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Abstract
Breast cancer is the most common cancer in women worldwide. Breast cancer is traditionally treated with surgery, plus adjuvant
systemic therapy and radiotherapy as required. Neoadjuvant chemotherapy (NACT) for the treatment of breast cancer is used for
locally advanced operable breast cancer to reduce the tumor size, to perform breast conserving surgery, and to perform a limited
axillary approach. Adjuvant chemotherapy for the treatment of inflammatory breast cancer and even in inoperable breast cancer
is used to increase overall survival time and to delay disease progression while relieving symptoms. NACT for breast cancer is a
new strategy that was introduced toward the end of the 20th century and is increasingly used in the treatment of breast cancer. At
present, NACT is increasingly being used to reduce the need for axillary dissection and to convert patients with large tumors to
candidates for breast conservation therapy in both locally advanced and operable breast cancers. Breast conserving procedures
are currently more preferred by surgeons and axillary dissection is being replaced by sentinel lymph node biopsy after chemotherapy. One of the targets of neoadjuvant systemic therapy is to try to perform a less aggressive surgery by breast conservation,
mainly for cosmetic reasons and avoiding axillary dissection mainly for arm mobility, pain, and lymphedema risk. The other target
of neoadjuvant systemic therapy is to see the response of the tumor to chemotherapy and determine the treatment accordingly.
Neoadjuvant systemic therapy increases the rate of complete pathological response by clearing the breast and axilla from tumor
cells before surgery. In this review, we examine the key points of using the NACT in breast cancer, considering radiological imaging
methods, surgical management, and reconstruction after NACT.
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O

ver the decades, breast cancer surgery evolved from
radical mastectomies to more conservative techniques
to breast conserving surgery (BCS) and axillary sentinel
lymph node (SLN) biopsy. For locally advanced and some
early stage breast cancer patients, neoadjuvant chemotherapy (NACT) is widely accepted. Surgery following NACT is a

standard treatment approach. NACT increases resectability
of locally advanced breast cancer, rate of BCS, and cosmetic
outcomes; decreases the morbidity and extent of axillary
surgery; improves quality of life; and improves prognosis
in selected disease subtypes (especially triple-negative
[TN] breast cancer subtype) with pathological complete re-
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sponse compared to partial responders. Another advantage
of NACT is to see the response of the tumor to chemotherapy and determine the treatment accordingly.[1,2] Complete
response includes patients without residual invasive carcinoma in the breast and lymph nodes and partial response is
defined as a decrease or no increase in either or both tumor
size (T) or lymph node status (N) stage compared to the
pretreatment T or N. Grade, tumor biology, and genomic
testing results are now considered in conjunction with tumor size and lymph node involvement to determine breast
cancer stage. Therefore, the ratio of partial and complete
response rates according to breast cancer stages varies depending on all these variables.[3] Reconstruction remains an
option for patients managed with NACT; discussion must
be multidisciplinary and initiate before treatment. Complicating the decision regarding the technique and timing of
breast reconstruction is the potential need for post-mastectomy radiotherapy (RT).[4] Breast cancer treatment has
evolved into a multidisciplinary approach, requiring a team
that includes surgeons, clinical and medical oncologists, radiologists, and pathologists in patient care.

Clinical Impact of Residual Disease After NACT
NACT has become the standard of care for the treatment
of patients with clinically node-positive (cN+) breast cancer
and can eradicate axillary metastasis in 40–75% of patients,
depending on tumor subtype. The pathologic complete
response (pCR) after NACT is 10–15% with anthracyclines,
25–30% with the addition of taxanes, 50% with the addition
of trastuzumab, and 60% with the addition of pertuzumab.
Survival is worse, especially in patients with TN and HER2
overexpressing (HER2+) tumors who do not have a pCR.[5]
IMpassion130 study evaluated nab-paclitaxel chemotherapy plus atezolizumab versus placebo in TN advanced
stage breast cancer. This study showed persistent benefit
of atezolizumab plus nab-paclitaxel only for PD-L1-positive
tumors. Keynote 522 study showed that pCR, assessed in
the first 602 patients, significantly increased from 51.2% in
the placebo group to 64.8% in the pembrolizumab group.
Since TN breast cancer is aggressive and recurrences often
occur early on, addition of pembrolizumab to NACT prevents breast cancer recurrence in TN breast cancer group.
Recurrence risk score is lower and pCR rates (<10%) are
lower in estrogen receptor (ER)/progesterone receptor
(PR)-positive patients receiving NACT because of the biology of the disease. Changes in the Ki-67 level in the early
period also indicate this.[6,7]
Residual disease is measured by residual cancer burden
(RCB), neoadjuvant response index (NRI), and Neo-Bioscore.
[8]
NRI is a value calculated based on the response to neo-

157

adjuvant therapy of the breast and lymph nodes, and is
correlated with recurrence-free survival in the presence
of TN subtype. Values between 0 and 1 are given; 0 – no
answer and 1 – considered as pCR. Neo-Bioscore; clinical
stage, post-neoadjuvant pathological stage, ER and HER2
status, and nuclear grad are taken into account and seven
response categories are formed. In RCB, the diameter of
the residual disease, the percentage of viable tumor cells,
and the largest affected LN diameter are measured. Score
between 0 and 3 is given: RCB 0, pCR in axilla and breast;
RCB 1, minimal residual disease; RCB2, moderate residual
disease; and RCB3 represents extensive residual disease.
The CREATE-X trial investigates the role of adjuvant
capecitabine in patients with residual tumors in the HER2−
group after NACT. For those with TN breast cancer subtype,
two randomized trials, EA1131 and S1418, are ongoing. The
aim of the EA1131 study was to compare the good and bad
effects of capecitabine or platinum-based chemotherapy
(cisplatin or carboplatin) after surgery for TN groups with
>1 cm residual disease who received neoadjuvant therapy.
In the S1418 study, patients with >1 cm residual disease,
pathological node positive (ypN+), and non-metastatic TN
patients after NACT were randomized as adjuvant pembrolizumab therapy or placebo. In the KATHERINE trial, among
the patients with HER2 + cT1-4/N0-3/M0 with residual disease after completion of neoadjuvant therapy (6 cycles of
chemotherapy [CT] and should have received a minimum
of 9 weeks), the rate of invasive breast cancer recurrence
was compared among patients who received trastuzumab
only and T-DM1 as adjuvant therapy. Recurrence rate in the
patients receiving T-DM1 was found 50% lower and the
survival was significantly higher. The PENELOPE study aims
to demonstrate that palbociclib provides superior invasive
disease-free survival (iDFS) in women with locally advanced
breast cancer with a higher risk of recurrence after hormone
receptor (HR)-positive and HER2-positive patients have less
pCR to chemotherapy with neoadjuvant taxane against the
background of standard anti-hormonal therapy.[9]
As a result, TN and HER2+ breast cancer patients with T2 or
larger tumors or affected lymph nodes are candidates for
neoadjuvant therapy. In HR+ group, pCR is lower but in this
group, the biology of the disease is better. Additional adjuvant therapy is needed in patients without pCR. Studies on
the use of capecitabine in TN and high-risk luminal, HER2+
group; TDM1 in HER2+ groups are ongoing.

Radiological Imaging Studies After NACT
The primary purpose of radiological imaging studies after NACT is to predict residual tumor size. Magnetic resonance imaging (MRI) is a reliable radiological imaging for
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assessing tumor response after NACT because it allows us
to distinguish between non-vascularized therapy-induced
fibrosis and residual vital tumor. When evaluating tumor
regression with MRI; if there is a mass lesion, tumor size
should be measured as the longest diameter. For non-mass
lesions, the entire contrast enhancement is evaluated as a
single lesion. Tumor regression can be assessed on MRI by
regression shrinkage patterns. The shrinkage pattern was
seen in three types: Concentric, nodular, and mixed (both
concentric and nodular). Evaluation of the tumor response
to NACT by MRI influenced by the molecular breast cancer
subtypes. Evaluation is more accurate in TN and HER2+ tumors because the tumor is more likely to appear as a unifocal mass and shrinks in a concentric type. Luminal subtypes
of breast cancer are more likely to appear as a diffuse lesion
and regression in the form of fragmentation. Therefore, we
have difficulty in evaluating regression. The NACT type may
also affect MRI accuracy. Taxanes have more antiangiogenic
activity than drugs with anthracycline, may decrease contrast enhancement, which would produce an underestimation.[10] If there is reactive inflammation and fibrosis around
the tumor bed, MRI may overestimate residual disease.
Residual ductal carcinoma in situ (DCIS) or small residual
lesion after NACT may lead to misinterpretation. Residual
DCIS may lead to false positive diagnosis, while small residual lesion may lead to false-negative diagnosis.[11,12] Radiologic complete response (rCR) with MRI is not always pCR.
In a retrospective study by De Los Santos et al.,[13] overall
accuracy of MRI for predicting pCR was found to be 74%.
MRI correlated well with evaluating response of TN and
HER2+ tumors but not for luminal subtypes, this possibly
influenced by differences in pCR rates between groups.[14]
Although response to NACT is commonly evaluated by
ultrasound (US), mammography, and MRI, studies on the
accuracy of positron emission tomography/computed
tomography (PET/CT) for the evaluation of response to
NACT have been encouraging. MRI had a higher specificity but PET/CT had a higher sensitivity for predicting the
pathologic response after NACT in patients with breast
cancer.[15] It appears that significant reduction in cellular glycolysis induced by effective cytotoxic drugs and a
bigger decrease in SUVmax following the early cycles of
NACT are indicative of better histopathological status after the final course of NACT.[16]
Studies are still ongoing for non-surgical follow-up in patients with pCR after NACT and to identify the patients with
pCR by performing image-guided biopsy of the tumor bed,
preferably with vacuum-assisted core biopsy, in patients
with rCR. However, it has been known so far that biopsy
methods are insufficient to exclude residual disease and
the patients who achieve pCR still require surgical excision
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of the tumor bed. Even if those patients with positive HR
status and low-grade tumors achieve rCR, they are associated with residual disease at surgery.[17,18]
Axillary US (AUS) can be used to restage the axilla or to assess the axilla to evaluate the axillary nodes for evidence of
metastatic disease with good accuracy after NACT in women with node positive at diagnosis. Morphological criteria
used in the evaluation of axillary lymph nodes with US were
based on the cortex and hilum of the lymph node. A lymph
node is considered abnormal if the cortex is thickened (>3
mm thick), the fatty hilum is obliterated by dense capsule,
and the lymph node is round in shape. US, in particularly,
allows us to assess level 1 and 2 axillary lymph nodes better. MRI has a slightly lower sensitivity with 64% in showing residual metastasis, but level 3 axillary lymph nodes
and internal mammary lymph nodes are assessed better.
The ACOSOG Z1071 Trial reported that the false negativity
rate (FNR) for SLN surgery after NACT in patients with cN+
disease and two or more SLNs removed at the time of surgery were 12.6% at tolerable high level. Studies have been
carried out in the form of whether the AUS can replace SLN
biopsy (SLNB) or the addition of AUS can decrease the FNR
of SLNB.[19] Sometimes, the identified lymph node may not
be SLN. It is not clear what the cortex thickness cutoff value
should be, sometimes, it is considered >2.5 mm or >3 mm.
If lymph nodes are deeply located, isolated tumor cell or
micrometastases may not be displayed sonographically. It
has been seen that AUS has many limitations and cannot
replace SLNB but lowers the FNR after NACT.[20]
Consequently, AUS should be performed before NACT, biopsy should be performed on the suspicious lymph node
in terms of metastasis and clips should be placed in nodes
with biopsy-confirmed metastasis. Reevaluation of the axilla after NACT should be made with AUS again, which will
guide surgical decision-making and reduces FNR of SLNB
after NACT. When no residual disease identified in the axillary lymph nodes after radiological imaging studies and
retrieval of ≥3 sentinel nodes at SLNB, there is no need for
axillary dissection and it avoids the complications associated with axillary lymph node dissection (ALND).

Surgery After NACT
The important thing here is whether to conserve the breast
or to prevent axillary dissection. Surgical planning and
drug regimens are selected by assessing tumor response
by imaging studies.

Axilla
At this stage, it is important to determine whether the
patient has lymph node involvement before neoadjuvant
therapy. SLNB is possible after axillary downstaging. It
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seems rational to assume that aggressive surgical treatment of the axilla with an ALND might be omitted in patients in whom an axillary pCR is achieved since the axilla
has already been cleared of tumor deposits by systemic
treatment. It has been observed that the targeted axillary
dissection (TAD), which includes SLNB and selective localization and removal of clipped nodes using iodine-125
seed localization, increases the accuracy of axillary staging and improves the FNR compared with SLNB alone. In
a study by Caudle et al.,[21] 191 patients with nodal metastases who completed NACT followed by SLNB and ALND
were enrolled to determine the FNR of SLNB. Clips were
placed in nodes with biopsy-confirmed metastasis before
initiating NACT. The FNR for patients undergoing SLNB and
ALND was 10.1%, for the evaluation of the clipped node
alone was 4.2%, and for patients who received TAD followed by ALND was 2.0%. It was observed that the clipped
node was not retrieved as an SLN in 23% and the use of
dual tracers lowered the FNR.
Neoadjuvant endocrine therapy becomes an attractive option for selected patients with hormonal receptor positive
locally advanced breast cancer. Neoadjuvant endocrine
therapy never increases the axillary dissection rate in clinically node-negative (cN−) patients. Although survival is
higher in node-negative patients than positive patients,
there is no difference in survival between those who were
initially operated and those who were operated after neoadjuvant endocrine therapy.[22]

Breast
NACT is a valuable treatment method for downstaging of
tumor size without increasing the risk of locoregional recurrence, thus allowing BCS in many patients who would
have previously supposed to undergo mastectomy procedure. It is important to see the effectiveness of CT and obtain prognostic information. pCR is defined as no residual
or in situ disease determined in the breast. Patients, who
have pCR or minimal residual burden following NACT, have
longer disease-free survival (DFS) and overall survival and
low risk of recurrence. Therefore, the tumor bed should be
marked radiologically before NACT. In the future, when
the radiological predictability of the pCR increases, there
would be a possibility of omitting surgery and the patient
could be safely treated with RT alone.[23,24]
Clinical response (cN+ vs. −, HER2+ vs. −, TN, luminal A vs. B,
and Grade 3 vs. Grade 1) should be evaluated on a case-bycase basis. According to the tumor receptor, the response
type that can be received in the breast to NACT is different,
so the surgical limit should be considered in the residual tumor according to the response type. TN and HER2+ tumors
shrink concentrically to form a single foci of residual tumor
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cells while ER/PR (+) and HER2− leave scattered tumor cells
in patchy patterns. The rate of pCR is higher in HER2+ and
TN breast cancers, and less frequent in HR-positive breast
cancers. Although pCR rates differ, there is no indication for
wider surgical margins because of the molecular subtype,
multimodality treatment is important. Resection of the
clipped area in cases of pCR is recommended. It is accepted
that the approach of no tumor cells in the resection margin is sufficient.[25] Whether there is a residual tumor which
is important for post-operative adjuvant therapy because
adjuvant therapy increases survival. If we do not notice the
residual tumor, the patient will lose the chance of adjuvant
treatment.[26,27]
Consequently, many randomized studies are ongoing to
avoid surgery or aim to after a pCR, but surgery is still mandatory. Less radical surgery of the breast and axillary lymph
nodes is possible.

Reconstruction After NACT
There has been discussion about the timing and usage of
adjuvant radiotherapy, hormonal therapy, and chemotherapy with respect to surgical interventions. Implant-based
breast reconstructions are mostly preferred for reconstruction after NACT. There are two common methods of implantbased breast reconstruction, one-stage reconstruction and
two-stage reconstruction. One-stage implant-based breast
reconstruction is a reconstructive method performed at the
time of mastectomy without the need for tissue expander.
Two-stage implant-based breast reconstruction with initial
insertion of a tissue expander followed by changeover to
an implant after a period of inflation can be performed by
months or years after initial treatment. In a study by Teotia
et al.,[28] 128 patients were retrospectively evaluated. It was
shown that the time elapsed after the last cycle of NACT
was not significant in terms of post-operative complications. High body mass index and usage of tissue expander
were determined as factors increasing complications. In a
review by Riba et al.,[29] the results of different studies were
evaluated retrospectively. In neoadjuvant breast cancer
groups, use of an autologous flap in previously irradiated
breasts appears to reduce the incidence of implant-related
complications; studies have shown that rates of implantation loss can reach up to 25% in implant-based breast reconstruction group.
Especially in the neoadjuvant group, we see that repair
with one-stage implant-based breast reconstruction compared to two-stage implant-based reconstruction reduces
implant losses and does not delay the adjuvant treatment process. A meta-analysis performed by Ricci et al.[30]
showed that relative to permanent implants, post-mastec-
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tomy RT applied tissue expanders resulted in higher rates
of reconstructive failure (20% with expander + RT vs. 13,4%
with implant + RT) and lower rates of capsule contracture
(24,5% with expander + RT vs. 49.4% with implant + RT).
Compared to tissue expanders placed below the pectoralis muscle, tissue expanders placed above the pre-pectoral
area accelerate the post-operative expansion process, provide faster recovery and better vascularization with high
performance soft-tissue support, and carry low risk of seroma so that the patients undergo post-operative RT treatment faster.[31]
Consequently, RT becomes important in young women
with invasive breast cancer, as the risk of local recurrence is
higher than in older women, reconstructed breast mounds
that underwent RT had significantly higher associations
with implant or tissue expander exposure. If complications
develop after tissue expander placement with a history of
radiation therapy, early conversion to autologous techniques should be performed.

Conclusion
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NACT in breast cancer eradicates micrometastatic disease,
decreases extent of surgery, provides prognostic information, and identifies candidates for additional treatment approaches.
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