high risk of local recurrence and
needs surgical treatment, the more conserva-
tive definition of pCR should be limited to ypT,
[22, 23].

The rate of pCR varies dramatically among
breast cancer subtypes. Triple-negative breast
cancer (TNBC) and human epidermal growth
factor receptor 2 (HER2)-positive tumors breast
cancers can achieve pCR rates greater than
60% [24-27]. It is commonly acknowledged that
pCR is associated with better long-term surviv-
al [21, 28]. Based on the results of 12 interna-
tional trials and 11955 patients, Cortazar et al.
confirmed the strongest association between
pCR and long-term outcomes in TNBC patients
(event-free survival, EFS: hazard ratio = 0.24,
95% CI: 0.18-0.33; OS: hazard ratio = 0.16,
95% CI: 0.11-0.25) and in those with HER2-
positive and hormone-receptor (HR)-negative
tumors who received trastuzumab (EFS: ha-
zard ratio = 0.15, 95% CI: 0.09-0.27; 0S: 0.08,
95% CI: 0.03, 0.22) [21]. Similar results were
obtained by von Minckwitz et al. [29]. These
studies provide the information for selecting
patients who are NAC-sensitive or even sur-
gery-omissible after NAC. These increased pCR
rates have also led to the studies on omitting
surgery for a selected subgroup.

How to predict pCR?

Achieving pCR after NAC has prognostic sig-
nificance to breast cancer patients, and the
adjuvant treatment will be adjusted according-
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ly. Hence, it is critical to accurately predict pCR
after NAC. Currently, the prediction of pCR is
based on breast imaging, minimally tumor biop-
sy, and tumor biology [17, 22, 30, 31]. Radio-
nics features and deep learning models based
on mammography, breast ultrasound, breast
magnetic resonance imaging (MRI), and PET
have also been used for the prediction of the
efficacy of NAC in breast cancer, but the model
generalization ability remains to be confirmed.

The imaging examinations

Traditional imaging methods, such as breast
molybdenum target mammography (MMG) and
ultrasound, have limited accuracy in predicting
the response to NAC, with the accuracy of 30%
and 60%, respectively [32, 33]. Breast MRI has
a higher sensitivity to determine pCR, but its
specificity is low, ranging from 60% to 83% [34,
35], which makes MRI unreliable in determin-
ing whether a patient can be exempted from
surgery [36-38]. Therefore, efforts have been
made to identify reliable early markers for ther-
apy response to individualized NAC. One of
these studies was the trial conducted by the
West German Study Group (WSG): the Adjuvant
Dynamic Marker Adjusted Personalized Therapy
Trial Optimizing Risk Assessment and Therapy
Response Prediction in Early Breast Cancer
(ADAPT), which was a prospective, controlled,
randomized umbrella clinical trial. The primary
objective of this analysis was to compare the
value of MRI versus ultrasound performed at
the end of NAC for the prediction of pCR and
residual disease (RD). A total of 845 patients
at 58 sites in Germany were enrolled. Overall,
the negative predictive values (NPV, proportion
of correctly predicted tumor size < 10 mm) of
MRI and ultrasound were 0.92 and 0.83,
respectively, while the positive predictive val-
ues (PPV, correctly predicted tumor size >10
mm) were 0.52 and 0.61, respectively. MRI
demonstrated a higher NPV and a lower PPV
than ultrasound in HR+/HER2+ and HR-/HE-
R2+ tumors. Both methods had a comparable
NPV and PPV in HR-/HER2- tumors. Even tri-
modality imaging, including MMG, ultrasound,
and MRI, could not provide adequate informa-
tion for choosing patients with high correla-
tion between complete clinical response (cCR,
defined as no residual palpable disease in the
breast, which was evaluated radiologically be-
fore surgery) and pCR, which was evaluated
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pathologically post-surgery [39]. The potential
of machine learning with multiparametric MRI
(mpMRI) for predicting pCR after NAC is still
under exploration [40].

The invasive biopsy

Although the imaging examinations are not
accurate [41-43], the minimally invasive biopsy
(MIB) technique guided by breast imaging has
the potential to accurately predict the complete
remission of breast pathology after NAC, which
makes the non-operative treatment of breast
cancer a feasible choice. Heil et al. [44] first
reported the application of MIB techniques in
pCR prediction in patients with cCR to NAC, in
which the needle biopsy by core-cut or vacuum-
assisted biopsy (VAB) was used in patients with
a cCR diagnosis after NAC. The pCR rate was
the highest (74.2%) in patients with HER2+
tumors, followed by 67.3% in patients with
TNBC. The NPV of the MIB diagnosis of pCR
was 71.3%, and the false-negative rate (FNR)
was 49.3%. None of the mammographically
guided VABs showed a false-negative result
(NPV 100%; FNR 0%), whereas the core cuts
had 70.2% NPV and 60.9% FNR. The NPV of
ultrasound guided VAB was 53.3%. In 2016,
Heil et al. [45] further explored the ability of a
MIB to predict pCR in breast cancer. This study
enrolled 50 breast cancer patients diagnosed
as cCR after NAC and received ultrasound guid-
ed VAB. In the entire cohort (n = 50), VAB yield-
ed an NPV of 76.7% and an FNR of 25.9%. In a
histopathologically representative VAB sample
(n = 38), the NPV was 94.4%, and the FNR was
4.8%. This study concluded that VAB could
accurately diagnose pCR when pathological
evaluation showed a representative sample.
Moreover, Heil et al. [23] designed a multi-
center, confirmative, one-armed, intra-indivi-
dually-controlled, open, diagnostic trial that
enrolled 600 patients from 21 centers in Ger-
many (NCT02948764). The purpose of this trial
was to prove that the FNR of VAB was below
10% in pCR diagnosis. The results, which was
published in 2020 [46], showed that in 398
patients with early stage 1-3 breast cancer, the
FNR of image guided VAB alone was 17.8%.
However, 51% of the patients with FNR had
inconclusive features, such as multicentric
lesions or recurrence, which did not meet the
study’s enroliment criteria. Further analyses
found that if no residual lesions were found in
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the imaging and VAB, the FNR could be reduc-
ed to 6.2%, or the FNR could be reduced to 0%
by performing VAB with a thicker 7-gauge nee-
dle. This study proved the feasibility of VAB in
evaluating pCR by optimizing the population
selection and the adequate technology imple-
mentation.

In another study conducted by Kuerer et al.
[47], Forty patients with T, _N_, triple-negative
or HER2-positive breast cancer underwent
ultrasound-guided or MMG-guided fine-needle
aspiration (FNA) and VAB in the primary breast
tumor region. VAB alone was more accurate
than FNA alone (P = 0.011); however, combined
FNA and VAB demonstrated an improved ac-
curacy of 98% (95% Cl, 87%-100%; FNR 5%;
NPV 95%) in predicting residual breast cancer.
Subgroup analyses showed that FNR could be
further reduced to 3.2% when the admission
criteria were more stringent. These studies
demonstrated that biopsy accuracy could be
improved by using thicker needle, applying mul-
tifocal MMG or MRI evaluation, increasing sam-
ple size, or expanding the sampling scope.

The MICRA trial (Minimally Invasive Complete
Response Assessment of the breast after NST)
[48, 49] was a multicenter, prospective, single-
arm study in three Dutch hospitals to deter-
mine the accuracy of ultrasound-guided biop-
sies in identifying breast pCR (ypT,) after NAC
in 202 patients with radiologic partial or com-
plete response (rCR) on MRI. The FNR of pCR
assessed by biopsy- was 37% (29 out of 78;
95% Cl 27-49). The sensitivity of the biopsies
was 63% (49 of 78, 95% Cl 51-74), and the
specificity was 100% (89 of 89, 95% Cl 0.96-1).
The positive predictive value was 100% (49 of
49, 95% CI 0.93-1), while the negative predic-
tive value was 75% (89 of 118, 95% Cl 67-83).
The MICRA trial showed that ultrasound-guided
biopsies of the breast failed to detect residual
disease in approximately one-third of patients
with a pCR to NAC on MRI.

Anothetr important trial performed a multi-
institutional pooled analysis [50] on data col-
lected from 166 women who underwent post-
NAC image-guided biopsy in Royal Marsden
Hospital, Seoul National University Hospital,
and MD Anderson Cancer Center. The overall
pCR rate was 51.2% (16.1% for HR+/HER2-,
44.7% for HR+/HER2+, 69% for HR-/HER2+,
and 66.1% for TN]. The FNR was 3.2% (95% CI
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0-8.8), while the NPV was 97.4% (95% Cl 84.6-
99.6), with an overall accuracy of 89.5% (95%
Cl: 80.3-95.3). This large multicenter study
suggests that a standardized protocol using
image-guided VAB of a tumor bed measuring up
to 2 cm with at least 6 samples could reliab-
lly predicr the residual disease and pCR. Addi-
tionally, NOSTRA PRELIM [51] is an ongoing pro-
spective study to explore the accuracy of mini-
mally invasive biopsy in assessing pCR after
NAC.

Nevertheless, the studies discussed above
were focused on the accuracy of ultrasound
guided biopsy and did not investigate the utili-
zation of MRI or MRI-guided biopsy. MRI has
demonstrated the highest sensitivity in detect-
ing residual tumors and, hence, may show a
superior performance. Sutton et al. [52] report-
ed the results of using MRI-guided biopsy for
pCR assessment, in which the negative predic-
tive value was 92.8% (95% Cl, 66.2%-99.8%),
with an accuracy of 95% (95% Cl, 75.1%-
99.9%), and sensitivity of 85.8% (95% Cl,
42.0%-99.6%), while the positive predictive
value was 100%, with a specificity of 100%.
This study suggested that the MRI-guided bi-
opsy might be a viable alternative to surgical
resection for the appropriately selected pa-
tients after NAC. Lee et al. [53] evaluated the
accuracy of ultrasound-guided biopsy aided by
MRI in predicting pCR in the breast after NAC.
They found that a preoperative biopsy had an
NPV, accuracy, and FNR of 87.1%, 90.0%, and
30.8%, respectively. Additionally, using at least
5 biopsy cores based on tumor size < 0.5 cm
and a lesion-to-background signal enhance-
ment ratio (L-to-B SER) of < 1.6 on MRI resulted
in 100% NPV and accuracy. The studies on pre-
dicting pCR by VAB after NAC were summarized
in Table 1.

The biological features of tumor

Multiple prediction models for evaluating the
effectiveness of NAC were constructed based
on the biological features, such as lymphovas-
cular invasion, cell-free plasma DNA (cfDNA),
cell-free circulating tumor DNA (ctDNA), the
expression level of estrogen receptor (ER) and
Ki67, and NAC regimen [22, 54, 55]. Some
studies [56, 57] have proven that nomograms
based on clinical and biological factors can
predict the early response of NAC for breast
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Table 1. Studies on predicting pCR by VAB after NAC

Study Type Inclusion n Means of prediction FNR and NPV
Heil 2015 [44] prospective cCR after NAC 164 116 CCs; mammographically guided VABs:
46 VABs NPV 100%, FNR 0%;
ultrasound-guided VABs: NPV
53.3%
CCs: NPV 70.2%; FNR 60.9%
The existence of a clip marker
tended to improve the NPV (odds
ratio 1.98)
Heil 2016 [45] prospective clinical/imaging 50 Ultrasound-guided VAB NPV: 76.7% FNR: 25.9%
partial or complete Given a histopathologically rep-
response, lesion resentative VAB sample (n =38),
visible in ultrasound the NPV was 94.4%, and the FNR
was 4.8%
Heil 2020 [46] prospective T1-3 398 Image-guided VAB FNR 17.8%
If no residual lesions were found
in imaging and VAB, the FNR could
be reduced to 6.2%, or the FNR
could be reduced to 0% by per-
forming VAB with the giant needle
by volume (7-gauge)
Kuerer et al. [47] prospective T1-3, NO-3TNBCor 40 ultrasound-guided or VAB alone was more accurate than
HER2-positive mammography-guided FNA  FNA alone
and VAB Combined FNA/VAB demonstrated
an accuracy of 98%, FNR was 5%,
and NPV was 95%
If the admission criteria are
stringent, FNR could be further
reduced to 3.2%
MICRA study prospective NO, radiologic 525 Ultrasound-guided 14 G The FNR was 37%. Sensitivity was
[48] partial or complete biopsies targeted around 63%, specificity was 100%, PPV
response on MRI pre-NAC-placed marker was 100%, and NPV was 75%
(four central; four peripheral)
NOSTRA PRELIM  prospective ER-negative or 150 Ultrasound-directed biopsy FNR < 10%
study [51] HER2-positive; le-
sion size >1 cm; cN+
Sutton [52] prospective 1A to llIC; cCR 20 MRI-guided biopsy NPV was 92.8%, accuracy was
on MRI 95%, sensitivity was 85.8%, PPV
was 100%, and specificity was
100%
Tasoulis MK [50] pooled - 166 Image-guided biopsy The FNR was 3.2%, NPV was
analysis 97.4%, overall accuracy was 89.5%
Lee [53] prospective cCR on MRI 20 Ultrasound-guided biopsy NPV, accuracy, and FNR was

87.1%, 90.0%, and 30.8%

Abbreviations: NAC, neoadjuvant chemotherapy; pCR, complete pathological response; cCR, clinical complete response; CCs, Core-cut-MIB; VAB,
Vacuum-assisted-MIB; TAD: targeted axillary dissection; FNR, false-negative rate, PPV, positive predictive values; NPV, negative predictive values;

MRI, magnetic resonance imaging.

cancer with high accuracy, while others studies
[58, 59] have revealed that ctDNA positivity
before NAC is associated with a decreased pos-
sibility of pCR, and that increased ctDNA level
after NAC is correlated with poor response.

The local treatment of breast after NAC

Breast-conserving surgery and mastectomy are
the most common surgeries for breast can-
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cers; however, invasive procedure-associated
impact on breast image and aesthetics will
affect patients physically and psychologically
[60]. NAC can shrink the tumors in locally ad-
vanced breast cancer patients, thereby incre-
asing the rate of breast-conserving surgery.
However, since the shrink pattern of tumor after
NAC tends to be a concentric or patch like con-
traction [61], it is challenging to ensure nega-
tive surgical margins in patients with multifocal
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residual tumors, which is one of the factors
causing local recurrence [62-66].

Early attempts to forgo surgery and administer
radiotherapy after a cCR date back to the late
1970s. Due to the unacceptable high locore-
gional recurrence rate (LRR) and the lack of
precise imaging methods to predict pCR, this
treatment approach was not actively pursued.
As both cCR and pCR rates increase, the devel-
opment of highly accurate imaging methods
and biopsy techniques has revived the idea of
omitting local surgical therapy.

Significant clinical trials

Ring et al. [67] conducted the most extensive
retrospective analysis to date by enrolling 453
patients who received NAC between 1986 and
1999, and among them, 136 had reached cCR
by ultrasound. Of the 136 cCR patients, 67
underwent surgery as their primary locoregion-
al treatment modality, and 69 only had ra-
diotherapy. After the median follow-up of 63
months in the surgery group and 87 months in
the radiotherapy treatment (RT) group, there
was no significant difference in DFS between
these two groups (5-year, 74% vs 76%; 10-year,
60% vs 70%, P = 0.90), as well as the OS at 5
years (74% vs 76%). No significant difference
was seen in LRR rates, but there was an upward
trend in the LRR for the RT group (21% vs 10%
at 5 years; P = 0.09).

Mauriac et al. [68] reported a randomized trial
including 272 women with operable breast can-
cer. Atotal of 124 patients were initially treated
by chemotherapy. After that, 44 patients with a
cCR were treated with radiotherapy only (RT
group), while 40 patients with residual tumors
(< 20 mm) were treated with lumpectomy and
axillary node dissection, and radiotherapy
(BCS+RT group). Forty-nine patients with resid-
ual tumors (>20 mm) had mastectomies. After
the median follow-up of 124 months, the LRR
rate was slightly higher in the RT group than in
both BCS+RT and mastectomy groups (34% for
the RT group, 22.5% for the BCS+RT group, and
22.4% for the mastectomy group).

In the study by Touboul et al. [69], 97 patients
with locally advanced non-metastatic and non-
inflammatory breast cancer were treated bet-
ween 1982 and 1990. Among them, thirty-sev-
en patients (38%) were noted with residual
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tumor of >3 cm in diameter located behind the
nipple or multicentricity during physical exami-
nation and underwent a mastectomy and axil-
lary dissection. Thirty patients (31%) achieved
cCR and had additional radiation boost without
surgery. Twenty-seven patients (28%) who had
a residual mass of <3 cm in diameter was treat-
ed with wide excision and axillary dissection fol-
lowed by a radiation boost to the excision site.
The 5-year LRR rate was 16% for radiotherapy
only group, 16% for patients with wide excision
and radiotherapy, and 5.4% for patients receiv-
ing mastectomy (P = 0.04). The local surgical
treatment did not significantly influence the
five-year and ten-year OS rates.

In the study by Scholl et al. [69], the response
to radiotherapy was evaluated by clinical ex-
amination and MMG. Forty-five patients who
achieved cCR underwent radiotherapy only,
and 23 patients with partial response under-
went surgery. The 5-year local recurrence-free
survival was significantly different between the
two groups (70% vs 84%, P < 0.05).

A recent large retrospective study by Daveau et
al. [70] enrolled 165 patients who achieved
cCR according to MMG and ultrasound after
NAC. In this cohort, 65 (39%) patients were
treated with breast surgery followed by radio-
therapy, and 100 (61%) patients were treated
with radiotherapy alone. There were no signifi-
cant differences in OS and DFS rates between
these two groups. Nevertheless, a trend toward
lower locoregional control rates was observed
in the non-surgery treatment group compared
with the surgery group (77% vs 90% at 5 years
and 69% vs 83% at 10 years; P = 0.06). This
retrospective cohort study demonstrated that
active surveillance or de-escalation therapy mi-
ght be an option for patients who achieved cCR
without impairing OS, DFS, or LRR.

Previous clinical trials

In the study by Clouth et al. [71], multiple core
needle biopsies were applied to evaluate pCR
after NAC. From 2000 to 2005, 101 patients
with operable local-advanced breast cancer
were treated with NAC. Notably, this study intro-
duced radiological complete response (rCR), a
new evaluation indicator defined as no evident
tumor or malignant micro-calcifications on any
imaging modality. Moreover, cCR was defined
as no residual palpable disease in the breast.
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Twenty-six patients evaluated as both cCR and
rCR were recommended for multiple core biop-
sies (six to ten per quadrant). Among them, 16
patients assessed as pCR by multiple core nee-
dle biopsy received radiotherapy only. Others
underwent mastectomy or breast-conserving
surgery. The mean follow-up was 33.5 months.
There was no difference in DFS or OS between
the surgery and non-surgery groups; however,
there was a trend towards better survival in the
patients of the non-surgery group compared to
the surgery group. The overall LRR was 9.5% for
the surgery group and 12.5% for the non-sur-
gery group.

In the study by Ozkurt et al. [72], the National
Cancer Data Base (NCDB) was searched to
identify 93,417 women aged 18 years or older
who were diagnosed with invasive breast can-
cer and received NAC between 2010 and 2015.
This study included 350 women with cT, ,, N .,
and M, tumors who underwent NAC and did
not receive surgery (surgery-omission group). A
matched surgical cohort with 3938 patients
was extracted from the NCDB. The median fol-
low-up time was 30 months. The 5-year OS was
74.8% for all patients in the surgery-omission
group and 79% for the surgery group, and the
5-year OS rates for the patients with cCR in
the surgery-omission and surgery group were
96.8% and 92.5%, respectively (P = 0.15).

On July 8, 2017, Marta et al. conducted a non-
randomized trial of NAC followed by radiothera-
py alone in breast cancer patients who achieved
MRI-assessed cCR after complete NAC. In this
study, radiotherapy was referred to as 3-di-
mensional (3D) conformal or intensity-modulat-
ed radiation therapy (IMRT). The definition of
cCR was the absence of visible enhanced tu-
mor on any serial images. Patients were 40-75
years old with unicentric invasive breast can-
cer. The study is still on going, and no results
have been updated when this review is under
preparation.

Kuerer et al. from M.D. Anderson Cancer Center
also conducted a pilot study to identify breast
cancer patients for the potential omission of
surgery (NCT 02455791) [47, 73]. The ultra-
sound-guided biopsy of the tumor site was
applied to assess the response to NAC. The
patients enrolled in this study had TNBC or
HER2+ breast cancer. In 2018, they reported
the first result on the accuracy of FNA and vac-
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uum-assisted core biopsy (VACB) in assessing
the presence of residual cancer in the breast
after NAC. Their result was the foundation for
further study and ensured that surgery-omitting
patients could be identified safely and accu-
rately. In 2021, Pfob et al. [73] developed and
tested four multivariate algorithms using the
clinical information, tumor, and VAB variables
to identify patients with pCR. In the training set,
FNR was 1.2%, while in the external validation
set, the FNR was 0%, suggesting that this algo-
rithm might accurately stratify breast cancer
patients without residual disease after NAC for
omitting surgery modality. This finding may
pave the way for the future study of surgery
omission in these patients. Table 2 summa-
rized the studies that adopted radiotherapy
instead of breast surgery after NAC.

The omission of axillary lymph node dissec-
tion after NAC

Sentinel lymph node biopsy (SLNB) instead of
ALND has become the standard of care for
patients with clinically lymph node-negative
(cN,) breast cancer. Nevertheless, for those
with cN+ breast cancer, ALND is still the stan-
dard local treatment for axillary regions. How-
ever, DiSipio et al. reported about 20% of ALND
patients experience upper limb lymphedema,
which causes arm pain, heaviness, swelling,
and psychosocial morbidity during the two-year
follow-up [74]. Other complications of ALND
include shoulder joint dysfunction and numb-
ness.

Before the general use of NAC, attempts have
been made to avoid ALND with axillary radio-
therapy in node-negative or node-positive pa-
tients [75, 76]. The results demonstrated there
was no significant difference in survival out-
comes between these two treatment options,
but there was a significantly different rate in
developing upper limb lymphedema between
patients in ALND and axillary radiotherapy
groups. Thus, even without NAC, radiotherapy
can also act as an alternative treatment of
ALND, which can reduce the complications ca-
used by axillary surgery. It is conceivable that
NAC will have the similar beneficial effect.

Since NAC can eliminate occult axillary lymph
node metastasis, studies on axillary omission
management in patients with cN, after NAC
have been conducted. The SLNB after NACT in
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Table 2. Studies on radiotherapy alone instead of breast surgery after neoadjuvant chemotherapy

Study Period Type n Treatment Follow-up 0OS or DFS LRR
Daveau [70] 1985-1989 retrospective 165 cCR 65 Surgery 12 years RT vs Surgery RT vs Surgery
100 RT 5-year 91% vs 82% 31% vs 17%
10-year 77% vs 79%
L.Mauriac [68] 1985-1989 retrospective 272 A: 138 initial surgery 124 months NS in DFS and RFS 22.5% BCS+RT,

44 cCR B: 134 NAC:
40 BCS+RT,
49 mastectomy

44 RT

Ring [67] 1986-1999 retrospective 453, 69 RT
136 cCR 47 Surgery

Perloff [92] 1978-1983 retrospective 87 43 Surgery
44 RT
Scholl [69] 1986-1990 retrospective 200
62 BCS+RT
102 RT
Clouth [71] 2000-2005 retrospective 101, 16 RT

16 pCR 84 surgery

22.4% Mastectomy

34% RT
RT vs Surgery RT vs Surgery RT vs Surgery
87 months vs DFS and 0S. 21% vs 10%
67 months 5-year 76% vs 74%
10-year 70% vs 60%
39 months RT vs Surgery RT vs Surgery

63% vs 50% 27% vs 19%

36 mastectomy + RT, 66 months

33.5 months NS in DFS or OS. 9.5% surgery;

12.5% non-surgery.

Abbreviations: OS, overall survival; DFS, disease-free survival; LRR, locoregional recurrence rate; NAC, neoadjuvant chemotherapy; pCR, pathological complete response;
cCR, clinical complete response; RT, radiotherapy treatment; BCS, breast-conserving surgery; NS, no significant.

cN, is widely adopted and regarded as the stan-
dard of care. In the SENTinel NeoAdjuvant
(SENTINA) study [77], the detection rate of
SLNB was reduced from 99.1% before NAC to
80.1% after NAC, and the FNR of SLNB after
NAC was 14.2%. The American College of
Surgeons Oncology Group (ACOSOG) Z1071
clinical trial (Alliance) explored the FNR of SLNB
in patients with initial biopsy-proven node-posi-
tive breast cancer who received NAC [78-80]
and found that the FNR was 12.6% for the
patients in cN, group and 0% for the patients in
the cN, group [79]. Furthermore, sentinel lymph
node (SLN) mapping with blue dye (isosulfan
blue or methylene blue) and radiolabeled col-
loid mapping agents was recommended to
maximize the detection rate of SLN identifica-
tion and minimize FNR. However, NAC may
affect the pathway of lymphatic reflux. Lymph
node fibrosis and tumor cell obstruction of the
lymphatic channel may affect the movement of
tracers such as a dye or radioactive colloid,
resulting in a decrease in the detection rate of
SLNB and an increase in the false-negative
rate. So, how to reduce the FNR of SLNB is an
urgent issue that needs to be resolved.

Emerging evidence has indicated that surgery
may not be the only choice for breast cancer
patients with 1 or 2 axillary lymph node ma-
cro-metastases. Axillary radiotherapy instead
of axillary lymph node dissection is feasible
and can improve the quality of life without
affecting DFS and OS [80]. Alliance A011202
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and NSABP B-51/RTOG1304 (NRG9353) are
two ongoing randomized controlled trials. Al-
liance A011202, registered in 2013, has plan-
ned to enroll 1660 patients to compare the
long-term safety between ALDN plus radiother-
apy and radiotherapy alone in SLN-positive
patients (NCT 01901094). NSABPB-51/RTOG-
1304 (NRG9353), started in 2003 (NCT 018-
72975), aimed to study the safety and efficacy
of local axillary radiotherapy.

The goal of the ongoing European Breast
Cancer Research Association of Surgical Tria-
lists (EUBREAST)-01 (NCT 04101851, trial [81]
is to prove the oncological safety of the omis-
sion of axillary SLNB after pCR in the breast in
response to NAC for TNBC and HER2+ disease
in initially cN, patients. In this prospective non-
randomized, single-arm surgical trial, all pa-
tients with rCR at the end of NAC will be treat-
ed with BCS alone without axillary surgery. The
main inclusion criteria are clinically and sono-
graphically (iNO) negative axillary status before
NAC and planned BCS with postoperative radio-
therapy. For the cases with ¢cN_ and iN+, a nega-
tive core biopsy or fine-needle aspiration (FNA)
of the sonographically suspected lymph node is
required. Studies on the omission of ALND were
summarized in Table 3.

Prediction of the axillary lymph node status
after NAC

The traditional clinical evaluation of axillary
lymph node status mainly relies on physical
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Table 3. Studies on the omission of axillary lymph node dissection

Study Period Type Inclusion n

Treatment of axillary  Follow-up Results

NSABP 1971-1974 prospective primary oper- 1765

B-04 [75] able breast

cancer

AMAROS 2001-2010 prospective T1-2, cN, 4806

(93]

ACOSOG 1999-2004 prospective T1-2, cN; 891
70011 [94] N1-2

Alliance 2013-
A011202

NRG9353 2003-

1425 cN+
744 ALND; 681 RT

446 SLND alone
445 ALND

prospective T1-3, N1, MO 1660 ALND vs RT.

prospective T1-3,N1, MO 1636 ALND vs RT

1079 cN, (1/3 ALND; 25 years NS in RFS, DFS, or OS
1/3 RT; 1/3 no surgery)

586 cN+ (1/2 RT; 1/2

ALND)

2402 ALND 6.1years ALND vs RT:
2404 RT 5-year axillary recurrence
0.43% vs 1.19%

DFS: 86.9% vs 82.7%

0S: 81.4% and 84.6%
9.3 years SLND vs ALND

0S: 86.3% vs 83.6%

DFS: 80.2% vs 78.2%

NS in LRR

No results

No results

Abbreviations: OS, overall survival; DFS, disease-free survival; RFS, relapse-free survival; LRR, locoregional recurrence rate; NAC, neoadjuvant
chemotherapy; pCR, pathological complete response; cCR, clinical complete response; ALND, axillary lymph node dissection; SLND, sentinel
lymph node biopsy; TAD, targeted axillary dissection; RT, radiotherapy treatment; NS, no significant.

examination and breast imaging. When suspi-
cious lymph nodes are found, fine needle
aspiration or hollow needle biopsy will be used
to obtain cytological or histological samples.
Nevertheless, these traditional evaluations
have an FNR of 5%-10% [82].

The results of the SENTINA study [77] showed
that the detection rate of using combined trac-
er in SLNB was higher than using radionuclides
alone (87.8% vs 77.4%). SENTINA study also
showed that the FNR decreased when increas-
ing the number of detected SLN. The results
from the ACOSOGZ1071 study [79] also con-
firmed that with double tracer, the FNR
decreased from 20.3% to 10.8%, and when
more than 3 SLN were detected, the FNR fur-
ther decreased to 9.1%. In addition, similar
results were observed in the GANEA2 study
[83]. Importantly, Caudle et al. from MD An-
derson Cancer Center developed a novel sur-
gical technique, targeted axillary dissection
(TAD), which involved removing SLNs as well as
the clipped lymph node by localization with
iodine-125 (*?°) radioactive seeds [84]. A total
of 208 patients were enrolled in this study and
had clips placed in nodes with biopsy-con-
firmed metastasis before initiating NAC. After
NAC, 118 patients underwent SLND and ALND,
and the FNR was 10.1%. Adding evaluation of
the clipped node to the evaluation of the SLN(s)
reduced the FNR from 10.1% for SLND alone
to 1.4% (95% ClI, 0.03 to 7.3) (P = 0.03). These
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results suggested that we could improve the
accuracy of axillary staging in clinically node-
positive patients who received neoadjuvant
therapy by marking nodes with biopsy-confir-
med metastatic disease.

Swarnkar et al. [85] systematically reviewed
the FNR of marked lymph node biopsy (MLNB)
alone and TAD (MLNB plus SLNB) in patients
with biopsy-proven node-positive breast cancer
who received NAC. There were 9 studies of
MLNB alone with 366 patients, which yielded a
pooled FNR of 6.28% (95% Cl: 3.98-9.43), while
TAD had 13 studies including 521 patients,
with an FNR of 5.18% (95% CI: 3.41-7.54). No
significant difference in FNR was observed
between MLNB alone and TAD (P = 0.48). This
pooled analysis has confirmed that MLNB is an
accurate technique in axillary staging after sys-
temic therapy, and SLNB can be safely omitted
from TAD.

In addition, Donker et al. [86] suggested mark-
ing the axillary lymph node with radioactive
iodine (*?°1) seeds (MARI) procedure to assist
the assessment of the pathological response
of nodal metastases after NAC in breast can-
cer patients. It is technically possible to mark
tumor-positive axillary lymph nodes with an
iodine seed before initiating NAC. Indeed, the
selective excision of the marked lymph nodes
after NAC had a high identification rate of 97%
and a low FNR of 7% [86]. Furthermore, Koolen
et al. [87] combined pre-NAC positron emission
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Table 4. Studies on predicting the status of axillary lymph nodes after NAC

Study Period Type Inclusion n Means of prediction FNR
TAD [84] 2011-2015 prospective  cN+ 208 115 clipped node; SLN alone: 10.1%
post-NAC 118 SLND SLN + clipped node:
1.4%
SENTINA 2009-2012 prospective - 1737 arm A: cN, SLND before 1 SLN: 24.3%;
[77] NAC 2 SLNs: 18.5%;
arm B: pN1 second SLND more than 2 SLNDs:
arm C: cN1to ycN, <10%.
ALND+SLND blue dye + radionu-
arm D: ycN1 ALND no clide: 8.6%
SLND radionuclide alone:
16.0%
ACOSO0G 2009-2011 prospective TO-4, 756 16.8% radiolabelled 2 or more SLNs: <10%
Z1071[79] N1-2, colloid; blue dye + radionu-
MO 4.1% blue dye; clide: 10.8%
79.1% combined radionuclide or dye
12.0% 1 SLN; alone: 20.3%
88.0% 2 or more SLNs
GANEA2 2010-2014 prospective  T1-3, NO- 957 419 cN, SLND; 1 SLN: 19.3%
[83] 2, MO 307 pN1 2 or more SLNs: 7.8%
Donker [86] 2008-2012 retrospective - 100 MARI node identified and FNR: 7%; NPV: 83%
ALND performed (n = 95) sensitivity: 90%
specificity: 200%
Koolen [87] 2008-2012 prospective T2-3, 93 - Combining PET-CT
cN+ before NAC and the
MARI procedure after
NAC has the potential
for ALND to be avoided
in 74% of patients
Swarnkar - pooled - MLNB, MLNB and TAD FNR was 6.28% for
[85] analysis 366; MLNB; FNR of 5.18%
TAD, 521 for TAD

Abbreviations: NAC, neoadjuvant chemotherapy; pCR, pathological complete response; ALND: axillary lymph node dissection,
SLND: sentinel lymph node biopsy, RT: radiotherapy treatment, MARI: marking the axillary lymph node with radioactive iodine
(12°1) seeds, PET-CT: positron emission tomography-computed tomography, FNR: false-negative rate, NPV: negative predictive
values, SLN: sentinel lymph node; MLNB: marked lymph node biopsy.

tomography-computed tomography (PET-CT)
and post-NAC MARI procedures to potentially
avoid ALND in 74% of patients.

Taken together, we can reduce FNR by combin-
ing double tracer (blue dye and radionuclide),
removing more than 3 SLNs, and applying the
TAD technique. These clinical studies provide a
new direction for axillary management after
NAC. Furthermore, they also provide a rationa-
le for whether regional radiotherapy can mini-
mize the extent of surgery or even safely avoid
surgery. Studies on predicting the axillary lymph
node status after NAC were shown in Table 4.

Controversial opinions

The consensus from the experts in the 17th
St. Gallen International Breast Cancer Congress
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(SG-BCC2021) may be significant. However, no
experts have elected for omitting surgeries in
the case of cPR or rCR. Furthermore, only 14%
of the experts have elected for omitting surger-
ies when pCR was proven by core biopsy.

Regarding whether RT could replace ALND for
patients with cN_ and SLN with residual diseas-
es after NAC, the opinions vary greatly. About
70% of experts agree on it when one of the 3
SLD has micro-metastases (0.2-2 mm); 88% of
experts agree on the condition that one of the
3 SLD has isolated tumor cells (ITCs); 52% of
experts agree on it when one of the 3 SLD has
macro-metastases (>2 mm), while only 38% of
experts believe RT could replace ALND when
two of 3 SLN are positive, and at least one has
macro-metastasis.
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Regarding TAD, 60% of experts view it as an
appropriate option for standard ALND, and 90%
of experts propose that TAD could only be used
on cN, patients with marked, initially involved
nodes and converted to cN, before surgery.

For patients with cytologically/histologically
proven cN, at presentation and with an excel-
lent clinical response to NAC and will receive
RT, 41% of experts agree that ALND may be
avoided if a clipped node is presented and all
three SLN should be negative, and 37% of
experts believe that single SLN should be
negative.

Future clinical trial design

How should we design and perform clinical tri-
als to convincingly evaluate the feasibility of
omitting surgery after NAC? The critical step is
to gather sufficient evidence to predict pCR
after NAC. We should design and support con-
trolled clinical trials to address the significant
question that whether we can predict pCR af-
ter NAC in non-invasive methods. A trial sh-
ould compare predicting strategies discussed
above: (i) breast surgery; (i) vacuum-assisted,
minimal invasive biopsy (VAB); (iii) breast imag-
ing, such as MRI, ultrasound, and mammogra-
phy according to Response Evaluation Criteria
in Solid Tumors (RECIST) 1.1 [88, 89]; (iv) pre-
diction models based on multiple clinical and
biological features. The randomized controlled
clinical trial is the gold standard level of proof.
However, patient preferences cannot be over-
looked, as patients may refuse non-surgery
treatment. In addition, the eligibility criteria
vary among different diagnostic tools and may
be difficult to standardize. Therefore, patients
with HER2-positive breast cancer and TNBC
are the recommended target populations for
primary prospective clinical trials. The primary
endpoint should be locoregional or regional
breast cancer recurrence. Secondary endpo-
ints should include OS, DFS, and quality of life.
The sample size should be calculated based
on literature research using PASS software
V.11.0. The parameter selection should be
based on the results from the previous studies
[23, 37, 58, 90, 91]. For exaple, if we assume
that the NPV for invasive biopsy, imaging tools,
and prediction models is 80%, 70%, and 75%,
respectively, with the test power (1-p) of 0.90
and significance level (&) of 0.05, 198 partici-

3522

pants are required. Allowing for a 20% dropout
rate, we estimate final sample size should be
250 patients.

Conclusions and perspectives

With the progress in adjuvant therapy and the
prolonged patients’ survival time, the quality of
life of patients has become one of the major
concerns for doctors. Indeed, for nearly half a
century, the extent of surgery on both breast
and axillary lymph nodes has decreased, whi-
le more precise systematic treatments have
increased. These trends reflect the realization
that surgery is traumatic and may also be
unnecessary in specific subgroups of patients.
Thus, new therapeutic modalities should be
promoted for patients with excellent response
to NAC (Figure 1).

Over the recent decades, NAC has been im-
proved considerably, and its pCR rates are
improving, especially in TNBC and HER2-po-
sitive subgroups. Surgery may be avoided in
these patients and replaced by radiotherapy;
however, the main obstacle lies in the accura-
cy of pCR prediction of NAC. Current imaging
methods lack sufficient sensitivity and specific-
ity to select pCR patients. Ongoing trials using
image-guided minimal biopsy were designed to
test the safety of potential surgery omission in
exceptional responders after NAC. There are
also challenges in designing and performing
randomized controlled trials. Patient prefer-
ence may hinder enrollment as patients in the
non-surgery group may psychologically feel un-
settled and abandoned and ask for surgery. In
addition, the appropriate patient enrollment cri-
teria should also be investigated. Furthermore,
how to follow up the patients who have omitted
surgery is a clinical issue, as they may need
follow-up imaging at shorter intervals than
annually. Moreover, the actual treatment may
not necessarily follow the standard protocols
after local recurrence. All these issues need to
be clarified in future clinical trials (Figure 2).

In summary, the forgoing of breast cancer sur-
gery may be an unavoidable trend, therefore,
more high-quality clinical trials should be con-
ducted. Presently, most studies on the early
assessment of breast cancer response to NAC
are retrospective single center study with a rel-
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From radical
mastectomy and
modificd radical
mastectomy

to breast
conserving

surgery

Ring, Mauriac,
Touboul, Scholl ct
al suggested
patients achieved
¢CR underwent
radiotherapy alone
and reached good
survival outcomes

Heli et al explored
ultrasound-guided
or
mammography-
guided FNA and
VAB to reduce
FNR of predicting
pCR after NAC

2017
St.Gallen:
De-escalation
of surgery

Multifacterial
prediction model to
predict pCR based
on multiple clinical
and biological
covariations, such
as lymphovascular
invasion, cfDNA,

Multivariate
models
("intelligent VAB")
to identify pCR
after NAC

ctDNA

2017

2019

ALND for NSABP SENTINA: AMAROS: no TAD 1o 2019 2021 ASCO:
cNO after B-04: combined  significant reduce FNR St.Gallen: SLND can
NAC ART can tracer dilference in by MD SLNB can replace ALND
replace method for  survival Anderson replace for ¢NO after
ALND SLND can  outcomes Cancer ALND by NAC
reduce between ART Center ACOSOGZ10
FNR 71 study

Figure 1. The timeline of surgery strategies for breast and axillary after NAC. NAC, neoadjuvant chemotherapy; pCR,
pathological complete response; cCR, clinical complete response; VAB, vacuum-assisted biopsy; cfDNA, cell-free
DNA; ctDNA, cell-free circulating tumor DNA; ALND, axillary lymph node dissection; SLND, sentinel lymph node bi-
opsy; TAD, targeted axillary dissection; ART, axillary radiotherapy.

® NAC tends to refinement and
breast cancer surgery tends to
substraction.

® NAC increased pCR rates
dramatically, especially in
patients with HER2-positive and
triple-negative breast cancer.

Current
evidence

® The cCR rates concordant with
PCR rates by the assistance of
highly sensitive and specific
imaging methods and minimal
biopsy techniques.

® Multiple prediction models fry to
predict pCR.

Future challenges

® How to analyze and identify pCR in

the breast after NAC?

® How to implement randomization and

patient preferences?
® YWhat is the appropriate

inclusion/exclusion criteria?
® How to follow-up after when breast

atively smaller sample size. In the future, multi-
center, larger sample size, prospective studies
are essential. Artificial intelligence methods
can also be used to further establish a stable
and efficient prediction model for predicting the
efficacy of NAC on breast cancer. A randomized
clinical trial design was illustrated by the dia-
gram in Figure 3.
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Figure 2. Current evidence and fu-
ture challenges of omitting surgery
after neoadjuvant chemotherapy.
NAC, neoadjuvant chemotherapy;
pCR, pathological complete re-
sponse; cCR, clinical complete re-
sponse.
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