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Preface

Over the last several decades, breast cancer management has made great strides in 
the improvement of oncologic treatment outcomes, particularly so in patients with 
early stage disease. While widespread access to screening resulting in early detection 
is undoubtedly to be credited for this trend, at the same time, the management of 
breast cancer has evolved to be an intricate multidisciplinary collaboration between 
breast imagers, surgeons, medical oncologists, and radiation oncologist. As a result, 
with better mutual understanding of multidisciplinary goals and challenges, the treat-
ment strategies have become more individualized, with a great emphasis being 
placed on the intrinsic disease biology. Furthermore, the indications for neoadjuvant 
systemic therapy have significantly broadened, with a substantial number of patients 
with early stage breast cancer being able to take advantage of this strategy to decrease 
the extent of breast surgery they would undergo at its completion. As such, the man-
agement of the axilla in these patients has presented new challenges as well as new 
opportunities to de-escalate the extent of local therapy and, consequently, its toxicity.

This text is designed to present a comprehensive and state-of-the-art approach to 
contemporary multidisciplinary management of the axilla in early stage breast can-
cer patients treated with neoadjuvant systemic therapy. Parts will address issues 
faced by breast imagers, medical oncologists, surgeons, and radiation oncologists 
involved in the care of these patients. Written by experts in the respective fields, 
each of these parts will address characterization of the extent of axillary disease at 
presentation, appropriate selection of neoadjuvant systemic therapy to maximally 
downstage the axilla, and refinement of subsequent axillary surgery and radiation to 
maximize patient safety and minimize toxicity. A thorough review of the existing 
literature addressing the particular topic will be included in each part, enriched with 
extensive illustrations.

Editors and authors believe that this book, with its comprehensive summary of 
contemporary data on the management of the axilla in patients receiving neoadju-
vant systemic therapy, will serve as a valuable guide in daily clinical practice.

Pittsburgh, PA, USA Atilla Soran
Boston, MA, USA Faina Nakhlis 
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Chapter 1
Neoadjuvant Therapy for Breast Cancer

Mina Makary and Victor G. Vogel

 Evolution of the Indications for Neoadjuvant Therapy

Neoadjuvant therapy, initially used only for locally advanced breast cancer, has 
become more common for patients with operable disease. This allows more indi-
viduals to undergo breast-conserving procedures and enables observation of 
response to treatment. Long-term treatment outcome correlates significantly with 
both clinical and pathologic tumor response rates. In 2008, Rastogi and her col-
leagues provided an update of extended outcomes for two preoperative chemother-
apy trials of the National Surgical Adjuvant Breast and Bowel Project (NSABP), 
Protocols B-18 and B-27 [1]. NSABP Protocol B-18 was designed to determine 
whether four cycles of doxorubicin and cyclophosphamide (AC) administered pre-
operatively improved breast cancer disease-free survival (DFS) and overall survival 
(OS) compared with AC administered postoperatively [2–4]. Protocol B-27 was 
designed to determine the effect of adding docetaxel (T) to preoperative AC on 
tumor response rates, DFS, and OS [5, 6].

Eligible patients for B-18 had operable, palpable breast cancer (T1–3, N0–1, 
M0) diagnosed by core needle biopsy or fine-needle aspirate (FNA). NSABP 
Protocol B-27 was opened to accrual in December 1995 and closed in December 
2000 after 2411 patients had been randomly assigned. Patient characteristics for 
B-27 are listed in Table  1.1. Women who had primary operable breast cancer 
(T1c–3, N0–1, M0 or T1–3, N1, M0) diagnosed by core biopsy or FNA were eligi-
ble. The stratification variables for both studies were age, clinical tumor size, and 
clinical nodal status. Because FNA results could be used to establish eligibility, 
hormone receptor status was not available at random assignment for these patients, 
so it was not used as a stratification variable.
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In Protocol B-18, patients were randomly assigned to either surgery (lumpec-
tomy and axillary lymph node dissection or modified radical mastectomy) followed 
by four cycles of AC chemotherapy (doxorubicin 60 mg/m2 and cyclophosphamide 
600 mg/m2) every 21 days or the same chemotherapy followed by surgery. Before 
random assignment, surgeons were required to disclose the intended surgical proce-
dure (lumpectomy or mastectomy) without considering possible downstaging by 
chemotherapy. Patients ≥50 years of age received tamoxifen 10 mg orally twice a 
day for 5 years, starting after chemotherapy, regardless of hormone receptor status, 
whereas women less than 50 years of age did not receive hormonal therapy. Patients 
undergoing lumpectomy received whole-breast irradiation [2–4].

In Protocol B-27, all patients were assigned to receive four cycles of AC every 
21 days before surgery. Patients in groups 1 and 3 did not receive further preopera-
tive chemotherapy, whereas patients in group 2 were assigned to receive four cycles 
of T preoperatively at 100 mg/m2 every 21 days. After the completion of AC in 
groups 1 and 3 or AC followed by T in group 2, patients underwent surgery (either 
lumpectomy plus axillary node dissection or modified radical mastectomy). Patients 
in group 3 received four cycles of postoperative T (100 mg/m2). In all study patients, 
tamoxifen (20 mg/d for 5 years) was to be initiated on the first day of chemotherapy 
regardless of age or hormone receptor status [5, 6].

In Protocol B-18, 751 patients were assigned to receive preoperative AC, and 742 
patients were assigned to receive postoperative AC.  In B-27, 784 patients were 
assigned to receive preoperative AC followed by surgery, 783 patients were assigned 
to AC followed by T and surgery, and 777 patients were assigned to AC followed by 
surgery and then T.

Results from Protocol B-18 showed no statistically significant differences in 
DFS and OS between the two groups. However, there were trends in favor of neo-
adjuvant chemotherapy for DFS and OS in women less than 50 years old (hazard 

Table 1.1 Chemo-immunotherapy regimens for neoadjuvant therapy [9]

Breast cancer 
phenotype Regimens

HER2-positive Docetaxel, carboplatin, trastuzumab, and pertuzumab (TCHP)
Docetaxel, carboplatin, and trastuzumab (TCH)
Paclitaxel and trastuzumab
Doxorubicin and cyclophosphamide followed by paclitaxel and trastuzumab 
(higher incidence of declines in left ventricular ejection fraction), with or 
without pertuzumab

Estrogen 
receptor- 
positive

Dose-dense doxorubicin/cyclophosphamide followed by weekly paclitaxel (or 
paclitaxel every 2 weeks)
Docetaxel and cyclophosphamide
Epirubicin and cyclophosphamide
Cyclophosphamide, methotrexate, and 5-fluorouracil; anthracycline is 
contraindicated

Triple-negative Weekly paclitaxel with carboplatin and pembrolizumab in weeks 1, 4, 7, and 
10 followed by dose-dense doxorubicin and cyclophosphamide with 
pembrolizumab every 3 weeks

M. Makary and V. G. Vogel
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ratio [HR] = 0.85, P = 0.09 for DFS; HR = 0.81, P = 0.06 for OS). DFS that was 
conditional on being event-free for 5 years also demonstrated a strong trend in favor 
of the preoperative treatment (HR = 0.81, P = 0.053).

Protocol B-27 demonstrated that the addition of T to AC did not significantly 
impact DFS or OS.  Preoperative T added to AC did, nevertheless, significantly 
increase the proportion of patients having pathological complete responses (pCRs) 
compared with preoperative AC alone (26% vs. 13%, respectively; P = 0.0001). In 
both studies, patients who achieved a pCR continued to have superior DFS and OS 
outcomes compared with patients who did not achieve a complete response. The 
B-18 and B-27 trials concluded that preoperative therapy is equivalent to adjuvant 
therapy. B-27 showed that the addition of preoperative taxanes to AC improves 
response. These trials and others set the stage for the development of current preop-
erative therapy for operable breast cancer.

 Current Evolution and Application of Preoperative 
Treatment Strategies

The extent of invasive breast disease and its biologic aggressiveness are the princi-
pal determinants of the outcome of chemotherapy for breast cancer. Clinical and 
pathologic staging help in assessing the extent of disease, but each is imprecise. 
Tumor grade, hormone receptor assays, HER2 oncogene amplification, and genomic 
assays have prognostic value and are key to determining systemic therapy. 
Controversy has surrounded the choice of primary therapy of stage I, II, and III 
breast carcinoma. Neoadjuvant therapy has become popular given its three potential 
advantages: (1) the neoadjuvant approach initiates systemic therapy early and 
avoids delays imposed by a primary surgical procedure; (2) primary chemo- and/or 
immunotherapy can decrease the size of the primary tumor and convert a mastec-
tomy to a lumpectomy; and (3) preoperative therapy constitutes an in vivo sensitiv-
ity assay allowing an assessment of treatment response. In addition, in some cases 
of either triple-negative or HER2-amplified breast cancer, the response to neoadju-
vant therapy determines the need and type of postoperative, or adjuvant, systemic 
therapy.

Patients with hormone receptor-negative, triple-negative, or HER2-positive 
breast cancers are more likely to have a (pCR) (meaning no residual invasive cancer 
in either breast or lymph nodes at the time of surgery) in response to neoadjuvant 
chemotherapy than those with hormone receptor-positive breast cancer [7]. A pCR 
at the time of surgery, especially in hormone receptor-negative tumors, is associated 
with improvement in event-free and overall survival.

Survival after neoadjuvant chemotherapy is like that seen with postoperative 
adjuvant chemotherapy [8, 9]; that is, no improvements in disease-free or overall 
survival have yet been demonstrated with preoperative systemic therapy. 
Randomized trials have demonstrated equivalent mortality for pre- or postoperative 

1 Neoadjuvant Therapy for Breast Cancer
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delivery of similar systemic therapy [4, 10–21]. A meta-analysis conducted by the 
Early Breast Cancer Trialists’ Collaborative Group based upon data from 4756 
women in ten trials that were initiated between 1983 and 2002 [22] showed there 
were no significant differences between neoadjuvant chemotherapy and adjuvant 
chemotherapy in the risk of distant recurrence (15-year rate of 38% in both arms) or 
breast cancer mortality (34% in both arms). The use of neoadjuvant chemotherapy 
was associated, nevertheless, with an increased frequency of breast-conserving 
therapy (65% vs. 49%). Importantly, it was also associated with an increased risk of 
local recurrence (15-year local recurrence rate, 21.4% vs. 15.9%; rate ratio 1.37, 
95% CI 1.17–1.61). This increased risk of recurrence may not be seen, however, 
with current therapies.

 Candidates for Neoadjuvant Therapy

Candidates for neoadjuvant therapy for breast cancer are listed in Fig.  1.1. 
Discussions among the surgical oncologist, radiation oncologist, and medical 
oncologist are important in determining the goals and potential benefits of neoadju-
vant therapy for a given patient.

1. Locally Advanced Breast Cancer
Patients with locally advanced breast cancer (stage III disease, T3, or T4 lesions), 
no matter the subtype, are recommended to receive neoadjuvant therapy because 
their cancers, due to their locally advanced nature, are not amenable to a negative 
margin resection or breast conservation (the latter is not applicable to patients with 
inflammatory breast cancer, who require a modified radical mastectomy upon com-
pletion of neoadjuvant chemotherapy) and because their risk of distant recurrence 
warrants prompt initiation of systemic treatment. Many patients with tumors larger 
than 5 cm (T3), even if potentially operable, are considered to have locally advanced 
disease and have been included in neoadjuvant therapy clinical trials.

2. Selected Cases of Early-Stage Breast Cancer
Patients with early-stage breast cancer (stage I or II) are appropriate candidates for 
neoadjuvant therapy if breast-conserving surgery is not possible due to a high 
tumor-to-breast size ratio or if their anticipated cosmetic outcome would be 

• Locally advanced breast cancer
• Early-stage breast cancer

With a large tumor-to-breast size ratio
Large tumors (>4 cm)

• Node-positive breast cancer
Bulky or matted nodes
N3 nodal disease

• T4 tumors
• Patients who have temporary contraindication(s) to surgery

Fig. 1.1 Candidates for 
neoadjuvant systemic 
therapy

M. Makary and V. G. Vogel
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suboptimal due to tumor location [23]. Additionally, patients with smaller (T1c) 
triple- negative breast cancers or HER2-positive cancers may be offered neoadjuvant 
therapy, particularly if they might benefit from additional treatments in the adjuvant, 
postsurgical setting if residual disease is identified.

The role of neoadjuvant therapy in patients with early-stage hormone receptor- 
positive, HER2-negative breast cancers is less clear. Neoadjuvant treatment can 
induce tumor shrinkage that may allow breast conservation in a patient who other-
wise would have required mastectomy. Whether such patients should be offered 
neoadjuvant chemotherapy or neoadjuvant endocrine therapy depends on many fac-
tors, including patient age, comorbidities, and clinical stage. Tumor characteristics 
including grade and intensity of hormone receptor expression may help differentiate 
between patients more or less likely to respond to chemotherapy versus endocrine 
therapy. Proliferation indices or gene expression assays such as Oncotype Dx may 
help oncologists select between these treatment options [7].

3. Limited Clinically Node-Positive Disease
Neoadjuvant chemotherapy may be used to downstage the axillary nodes in patients 
with limited clinically node-positive disease (cN1). Neoadjuvant chemotherapy can 
convert cN1 patients to pN0, especially in patients with more aggressive breast can-
cer subtypes. Results of recent studies suggest that many of these patients can be 
managed effectively with sentinel lymph node biopsy with much lower rates of 
lymphedema and other complications [24].

 Patients with Temporary Contraindications for Surgery

NST is a treatment option for patients who have medical contraindications to under-
going surgery at diagnosis but in whom surgery is anticipated at a later date, such as 
women with breast cancer diagnosed during pregnancy or patients requiring short- 
term anticoagulation such as those with recent pulmonary embolism, deep-vein 
thrombosis, or placement of drug-eluding coronary stents. It is also a possible strat-
egy for the elderly with significant comorbidities.

 Regimens for Neoadjuvant Therapy (Table 1.1)

1. HER2-Positive Breast Cancer
Standard neoadjuvant therapy for patients with HER2-positive disease consists of 
chemotherapy and HER2-directed therapy, specifically trastuzumab, with or with-
out pertuzumab. Results from trials using these regimens will be reviewed below.

1 Neoadjuvant Therapy for Breast Cancer
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 Chemotherapy

The phase III TRAIN-2 trial of 438 patients with stage II–III HER2-positive breast 
cancer was randomly assigned to anthracycline-containing chemotherapy (three 
cycles of 5-fluorouracil, epirubicin, and cyclophosphamide followed by six cycles 
of paclitaxel and carboplatin) versus non-anthracycline-based chemotherapy (nine 
cycles paclitaxel and carboplatin), with trastuzumab and pertuzumab administered 
every 3 weeks with all chemotherapy cycles [25]. The rates of pCR did not differ 
between the arms (67% vs. 68%). Updated results from this study demonstrated 
equivalent 3-year event-free (94% vs. 93%) and overall (98% vs. 98%) survival for 
the anthracycline-free versus the anthracycline-containing regimens, respectively 
[26]. No patient subgroup could be identified whose long-term outcomes benefited 
from inclusion of the anthracycline, and patients who received the anthracycline 
experienced higher rates of febrile neutropenia (10% vs. 1%) and significant decline 
in left ventricular ejection fraction (36% vs. 22%).

 Targeted (Biologic) Therapy

Dual anti-HER2 blockade associated with trastuzumab plus lapatinib or with trastu-
zumab plus pertuzumab has shown significant improvements in the pCR rate when 
compared with chemotherapy associated with one anti-HER2 agent in the neoadju-
vant setting [27].

The NeoALTTO trial enrolled women with HER2-positive early breast cancer 
and randomly assigned them to receive oral lapatinib and trastuzumab or lapatinib 
plus trastuzumab in combination for 6 weeks, followed by an additional 12 weeks 
of the assigned anti-HER2 therapy in combination with weekly paclitaxel [28]. 
Surgery was done 4 weeks after the last dose of paclitaxel. After surgery, women 
received three cycles of FEC (fluorouracil 500 mg/m2 plus epirubicin 100 mg/m2 
plus cyclophosphamide 500 mg/m2) given intravenously every 3 weeks, followed 
by 34 weeks of the same assigned neoadjuvant anti-HER2 therapy. Analyses showed 
that the 3-year event-free survival was improved significantly for women who 
achieved pathological complete response compared with those who did not (HR 
0.38, 95% CI 0.22–0.63, P = 0.0003), as was 3-year overall survival (0.35, 0.15–0.70, 
P = 0.005).

Trastuzumab
In the phase II NOAH trial (n = 235), the addition of every-3-week trastuzumab to 
neoadjuvant anthracycline- and taxane-based chemotherapy was associated with a 
pCR rate of 38% compared with 19% with chemotherapy alone; patients assigned 
to trastuzumab resumed this treatment after surgery to complete a full year of treat-
ment [28, 29]. Long-term follow-up (5.4 years) revealed improved event-free sur-
vival (EFS) with the addition of trastuzumab (43% vs. 58%; HR 0.64, 95% CI 
0.544–0.930) [21]. Among patients who achieved a pCR, those treated with trastu-
zumab had significantly better EFS than those who did not (HR 0.29, 0.11–0.78), 

M. Makary and V. G. Vogel
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demonstrating the superiority of the neoadjuvant chemotherapy plus HER2-targeted 
therapy combination at eradicating occult metastatic disease even among patients 
with an excellent locoregional response [29, 30].

Pertuzumab
Pertuzumab is a monoclonal antibody that binds to a different epitope on HER2 
than trastuzumab, blocking the formation of HER2/HER3 heterodimers, which is 
believed to be an important mechanism of resistance to trastuzumab. The NeoSphere 
study, a randomized multicenter, open-label, phase 2 trial, showed that patients 
given pertuzumab and trastuzumab plus docetaxel had a significantly improved 
pCR rate compared with those given trastuzumab plus docetaxel, without substan-
tial differences in tolerability [31]. Treatment-naive women with HER2-positive 
breast cancer were stratified by operable, locally advanced, and inflammatory breast 
cancer and by hormone receptor expression to receive four neoadjuvant cycles of 
trastuzumab (8  mg/kg loading dose, followed by 6  mg/kg every 3  weeks) plus 
docetaxel (75  mg/m(2), escalating, if tolerated, to 100  mg/m(2) every 3  weeks; 
group A) or pertuzumab (loading dose 840 mg, followed by 420 mg every 3 weeks) 
and trastuzumab plus docetaxel (group B) or pertuzumab and trastuzumab (group 
C) or pertuzumab plus docetaxel (group D). Patients given pertuzumab and trastu-
zumab plus docetaxel (group B) had a significantly improved pathological complete 
response rate (45.8% [95% CI 36.1–55.7]) compared with those given trastuzumab 
plus docetaxel (group A; 29.0% [20.6–38.5]; P  =  0.0141). Twenty-four percent 
(24.0% [15.8–33.7]) of women given pertuzumab plus docetaxel (group D) had a 
pathological complete response, as did 16.8% [10.3–25.3] given pertuzumab and 
trastuzumab (group C).

The TRYPHAENA trial assessed long-term efficacy and cardiac safety outcomes 
in patients with HER2-positive early breast cancer treated with neoadjuvant pertu-
zumab plus trastuzumab with anthracycline-containing or anthracycline-free che-
motherapy. During post-treatment follow-up, only 2–5% of patients had any grade 
of left ventricular systolic dysfunction; 11–16% of patients experienced left ven-
tricular ejection fraction declines ≥10% from baseline to <50%. Long-term disease- 
free and progression-free survivals were similar between groups. Patients who 
achieved a pCR had improved disease-free survival [32].

2. Hormone Receptor-Positive, HER2-Negative Breast Cancer
Patients with hormone receptor-positive breast cancer have a lower chance of 
achieving a pathological complete response with neoadjuvant therapy than those 
patients with triple-negative or HER2-positive breast cancers. Studies indicate simi-
lar response rates with neoadjuvant endocrine therapy compared to neoadjuvant 
chemotherapy. Typically, responses are not appreciated unless 4–6 or more months 
of hormonal therapy are given. Outside a clinical trial setting, the use of neoadju-
vant hormonal therapy is generally restricted to postmenopausal patients who are 
unable or unwilling to tolerate chemotherapy [9]. According to the NCCN, neoad-
juvant endocrine therapy alone may be offered to those with strongly hormone 
receptor-positive tumors. The endocrine therapy options include an aromatase 
inhibitor (with ovarian suppression for premenopausal women) or tamoxifen. The 
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preferred endocrine therapy option for postmenopausal women is an aromatase 
inhibitor.

3. Triple-Negative Breast Cancer
Neoadjuvant chemotherapy leads to pathological complete response in up 50% or 
more of patients with triple-negative breast cancer [33]. Patients who achieve a 
pathological complete response seem to have a similar prognosis to other breast 
cancer subtypes with pathological complete response [9].

A randomized phase 2 trial (GeparSixto) was aimed to assess the efficacy of the 
addition of carboplatin to neoadjuvant therapy for triple-negative and HER2- 
positive breast cancer [34]. Patients were treated for 18  weeks with paclitaxel 
(80 mg/m2 once a week) and non-pegylated liposomal doxorubicin (20 mg/m2 once 
a week). Patients with triple-negative breast cancer received simultaneous bevaci-
zumab (15 mg/kg intravenously every 3 weeks). Patients with HER2-positive dis-
ease received simultaneous trastuzumab (8  mg/kg initial dose with subsequent 
doses of 6 mg/kg intravenously every 3 weeks) and lapatinib (750 mg daily); 296 
patients were randomly assigned to receive carboplatin and 299 to no additional 
carboplatin, of whom 295 and 293 started treatment, respectively. In this final analy-
sis, 43.7% (95% CI 38.1–49.4) in the carboplatin group achieved a pathological 
complete response, compared with 36.9% (31.3–42.4) without carboplatin (odds 
ratio 1.33, 95% CI 0.96–1.85; P = 0.107). Of the patients with triple-negative breast 
cancer, 53.2% achieved a pCR with carboplatin, compared with 36.9% without 
(P = 0.005). The addition of neoadjuvant carboplatin to a regimen of a taxane, an 
anthracycline, and targeted therapy significantly increases the proportion of patients 
achieving a pathological complete response. This regimen seems to increase 
responses in patients with triple-negative breast cancer, but not in those with HER2- 
positive breast cancers. CALGB 40603 [35] and ADAPT [36] triple-negative trials 
showed improved pCR rates with platinum-based neoadjuvant therapy.

Pembrolizumab
In a phase 3 trial, patients with previously untreated stage II or stage III triple- 
negative breast cancer were randomly assigned to receive neoadjuvant therapy with 
four cycles of pembrolizumab (at a dose of 200 mg) every 3 weeks plus paclitaxel 
and carboplatin or placebo every 3 weeks plus paclitaxel and carboplatin [37]. The 
two groups then received an additional four cycles of pembrolizumab or placebo, 
and both groups received doxorubicin-cyclophosphamide or epirubicin- 
cyclophosphamide. After definitive surgery, the patients received adjuvant pembro-
lizumab or placebo every 3 weeks for up to nine cycles. The primary end points 
were pCR at the time of definitive surgery and event-free survival in the intention- 
to- treat population.

At the first interim analysis, 64.8% of women in the pembrolizumab- 
chemotherapy group achieved pCR, compared with only 51.2% (95% CI, 44.1–58.3) 
in the placebo-chemotherapy group. After a median follow-up of 15.5 months, 7.4% 
of patients in the pembrolizumab-chemotherapy group and 11.8% of patients in the 
placebo-chemotherapy group had disease progression that precluded definitive sur-
gery, had local or distant recurrence or a second primary tumor, or died from any 

M. Makary and V. G. Vogel



11

cause (hazard ratio, 0.63; 95% CI, 0.43–0.93). Across all treatment phases, the inci-
dence of treatment-related adverse events of grade 3 or higher was 78.0% in the 
pembrolizumab-chemotherapy group and 73.0% in the placebo-chemotherapy 
group, including death in 0.4% (three patients) and 0.3% (one patient), respectively.

Incorporation of some immunotherapy in the neoadjuvant management of 
TNBCs remains investigational in the USA [38]. Atezolizumab plus neoadjuvant 
chemotherapy for triple-negative breast cancer was assessed in the IMpassion031 
trial. Among over 300 patients with treatment-naïve stage II–III TNBC, the addition 
of the PD-L1-targeted monoclonal antibody atezolizumab to neoadjuvant chemo-
therapy improved pathological complete response rates (58% vs. 41%). Additional 
studies are needed to assess fully the role of atezolizumab in the neoadjuvant treat-
ment setting.

 Achieving a Pathological Complete Response

Pathological complete response (pCR) to systemic therapy is associated with an 
extremely favorable disease-free and overall survival, particularly in situations in 
which all treatment is given preoperatively. The correlation between pathological 
response and long-term outcomes is strongest for TNBC, somewhat less so for 
HER2-positive disease and least for ER-positive disease. Staging following neoad-
juvant therapy is designated with “yc” or “yp” prefix to the T and N classification. 
There is no anatomical stage group assigned if there is a pCR to neoadjuvant ther-
apy, for example, ypT0ypN0M0. The cellular fibrous reaction to invasive tumor 
cells is generally included in the measurement of a tumor prior to treatment; how-
ever, the dense fibrosis observed following neoadjuvant treatment is generally not 
included in the pathological measurement because its extent may overestimate the 
residual tumor volume [27].

Evaluation of tumor response at surgery and its association with long-term out-
come, as well as the definition of pCR and its prognostic impact on survival in 
intrinsic breast cancer subtypes, has been reported [39]. Among 6377 patients with 
primary breast cancer receiving neoadjuvant anthracycline-taxane-based chemo-
therapy in seven randomized trials, pCR was defined as no invasive and no in situ 
residuals in breast or lymph nodes. In this way, pCR can discriminate between 
patients with either favorable or unfavorable outcomes. Patients with noninvasive or 
focally invasive residual disease or with involved lymph nodes should not be con-
sidered as having achieved pCR. Additionally, pCR is a suitable surrogate end point 
for patients with luminal B/HER2-negative, HER2-positive (non-luminal), and 
triple- negative disease, but not for those with luminal B/HER2-positive or luminal 
A tumors.

Investigators have compared responses to neoadjuvant chemotherapy and sur-
vival between patients with TNBC and non-TNBC [40]. Clinical and pathologic 
parameters, pCR, survival measurements, and organ-specific relapse rates were 
compared between patients with TNBC and non-TNBC.  Two hundred fifty-five 
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patients (23%) had TNBC.  Patients with TNBC compared with non-TNBC had 
significantly higher pCR rates (22% vs. 11%; P  =  0.034) but decreased 3-year 
progression- free survival rates (P  <  0.0001) and 3-year overall survival rates 
(P  <  0.0001). TNBC was associated with increased risk for visceral metastases 
(P = 0.0005), lower risk for bone recurrence (P = 0.027), and shorter post- recurrence 
survival (P < 0.0001). Recurrence and death rates were higher for TNBC only in the 
first 3 years. If pCR was achieved, patients with TNBC and non-TNBC had similar 
survival (P = 0.24). In contrast, patients with residual disease had worse overall 
survival if they had TNBC compared with non-TNBC (P < 0.0001). The study con-
cluded that patients with TNBC have increased pCR rates compared with non- 
TNBC, and those with pCR have excellent survival. However, patients with residual 
disease after neoadjuvant chemotherapy have significantly worse survival if they 
have TNBC compared with non-TNBC, particularly in the first 3 years.

The CTNeoBC trial pooled data obtained from 12 international trials that 
enrolled nearly 12,000 patients [41]. Eradication of tumor from both breast and 
lymph nodes (ypT0 ypN0 or ypT0/is ypN0) was associated with both improved 
event-free survival (ypT0 ypN0: hazard ratio [HR] 0.44, 95% CI 0.39–0.51) and 
overall survival (0.36, 0.30–0.44; 0.36, 0.31–0.42) than was tumor eradication from 
the breast alone (ypT0/is; event free survival HR = 0.60, 95% CI 0.55–0.66; overall 
survival HR = 0.51, 0.45–0.58). The association between pCR and long-term out-
comes was strongest in patients with triple-negative breast and in those with HER2- 
positive, hormone receptor-negative tumors who received trastuzumab. In the trial 
analysis, there was little association between increases in frequency of pCR and 
event-free survival. The study concluded that patients who attain pCR defined as 
ypT0 ypN0 or ypT0/is ypN0 have improved survival, and the prognostic value was 
greatest in aggressive tumor subtypes. The pooled analysis could not validate pCR 
as a surrogate end point for either improved event-free or overall survival.

 Treatment of Residual Disease in Either Breast or Lymph Nodes

Patients with residual tumor in either breast of axillary lymph nodes benefit from 
additional treatment following neoadjuvant chemotherapy or immunotherapy 
(Table 1.2). The specific postoperative treatment is dependent upon the phenotype 
of the initial breast cancer diagnosis.

1. Patients with HER2-Positive Residual Disease
The phase 3, open-label KATHERINE trial enrolled patients with HER2-positive 
early breast cancer who were found to have residual invasive disease in the breast or 
axilla at surgery after receiving neoadjuvant therapy containing a taxane (with or 
without anthracycline) and trastuzumab [42]. Patients were randomly assigned to 
receive adjuvant T-DM1 (ado-trastuzumab emtansine) or trastuzumab for 14 cycles. 
Among 1486 randomly assigned patients, invasive disease or death occurred in 
12.2% of patients in the T-DM1 group and 22.2% of patients in the trastuzumab 
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group. The estimated percentage of patients who were free of invasive disease at 
3  years was 88.3% in the T-DM1 group and 77.0% in the trastuzumab group. 
Invasive disease-free survival was significantly higher in the T-DM1 group than in 
the trastuzumab group (hazard ratio for invasive disease or death, 0.50; 95% confi-
dence interval, 0.39–0.64; P < 0.001). Distant recurrence as the first invasive disease 
event occurred in 10.5% of patients in the T-DM1 group and 15.9% of those in the 
trastuzumab group. The study concluded that among patients with HER2-positive 
early breast cancer who had residual invasive disease after completion of neoadju-
vant therapy, the risk of recurrence of invasive breast cancer or death was 50% lower 
with adjuvant T-DM1 than with trastuzumab alone.

2. Hormone Receptor-Positive, HER2-Negative Breast Cancer
The CALOR study was a pragmatic, open-label, randomized trial that accrued 
patients with histologically proven and completely excised isolated locoregional 
recurrence of breast cancer after unilateral breast cancer who had undergone a mas-
tectomy or lumpectomy with clear surgical margins [43]. Eligible patients were 
randomized to chemotherapy or no chemotherapy and stratified by previous chemo-
therapy, estrogen-receptor and progesterone-receptor status, and location of the 
recurrence. Patients with estrogen-receptor-positive local recurrence received adju-
vant endocrine therapy, radiation therapy was mandated for patients with micro-
scopically involved surgical margins, and anti-HER2 therapy was optional. 
Eighty-five patients were randomly assigned to receive chemotherapy and 77 were 
assigned to no chemotherapy.

At a median follow-up of 4.9 years, 28% of patients had disease-free survival 
events in the chemotherapy group compared with 44% in the no chemotherapy 
group. Five-year disease-free survival was 69% (95% CI 56–79) with chemotherapy 
versus 57% (44–67) without chemotherapy (hazard ratio 0.59 [95% CI 0.35–0.99]; 
P  =  0.046). Adjuvant chemotherapy was significantly more effective for women 
with estrogen-receptor-negative local recurrence, but analyses of disease-free sur-
vival according to the estrogen-receptor status of the primary tumor were not statis-
tically significant. Based on these results, adjuvant chemotherapy should be 
recommended for patients with completely resected isolated local recurrence, of 
breast cancer, especially if the recurrence is estrogen-receptor negative. Current 

Table 1.2 Treatment after neoadjuvant chemo-immunotherapy and surgery

Breast cancer type
Complete pathological 
response

Residual disease in breast 
and/or axillary lymph nodes

Estrogen receptor-positive 
(hormonal suppression for 
premenopausal women)

Hormonal therapy with an 
aromatase inhibitor

Hormonal therapy with an 
aromatase inhibitor

HER2-positive Herceptin for a total of 17 
pre- and postoperative 
cycles

Ado-trastuzumab emtansine 
every 21 days for 14 cycles

Triple-negative No further therapy Capecitabine BID for 
6 months
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recommendations for the treatment of residual ER-positive disease after NCT are 
currently in evolution, but additional chemotherapy is not recommended rou-
tinely [7].

3. Triple-Negative Breast Cancer
The CREATE-X clinical trial randomly assigned patients with HER2-negative 
residual invasive breast cancer after neoadjuvant chemotherapy (containing anthra-
cycline, taxane, or both) to receive standard postsurgical treatment either with 
capecitabine or without [44]. The primary end point was disease-free survival. 
Secondary end points included overall survival. Disease-free survival was longer in 
the capecitabine group than in the control group (74.1% vs. 67.6% of the patients 
were alive and free from recurrence or second cancer at 5 years; hazard ratio for 
recurrence, second cancer, or death, 0.70; 95% confidence interval [CI], 0.53–0.92; 
P = 0.01). Overall survival was longer in the capecitabine group than in the control 
group (89.2% vs. 83.6% of the patients were alive at 5 years; hazard ratio for death, 
0.59; 95% CI, 0.39–0.90; P = 0.01). Among patients with triple-negative disease, 
the rate of disease-free survival was 69.8% in the capecitabine group versus 56.1% 
in the control group (hazard ratio for recurrence, second cancer, or death, 0.58; 95% 
CI, 0.39–0.87), and the overall survival rate was 78.8% versus 70.3% (hazard ratio 
for death, 0.52; 95% CI, 0.30–0.90). Therefore, after standard neoadjuvant chemo-
therapy containing anthracycline, taxane, or both, the addition of adjuvant 
capecitabine therapy is safe and effective in prolonging disease-free survival and 
overall survival among patients with HER2-negative breast cancer who had residual 
invasive disease on pathological testing.

 Summary

Radiographic monitoring during neoadjuvant chemotherapy to predict pCR is noto-
riously inaccurate [45] and should not be done routinely. Imaging can be done dur-
ing treatment if there are clinical signs of disease progression and should be done at 
the completion of NCT to assist in surgical decision-making. Although those 
patients with a poor initial response have a worse prognosis, modification of chemo-
therapy after an observed poor response has not resulted in clinically meaningful 
improvements in outcome. As noted above, multiple studies have demonstrated that 
the burden of pathologically detected residual disease after neoadjuvant chemo-
therapy is associated with long-term prognosis. There has been little agreement, 
however, regarding the precise definition of pathological complete response. 
Patients with triple-negative breast cancer are much more likely to have a pathologi-
cal complete response, and those who achieve a pCR have a much better outcome 
[46]. Neoadjuvant chemotherapy and immunotherapy should be offered to appro-
priate surgical candidates based on the clinical parameters of newly diagnosed inva-
sive breast cancer.
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Chapter 2
The Macroscopic and Microscopic 
Evaluation of Breast and Axillary Lymph 
Node Specimens Following Neoadjuvant 
Systemic Therapy for Breast Cancer

Gabrielle M. Baker

 Macroscopic Examination of Breast Specimens 
Following NAST

Before embarking on the macroscopic examination of a specimen from a breast 
cancer patient treated with NAST, it is imperative to be aware of all relevant history. 
Relevant clinical history includes the initial clinical presentation, the type of sys-
temic therapy that was employed, pre- and post-NAST imaging findings, and the 
presence and location(s) of biopsy clip(s). Relevant histologic information includes 
the histologic type and grade of the carcinoma present in pre-NAST tissue sam-
pling, the receptor profile of the pre-treatment tumor(s) (i.e., the status of estrogen 
receptor [ER], progesterone receptor [PR], and human epidermal growth factor 
receptor 2 [HER2]), as well as the method and results of any pre-treatment lymph 
node evaluation. An incomplete understanding of the relevant history risks inade-
quate specimen evaluation that may result in a final pathology report that does not 
optimally reflect the true response to NAST.

The macroscopic appearance of tumor bed is variable, and the observations made 
on gross examination may not be concordant with the clinical and/or radiologic 
impression of response to NAST. The tumor bed may be notable for a softer texture 
than the surrounding fibrous parenchyma, whereas in other specimens it may appear 
fibrotic, resembling scarring suggestive of a prior surgical site. In some instances, 
changes consistent with tumor bed may be inapparent on gross examination [1–3]. 
Macroscopically evident foci of residual viable tumor may be tan-pink in appear-
ance with a variably fleshy appearance [2, 4].
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For all cases with grossly identifiable residual tumor and/or changes consistent 
with tumor bed, relevant information to provide in the macroscopic description 
includes the size of candidate tumor bed and its distance to all margins as well as the 
dimensions of candidate residual tumor and its distance to all margins. If multiple 
foci of tumor bed and/or residual disease are identified, the distance between these 
foci should be clearly stated. As noted above, meticulous correlation with pre- and 
post-NAST clinical and imaging findings and the identification of any biopsy clips 
are important in all specimens.

Various patterns in the distribution of residual disease may be observed as a 
given tumor responds to treatment [3–7]. Rarely, a tumor may demonstrate contin-
ued growth during NAST. Specimens from patients exhibiting varying degrees of 
clinical and/or radiologic response to NAST may demonstrate scattered residual 
foci of tumor either approximating the pre-treatment area of disease or restricted to 
a smaller area within the pre-treatment tumor area; alternatively, a tumor may shrink 
concentrically with or without a change in cellularity. In patients exhibiting an 
excellent clinical response to NAST, tumor bed without evidence of residual viable 
tumor may be observed, and, in some cases, definitive tumor bed may not be identi-
fied on gross examination.

Given the inherent complexity of many post-NAST specimens and the awareness 
that the microscopic findings may not approximate the findings on clinical, radio-
logic, and/or gross examination, the creation of a specimen map may prove critical 
in determining the most appropriate American Joint Committee on Cancer (AJCC) 
Cancer Staging Manual’s ypT stage and the Residual Cancer Burden (RCB) clas-
sification (see subsequent text for further discussion of these classification systems). 
A specimen map or diagram may take the form of a sketch or may be overlaid on a 
specimen photograph or radiograph (Fig. 2.1) [3, 4, 6].

In the absence of trial-based evidence, the Breast International Group-North 
American Breast Cancer Group and the authors of the RCB system have made the 
following suggestions for an approach to tissue sampling post-NAST [2–4, 6, 8]. If 
a specimen is subjectively “small” (<5 cm in greatest dimension or <30 g as defined 
by some authors), it may be submitted in its entirety for microscopic evaluation [4, 
6]. Conversely, for larger specimens the largest cross-section of residual tumor bed 
and representation of tumor bed to all margins should be submitted; further sam-
pling is appropriate to evaluate additional foci of potential residual disease. 
Additionally, if the residual tumor is “very large,” five representative blocks of the 
region of interest per 1–2 cm of pre-NAST carcinoma size up to approximately 25 
blocks of residual tumor tissue may be sufficient to determine appropriate AJCC 
ypTNM staging, RCB classification, and margin assessment [3, 6]. The United 
States Food and Drug Administration (FDA) has provided the guideline that at least 
one block of residual tumor per centimeter of pre-NAST tumor size or a minimum 
of ten blocks of residual tumor be submitted for microscopic evaluation, whichever 
guideline prompts submission of the greater number of tissue blocks [7]. Conversely, 
in the setting of stable disease or disease progression during NAST, the specimen 
may be grossed as a non-NAST specimen would be evaluated [1]. As it is imperative 
to identify microscopic changes consistent with tumor bed, if no definitive tumor 
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bed and/or if no residual disease is identified on the initially submitted tissue sec-
tions, it is prudent to evaluate additional tissue. Regardless of the specimen size, a 
pragmatic and informed approach to tissue submission is advised rather than routine 
total tissue embedding or random tissue sampling [9, 10].

 Microscopic Evaluation of Breast Specimens Following NAST

In keeping with the variable appearance of tumor bed on macroscopic examination, 
the microscopic manifestations of treatment effect on invasive carcinoma, in situ 
carcinoma, and the background breast parenchyma are also diverse.

Regarding alterations in the tumor bed stroma, varying degrees of edema, elasto-
sis, hyalinization, and fibrosis as well as mucinous or myxoid change may be 
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Fig. 2.1 As the gross and microscopic evaluation of post-NAST specimens may be challenging, 
the creation of a specimen map or diagram may be of great value in ensuring the appropriate AJCC 
ypT stage and RCB classification. (a) A specimen diagram may be in the form of a sketch or (b) 
may be superimposed on a specimen photograph or radiograph
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observed (Fig.  2.2) [1, 2, 4, 7]. A variably prominent chronic inflammatory cell 
infiltrate may be present including aggregates or sheets of foamy macrophages [1, 
2, 7]. Stromal hemosiderin deposition and hemosiderin-laden macrophages may be 
seen, and an increase in the density of small-caliber vascular elements is often 
present [1, 2, 7]. Additionally, a paucity of pre-existing ducts and lobules is often 

a b
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e f

Fig. 2.2 The microscopic features of tumor bed post-NAST are diverse. (a) A paucity of normal 
pre-existing ducts and lobules is evident in this example and the stroma is notable for a loose qual-
ity. (b) Conspicuous hemosiderin deposition and an increase in the density of small-caliber vessels 
are noted. (c) This tumor bed demonstrates variable cellularity and areas of necrosis and calcifica-
tions are present. (d) Variable cellularity is noted with areas of increased cellularity and a myxoid 
appearance (upper left) adjacent to paucicellular, hyalinized areas. (e) Small aggregates of lym-
phocytes are present in this tumor bed as well as scattered macrophages, a subset of which is 
hemosiderin-laden. (f) In this example, aggregates of foamy macrophages are present adjacent to 
focal fat necrosis
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noted within the tumor bed [1, 2, 7]. Whereas in some cases the delineation of tumor 
bed from the surrounding tissue may be readily apparent, in other instances the 
demarcation is more subtle and may merge inconspicuously with the adjacent nor-
mal tissue.

The primary manifestations of treatment effect on carcinoma are a reduction in 
tumor cellularity and/or tumor size [4, 6]. A diverse array of morphologic changes 
attributable to treatment effect may be observed in residual tumor cells (Fig. 2.3); 
less commonly the residual malignant cells may appear unaltered when compared 
to the pre-treatment biopsy specimen(s) [1, 2, 4, 5]. These alterations may manifest 
as either an increase or decrease in cell size and/or nuclear: cytoplasmic ratio. 
Additionally, variably marked cellular and nuclear pleomorphism may be observed 
as well as multinucleation and the presence of bizarre giant cell forms. The cyto-
plasm of residual tumor cells may appear hypereosinophilic or squamoid and vari-
ably conspicuous vacuolation may be present. In some cases, tumors with a “ductal” 
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Fig. 2.3 A variety of histologic alterations attributable to treatment effect may be observed in 
residual invasive carcinoma post-NAST. (a) This example of residual invasive ductal carcinoma is 
notable for marked pleomorphism, multinucleation, and dense eosinophilic cytoplasm. (b) These 
singly dispersed residual invasive carcinoma cells demonstrate conspicuous cytoplasmic vacuol-
ization. (c) A subset of these residual invasive carcinoma cells is notable for squamoid morphol-
ogy; a non-brisk lymphocyte-predominant chronic inflammatory cell infiltrate is present in the 
associated stroma. (d) Conspicuous retraction artifact is present in association with this example 
of residual invasive carcinoma and may mimic lymphovascular invasion
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phenotype pre-NAST may appear strikingly dyshesive post-NAST (Fig. 2.4) [1, 6]; 
as this morphologic alteration is attributable to treatment effect, in most instances 
this should not prompt reclassifying a tumor as “lobular” post- NAST. Residual car-
cinoma cells may be notable for histiocytoid morphology such that evaluation of 
immunostains for cytokeratins (e.g., AE1/AE3) and histiocyte markers (e.g., CD68) 
may be prudent in order to accurately define the nature of the cells. In some cases, 
striking stromal retraction mimicking lymphovascular invasion may be present in 
association with the carcinoma necessitating the evaluation of endothelial markers 
such as D2–40 to accurately assess the location of the carcinoma cells [1, 2]. 
Residual carcinoma present within vascular spaces and residual carcinoma in situ 
may demonstrate the same spectrum of cytologic alterations as described above for 
residual invasive carcinoma.

Although many tumors maintain their pre-treatment histologic grade following 
NAST, a subset may be of higher grade (typically due to increased nuclear pleomor-
phism) or lower grade (most frequently due to reduced mitotic activity) post- 
treatment [1, 11]. Some authors and guidelines (including those provided by the 
College of American Pathologists) do recommend regrading a tumor post-NAST 
[11–13]; however, the significance of a change in histologic grade remains uncer-
tain [6, 11]. If the histologic grade of a tumor post-NAST is different from that of a 
pre-NAST biopsy specimen, the inclusion of a comment regarding the pre-treatment 
grade in the final pathology report is worthy of consideration.

Uninvolved breast tissue frequently appears histologically unaltered post- 
NAST. The most common alterations that may be attributed to treatment effect are 
subtle and include lobular atrophy as well as increased prominence of myoepithelial 
cells and their associated basement membrane. Regarding the epithelial cells, cyto-
plasmic vacuolization and nuclear atypia akin to that seen post-radiation may be 
observed [1, 2]. Additionally, a variably conspicuous chronic inflammatory cell 
infiltrate may be present in the stroma.

a b

Fig. 2.4 The morphology of residual tumor post-NAST may differ from that noted in the pre- 
NAST biopsy specimen. In this example, the pre-NAST biopsy demonstrated a grade 3 invasive 
ductal carcinoma (a). The residual invasive carcinoma post-NAST was notable for a dyshesive, 
single cell pattern of invasion that in the non-NAST setting might suggest a diagnosis of invasive 
lobular carcinoma (b). Additionally, the conspicuous mitotic activity noted in the pre-NAST core 
needle biopsy (a) was not noted in the residual tumor post-NAST (b)
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 Histologic Features of Primary Tumors Associated 
with Increased Rates of Pathologic Complete Response

Only a subset of all tumors treated with NAST undergo a pathologic complete 
response (pCR; see subsequent discussion regarding post-NAST classification sys-
tems and definitions of pCR). The rates of pCR depend not only on the treatment 
regimen employed but are also influenced by features of the primary tumor 
(Table  2.1). Features that have been identified to result in higher rates of pCR 
include triple-negative tumors (i.e., ER-negative, PR-negative, and HER2-negative) 
[14–18], HER2-positive tumors treated with anti-HER2 targeted therapy [18–20], 
the presence of a dense lymphocytic or lymphoplasmacytic infiltrate in association 
with the invasive carcinoma (see subsequent discussion of tumor-infiltrating lym-
phocytes) [21, 22], abundant tumor necrosis [23], high histologic grade, and high 
mitotic rate [2, 24]. In contrast, features of a primary tumor shown to have lower 
rates of pCR include ER positivity [15, 25–28], a lobular phenotype [27–32], and a 
low mitotic rate (Fig. 2.5) [33].

 The Significance of Lymphovascular Invasion 
Following NAST

Most patients with lymphovascular invasion (LVI) post-NAST have residual inva-
sive carcinoma in the breast and/or residual metastatic carcinoma in one or more 
lymph nodes [34–38]. Studies have demonstrated that residual LVI post-NAST is 
associated with worse prognosis [9, 34, 35, 39–41]. The clinical significance of 
residual LVI only post-NAST (“pure intralymphatic carcinoma”; i.e., neither resid-
ual invasive or in situ carcinoma present in the breast nor metastatic carcinoma in 
lymph nodes) is not well defined given its rarity. However, several studies have sug-
gested that pure intralymphatic carcinoma post-NAST is associated with an adverse 
outcome [34–36]. In such a situation, it is incumbent upon the pathologist to ensure 
thorough evaluation of the tumor bed; additional sampling of the breast and/or axil-
lary tissue may be prudent. As noted above, striking retraction artifact may be seen 
in association with residual carcinoma post-NAST such that use of immunohisto-
chemistry (e.g., D2–40) may be appropriate to confirm an intralymphatic location.

Table 2.1 Features of primary tumors associated with increased rates of pCR

High histologic grade [2, 24]
High mitotic rate [2, 24]
Abundant tumor necrosis [23]
Presence of a dense lymphocytic or lymphoplasmacytic infiltrate [21, 22]
Triple negative tumors (i.e., ER-, PR-, HER2-) [14–18]
HER2+ tumors treated with anti-HER2 targeted therapy [18–20]
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 The Significance of Residual Ductal Carcinoma In Situ 
Following NAST

In the absence of residual invasive carcinoma in the breast, the clinical significance 
of residual ductal carcinoma in situ (DCIS) remains a point of controversy. A pooled 
analysis led by the FDA of NAST trials with available long-term follow-up demon-
strated that, in the absence of residual invasive carcinoma in the breast, similar event-
free survival and overall survival was noted for patients with and without residual 
DCIS [26]. Similarly, in the absence of residual invasive carcinoma in the breast, a 
study from the MD Anderson Cancer Center did not find evidence that residual DCIS 
was associated with an increased risk of future distant relapse [42]. Although a study 
from the German and Austrian Breast Groups demonstrated that disease-free sur-
vival was significantly better for patients lacking residual invasive and in situ carci-
noma compared to patients with residual carcinoma in situ, a statistically significant 
difference in overall survival was not identified [43]. The pathology report should 
state whether residual DCIS is present or absent, particularly if no residual invasive 
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Fig. 2.5 Endocrine-only NAST infrequently results in a pCR. (a) A patient with a grade 1 invasive 
lobular carcinoma pre-NAST that was ER-positive (inset) was treated with an aromatase inhibitor; 
(b) no significant reduction in cellularity was noted post-NAST and no significant changes attribut-
able to NAST were identified. (c) A patient with a grade 2 invasive ductal carcinoma pre-NAST 
that was ER-positive (inset) was treated with an aromatase inhibitor; (d) although residual invasive 
carcinoma was present post-NAST, a significant reduction in cellularity was noted and the stroma 
was notable for changes attributable to treatment effect (e.g., hyalinization)
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component is identified. As noted above, although the prognostic significance of 
residual DCIS remains uncertain, the FDA as well as most clinical trials and the 
majority of the existing classification systems do permit the presence of residual 
carcinoma in situ in classifying a patient as having achieved a pCR (see subsequent 
discussion regarding post-NAST classification systems and definitions of pCR).

 Tumor-Infiltrating Lymphocytes and Their Significance 
in Tumors Treated with NAST

Recommendations for the evaluation of tumor-infiltrating lymphocytes (TIL) in 
breast cancer have been published by an international TIL working group [44]. TIL 
may be divided into intratumoral TIL and stromal TIL. Intratumoral TIL are present 
within tumor cell nests or are otherwise contiguous with the carcinoma cells, whereas 
stromal TIL are present in the stromal area between tumor cell nests and individual 
carcinoma cells [22]. Although both stromal and intratumor TIL may be evaluated, it 
is the stromal component that is regarded as the parameter of primary clinical impor-
tance [22]. All mononuclear cells (i.e., plasma cells as well as lymphocytes) are 
included in the assessment of TIL; neutrophils are excluded [22]. The assessment of 
stromal TIL requires an estimation of the percent stromal area within the area 
involved by invasive carcinoma that is occupied by TIL; of note, it is not an estima-
tion of the percent of nuclei that belong to tumor cells versus TIL [21, 22]. 
Additionally, areas of necrosis and biopsy-related changes as well as DCIS and crush 
artifact should be excluded from the evaluation [22]. In the non-NAST as well as the 
post-NAST setting, TIL are to be averaged over the entirety of the examined tumor 
area and are evaluated as a continuous variable [22, 44, 45]. Recognizing that signifi-
cant heterogeneity is often observed in the distribution of TIL, one is advised to not 
preferentially evaluate so-called hot spots [22, 44, 45]. Although no formal recom-
mendations regarding the evaluation of TIL in the post-NAST setting were provided 
in the original publication from the international TIL working group, the following 
suggestions have been made and presume that TIL present in close proximity to the 
residual carcinoma have greater immunologic import than areas of mononuclear 
infiltrate distant to the residual carcinoma [46]. The area of tumor bed used to calcu-
late the RCB may also be used to determine percent TIL [46], to include what has 
been termed an “invasive margin” which represents a 1 mm span encompassing the 
interface of residual invasive carcinoma and the adjacent uninvolved stroma [45, 47]. 
In keeping with the recommendations for evaluation of TIL in the non-NAST set-
ting, these authors also recommend that in the absence of residual viable carcinoma 
cells, areas of fibrosis or hyalinization suggestive of treatment effect should not be 
evaluated for TIL; additionally, areas of necrosis should not be evaluated [46]. With 
regard to the evaluation of TIL in cases of pCR, one group has suggested evaluating 
the region of tissue demonstrating changes consistent with tumor bed [46]. Despite 
these suggestions, evidence-based recommendations regarding the percentage of 
TIL that has clinical or prognostic significance have yet to be established [45].
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Evidence continues to accumulate that the presence of significant TIL is associated 
with increased rates of pCR and that TIL may be prognostic in at least some breast 
cancer subtypes [10, 21, 22, 46, 48–55]. Although some degree of TIL is present in 
the majority of breast cancers, a dense infiltrate is present in association with only a 
minority of tumors [56]. Tumors with a conspicuous mononuclear inflammatory cell 
infiltrate may be referred to as TIL-rich or lymphocyte- predominant breast cancer 
(LPBC) if the infiltrate occupies at least 50–60% of the stromal area; such tumors are 
most commonly either triple-negative or HER2- positive [10, 21, 45, 48, 51, 56–58].

Chemotherapy owes its efficacy, at least in part, to its ability to promote an anti- 
tumor immune response [59]. Whereas some studies have suggested that all LPBC 
are associated with an improved prognosis [21, 48, 57, 58], other studies have iden-
tified improved prognosis for LPBC that is triple-negative but not for LPBC that is 
hormone receptor-negative and HER2-positive [21, 48, 60–62]. For HER2-positive 
tumors, it has been suggested that the prognostic benefit of high TIL may be attrib-
uted primarily to the hormone receptor-negative status of the tumor rather than its 
HER2-positive status [60]. In support of this hypothesis, in a pooled analysis of six 
randomized trials, the German Breast Cancer Group observed that increased TIL 
was predictive of response to NAST in all molecular subtypes of breast cancer. 
However, although these authors noted a survival benefit for those patients with 
HER2-positive and triple-negative breast cancers, increased TIL was found to be an 
adverse prognostic factor for patients with breast cancers of the luminal molecular 
subtypes (i.e., hormone receptor-positive tumors) [49].

Several studies have sought to investigate the significance of TIL in association with 
residual disease post-NAST, including an evaluation of the change in TILs from the 
pre-NAST biopsy to the post-NAST excision [53, 59, 62–65]. A subset of these authors 
has noted that the specimens from patients who achieve a pCR frequently demonstrate 
a reduction in TIL [62, 63] and that greater reductions in the percentage of stromal TIL 
post-NAST were associated with increasing rates of pCR [62, 66]. These authors 
observed that the presence of a high percentage of TIL post- NAST was associated with 
a lack of pCR and a higher RCB class [62, 66]. Furthermore, one of these studies noted 
that high TIL post-NAST was associated with higher RCB class, whereas high TIL 
pre-NAST was not [62]. In contrast, with regard to TNBC, other studies have reported 
that high TIL in association with residual disease post-NAST was associated with a 
better prognosis including recurrence- free survival, metastasis-free survival, and over-
all survival as well as lower RCB score [46, 48, 53, 59, 67–71]. In summary, the signifi-
cance of TIL in post-NAST specimens is complex and requires additional evaluation.

 The Significance of Lymph Node Status Following NAST

Studies have demonstrated that residual metastatic carcinoma in lymph nodes post- 
NAST confers a worse prognosis, even for patients with no residual carcinoma in 
the breast. Compared to patients with no nodal involvement, it has been demon-
strated that greater residual nodal disease burden post-NAST is associated with sig-
nificantly worse disease-free survival and overall survival; these findings have been 
noted to be independent of the in-breast response [25, 43, 72–74].
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A study from the MD Anderson Cancer Center evaluating patients with cytologi-
cally proven axillary nodal involvement pre-NAST demonstrated that the absence 
of residual axillary disease post-NAST was associated with improved recurrence- 
free survival and overall survival when compared to patients with residual axillary 
disease post-NAST [72]. Of note, within the subset of the patients who achieved 
complete regression of axillary disease in this study, no significant difference in 
recurrence-free survival or overall survival was noted when comparing those 
patients with residual in-breast disease to those patients who also achieved an in- 
breast complete response [72]. Additional studies have also demonstrated that 
patients with axillary disease pre-NAST who lack residual axillary disease post- 
NAST have an excellent prognosis even if residual disease is present within the 
breast [43, 72, 73, 75–78].

The existing data suggests that in the absence of residual metastatic carcinoma in 
axillary lymph nodes, patients with microscopic evidence of tumor regression 
within the axillary lymph nodes (see following discussion) have an intermediate 
outcome compared to those patients with residual viable metastatic carcinoma in 
lymph nodes and those with negative lymph nodes that lack microscopic evidence 
of tumor regression [79].

 Macroscopic and Microscopic Evaluation of Lymph Node 
Specimens Following NAST

Regardless of whether a patient has been treated with NAST or not, axillary lymph 
nodes should be sectioned at ≤2 mm intervals; lymph nodes lacking grossly evident 
tumor should be submitted in their entirety for microscopic evaluation. Common 
microscopic changes attributable to treatment effect include lymphocyte depletion 
and areas of stromal fibrosis or hyalinization; areas of myxoid or mucinous change 
may also be noted (Fig. 2.6) [7, 79]. However, the absence of these findings does not 
definitively rule out the possibility that metastatic carcinoma was present in a given 
lymph node pre-NAST. Residual foci of metastatic carcinoma may exhibit the same 
spectrum of cytopathic changes as seen in residual tumor within the breast, includ-
ing a reduction in tumor cellularity (see preceding discussion including Fig. 2.3). As 
may be observed in the breast, a heterogeneous response to treatment may be noted 
in the evaluated lymph nodes.

The presence of isolated tumor cells (ITCs; i.e., ≤0.2 mm and ≤200 cells) post- 
NAST precludes classification as a pCR [80]. Whereas per the AJCC, ITCs are 
staged as ypN0(i+) as in the non-NAST setting, the World Health Organization 
(WHO) recommends classifying lymph nodes with ITCs as node-positive; however, 
the WHO does not specify whether these lymph nodes should be classified as con-
taining micrometastatic (i.e., >0.2–2  mm and/or >200 cells) or macrometastatic 
(i.e., >2 mm) carcinoma [81]. It is likely that at least a subset of the lymph nodes 
involved by residual metastatic carcinoma classified as ITCs or micrometastases 
post-NAST represent downstaging of lymph nodes with micro- and/or macrometa-
static carcinoma pre-NAST [42, 80]. Additional investigation is needed to 
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Fig. 2.6 The spectrum of changes seen in lymph nodes following NAST is similar to that seen in 
the breast. (a) At low power, this lymph node is notable for areas of lymphocyte depletion and 
stromal hyalinization, findings that may be attributed to NAST. (b) This lymph node is notable for 
diffuse lymphocyte depletion accompanied by stromal hyalinization; focal calcification in associa-
tion with necroinflammatory debris is present (left lower). (c) Areas of hemosiderin deposition and 
hemosiderin-laden macrophages may also be a manifestation of treatment effect. (d) In this exam-
ple, sheets of foamy macrophages were present throughout the lymph node which was also notable 
for lymphocyte depletion. (e) This lymph node was notable for hemosiderin deposition and 
necrotic tumor; no residual viable metastatic carcinoma was identified. (f) In addition to lympho-
cyte depletion and fibrosis, residual clusters of viable metastatic carcinoma are present throughout 
this lymph node
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determine whether or not residual metastatic carcinoma classified as ITCs and/or 
micrometastases post-NAST has the same clinical significance as ITCs and/or 
micrometastatic carcinoma in the non-NAST setting or if their clinical significance 
more closely approximates that of macrometastatic carcinoma.

Information regarding lymph nodes that may be provided in the pathology report 
includes the total number of lymph nodes evaluated, the number of lymph nodes 
involved by residual viable metastatic carcinoma, the size of the largest residual 
metastatic focus, an enumeration of lymph nodes with macrometastases versus 
micrometastases versus ITCs, and the number of lymph nodes with and without 
metastatic carcinoma that demonstrate changes attributable to treatment effect. 
Additionally, the presence and extent of extranodal extension and the presence of 
carcinoma cells in the perinodal fibroadipose tissue should be documented as in the 
non-NAST setting.

With regard to pre-treatment sampling of lymph nodes, if a lymph node has been 
evaluated by fine needle aspiration or core needle biopsy, it is important to docu-
ment whether or not changes attributable to a prior needling procedure are identified 
in the excision specimen; if a biopsy clip was placed in a lymph node pre-treatment, 
it should be clearly stated whether or not a clip and/or biopsy-related changes are 
noted. Although clips are frequently placed in a biopsied lymph node, standardized 
recommendations regarding this practice do not currently exist. It is important to 
note that if a lymph node containing metastatic carcinoma has been excised pre- 
NAST, the AJCC nodal stage (i.e., ypN) cannot be fully assessed and the RCB score 
is not evaluable [8].

 Classification Systems Evaluating Specimens Following NAST

Multiple classification systems exist to evaluate response to NAST (Table  2.2). 
Although the majority of these systems require the absence of residual tumor in 
both the breast and axillary lymph nodes to be classified as pCR, the definition of 
what constitutes a pCR varies among systems, with some evaluating response in the 
breast only [1, 5, 8, 80, 82–86]. Most classification systems do permit the presence 
of residual carcinoma in situ in the designation of pCR [1, 5, 82, 85–88]. A subset 
of the systems does require access to the pre-treatment biopsy specimen in order to 
compare the cellularity of the tumor pre- and post-NAST [1, 5, 84, 85]. Only the 
Miller-Payne, Residual Cancer Burden, and American Joint Committee on Cancer 
systems will be discussed in further detail in this chapter.

The Miller-Payne system is based on the estimated reduction in tumor cellularity 
in the post-treatment surgical specimen compared to the pre-treatment core needle 
biopsy and is categorized into five grades [5]. The Miller-Payne system defines pCR 
as no residual invasive carcinoma although residual carcinoma in situ is permitted. 
Grade 1 corresponds to no observed reduction in overall cellularity; however, 

2 The Macroscopic and Microscopic Evaluation of Breast and Axillary Lymph Node…



32

cytologic alterations to individual cells may be noted. Grades 2, 3, and 4 correspond 
to increasing reductions in residual cellularity, and Grade 5 constitutes a pCR. Several 
significant limitations for this system exist including the requirement for access to 
the pre-treatment biopsy and the absence of formal guidelines regarding how to 
evaluate cellularity. Of greatest significance, the Miller-Payne system does not 
incorporate lymph node status in classification as pCR.

The RCB is a continuous variable generated via a calculator that is freely avail-
able online and defines four categories of response to treatment [8]. The RCB score 
and class generated by this calculator have been demonstrated to correlate with 
patient outcome (i.e., distant relapse-free survival) in all breast cancer subtypes [43, 
89, 90]. The RCB defines pCR as the absence of residual invasive carcinoma in the 
breast and no carcinoma in lymph nodes; residual carcinoma in situ is permitted. 
RCB-0 corresponds to a pCR; RCB classes I, II, and III are gradations of partial 
responses ranging from minimal to extensive residual disease. Of note, the assess-
ment of RCB score and class must be determined via the online calculator; it is not 
a subjective assessment rendered by the pathologist.

To determine the RCB score and class, the following parameters are evaluated: 
the size of the tumor bed in two dimensions, the total percent tumor cellularity 
within the tumor bed (carcinoma in situ and invasive carcinoma including tumor in 
vascular spaces), the percent of overall tumor cellularity that is carcinoma in situ, 

Table 2.2 Representative classification systems to evaluate response to NAST

System

Does classification as 
pCR include response in 
breast only or both breast 
and lymph nodes?

Is residual carcinoma in 
situ permitted in 
classification as pCR?

Is the pre-NAST 
biopsy specimen 
required to evaluate 
response to NAST?

Regression of Sinn 
[83]

Both No Yes

National Surgical 
Adjuvant Breast 
and Bowel Project 
B-18 [81]

Breast only Yes No

Sataloff [84] Both Yes (Note: A minor 
component of residual 
invasive carcinoma is 
also permitted)

Yes

Chevallier [82] Both No No
Pinder [1] Both Yes Yes
Residual Disease in 
Breast and Nodes 
[85]

Both Yes No

Miller-Payne [5] Breast only Yes Yes
Residual Cancer 
Burden [88]

Both Yes No

American Joint 
Committee on 
Cancer [80]

Both Yes No
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and the tumor burden in lymph nodes (including the total number of lymph nodes 
with residual viable carcinoma and the size of the largest metastasis) (Table 2.3). Of 
note with regard to calculating the RCB, the term “tumor bed” refers to the area of 
breast parenchyma that contains residual invasive carcinoma and may not corre-
spond to the entire area of tissue exhibiting changes attributable to treatment effect. 
The assessment of residual tumor cellularity is averaged over the entirety of the area 
containing residual invasive carcinoma (i.e., the tumor bed); so-called hot spots 
with greater residual cellularity are not preferentially evaluated [4, 6, 89]. This rep-
resents an important clarification as significant heterogeneity in residual cellularity 
is often observed. The RCB website provides a helpful guide for estimating cancer 
cellularity that aids in preventing significant under- or overestimate of percent cel-
lularity post-NAST. Of note, modest differences in the estimated percent cellularity 
do not significantly affect the calculated RCB score and class. As discussed earlier, 
given that the extent of residual nodal disease represents the most significant histo-
logic parameter regarding prognosis, this factor is weighted accordingly in the RCB 
calculator. The implications of this weighting are such that an accurate assessment 
of lymph node status is more significant than a modest degree of interobserver vari-
ability in the assessment of residual tumor cellularity in the breast [8, 89]. It is 
important to note that the RCB score cannot be calculated if a positive axillary 
lymph node was excised pre-treatment; however, evaluation by fine needle aspira-
tion or core needle biopsy only does not preclude RCB calculation. Of note, the 
RCB classification system does not require access to the pre-treatment biopsy to 
assess response to NAST.

The AJCC Cancer Staging Manual’s method of staging post-NAST (i.e., ypTNM) 
is similar to staging in the non-NAST setting (i.e., pTNM) wherein the anatomic 
staging is based on the extent of disease present in the breast, in lymph nodes, and 
at distant sites [80]. As in the non-NAST setting, the use of the (m) modifier denotes 
the presence of multiple foci of residual invasive carcinoma in the breast. Per the 
AJCC, a pCR is defined as no residual invasive carcinoma in the breast (residual 
carcinoma in situ is permitted) and no residual metastatic carcinoma in lymph 
nodes; the presence of residual carcinoma in vessels only does preclude classifica-
tion as a pCR. The ypT stage is based on the maximum linear extent of the largest 
focus of residual invasive carcinoma, and the ypN stage is based on the largest 
contiguous deposit of residual viable metastatic carcinoma. The 8th Edition of the 
AJCC Cancer Staging Manual clarifies that treatment-related fibrosis adjacent to 
and/or between foci of residual invasive carcinoma in the breast or residual 

Table 2.3 Parameters required to calculate the Residual Cancer Burden

Parameters to calculate the Residual Cancer Burden (see text for details)

Primary tumor bed area
Total residual cancer cellularity (as percentage of primary tumor bed area)
Percentage of total residual cancer cellularity that is carcinoma in situ
Number of lymph nodes with residual metastatic carcinoma
Diameter of largest lymph node metastasis
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metastatic carcinoma in lymph nodes is not included in the measurements that 
determine the ypT and ypN stages. Given this update in how residual nodal deposits 
are measured and are therefore classified as macrometastases versus micrometasta-
ses versus ITCs, although the ypN stage is based on the largest contiguous residual 
metastatic deposit, if multiple foci of residual metastatic carcinoma are present in a 
given lymph node, an explanatory comment may be informative in conveying the 
extent of residual viable metastatic carcinoma. Of note, the AJCC system does not 
incorporate assessment of cellularity in the evaluation of response to NAST and 
does not require access to the pre-NAST core needle biopsy specimen.

Similar to the RCB classification as noted above, excision of a positive lymph 
node pre-NAST does preclude definitive assignment of the ypN stage [80]. If no 
additional lymph nodes are removed post-NAST or additional lymph nodes are 
removed post-NAST and no residual metastatic disease is identified, the nodal stage 
may be rendered as ypNX with an explanatory comment. If additional positive 
lymph nodes are removed post-NAST, one may provide the ypN stage based on the 
lymph nodes evaluated post-NAST and provide an explanatory comment about the 
excision of positive lymph node(s) pre-NAST. Regardless of whether or not lymph 
nodes with or without metastatic disease were excised pre-NAST, it is recom-
mended that the pathology report clearly states the breakdown of macrometastases 
versus micrometastases versus isolated tumor cells for the positive lymph nodes 
excised post-NAST.

In addition to the anatomic staging (i.e., [y]pTNM) assessed in prior editions, the 
8th Edition of the AJCC introduced Clinical and Pathological Prognostic Stages that 
incorporate biologic factors (e.g., tumor grade and ER, PR, and HER2 status) in 
addition to the anatomic (y)pTNM staging in order to more accurately assess a 
patient’s prognosis. However, the authors of the AJCC 8th Edition stated that the 
newly defined Pathological Prognostic Stage was not to be applied to the post- 
NAST setting [80]. A recent publication sought to evaluate whether the Pathological 
Prognostic Stage could be applied to the post-NAST setting in order to stratify sur-
vival outcomes for the increasing subset of patients who are treated with NAST 
[91]. Leveraging a previously developed system that incorporates clinical, histo-
logic, and biologic factors to stratify prognosis (i.e., Neo-Bioscore), these authors 
confirmed that biologic factors and anatomic stage are important for assessing prog-
nosis in patients treated with NAST, and, although further study is warranted, their 
results suggest that the AJCC 8th Edition’s Pathological Prognostic Stage is appli-
cable to the post-NAST setting [91, 92].

 Clarifications Regarding Reporting and Staging, Including 
AJCC 8th Edition Updates

For specimens containing gross residual disease post-NAST, although the micro-
scopic findings may closely correlate with the gross examination, additional micro-
scopic foci of residual invasive carcinoma may be noted within and/or beyond the 
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grossly identified area(s) of treatment effect. Similarly, for specimens without 
grossly evident residual disease, including from patients with clinical and/or radio-
logic evidence of a complete response, microscopic residual disease within and/or 
beyond areas of treatment effect may be noted. For specimens in which no residual 
carcinoma is identified microscopically, it is critical to identify histologic changes 
consistent with tumor bed before classifying a patient as having achieved a pCR, 
which is defined as either ypT0N0 or ypTisN0 [26, 43, 80]. As in the non-NAST 
setting, consideration for additional tissue sampling may be appropriate depending 
upon the microscopic findings in the initially submitted tissue, and, as in all cases, 
correlation with radiologic and clinical findings is imperative. Explanatory com-
ments may be of great value in conveying how the ypT and/or ypN stages were 
determined for a given case as these specimens may be complicated and challenging 
to evaluate. Additional information that may be provided in the pathology report to 
convey extent and distribution of residual disease includes the number of discrete 
residual foci, the total approximate span of residual carcinoma, and the number of 
tissue blocks with residual disease [11].

Multiple foci of invasive carcinoma need not have been demonstrated histologi-
cally, radiographically, or clinically pre-treatment to merit the use of the (m) modi-
fier signifying the presence of multiple foci of residual invasive carcinoma 
post-NAST [80, 93]. For patients with a single focus of invasive carcinoma pre- 
treatment, multiple smaller foci of residual invasive carcinoma may persist post- 
NAST; a subset of such cases may merit the (m) modifier. It may serve as a pragmatic 
general guideline to regard multiple areas of residual invasive carcinoma as discrete 
foci if the distance separating them is greater than the largest single dimension of 
the candidate foci [94]. As the potential for significant subjectivity exists with 
regard to interpreting these specimens, explanatory notes may be provided in the 
pathology report in order to clarify how the assessment was made. An explanatory 
comment may also prove informative if the discrete foci demonstrate markedly dif-
ferent cellularity estimates.

As noted above, the largest contiguous focus of residual invasive carcinoma 
determines the ypT stage; if multiple foci of residual invasive carcinoma are pres-
ent, their dimensions should not be added together to determine the ypT stage or to 
calculate the RCB score [80]. In the AJCC 8th Edition, it is the largest contiguous 
focus of residual viable invasive carcinoma in the breast and the largest contiguous 
focus of residual viable metastatic carcinoma in a lymph node that determines the 
ypT and ypN stage, respectively; intervening areas of tumor bed and treatment 
effect are excluded from these measurements [80]. To calculate the RCB score, the 
largest residual discrete area of residual invasive carcinoma in two dimensions 
including the tumor bed stroma is measured [8]. As noted previously, if a lymph 
node containing metastatic carcinoma was excised pre-NAST, the ypN stage cannot 
be assessed and the RCB score cannot be calculated [8]. Data elements required for 
the RCB classification and AJCC ypTNM staging are provided in Table 2.4.

The presence of lymphovascular invasion only post-NAST (i.e., no residual inva-
sive or in situ carcinoma identified in the breast following adequate tissue sampling 
and no metastatic carcinoma identified in any of the evaluated lymph nodes) is 
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uncommon and should not be classified as a pCR; an attempt to calculate RCB is not 
appropriate in this scenario. Such residual disease may be staged as ypTX with an 
explanatory comment [4, 6, 35]. Alternatively, the AJCC suggests assigning such 
residual disease as ypT0 with an explicit comment that the patient should not be 
regarded as having achieved a pCR [80]. Outside of the setting of a clinical trial, it is 
not currently recommended either to approximate the span of LVI as an estimate of 
residual disease or to report the distance of intravascular tumor to specimen margins.

If a patient was diagnosed with inflammatory breast cancer pre-NAST, that clini-
cal diagnosis is retained post-NAST regardless of the response to therapy [80]. The 
ypT may be reported based on the extent of residual disease; however, a note should 
be made of the pre-treatment c/pT4d classification. In the same way, if a patient has 
been diagnosed with distant metastasis pre-NAST, the patient remains classified as 
M1 regardless of response to NAST [80].

Table 2.4 Data elements to calculate the Residual Cancer Burden and to determine the AJCC 
ypTNM stage

Data Element Residual Cancer Burden [88] AJCC 8th Edition [80]

Definition of pCR RCB-0 ypT0N0 or ypTisN0
Note: ypN0(i+) is not considered 
a pCR

Residual Tumor Size Largest area containing 
residual invasive carcinoma (if 
multicentric residual invasive 
carcinoma present, the largest 
area is used to calculate RCB)

Largest contiguous focus of 
residual viable invasive 
carcinoma, excluding treatment-
related fibrosis

Cellularity Percentage of the tumor bed 
area containing carcinoma 
(invasive, in situ, and 
intravascular disease) and 
percentage of the total residual 
carcinoma that is in situ

Not evaluated

Multifocality of residual 
invasive carcinoma

Not evaluated Use of the “m” modifier denotes 
the presence of multiple residual 
invasive foci (as in the non-NAST 
setting)

Number of lymph nodes 
with metastatic tumor

Yes, required to calculate 
RCB

Yes, required for ypN stage

Size of lymph node 
metastasis

Diameter of largest metastasis, 
including treatment-related 
fibrosis present in association 
with and/or between 
metastatic deposits

Diameter of largest contiguous 
focus of residual viable metastatic 
carcinoma excluding treatment-
related fibrosis present in 
association with and/or between 
metastatic deposits

Does excision of a positive 
lymph node pre-NAST 
preclude determination of 
RCB or ypTNM stage?

Yes Yes (see text for additional 
recommendations)

Distant metastasis Not evaluated If distant metastasis (c/pM1) is 
present pre-NAST, the patient is 
staged as c/pM1 post-NAST 
regardless of response to NAST
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Consensus guidelines now exist for acceptable margin widths for invasive carci-
noma in the non-NAST setting and for ductal carcinoma in situ [95, 96]; however, 
the optimal margin width for residual invasive carcinoma and ductal carcinoma in 
situ post-NAST is not yet resolved [37, 97–99]. A recent retrospective evaluation of 
a cohort of breast cancer patients treated with NAST (patients receiving endocrine- 
only therapy were excluded) and breast-conserving therapy evaluated the relation-
ship between reported margin width and local recurrence and survival: the authors 
found no association between margin width and local recurrence free-survival, 
disease- free survival, and overall survival suggesting that, as in the non-NAST set-
ting, a “no-ink-on-tumor” margin may be acceptable in at least a subset of patients 
[97]. Some authors have suggested that the presence of tumor bed and changes 
consistent with treatment effect at inked specimen margins should be reported; 
however, the clinical significance of this finding has not yet been determined [4, 6].

 Reassessment of ER, PR, and HER2 Post-NAST

Most breast carcinomas maintain their pre-treatment ER, PR, and HER2 status post- 
NAST. However, a subset does demonstrate altered ER, PR, and/or HER2 status 
post-NAST.  Two meta-analyses identified the following frequency of discordant 
results: 13% and 18% for ER, 32% and 26% for PR, and 9% and 6% for HER2 [100, 
101]. These altered profiles may be due to a variety of factors including the inherent 
heterogeneity of a given tumor and therapy-related effects. For example, loss of PR 
expression may be observed following treatment with aromatase inhibitors, and loss 
of HER2 overexpression may be observed following HER2-targeted therapy. Repeat 
evaluation of ER, PR, and HER2 is routinely performed on residual invasive carci-
noma at the author’s institution; however, such policies are variable among institu-
tions. Although uniform guidelines and recommendations regarding the evaluation 
of ER, PR, and HER2 post-NAST are not yet formalized, the College of American 
Pathologists does recommend repeat evaluation of any markers (i.e., ER, PR, and/or 
HER2) that were negative pre-NAST [11]. Assessing a change in proliferation index 
as evaluated by Ki67 has been proposed as an ancillary method of evaluating 
response to treatment in addition to the assessment of mitotic rate necessary to pro-
vide a histologic grade. However, this is not currently recommended in routine prac-
tice in either the NAST or non-NAST settings due, at least in part, to the lack of 
standardization in the evaluation of Ki67 [80, 102–108].

 Conclusion

The macroscopic and microscopic evaluation of breast and axillary lymph node 
specimens from patients treated with NAST presents unique challenges in addition 
to those routinely encountered in the non-NAST setting. This chapter seeks to pro-
vide pragmatic guidance for the evaluation of these specimens with particular atten-
tion to the standardization of reporting the pathologic findings. A thorough 
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understanding of the pre- and post-NAST clinical, radiologic, and histologic find-
ings is crucial in accurately assessing response to treatment which has immediate 
prognostic implications for individual patients and will, in turn, facilitate more 
meaningful comparisons among ongoing and future clinical trials, thereby benefit-
ing current and future breast cancer patients as a whole.

References

 1. Pinder SE, et  al. Laboratory handling and histology reporting of breast specimens from 
patients who have received neoadjuvant chemotherapy. Histopathology. 2007;50(4):409–17. 
ISSN 0309-0167. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/17448015.

 2. Sahoo S, Lester SC.  Pathology of breast carcinomas after neoadjuvant chemotherapy: an 
overview with recommendations on specimen processing and reporting. Arch Pathol Lab 
Med. 2009;133(4):633–42. ISSN 1543-2165. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/19391665.

 3. Bossuyt V, Symmans WF. Standardizing of pathology in patients receiving neoadjuvant che-
motherapy. Ann Surg Oncol. 2016;23(10):3153–61. ISSN 1534-4681. Disponível em: https://
www.ncbi.nlm.nih.gov/pubmed/27380637.

 4. Bossuyt V, et al. Recommendations for standardized pathological characterization of residual 
disease for neoadjuvant clinical trials of breast cancer by the BIG-NABCG collaboration. 
Ann Oncol. 2015;26(7):1280–91. ISSN 1569-8041. Disponível em: https://www.ncbi.nlm.
nih.gov/pubmed/26019189.

 5. Ogston KN, et al. A new histological grading system to assess response of breast cancers 
to primary chemotherapy: prognostic significance and survival. Breast. 2003;12(5):320–7. 
ISSN 0960-9776. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/14659147.

 6. Provenzano E, et al. Standardization of pathologic evaluation and reporting of postneoad-
juvant specimens in clinical trials of breast cancer: recommendations from an international 
working group. Mod Pathol. 2015;28(9):1185–201. ISSN 1530-0285. Disponível em: https://
www.ncbi.nlm.nih.gov/pubmed/26205180.

 7. U.S.  Department of Health and Human Services, Food and Drug Administration, Center 
for Drug Evaluation and Research (CDER). Guidance for industry: pathological complete 
response in neoadjuvant treatment of high-risk early-stage breast cancer use as an endpoint to 
support accelerated approval. October 2014. fda.gov.

 8. Residual Cancer Burden calculator and associated documents (Guide for Measuring 
Cancer Cellularity, Examples of Gross and Microscopic Evaluation, Pathology Protocol for 
Macroscopic and Microscopic Assessment of RCB). Disponível em: http://www3.mdander-
son.org/app/medcalc/index.cfm?pagename=jsconvert3. Acesso em: January 1.

 9. Tamura N, et al. Tumor histology in lymph vessels and lymph nodes for the accurate pre-
diction of outcome among breast cancer patients treated with neoadjuvant chemotherapy. 
Cancer Sci. 2009;100(10):1823–33. ISSN 1349-7006. Disponível em: https://www.ncbi.nlm.
nih.gov/pubmed/19604245.

 10. Würfel F, et  al. TILGen: a program to investigate immune targets in breast cancer 
patients  – first results on the influence of tumor-infiltrating lymphocytes. Breast Care 
(Basel). 2018;13(1):8–14. ISSN 1661-3791. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/29950961.

 11. Fitzgibbons PL, et al. Protocol for the examination of specimens from patients with invasive 
carcinoma of the breast. College of American Pathologists; 2017.

 12. Brain E, et  al. Long-term prognostic and predictive factors in 107 stage II/III breast can-
cer patients treated with anthracycline-based neoadjuvant chemotherapy. Br J Cancer. 

G. M. Baker

https://www.ncbi.nlm.nih.gov/pubmed/17448015
https://www.ncbi.nlm.nih.gov/pubmed/19391665
https://www.ncbi.nlm.nih.gov/pubmed/19391665
https://www.ncbi.nlm.nih.gov/pubmed/27380637
https://www.ncbi.nlm.nih.gov/pubmed/27380637
https://www.ncbi.nlm.nih.gov/pubmed/26019189
https://www.ncbi.nlm.nih.gov/pubmed/26019189
https://www.ncbi.nlm.nih.gov/pubmed/14659147
https://www.ncbi.nlm.nih.gov/pubmed/26205180
https://www.ncbi.nlm.nih.gov/pubmed/26205180
http://fda.gov
http://www3.mdanderson.org/app/medcalc/index.cfm?pagename=jsconvert3
http://www3.mdanderson.org/app/medcalc/index.cfm?pagename=jsconvert3
https://www.ncbi.nlm.nih.gov/pubmed/19604245
https://www.ncbi.nlm.nih.gov/pubmed/19604245
https://www.ncbi.nlm.nih.gov/pubmed/29950961
https://www.ncbi.nlm.nih.gov/pubmed/29950961


39

1997;75(9):1360–7. ISSN 0007-0920. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/9155059.

 13. Corben AD, et  al. Pathologic response and long-term follow-up in breast cancer patients 
treated with neoadjuvant chemotherapy: a comparison between classifications and their prac-
tical application. Arch Pathol Lab Med. 2013;137(8):1074–82. ISSN 1543-2165. Disponível 
em: https://www.ncbi.nlm.nih.gov/pubmed/23899063.

 14. Kuerer HM, et al. Clinical course of breast cancer patients with complete pathologic primary 
tumor and axillary lymph node response to doxorubicin-based neoadjuvant chemotherapy. J 
Clin Oncol. 1999;17(2):460–9. ISSN 0732-183X. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/10080586.

 15. Rouzier R, et al. Nomograms to predict pathologic complete response and metastasis-free sur-
vival after preoperative chemotherapy for breast cancer. J Clin Oncol. 2005;23(33):8331–9. 
ISSN 0732-183X. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/16293864.

 16. Liedtke C, et al. Response to neoadjuvant therapy and long-term survival in patients with 
triple- negative breast cancer. J Clin Oncol. 2008;26(8):1275–81. ISSN 1527-7755. Disponível 
em: https://www.ncbi.nlm.nih.gov/pubmed/18250347.

 17. Silver DP, et  al. Efficacy of neoadjuvant Cisplatin in triple-negative breast cancer. J Clin 
Oncol. 2010;28(7):1145–53. ISSN 1527-7755. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/20100965.

 18. King TA, Morrow M. Surgical issues in patients with breast cancer receiving neoadjuvant 
chemotherapy. Nat Rev Clin Oncol. 2015;12(6):335–43. ISSN 1759-4782. Disponível em: 
https://www.ncbi.nlm.nih.gov/pubmed/25850554.

 19. Gianni L, et al. Neoadjuvant chemotherapy with trastuzumab followed by adjuvant trastu-
zumab versus neoadjuvant chemotherapy alone, in patients with HER2-positive locally 
advanced breast cancer (the NOAH trial): a randomised controlled superiority trial with a par-
allel HER2-negative cohort. Lancet. 2010;375(9712):377–84. ISSN 1474-547X. Disponível 
em: https://www.ncbi.nlm.nih.gov/pubmed/20113825.

 20. Buzdar AU, et al. Significantly higher pathologic complete remission rate after neoadjuvant 
therapy with trastuzumab, paclitaxel, and epirubicin chemotherapy: results of a randomized 
trial in human epidermal growth factor receptor 2-positive operable breast cancer. J Clin 
Oncol. 2005;23(16):3676–85. ISSN 0732-183X. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/15738535.

 21. Denkert C, et  al. Tumor-associated lymphocytes as an independent predictor of response 
to neoadjuvant chemotherapy in breast cancer. J Clin Oncol. 2010;28(1):105–13. ISSN 
1527-7755. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/19917869.

 22. Salgado R, et  al. Tumor-infiltrating lymphocytes and associations with pathological com-
plete response and event-free survival in HER2-positive early-stage breast cancer treated 
with lapatinib and trastuzumab: a secondary analysis of the NeoALTTO trial. JAMA 
Oncol. 2015;1(4):448–54. ISSN 2374-2445. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/26181252.

 23. Pu RT, et al. Pathologic features of breast cancer associated with complete response to neo-
adjuvant chemotherapy: importance of tumor necrosis. Am J Surg Pathol. 2005;29(3):354–8. 
ISSN 0147-5185. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/15725804.

 24. Fisher B, et al. Effect of preoperative chemotherapy on the outcome of women with operable 
breast cancer. J Clin Oncol. 1998;16(8):2672–85. ISSN 0732-183X. Disponível em: https://
www.ncbi.nlm.nih.gov/pubmed/9704717.

 25. Bear HD, et  al. Sequential preoperative or postoperative docetaxel added to preoperative 
doxorubicin plus cyclophosphamide for operable breast cancer: National Surgical Adjuvant 
Breast and Bowel Project Protocol B-27. J Clin Oncol. 2006;24(13):2019–27. ISSN 
1527-7755. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/16606972.

 26. Cortazar P, et  al. Pathological complete response and long-term clinical benefit in 
breast cancer: the CTNeoBC pooled analysis. Lancet. 2014;384(9938):164–72. ISSN 
1474-547X. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/24529560.

2 The Macroscopic and Microscopic Evaluation of Breast and Axillary Lymph Node…

https://www.ncbi.nlm.nih.gov/pubmed/9155059
https://www.ncbi.nlm.nih.gov/pubmed/9155059
https://www.ncbi.nlm.nih.gov/pubmed/23899063
https://www.ncbi.nlm.nih.gov/pubmed/10080586
https://www.ncbi.nlm.nih.gov/pubmed/10080586
https://www.ncbi.nlm.nih.gov/pubmed/16293864
https://www.ncbi.nlm.nih.gov/pubmed/18250347
https://www.ncbi.nlm.nih.gov/pubmed/20100965
https://www.ncbi.nlm.nih.gov/pubmed/20100965
https://www.ncbi.nlm.nih.gov/pubmed/25850554
https://www.ncbi.nlm.nih.gov/pubmed/20113825
https://www.ncbi.nlm.nih.gov/pubmed/15738535
https://www.ncbi.nlm.nih.gov/pubmed/15738535
https://www.ncbi.nlm.nih.gov/pubmed/19917869
https://www.ncbi.nlm.nih.gov/pubmed/26181252
https://www.ncbi.nlm.nih.gov/pubmed/26181252
https://www.ncbi.nlm.nih.gov/pubmed/15725804
https://www.ncbi.nlm.nih.gov/pubmed/9704717
https://www.ncbi.nlm.nih.gov/pubmed/9704717
https://www.ncbi.nlm.nih.gov/pubmed/16606972
https://www.ncbi.nlm.nih.gov/pubmed/24529560


40

 27. Delpech Y, et  al. Clinical benefit from neoadjuvant chemotherapy in oestrogen receptor- 
positive invasive ductal and lobular carcinomas. Br J Cancer. 2013;108(2):285–91. ISSN 
1532-1827. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/23299541.

 28. Petruolo OA, et al. Standard pathologic features can be used to identify a subset of estrogen 
receptor-positive, HER2 negative patients likely to benefit from neoadjuvant chemotherapy. 
Ann Surg Oncol. 2017;24(9):2556–62. ISSN 1534-4681. Disponível em: https://www.ncbi.
nlm.nih.gov/pubmed/28560596.

 29. Cristofanilli M, et al. Invasive lobular carcinoma classic type: response to primary chemo-
therapy and survival outcomes. J Clin Oncol. 2005;23(1):41–8. ISSN 0732-183X. Disponível 
em: https://www.ncbi.nlm.nih.gov/pubmed/15625359.

 30. Riba LA, et  al. Characterizing response to neoadjuvant chemotherapy in invasive lobular 
breast carcinoma. J Surg Res. 2019;233:436–43. ISSN 1095-8673. Disponível em: https://
www.ncbi.nlm.nih.gov/pubmed/30502283.

 31. Truin W, et al. Differences in response and surgical management with neoadjuvant chemo-
therapy in invasive lobular versus ductal breast cancer. Ann Surg Oncol. 2016;23(1):51–7. 
ISSN 1534-4681. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/25980321.

 32. Marmor S, et al. Relative effectiveness of adjuvant chemotherapy for invasive lobular com-
pared with invasive ductal carcinoma of the breast. Cancer. 2017;123(16):3015–21. ISSN 
1097-0142. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/28382636.

 33. Matsubara N, et al. Different prognostic significance of Ki-67 change between pre- and post- 
neoadjuvant chemotherapy in various subtypes of breast cancer. Breast Cancer Res Treat. 
2013;137(1):203–12. ISSN 1573-7217. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/23184081.

 34. Rabban JT, et al. Pure and predominantly pure intralymphatic breast carcinoma after neo-
adjuvant chemotherapy: an unusual and adverse pattern of residual disease. Am J Surg 
Pathol. 2009;33(2):256–63. ISSN 1532-0979. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/18936689.

 35. Cheng E, et al. Residual pure intralymphatic breast carcinoma following neoadjuvant che-
motherapy is indicative of poor clinical outcome, even in node-negative patients. Am J Surg 
Pathol. 2017;41(9):1275–82. ISSN 1532-0979. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/28654428.

 36. Mc G, Sc L. Lymph-vascular invasion in the absence of stroll invasion after neoadjuvant ther-
apy: a rare pattern of residual carcinoma that lacks an AJCC/UICC T category. San Antonio 
Breast Cancer Symposium; 2016.

 37. Chen AM, et al. Breast conservation after neoadjuvant chemotherapy: the MD Anderson can-
cer center experience. J Clin Oncol. 2004;22(12):2303–12. ISSN 0732-183X. Disponível em: 
https://www.ncbi.nlm.nih.gov/pubmed/15197191.

 38. Sharkey FE, et  al. Effects of preoperative chemotherapy on the morphology of resectable 
breast carcinoma. Mod Pathol. 1996;9(9):893–900. ISSN 0893-3952. Disponível em: https://
www.ncbi.nlm.nih.gov/pubmed/8878021.

 39. Liu YL, et  al. Lymphovascular invasion is an independent predictor of survival in breast 
cancer after neoadjuvant chemotherapy. Breast Cancer Res Treat. 2016;157(3):555–64. ISSN 
1573-7217. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/27225388.

 40. Uematsu T, et al. Is lymphovascular invasion degree one of the important factors to predict 
neoadjuvant chemotherapy efficacy in breast cancer? Breast Cancer. 2011;18(4):309–13. 
ISSN 1880-4233. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/20574730.

 41. Caudle AS, et al. Local-regional control according to surrogate markers of breast cancer sub-
types and response to neoadjuvant chemotherapy in breast cancer patients undergoing breast 
conserving therapy. Breast Cancer Res. 2012;14(3):R83. ISSN 1465-542X. Disponível em: 
https://www.ncbi.nlm.nih.gov/pubmed/22621334.

 42. Mazouni C, et al. Residual ductal carcinoma in situ in patients with complete eradication 
of invasive breast cancer after neoadjuvant chemotherapy does not adversely affect patient 
outcome. J Clin Oncol. 2007;25(19):2650–5. ISSN 1527-7755. Disponível em: https://www.
ncbi.nlm.nih.gov/pubmed/17602071.

G. M. Baker

https://www.ncbi.nlm.nih.gov/pubmed/23299541
https://www.ncbi.nlm.nih.gov/pubmed/28560596
https://www.ncbi.nlm.nih.gov/pubmed/28560596
https://www.ncbi.nlm.nih.gov/pubmed/15625359
https://www.ncbi.nlm.nih.gov/pubmed/30502283
https://www.ncbi.nlm.nih.gov/pubmed/30502283
https://www.ncbi.nlm.nih.gov/pubmed/25980321
https://www.ncbi.nlm.nih.gov/pubmed/28382636
https://www.ncbi.nlm.nih.gov/pubmed/23184081
https://www.ncbi.nlm.nih.gov/pubmed/23184081
https://www.ncbi.nlm.nih.gov/pubmed/18936689
https://www.ncbi.nlm.nih.gov/pubmed/18936689
https://www.ncbi.nlm.nih.gov/pubmed/28654428
https://www.ncbi.nlm.nih.gov/pubmed/28654428
https://www.ncbi.nlm.nih.gov/pubmed/15197191
https://www.ncbi.nlm.nih.gov/pubmed/8878021
https://www.ncbi.nlm.nih.gov/pubmed/8878021
https://www.ncbi.nlm.nih.gov/pubmed/27225388
https://www.ncbi.nlm.nih.gov/pubmed/20574730
https://www.ncbi.nlm.nih.gov/pubmed/22621334
https://www.ncbi.nlm.nih.gov/pubmed/17602071
https://www.ncbi.nlm.nih.gov/pubmed/17602071


41

 43. Von Minckwitz G, et al. Definition and impact of pathologic complete response on prognosis 
after neoadjuvant chemotherapy in various intrinsic breast cancer subtypes. J Clin Oncol. 
2012;30(15):1796–804. ISSN 1527-7755. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/22508812.

 44. Salgado R, et al. The evaluation of tumor-infiltrating lymphocytes (TILs) in breast cancer: rec-
ommendations by an International TILs Working Group 2014. Ann Oncol. 2015;26(2):259–71. 
ISSN 1569-8041. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/25214542.

 45. Hendry S, et  al. Assessing tumor-infiltrating lymphocytes in solid tumors: a practical 
review for pathologists and proposal for a standardized method from the International 
Immunooncology Biomarkers Working Group: Part 1: assessing the host immune response, 
TILs in invasive breast carcinoma and ductal carcinoma in situ, metastatic tumor depos-
its and areas for further research. Adv Anat Pathol. 2017;24(5):235–51. ISSN 1533-4031. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/28777142.

 46. Dieci MV, et al. Update on tumor-infiltrating lymphocytes (TILs) in breast cancer, including 
recommendations to assess TILs in residual disease after neoadjuvant therapy and in carci-
noma in situ: a report of the International Immuno-Oncology Biomarker Working Group on 
Breast Cancer. Semin Cancer Biol. 2018;52(Pt 2):16–25. ISSN 1096-3650. Disponível em: 
https://www.ncbi.nlm.nih.gov/pubmed/29024776.

 47. Mlecnik B, et al. The tumor microenvironment and Immunoscore are critical determinants of 
dissemination to distant metastasis. Sci Transl Med. 2016;8(327):327ra26. ISSN 1946-6242. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/26912905.

 48. Loi S, et al. Prognostic and predictive value of tumor-infiltrating lymphocytes in a phase III 
randomized adjuvant breast cancer trial in node-positive breast cancer comparing the addi-
tion of docetaxel to doxorubicin with doxorubicin-based chemotherapy: BIG 02-98. J Clin 
Oncol. 2013;31(7):860–7. ISSN 1527-7755. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/23341518.

 49. Denkert C, et  al. Tumour-infiltrating lymphocytes and prognosis in different subtypes of 
breast cancer: a pooled analysis of 3771 patients treated with neoadjuvant therapy. Lancet 
Oncol. 2018;19(1):40–50. ISSN 1474-5488. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/29233559.

 50. Yang X, et al. Evaluation of the predictive and prognostic values of stromal tumor-infiltrating 
lymphocytes in HER2-positive breast cancers treated with neoadjuvant chemotherapy. Target 
Oncol. 2018;13(6):757–67. ISSN 1776-260X. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/30406444.

 51. Hwang HW, et al. A nomogram to predict pathologic complete response (pCR) and the value 
of tumor-infiltrating lymphocytes (TILs) for prediction of response to neoadjuvant chemo-
therapy (NAC) in breast cancer patients. Breast Cancer Res Treat. 2019;173(2):255–66. ISSN 
1573-7217. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/30324273.

 52. Ruan M, et al. Predictive value of tumor-infiltrating lymphocytes to pathological complete 
response in neoadjuvant treated triple-negative breast cancers. Diagn Pathol. 2018;13(1):66. 
ISSN 1746-1596. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/30170605.

 53. Luen SJ, et al. Prognostic implications of residual disease tumor-infiltrating lymphocytes and 
residual cancer burden in triple negative breast cancer patients after neo-adjuvant chemo-
therapy. Ann Oncol. 2019;30(2):236–42. ISSN 1569-8041. Disponível em: https://www.ncbi.
nlm.nih.gov/pubmed/30590484.

 54. Zhang L, Wang XI, Zhang S. Tumor-infiltrating lymphocyte volume is a better predictor of 
neoadjuvant therapy response and overall survival in triple-negative invasive breast cancer. 
Hum Pathol. 2018;80:47–54. ISSN 1532-8392. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/29883779.

 55. Labrosse J, et al. Chemosensitivity, tumor infiltrating lymphocytes (TILs), and survival of 
postpartum PABC patients treated by neoadjuvant chemotherapy. Breast. 2018;42:61–7. 
ISSN 1532-3080. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/30179779.

 56. Stanton SE, Adams S, Disis ML.  Variation in the incidence and magnitude of tumor- 
infiltrating lymphocytes in breast cancer subtypes: a systematic review. JAMA Oncol. 

2 The Macroscopic and Microscopic Evaluation of Breast and Axillary Lymph Node…

https://www.ncbi.nlm.nih.gov/pubmed/22508812
https://www.ncbi.nlm.nih.gov/pubmed/22508812
https://www.ncbi.nlm.nih.gov/pubmed/25214542
https://www.ncbi.nlm.nih.gov/pubmed/28777142
https://www.ncbi.nlm.nih.gov/pubmed/29024776
https://www.ncbi.nlm.nih.gov/pubmed/26912905
https://www.ncbi.nlm.nih.gov/pubmed/23341518
https://www.ncbi.nlm.nih.gov/pubmed/23341518
https://www.ncbi.nlm.nih.gov/pubmed/29233559
https://www.ncbi.nlm.nih.gov/pubmed/29233559
https://www.ncbi.nlm.nih.gov/pubmed/30406444
https://www.ncbi.nlm.nih.gov/pubmed/30406444
https://www.ncbi.nlm.nih.gov/pubmed/30324273
https://www.ncbi.nlm.nih.gov/pubmed/30170605
https://www.ncbi.nlm.nih.gov/pubmed/30590484
https://www.ncbi.nlm.nih.gov/pubmed/30590484
https://www.ncbi.nlm.nih.gov/pubmed/29883779
https://www.ncbi.nlm.nih.gov/pubmed/29883779
https://www.ncbi.nlm.nih.gov/pubmed/30179779


42

2016;2(10):1354–60. ISSN 2374-2445. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/27355489.

 57. Dieci MV, et  al. Prognostic and predictive value of tumor-infiltrating lymphocytes in two 
phase III randomized adjuvant breast cancer trials. Ann Oncol. 2015;26(8):1698–704. ISSN 
1569-8041. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/25995301.

 58. Issa-Nummer Y, et  al. Prospective validation of immunological infiltrate for prediction of 
response to neoadjuvant chemotherapy in HER2-negative breast cancer--a substudy of the 
neoadjuvant GeparQuinto trial. PLoS One. 2013;8(12):e79775. ISSN 1932-6203. Disponível 
em: https://www.ncbi.nlm.nih.gov/pubmed/24312450.

 59. Dieci MV, et al. Prognostic value of tumor-infiltrating lymphocytes on residual disease after 
primary chemotherapy for triple-negative breast cancer: a retrospective multicenter study. 
Ann Oncol. 2014;25(3):611–8. ISSN 1569-8041. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/24401929.

 60. Liu S, et al. CD8+ lymphocyte infiltration is an independent favorable prognostic indicator in 
basal-like breast cancer. Breast Cancer Res. 2012;14(2):R48. ISSN 1465-542X. Disponível 
em: https://www.ncbi.nlm.nih.gov/pubmed/22420471.

 61. Loi S, et al. Tumor infiltrating lymphocytes are prognostic in triple negative breast cancer 
and predictive for trastuzumab benefit in early breast cancer: results from the FinHER trial. 
Ann Oncol. 2014;25(8):1544–50. ISSN 1569-8041. Disponível em: https://www.ncbi.nlm.
nih.gov/pubmed/24608200.

 62. Hamy AS, et al. Stromal lymphocyte infiltration after neoadjuvant chemotherapy is associ-
ated with aggressive residual disease and lower disease-free survival in HER2-positive breast 
cancer. Ann Oncol. 2017;28(9):2233–40. ISSN 1569-8041. Disponível em: https://www.
ncbi.nlm.nih.gov/pubmed/28911063.

 63. Ali HR, et al. Computational pathology of pre-treatment biopsies identifies lymphocyte den-
sity as a predictor of response to neoadjuvant chemotherapy in breast cancer. Breast Cancer 
Res. 2016;18(1):21. ISSN 1465-542X.  Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/26882907.

 64. Ladoire S, et al. Pathologic complete response to neoadjuvant chemotherapy of breast car-
cinoma is associated with the disappearance of tumor-infiltrating foxp3+ regulatory T cells. 
Clin Cancer Res. 2008;14(8):2413–20. ISSN 1078-0432. Disponível em: https://www.ncbi.
nlm.nih.gov/pubmed/18413832.

 65. Pelekanou V, et al. Tumor-infiltrating lymphocytes and PD-L1 expression in pre- and post-
treatment breast cancers in the SWOG S0800 phase II neoadjuvant chemotherapy trial. Mol 
Cancer Ther. 2018;17(6):1324–31. ISSN 1538-8514. Disponível em: https://www.ncbi.nlm.
nih.gov/pubmed/29588392.

 66. García-Martínez E, et  al. Tumor-infiltrating immune cell profiles and their change after 
neoadjuvant chemotherapy predict response and prognosis of breast cancer. Breast Cancer 
Res. 2014;16(6):488. ISSN 1465-542X.  Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/25432519.

 67. Loi S, et al. RAS/MAPK activation is associated with reduced tumor-infiltrating lymphocytes 
in triple-negative breast cancer: therapeutic cooperation between MEK and PD-1/PD-L1 
immune checkpoint inhibitors. Clin Cancer Res. 2016;22(6):1499–509. ISSN 1078-0432. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/26515496.

 68. Miyashita M, et al. Prognostic significance of tumor-infiltrating CD8+ and FOXP3+ lym-
phocytes in residual tumors and alterations in these parameters after neoadjuvant chemo-
therapy in triple-negative breast cancer: a retrospective multicenter study. Breast Cancer 
Res. 2015;17:124. ISSN 1465-542X.  Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/26341640.

 69. Gennari R, et  al. Pilot study of the mechanism of action of preoperative trastuzumab 
in patients with primary operable breast tumors overexpressing HER2. Clin Cancer Res. 
2004;10(17):5650–5. ISSN 1078-0432. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/15355889.

G. M. Baker

https://www.ncbi.nlm.nih.gov/pubmed/27355489
https://www.ncbi.nlm.nih.gov/pubmed/27355489
https://www.ncbi.nlm.nih.gov/pubmed/25995301
https://www.ncbi.nlm.nih.gov/pubmed/24312450
https://www.ncbi.nlm.nih.gov/pubmed/24401929
https://www.ncbi.nlm.nih.gov/pubmed/24401929
https://www.ncbi.nlm.nih.gov/pubmed/22420471
https://www.ncbi.nlm.nih.gov/pubmed/24608200
https://www.ncbi.nlm.nih.gov/pubmed/24608200
https://www.ncbi.nlm.nih.gov/pubmed/28911063
https://www.ncbi.nlm.nih.gov/pubmed/28911063
https://www.ncbi.nlm.nih.gov/pubmed/26882907
https://www.ncbi.nlm.nih.gov/pubmed/26882907
https://www.ncbi.nlm.nih.gov/pubmed/18413832
https://www.ncbi.nlm.nih.gov/pubmed/18413832
https://www.ncbi.nlm.nih.gov/pubmed/29588392
https://www.ncbi.nlm.nih.gov/pubmed/29588392
https://www.ncbi.nlm.nih.gov/pubmed/25432519
https://www.ncbi.nlm.nih.gov/pubmed/25432519
https://www.ncbi.nlm.nih.gov/pubmed/26515496
https://www.ncbi.nlm.nih.gov/pubmed/26341640
https://www.ncbi.nlm.nih.gov/pubmed/26341640
https://www.ncbi.nlm.nih.gov/pubmed/15355889
https://www.ncbi.nlm.nih.gov/pubmed/15355889


43

 70. Demaria S, et al. Development of tumor-infiltrating lymphocytes in breast cancer after neo-
adjuvant paclitaxel chemotherapy. Clin Cancer Res. 2001;7(10):3025–30. ISSN 1078-0432. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/11595690.

 71. Bianchini G, Gianni L.  The immune system and response to HER2-targeted treatment in 
breast cancer. Lancet Oncol. 2014;15(2):e58–68. ISSN 1474-5488. Disponível em: https://
www.ncbi.nlm.nih.gov/pubmed/24480556.

 72. Hennessy BT, et al. Outcome after pathologic complete eradication of cytologically proven 
breast cancer axillary node metastases following primary chemotherapy. J Clin Oncol. 
2005;23(36):9304–11. ISSN 0732-183X.  Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/16361629.

 73. Mccready DR, et al. The prognostic significance of lymph node metastases after preopera-
tive chemotherapy for locally advanced breast cancer. Arch Surg. 1989;124(1):21–5. ISSN 
0004-0010. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/2910244.

 74. Kuerer HM, et al. Residual metastatic axillary lymph nodes following neoadjuvant chemo-
therapy predict disease-free survival in patients with locally advanced breast cancer. Am J 
Surg. 1998;176(6):502–9. ISSN 0002-9610. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/9926779.

 75. Rastogi P, et al. Preoperative chemotherapy: updates of National Surgical Adjuvant Breast and 
Bowel Project Protocols B-18 and B-27. J Clin Oncol. 2008;26(5):778–85. ISSN 1527-7755. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/18258986.

 76. Rouzier R, et  al. Incidence and prognostic significance of complete axillary downstaging 
after primary chemotherapy in breast cancer patients with T1 to T3 tumors and cytologi-
cally proven axillary metastatic lymph nodes. J Clin Oncol. 2002;20(5):1304–10. ISSN 
0732-183X. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/11870173.

 77. Buchholz TA, et  al. Predictors of local-regional recurrence after neoadjuvant chemo-
therapy and mastectomy without radiation. J Clin Oncol. 2002;20(1):17–23. ISSN 
0732-183X. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/11773149.

 78. Klauber-Demore N, et  al. Size of residual lymph node metastasis after neoadjuvant che-
motherapy in  locally advanced breast cancer patients is prognostic. Ann Surg Oncol. 
2006;13(5):685–91. ISSN 1068-9265. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/16523367.

 79. Newman LA, et al. Histopathologic evidence of tumor regression in the axillary lymph nodes 
of patients treated with preoperative chemotherapy correlates with breast cancer outcome. 
Ann Surg Oncol. 2003;10(7):734–9. ISSN 1068-9265. Disponível em: https://www.ncbi.nlm.
nih.gov/pubmed/12900363.

 80. American Joint Committee on Cancer (AJCC). AJCC cancer staging manual. 8th ed. 
New York: Springer; 2017.

 81. Lakhani EI Sr, Schnitt SJS, et al. WHO classification of tumors of the breast. 4th ed. Lyon: 
International Agency for Research on Cancer; 2012. ISBN 978-92-832-2433-4.

 82. Wolmark N, et al. Preoperative chemotherapy in patients with operable breast cancer: nine- 
year results from National Surgical Adjuvant Breast and Bowel Project B-18. J Natl Cancer 
Inst Monogr. 2001;(30):96–102. ISSN 1052-6773. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/11773300.

 83. Chevallier B, et al. Lenograstim prevents morbidity from intensive induction chemotherapy 
in the treatment of inflammatory breast cancer. J Clin Oncol. 1995;13(7):1564–71. ISSN 
0732-183X. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/7541448.

 84. Sinn HP, et al. [Histologic regression of breast cancer after primary (neoadjuvant) chemo-
therapy]. Geburtshilfe Frauenheilkd. 1994;54(10):552–8. ISSN 0016-5751. Disponível em: 
https://www.ncbi.nlm.nih.gov/pubmed/8001751.

 85. Sataloff DM, et al. Pathologic response to induction chemotherapy in locally advanced carci-
noma of the breast: a determinant of outcome. J Am Coll Surg. 1995;180(3):297–306. ISSN 
1072-7515. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/7874340.

2 The Macroscopic and Microscopic Evaluation of Breast and Axillary Lymph Node…

https://www.ncbi.nlm.nih.gov/pubmed/11595690
https://www.ncbi.nlm.nih.gov/pubmed/24480556
https://www.ncbi.nlm.nih.gov/pubmed/24480556
https://www.ncbi.nlm.nih.gov/pubmed/16361629
https://www.ncbi.nlm.nih.gov/pubmed/16361629
https://www.ncbi.nlm.nih.gov/pubmed/2910244
https://www.ncbi.nlm.nih.gov/pubmed/9926779
https://www.ncbi.nlm.nih.gov/pubmed/9926779
https://www.ncbi.nlm.nih.gov/pubmed/18258986
https://www.ncbi.nlm.nih.gov/pubmed/11870173
https://www.ncbi.nlm.nih.gov/pubmed/11773149
https://www.ncbi.nlm.nih.gov/pubmed/16523367
https://www.ncbi.nlm.nih.gov/pubmed/16523367
https://www.ncbi.nlm.nih.gov/pubmed/12900363
https://www.ncbi.nlm.nih.gov/pubmed/12900363
https://www.ncbi.nlm.nih.gov/pubmed/11773300
https://www.ncbi.nlm.nih.gov/pubmed/11773300
https://www.ncbi.nlm.nih.gov/pubmed/7541448
https://www.ncbi.nlm.nih.gov/pubmed/8001751
https://www.ncbi.nlm.nih.gov/pubmed/7874340


44

 86. Chollet P, et  al. A new prognostic classification after primary chemotherapy for breast 
cancer: residual disease in breast and nodes (RDBN). Cancer J. 2008;14(2):128–32. ISSN 
1528-9117. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/18391619.

 87. Tordai A, et  al. Evaluation of biological pathways involved in chemotherapy response in 
breast cancer. Breast Cancer Res. 2008;10(2):R37. ISSN 1465-542X. Disponível em: https://
www.ncbi.nlm.nih.gov/pubmed/18445275.

 88. Pilewskie M, Morrow M. Axillary nodal management following neoadjuvant chemotherapy: 
a review. JAMA Oncol. 2017;3(4):549–55. ISSN 2374-2445. Disponível em: https://www.
ncbi.nlm.nih.gov/pubmed/27918753.

 89. Symmans WF, et  al. Measurement of residual breast cancer burden to predict survival 
after neoadjuvant chemotherapy. J Clin Oncol. 2007;25(28):4414–22. ISSN 1527-7755. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/17785706.

 90. Symmans WF, et al. Long-term prognostic risk after neoadjuvant chemotherapy associated 
with residual cancer burden and breast cancer subtype. J Clin Oncol. 2017;35(10):1049–60. 
ISSN 1527-7755. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/28135148.

 91. Yi M, et al. Staging for breast cancer patients receiving neoadjuvant chemotherapy: utility 
of incorporating biologic factors. Ann Surg Oncol. 2020;27(2):359–66. ISSN 1534-4681. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/31667721.

 92. Mittendorf EA, et al. The neo-bioscore update for staging breast cancer treated with neoadju-
vant chemotherapy: incorporation of prognostic biologic factors into staging after treatment. 
JAMA Oncol. 2016;2(7):929–36. ISSN 2374-2445. Disponível em: https://www.ncbi.nlm.
nih.gov/pubmed/26986538.

 93. Giuliano AE, et  al. Breast Cancer-Major changes in the American Joint Committee on 
Cancer eighth edition cancer staging manual. CA Cancer J Clin. 2017;67(4):290–303. ISSN 
1542-4863. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/28294295.

 94. Baker GM, King TA, Schnitt SJ. Evaluation of breast and axillary lymph node specimens 
in breast cancer patients treated with neoadjuvant systemic therapy. Adv Anat Pathol. 
2019;26(4):221–34. ISSN 1533-4031. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/31149907.

 95. Moran MS, et al. Society of Surgical Oncology-American Society for Radiation Oncology 
consensus guideline on margins for breast-conserving surgery with whole-breast irradia-
tion in stages I and II invasive breast cancer. J Clin Oncol. 2014;32(14):1507–15. ISSN 
1527-7755. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/24516019.

 96. Morrow M, et al. Society of Surgical Oncology-American Society for Radiation Oncology- 
American Society of Clinical Oncology consensus guideline on margins for breast- 
conserving surgery with whole-breast irradiation in ductal carcinoma in situ. J Clin Oncol. 
2016;34(33):4040–6. ISSN 1527-7755. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/27528719.

 97. Choi J, et  al. Margins in breast-conserving surgery after neoadjuvant therapy. Ann Surg 
Oncol. 2018;25(12):3541–7. ISSN 1534-4681. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/30128902.

 98. Rouzier R, et al. Primary chemotherapy for operable breast cancer: incidence and prognos-
tic significance of ipsilateral breast tumor recurrence after breast-conserving surgery. J Clin 
Oncol. 2001;19(18):3828–35. ISSN 0732-183X. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/11559720.

 99. Jwa E, et al. Locoregional recurrence by tumor biology in breast cancer patients after preopera-
tive chemotherapy and breast conservation treatment. Cancer Res Treat. 2016;48(4):1363–72. 
ISSN 2005-9256. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/26910473.

 100. Jabbour MN, Massad CY, Boulos FI.  Variability in hormone and growth factor receptor 
expression in primary versus recurrent, metastatic, and post-neoadjuvant breast carcinoma. 
Breast Cancer Res Treat. 2012;135(1):29–37. ISSN 1573-7217. Disponível em: https://www.
ncbi.nlm.nih.gov/pubmed/22484731.

G. M. Baker

https://www.ncbi.nlm.nih.gov/pubmed/18391619
https://www.ncbi.nlm.nih.gov/pubmed/18445275
https://www.ncbi.nlm.nih.gov/pubmed/18445275
https://www.ncbi.nlm.nih.gov/pubmed/27918753
https://www.ncbi.nlm.nih.gov/pubmed/27918753
https://www.ncbi.nlm.nih.gov/pubmed/17785706
https://www.ncbi.nlm.nih.gov/pubmed/28135148
https://www.ncbi.nlm.nih.gov/pubmed/31667721
https://www.ncbi.nlm.nih.gov/pubmed/26986538
https://www.ncbi.nlm.nih.gov/pubmed/26986538
https://www.ncbi.nlm.nih.gov/pubmed/28294295
https://www.ncbi.nlm.nih.gov/pubmed/31149907
https://www.ncbi.nlm.nih.gov/pubmed/31149907
https://www.ncbi.nlm.nih.gov/pubmed/24516019
https://www.ncbi.nlm.nih.gov/pubmed/27528719
https://www.ncbi.nlm.nih.gov/pubmed/27528719
https://www.ncbi.nlm.nih.gov/pubmed/30128902
https://www.ncbi.nlm.nih.gov/pubmed/30128902
https://www.ncbi.nlm.nih.gov/pubmed/11559720
https://www.ncbi.nlm.nih.gov/pubmed/11559720
https://www.ncbi.nlm.nih.gov/pubmed/26910473
https://www.ncbi.nlm.nih.gov/pubmed/22484731
https://www.ncbi.nlm.nih.gov/pubmed/22484731


45

 101. Zhang N, et  al. The hormonal receptor status in breast cancer can be altered by neoadju-
vant chemotherapy: a meta-analysis. Cancer Invest. 2011;29(9):594–8. ISSN 1532-4192. 
Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/22011281.

 102. Polley MY, et  al. An international Ki67 reproducibility study. J Natl Cancer Inst. 
2013;105(24):1897–906. ISSN 1460-2105. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/24203987.

 103. Denkert C, et al. Ki67 levels as predictive and prognostic parameters in pretherapeutic breast 
cancer core biopsies: a translational investigation in the neoadjuvant GeparTrio trial. Ann 
Oncol. 2013;24(11):2786–93. ISSN 1569-8041. Disponível em: https://www.ncbi.nlm.nih.
gov/pubmed/23970015.

 104. Denkert C, et al. Strategies for developing Ki67 as a useful biomarker in breast cancer. Breast. 
2015;24(Suppl 2):S67–72. ISSN 1532-3080. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/26283598.

 105. Polley MY, et  al. An international study to increase concordance in Ki67 scoring. Mod 
Pathol. 2015;28(6):778–86. ISSN 1530-0285. Disponível em: https://www.ncbi.nlm.nih.gov/
pubmed/25698062.

 106. Coates AS, et al. Tailoring therapies--improving the management of early breast cancer: St 
Gallen International Expert Consensus on the primary therapy of early breast cancer 2015. 
Ann Oncol. 2015;26(8):1533–46. ISSN 1569-8041. Disponível em: https://www.ncbi.nlm.
nih.gov/pubmed/25939896.

 107. Chen R, et al. Assessment of the predictive role of pretreatment Ki-67 and Ki-67 changes in 
breast cancer patients receiving neoadjuvant chemotherapy according to the molecular classi-
fication: a retrospective study of 1010 patients. Breast Cancer Res Treat. 2018;170(1):35–43. 
ISSN 1573-7217. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/29480449.

 108. Cabrera-Galeana P, et  al. Ki67 changes identify worse outcomes in residual breast can-
cer tumors after neoadjuvant chemotherapy. Oncologist. 2018;23(6):670–8. ISSN 
1549-490X. Disponível em: https://www.ncbi.nlm.nih.gov/pubmed/29490940.

2 The Macroscopic and Microscopic Evaluation of Breast and Axillary Lymph Node…

https://www.ncbi.nlm.nih.gov/pubmed/22011281
https://www.ncbi.nlm.nih.gov/pubmed/24203987
https://www.ncbi.nlm.nih.gov/pubmed/24203987
https://www.ncbi.nlm.nih.gov/pubmed/23970015
https://www.ncbi.nlm.nih.gov/pubmed/23970015
https://www.ncbi.nlm.nih.gov/pubmed/26283598
https://www.ncbi.nlm.nih.gov/pubmed/26283598
https://www.ncbi.nlm.nih.gov/pubmed/25698062
https://www.ncbi.nlm.nih.gov/pubmed/25698062
https://www.ncbi.nlm.nih.gov/pubmed/25939896
https://www.ncbi.nlm.nih.gov/pubmed/25939896
https://www.ncbi.nlm.nih.gov/pubmed/29480449
https://www.ncbi.nlm.nih.gov/pubmed/29490940


Part II
Pre- and Post-neoadjuvant Systemic 

Therapy Imaging Considerations



49© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
A. Soran, F. Nakhlis (eds.), Management of the Breast and Axilla in the 
Neoadjuvant Setting, https://doi.org/10.1007/978-3-030-88020-0_3

Chapter 3
Radiology Case Presentations 
in Neoadjuvant Setting

Uzma Waheed and Margarita Zuley

U. Waheed (*) 
Breast Imaging Division, Department of Radiology, Stanford University, Palo Alto, CA, USA
e-mail: uzmaw@stanford.edu 

M. Zuley 
Breast Imaging Division, Department of Radiology, University of Pittsburgh Medical Center, 
Pittsburgh, PA, USA
e-mail: zuleyml@upmc.edu

Case 1 This woman presented with an area of palpable concern in her right breast. 
She underwent ultrasound-guided core biopsy which revealed right invasive ductal 
carcinoma, nuclear grade 3 (ER/PR-positive, HER-2 negative, Ki-67 30%). Clinical 
stage IA (T1, N0, M0). She received four cycles of T/C systemic therapy with 
incomplete response (Figs. 3.1, 3.2, 3.3, 3.4, 3.5, and 3.6).

Case 2 This woman presented for mammographic screening which detected left 
breast invasive ductal carcinoma (nuclear grade 2, ER/PR-negative, Her2-positive, 
Ki-67 30%). Following NST with six cycles of TCH-P therapy, she achieved a com-
plete imaging response with pathologic complete response (pCR) verified at sur-
gery, ypT0N0 (Figs. 3.7, 3.8, 3.9, 3.10, and 3.11).

Case 3 This woman had a right breast mass detected on screening mammography, 
core biopsy-proven TN IDC. She received NST with A/C/T and post-therapy imag-
ing revealed a partial response. This study shows how partial disease can have per-
sistent kinetics (blue on kinetic color overlay) identified on MRI similar to fibrosis; 
tumor enhancement kinetics after treatment may also be below the kinetic threshold 
on MRI.  Indeed, in this case, residual disease was found at surgery measuring 
1.1 cm similar to that reported on posttreatment US and MRI.
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Fig. 3.1 Digital mammogram with tomosynthesis including mediolateral oblique (MLO, left) and 
craniocaudal (CC, right) shows an irregular dense mass (arrow) with an overlying triangular 
marker on the MLO view denoting the corresponding area of palpable concern
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Fig. 3.2 Grayscale 
ultrasound (US) shows an 
oval mass with irregular 
and indistinct margins 
(arrow) and no posterior 
features

Fig. 3.3 Axial T1 post-contrast fat saturation (left) and MIP (maximum intensity projection) post- 
processed image (right) show an irregular homogenously enhancing mass (arrow) with washout 
kinetics (open arrow)
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Fig. 3.4 Following NST digital mammogram (MG) with tomosynthesis including MLO (right) 
and CC (left) views showed the mass has decreased in size; there is associated architectural distor-
tion (best seen on the MLO view) which can be seen with treatment-related fibrosis but is difficult 
to delineate from residual disease on MG and US
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T2N0 screen detected TN breast cancer 7/28/20 (Figs.  3.12, 3.13, 3.14, 3.15, 
3.16, 3.17, and 3.18).

Case 4 This 57-year-old woman was diagnosed with screen detected left IDC at 
the 12:00 position (nuclear grade 3, ER/PR-negative, HER-2-negative by FISH, 
Ki-67 greater than 90% with lymphovascular invasion) (Fig.  3.19). Left axillary 
node biopsy CNB showed metastatic carcinoma (Fig. 3.20). She completed 4 cycles 
of Adriamycin and Cytoxan and then completed 12 cycles of Taxol and carboplatin. 
Following NST, complete response was proven in the breast and lymph node 
(Figs. 3.21, 3.22, and 3.23).

Fig. 3.5 Grayscale ultrasound shows incomplete response to NST with a small residual hypoechoic 
mass with angular and irregular margins (arrow)

Fig. 3.6 Axial T1 post-contrast fat saturation (left) and MIP (maximum intensity projection) post- 
processed image (right) show a small residual right breast mass at the site of core biopsy proven 
IDC (arrow). The kinetic color overlay shows heterogeneous mixed kinetics (open arrow), com-
pared to the homogenous washout kinetics on pretreatment MRI

3 Radiology Case Presentations in Neoadjuvant Setting
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Fig. 3.7 Digital MG with tomosynthesis including MLO and CC views shows an irregular mass 
(circle) with architectural distortion (arrow) in the medial left breast
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Fig. 3.8 Grayscale 
ultrasound shows an 
irregular hypoechoic mass 
with a peripheral 
echogenic rim (open 
arrows) corresponding to 
tumor infiltration

Fig. 3.9 Pretreatment axial T1 post-contrast fat saturation (left) and MIP (maximum intensity 
projection) post-processed image (right) show an irregular homogenously enhancing mass in the 
medial left breast (arrow). The mass demonstrated predominant washout kinetics (open arrow)
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Fig. 3.10 Post-NST 
grayscale US shows a 
residual parallel 
hypoechoic mass-like area 
(arrow); it is difficult to 
assess residual disease 
versus treatment-related 
fibrosis within this area. 
The hydrophilic clip from 
previous CNB is identified 
nearby (open arrow)

Fig. 3.11 Post-NST MIP MRI  with (left) and without (right) kinetic overlay shows no residual 
enhancing mass or NME consistent with a complete imaging response and strongly favoring 
treatment- related fibrosis rather than residual disease at the aforementioned hypoechoic mass-like 
area (Fig. 3.10) identified on US
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Fig. 3.12 MLO (left) and CC (right) digital MG views with tomosynthesis show heterogeneously 
dense breast tissue; a focal asymmetry with subtle architectural distortion was identified, best seen 
on the tomosynthesis image slices (circle)
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Fig. 3.13 Grayscale 
ultrasound shows a 
corresponding irregular 
hypoechoic mass (arrow)

Fig. 3.14 Pretreatment axial T1 post-contrast fat saturation image with kinetic color overlay (left) 
and MIP (right) images show a corresponding irregular homogenously enhancing mass in the right 
breast (arrow) with washout predominant kinetics (noted in red, open arrow). A benign round 
proteinaceous cyst is incidentally noted (curved arrow)
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Fig. 3.15 MLO (right) and CC (left) MG images following NST show the clip from previous 
CNB (arrow) with subtle architectural distortion (circle) at the site of known malignancy. The 
patient has an infusion port overlying the pectoralis muscle on the MLO view (open arrow)
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Fig. 3.16 Grayscale US 
shows a residual 
hypoechoic mass at the site 
of known malignancy 
(circle)

Fig. 3.17 Post-NST MRI including axial T1 post-contrast subtraction (left) and T1 post-contrast 
FS with color overlay (right) shows a subtle residual irregular heterogeneously enhancing mass at 
the site of incompletely treated malignancy (arrow); this does not meet the threshold for kinetic 
analysis (open arrow). The incidental non-enhancing benign proteinaceous cyst is again noted 
(curved arrow)
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Fig. 3.18 Post-NST MIP shows only stippled enhancement at site of incompletely treated malig-
nancy (circle)

Fig. 3.19 CC tomosynthesis slice (left), MLO (center), and CC (right) images show two nearly 
contiguous irregular masses (best seen on CC images) in the left breast

3 Radiology Case Presentations in Neoadjuvant Setting
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Fig. 3.20 Grayscale US images show an irregular nonparallel mass in the breast (arrow). An 
abnormally enlarged left axillary lymph node shows complete absence of the normal central hilum 
(open arrow) and CNB confirmed metastatic carcinoma

Fig. 3.21 Pretreatment axial T1 post-contrast fat saturation with color overlay (left) and MIP 
(right) images show a bilobed irregular mass (arrow) with predominant washout kinetics 
(open arrow)

Fig. 3.22 Grayscale US of the breast (left) and axilla (right) shows subtle architectural distortion 
without a residual mass at the site known malignancy (circle). The proven metastatic lymph node 
has a normal size and morphology after NST (arrow denotes the clip from CNB)
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Fig. 3.23 Post-NST T1 post-contrast FS with color overlay (left) and axial MIP (right) images 
show a complete imaging response to NST with no residual enhancing mass or non-mass enhance-
ment (NME)

3 Radiology Case Presentations in Neoadjuvant Setting
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Chapter 4
Imaging of the Axilla and Approaches 
to Node-Negative Versus Node-Positive 
Disease at Presentation
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 When to Image the Axilla

Imaging of the axilla usually is performed when patients present with symptoms in 
the axilla or when they are recently diagnosed with breast cancer. Imaging is also 
utilized to guide axillary procedures for diagnosis and surgical management. The 
axillary area is included within the field of view on chest CT, PET/CT, or chest and 
shoulder MR exams and may incidentally reveal axillary findings that necessitate 
further targeted work-up.

Differential diagnosis of axillary findings is extensive. Findings typically fall 
into the following groups: benign and malignant primary axillary neoplasms, 
including breast cancer, sarcomas, granular cell tumor, schwannoma, etc.; skin 
lesions; congenital and developmental anomalies; infectious, inflammatory, and 
metastatic lymphadenopathy; lymphopoietic diseases; and postoperative changes. 
Accessory breast tissue in the axilla may contain all the pathologies that can occur 
in other areas of breast tissue. Extra-axillary masses can also grow or protrude into 
the axillary area.

In the USA, imaging evaluation of a palpable breast or axillary findings in 
women over the age of 30 years starts with a mammogram, with marking the skin 
over the area of concern and a subsequent targeted ultrasound (US) [1]. In younger 
patients, imaging begins with US [1].

Staging of the axilla is an important step in patients with invasive breast cancer 
as the status of a patient’s axillary lymph nodes is a very important prognostic fac-
tor. Imaging assessment of the axilla has a key role in treatment planning [2, 3]. If 
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clinically indicated, imaging evaluation of the axilla usually starts with US, fre-
quently followed by US-guided sampling of abnormal appearing lymph nodes and 
possible post-procedural clip marker placement. Routine axillary US in patients 
presenting with ductal carcinoma in situ (DCIS) is not recommended [4].

Until recently, patients with positive axillary lymph nodes, regardless of the 
receipt of neoadjuvant systemic therapy, were managed with complete axillary 
lymph node dissection (ALND). ALND causes frequent, significant disruption to 
the lymphatic system and a high risk for lymphedema, which is a substantial mor-
bidity affecting the patients’ quality of life. The incidence of lymphedema in patients 
undergoing ALND compared to sentinel lymph node biopsy (SLNB) is much higher 
(13–19.9% vs. 3–5.6%) [5, 6].

The published results from the American College of Surgeons Oncology Group 
(ACOSOG) Z0011 trial led to a major shift in the understanding and surgical man-
agement of the axilla. This multicenter, prospective randomized-controlled trial 
showed that patients with a clinical stage T1 or 2 breast cancer, clinical node- 
negative (cN0) disease, and one or two metastatic nodes on SLNB could be spared 
a complete ALND [7]. This, as well as better understanding of underlying tumor 
biology as in the prognostic implications of achieving a complete pathologic 
response in the axilla after neoadjuvant chemotherapy (NACT) in patients with cN1 
disease at diagnosis, has led to further research on de-escalation of axillary surgery 
(see Section “Response to Neoadjuvant Chemotherapy”).

However, patients with palpable lymph nodes, which are considered clinically 
positive, may still be treated with ALND, particularly if they have residual disease 
present after preoperative systemic therapy.

Axillary evaluation with imaging can identify patients with a high nodal tumor 
burden in whom SLNB would be inappropriate and who should undergo an 
ALND.  According to National Comprehensive Cancer Network (NCCN) guide-
lines, patients with palpable lymphadenopathy should undergo an axillary US [8].

Axillary imaging also affects decisions on NACT.  In patients with locally 
advanced disease or known node-positive disease, axillary lymph node evaluation is 
useful in monitoring overall response to NACT.

 Mammography

A normal lymph node has a reniform shape with a radiolucent, fatty hilum (Fig. 4.1). 
Increased density, obliterated hilum, focally or diffusely thickened cortex, or 
increased size of a node on mammography is concerning for involvement by disease 
(Fig. 4.2). Abnormal appearing lymph nodes may be seen both in benign processes 
and in malignant neoplasms; thus, a tissue diagnosis remains the gold standard in 
confirming the axillary nodal status.

Assessment of nodal disease burden to guide multidisciplinary treatment deci-
sions is the most critical role of axillary imaging and typically is completed with 
axillary US and US-guided biopsy, and when concerned for extensive nodal burden, 
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possibly magnetic resonance imaging (MRI) [9]. Nevertheless, digital mammogra-
phy or digital breast tomosynthesis (DBT) is the first step and the first recommended 
imaging modality in women with newly diagnosed breast cancer. Axillary lymph 
nodes are evident at routine mammography in about half of the patients. However, 
axillary visualization is usually limited to level I lymph nodes, and even with special 
views, deeper level I or level II nodes may not be included within the mammogram. 
Even without mammographically visibly enlarged lymph nodes, with bulky lymph-
adenopathy, trabecular or skin thickening is often seen by mammography.

Calcifications within axillary lymph nodes can be detected by mammography. 
Antiperspirants on the skin surface may mimic calcifications. The patient may be 
recalled from screening mammography for additional diagnostic imaging. A repeat 

a b

Fig. 4.1 Benign axillary lymph node on mammogram. A 46-year-old asymptomatic woman with 
a screening mammogram. (a) Right mediolateral oblique (MLO) view demonstrates a normal axil-
lary lymph node (arrow) with a reniform shape, circumscribed margins, and thin homogeneous 
cortex. (b) The preserved fatty hilum can be better appreciated on a zoomed-in tomosynthesis view 
(arrow). Note that although the long axis of the lymph node is over 2 cm, fatty replacement and 
normal architecture confirm its benign nature. The lymph node is stable in comparison to mam-
mograms from prior years and similar lymph nodes are present in the contralateral axilla 
(not shown)

4 Imaging of the Axilla and Approaches to Node-Negative Versus Node-Positive…
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mediolateral oblique (MLO) view after cleaning the skin of the axilla is performed 
to show that the densities are no longer present on the images or to confirm that they 
are indeed located within a lymph node or within the axillary tissue. The widespread 
use of DBT can make it easier to localize the high-density particles/calcifications on 
the skin surface versus within a lymph node on either screening or diagnostic 
imaging.

a b

c d

Fig. 4.2 Metastatic axillary lymph node on mammogram. A 64-year-old asymptomatic woman 
with a screening mammogram. (a) Left MLO view shows a high density, enlarged lymph node at 
the edge of the image (arrow). No suspicious mammographic finding is with the breast. (b) For 
comparison, the left MLO 1 year prior showed a normal appearance of the axillary lymph node 
(arrow). (c) Targeted axillary ultrasound shows the oval, enlarged, hypoechoic lymph node with 
obliteration of its fatty hilum. Subsequent ultrasound-guided biopsy revealed metastatic adenocar-
cinoma from a breast primary. (d) Breast MRI was requested for detection of the primary tumor 
and revealed two subcentimeter irregular masses with spiculated margins (arrowheads). The final 
histopathology revealed grade 2 invasive lobular carcinoma ER+/HER2-neu−. The biopsied level 
I axillary lymph node contains a susceptibility artifact due to a high-visibility biopsy marker (arrow)
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The differential diagnosis of calcified lymph nodes includes granulomatous 
infections, prior gold therapy for rheumatoid arthritis, collagen vascular disease, 
and metastasis from breast or other cancers (e.g., thyroid cancer). Calcifications 
within lymph nodes can be due to metastatic breast cancer, and frequently the mor-
phology of the calcifications resembles that of the primary tumor [10].

Mammography may suggest extranodal/extracapsular extension (Fig.  4.3). 
Extranodal extension is defined as invasive cancer growing through the nodal cap-
sule into the perinodal fatty tissue by invading the lymph node capsule [11]. Lymph 
nodes with indistinct or spiculated margins are suspicious for extranodal extension. 
There is an association between the presence of extranodal extension and worse 
outcomes as it was demonstrated by multiple studies [11–16].

For the node-positive patients treated with NACT, restaging of the axilla may 
include mammography, US, and MRI. Posttreatment size of axillary lymph nodes 
and, if placed, location of axillary clips may be documented by mammography and 
aid in treatment decisions for patients.

Following axillary surgery, multiple findings can be seen in the axilla. Postsurgical 
changes are related to hematoma, seroma, tissue disruption, and edema, which 
evolve with time. Mammographic images may show site of postoperative fluid col-
lections seen as an ill-defined mass or area of increased density, distortion, skin and 
trabecular thickening, and fat necrosis. Mammography may also detect an axillary 
recurrence before symptoms occur.

a b c

Fig. 4.3 Extranodal extension. A 69-year-old woman with grade 2 HER2 + invasive ductal carci-
noma on her diagnostic mammogram. (a) Left medial-lateral (ML) view demonstrates an upper 
breast grade 2, HER2-neu+ invasive ductal carcinoma (indicated by a Tumark® Q) and multiple 
enlarged axillary lymph nodes with indistinct margins (arrow). (b) Zoomed-in tomosynthesis view 
shows indistinct lymph node margins (arrows) and stranding of the surrounding axillary fat, con-
sistent with fat infiltration by the tumor. (c) Targeted axillary ultrasound shows an irregular mass 
with indistinct margins and no recognizable lymph node architecture. The patient underwent 
6 months of preoperative chemotherapy and subsequent left axillary lymph node dissection and 
lumpectomy. Histopathology of the axillary tissue showed metastatic carcinoma in four of ten 
lymph nodes (4/10) with a 20% reduction in tumor cellularity, extranodal extension up to 0.6 cm, 
and perineural invasion. There was a 20% reduction in tumor cellularity

4 Imaging of the Axilla and Approaches to Node-Negative Versus Node-Positive…
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 Ultrasound

Ultrasonography is the modality of choice for imaging axillary lymph nodes. 
Axillary sonography is performed with the same high-frequency transducer used for 
imaging of the breast. The patient lies supine or in a contralateral decubitus position 
with the ipsilateral arm raised over the head in an abducted, externally rotated posi-
tion. Level I lymph nodes (lateral and inferior to the pectoralis minor muscle) are 
routinely imaged with US. Images of the lymph node with grayscale sonography are 
documented in orthogonal planes, which are two perpendicular planes defined as 
either transverse and longitudinal or radial and anti-radial. Color Doppler images 
should be taken with low velocity and low wall filter settings in order to detect non- 
hilar blood flow [17].

Cortical morphologic features, rather than size criteria, are important predictors 
of metastasis to axillary lymph nodes [18, 19]. A systematic review found that 
sonography of nonpalpable lymph nodes based on size (>5 mm) had a sensitivity of 
48.8–87.1% and a specificity of 55.6–97.3% [19]. Sensitivity increased to 
54.7–92.3% and specificity to 80.4–97.1% when morphologic characteristics 
(round, hypoechoic, eccentric cortical thickening, loss of central hilum, lobulation) 
are used in interpretation of sonography of nonpalpable lymph nodes [19].

A normal axillary lymph node is characterized by a reniform or oval shape; a 
uniform, hypoechoic cortical thickness less than 3 mm; a central hyperechoic hilum; 
and smooth, circumscribed margins (Fig. 4.4). Features of axillary lymph nodes that 
increase suspicion for malignancy include round shape, cortical thickening greater 
than or equal to 3 mm, loss of hyperechoic hilum, and focal or eccentric cortical 
bulging [18, 20] (Fig. 4.5). On color Doppler US, metastatic axillary lymph nodes 
are more likely to show increased peripheral or cortical blood flow than benign axil-
lary lymph nodes [17, 19] (Fig. 4.5). Non-hilar blood flow on color Doppler has a 
positive predictive value of 78% in patients with known, ipsilateral primary breast 
cancer [20]. Sometimes, microcalcifications can be seen within the lymph node, 
which should correlate in appearance with microcalcifications associated with the 
primary breast cancer [21].

Fig. 4.4 Normal axillary 
lymph node on ultrasound. 
A 44-year-old woman with 
a palpable, normal- 
appearing right axillary 
lymph node demonstrating 
reniform shape, central 
hyperechoic fatty hilum, 
and thin, symmetric 
hypoechoic cortex
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 Breast MRI

Contrast-enhanced breast MRI is not the primary tool to evaluate the axilla. Breast 
MRI is often used for high-risk screening, diagnostic problem-solving, extent of 
disease work-up in biopsy-proven cancer, and evaluation of response to neoadjuvant 
treatment. However, MRI provides a more global view of the bilateral axillae than 
either mammography or US. This cross-sectional imaging modality allows for eval-
uation of some level 1, level 2, and level 3 axillary lymph nodes [22]. Level 1 lymph 
nodes are lateral to the pectoralis minor, level II lymph nodes are central and either 
behind the pectoralis minor or between the pectoralis major and minor known as the 
Rotter’s nodes, and level III axillary lymph nodes are medial to the pectoralis minor. 
Due to pulsation artifact from the heart in the left to right phase-encoding direction, 
parts of the axillae may be obscured [21].

As on axillary US, normal lymph nodes are reniform shaped and have circum-
scribed margins with a fatty hilum (Fig. 4.6). The fatty hilum can often be seen best 
on T1 pre-contrast non-fat-saturated sequences [22]. The lymph node cortex is T2 
intermediate to high in signal. Lymph nodes are highly vascular and demonstrate T1 
post-contrast homogeneous or rim enhancement with rapid uptake and washout 
kinetics. Since normal lymph nodes have a type III washout kinetic curve, kinetics 
alone are not useful for determining malignancy [21].

Differential diagnosis of morphologically abnormal axillary lymph nodes 
includes metastatic breast cancer, leukemia/lymphoma, lung, thyroid, GI, and ovar-
ian cancer. Benign enlargement occurs in infection and inflammatory conditions 
such as rheumatoid arthritis, systemic lupus erythematosus, psoriatic arthritis, and 
sarcoid. Similar to mammography or US, the key finding of abnormality in axillary 
lymph nodes is the loss of its reniform shape and increased cortical thickness 
(Fig. 4.7). Malignant lymph nodes are rounded and enlarged or with a long-to-short 
axis ratio less than 2, develop cortical thickening that may be eccentric, and have 

a b

Fig. 4.5 Abnormal axillary lymph node on ultrasound. A 49-year-old woman with a history of 
right triple-negative breast cancer metastatic to the right axilla. The woman was treated with mas-
tectomy and ALND 15 months prior to her ultrasound. (a) Right axillary ultrasound demonstrates 
a morphologically abnormal axillary lymph node with markedly increased hypoechoic cortical 
thickening and flattening of the central hyperechoic fatty hilum. (b) Right axillary color Doppler 
ultrasound demonstrates that the abnormal lymph node has marked cortical Doppler flow

4 Imaging of the Axilla and Approaches to Node-Negative Versus Node-Positive…



72

obliteration of its fatty hilum. The nodes develop heterogeneous enhancement, but 
if totally replaced by tumor, can diffusely enhance [22]. If extranodal extension 
occurs, the lymph node margins become irregular [22]. Baltzer et al. [23] reviewed 
56 patients with primary breast cancer who underwent breast MRI to determine 
predictors of lymph node metastasis. The most significant predictors of metastasis 

a b

c d

Fig. 4.6 Normal axillary lymph node on MRI. A 71-year-old woman with newly diagnosed inva-
sive lobular carcinoma has a diagnostic breast MRI for extent of disease. A morphologically nor-
mal left axillary lymph node with a reniform, thin cortex is (a) hypointense on pre-contrast T1 
non-fat-saturated axial image, (b) T2 hyperintense on T2/STIR axial image, and T1 hyperintense 
on (c) axial and (d) sagittal T1 post-contrast fat-saturated images

Fig. 4.7 Abnormal axillary lymph node on MRI. A 33-year-old woman with inflammatory breast 
cancer demonstrates morphologically abnormal axillary lymphadenopathy. The metastatic lymph 
nodes are rounded and enlarged and demonstrate heterogeneous enhancement on T1 post-contrast 
fat-saturated images at axillary level 1 (thick arrow), level 2 (arrowhead), and level 3 (thin arrow)
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(p < 0.001) were presence of an irregular margin, an inhomogeneously thickened 
cortex, perifocal edema (prolonged T2 relaxation times/T2 hyperintensity of soft 
tissues surrounding the lymph node), and asymmetry to the contralateral axilla [23]. 
Prolonged T2* relaxation times, a paramagnetic quantitative characteristic that 
takes into account magnetic field inhomogeneities in addition to T2 relaxation time 
and is not performed under standard MRI protocols, correlates with metastasis [24].

No consensus has been reached on morphologic characterization to distinguish 
between benign and malignant nodes. Even with high spatial resolution on a 7-tesla 
magnet, morphologic criteria may not determine malignancy without sampling. 
Cortical thickness greater than or equal to 3 mm has been demonstrated to have a 
sensitivity of 88% and specificity of 32% and, if less than 3 mm, a high negative 
predictive value of 91% [24].

Despite the lack of consensus on imaging characteristics of malignant lymph 
nodes, if a radiologist suspects the lymph node to be abnormal due to marked corti-
cal thickness, lack of a fatty hilum, or asymmetry when compared to the contralat-
eral breast on standard MRI, especially in the setting of known cancer, targeted US 
and US-guided fine needle aspiration (FNA) or large core needle biopsy (LCNB) is 
standard practice.

 Ultrasound-Guided Diagnostic Interventions

Ultrasonography is the modality of choice for performing image-guided interven-
tions on axillary lymph nodes.

Axillary lymph nodes can be sampled preoperatively either with percutaneous 
US-guided fine needle aspiration (FNA) or large core needle biopsy (LCNB) to 
determine if the lymph node is metastatic or benign. There is no clear advantage of 
either technique over the other.

If LCNB is utilized, a “no throw”/“open trough” technique (Fig. 4.8) should be 
employed, usually with a 14-gauge needle, to avoid damage to the surrounding axil-
lary artery and vein while safely allowing appropriate needle excursion [20, 25]. If 
a “no throw”/“open trough” device is not available or the lymph node is sufficiently 
large to avoid damage to the surrounding tissue, then a “throw” device, also usually 
a 14-gauge needle, could be utilized (Fig. 4.9). The negative predictive value (NPV) 
and sensitivity of LCNB is 89% and 94%, respectively [20].

FNA is usually performed with a 25- to 20-gauge needle attached to a syringe 
with a small amount of suction (Fig. 4.10). This technique necessitates a competent 
cytopathologist to interpret the sample. The NPV, sensitivity, specificity, and posi-
tive predictive value (PPV) of FNA are reported as 80.5%, 80%, 85.7%, and 85.2% 
in one study [26]. In another study [27], the sensitivity of FNA was 80% for inde-
terminate and suspicious lymph nodes, but increased to 93% when only suspicious 
lymph nodes were evaluated.
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In a direct comparison of the FNA and LCNB, there is no significant difference 
in the sensitivity of LCNB (82%) versus FNA (75%) with an equivalent specificity 
of 100% [28]. However, the cost of LCNB is significantly higher than FNA [28]. 
Neither LCNB nor FNA alleviates the need for axillary surgery, but can guide 
upfront management in whether to pursue neoadjuvant chemotherapy or perform 
more or less extensive surgical evaluation.

Fig. 4.8 Ultrasound-guided large core needle biopsy with a “no-throw” device. A 64-year-old 
woman with a history of right breast cancer treated with lumpectomy and radiation therapy and 
axillary node dissection 30 years prior to her ultrasound. Right axillary LCNB was performed with 
a no-throw device. The device was kept parallel to the chest wall with the axillary lymph node seen 
within the open bowl of the needle and the tip just distal to the lymph node

Fig. 4.9 Ultrasound-guided large core needle biopsy with a “throw” device. A 49-year-old woman 
with a history of right triple-negative breast cancer metastatic to the right axilla. The woman was 
treated with mastectomy and ALND 15 months prior to her ultrasound. Right axillary LCNB was 
performed with a throw device given the large size of the lymph node and the markedly increased 
cortical thickness. The biopsy device was kept parallel to the chest wall and the distal tip of the 
device remained entirely within the lymph node
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 Assessment of Concordance

Once the lymph node has been sampled, pathology results are considered definitive. 
If insufficient cells are within the sample, a repeat FNA or LCNB can be performed. 
If a lymph node has been sampled and lymphocytes are noted by the cytologist or 
pathologist, either a negative or positive biopsy result should be considered 
concordant.

 Response to Neoadjuvant Chemotherapy

NACT response in a lymph node is especially relevant given the results of the pro-
spective trials ACOSOG Z1071, SENTINA, and SN FNAC. Initially, the ACOSOG 
Z0011 and the AMAROS trials revealed that limiting the extent of axillary surgery 
in patients with cT1-T2N0 disease undergoing upfront surgery and found to have 
low-volume nodal disease (up to two positive sentinel nodes) led to similar overall 
survival and disease-free survival as more extensive surgery [29–31]. Understandably, 
these critically important data are not applicable to the neoadjuvant setting. As such, 
the ACOSOG Z1071 and SENTINA trials evaluated axillary management in patients 
with larger primary tumors up to T4 and nodal disease up to cN2 who received NAC 
[32–34]. Although the initial false-negative rates (FNR) with SLNB were 12.6% in 
Z1071, the FNR safety threshold of 10% determining that SLNB is appropriate for 
axillary staging was met in subset analyses. Safety thresholds were met when three 
or more sentinel nodes were retrieved, both radiotracer and blue dye were used 
intraoperatively to detect the sentinel nodes, and when initially sampled, biopsy 
proven to be positive at diagnosis node was retrieved in addition to or as part of the 
three or more sentinel nodes [34]. Since one method to obtain the 10% safety thresh-
old includes removal of the biopsy-proven metastatic lymph node, known as tar-
geted axillary dissection (TAD) [32–37], axillary US evaluation after NACT is often 
performed [38].

Fig. 4.10 Ultrasound- 
guided fine needle 
aspiration. A 57-year-old 
woman with history of 
metastatic non-small cell 
lung cancer with enlarged 
right axillary lymph nodes. 
Right axillary fine needle 
aspiration with a 20-gauge 
needle attached to a 5-cc 
syringe was performed. 
The needle was kept 
parallel to the chest wall
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Upon receiving NACT, the patient’s axillary lymph nodes may result in progres-
sion, stability, partial response, or complete response. Axillary lymph nodes that 
have increased in size or cortical thickness and have loss of their fatty hilum are 
considered to have progressed, no change is considered stable, and decrease in size 
is considered partial response (Fig. 4.11). Complete response is normalization of 
the lymph node with a cortical thickness <3 mm, reniform shape, and normal fatty 
hilum or the absence of the lymph node entirely (Fig. 4.12).

The use of TAD has become mainstream at some institutions. Diagnostic evalu-
ation of abnormal axillary lymph nodes requires documentation of location, depth, 
and number. At the time of lymph node sampling, a high US visibility biopsy marker 
is placed within the sampled lymph node. After NACT, axillary US is performed to 
determine response. In radiographic partial or complete response, the sampled 
lymph node may be difficult to detect, but the clip is often still visible. Localization 
of the sampled node and/or associated clip is performed prior to surgery. Selective 
removal of the sampled node along with at least three sentinel nodes has reduced the 
FNR to 7% [36]. In addition, the sampled node is often not the sentinel node in 23% 
of cases [36], so its direct removal is important. NCCN guidelines note that SLNB 
may be performed if only one or two sentinel lymph nodes or the clip-containing 
lymph node does not have metastasis [8].

 Localization

The decision to perform TAD with the clipping of lymph nodes is institution- 
dependent. Many institutions prefer mapping with dual tracer and blue dye and 
retrieving three or more sentinel nodes at the time of surgery, which together 
achieves an FNR of 9.1% [34]. These institutions prefer not to clip the axillary 
lymph node. If the institution uses the TAD method, the radiologist localizes the 
biopsy-proven-positive, clipped axillary lymph node prior to surgery.

Similar to localization of the primary breast malignancy, axillary lymph nodes 
may be localized by a variety of methods. Given the far superior and lateral location 
of the axilla, US-guided localization is preferred. The localizing device should be 
placed within the nodal cortex, which acts as an anchor.

Traditionally, localization was performed with a wire [39]. A preloaded needle 
introducer and wire anchor was first implemented in the mid-1970s [40]. The wire 
ranges in length from 3 to 15 cm [40]. It is placed within the lymph node, with the 
2-cm-thick reinforced segment through the cortex and the tip just beyond the target. 
Care to avoid axillary vasculature is paramount. Limitations of the wire include 
compromised cosmesis and extent of surgical dissection because the surgeon may 
need to dissect along the wire tract in order to retrieve the wire in its entirety and 
coordinating of the localization procedure to the day of surgery as is typically the 
practice in the USA [40]. Technical difficulties may occur related to its axillary 
location.
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Fig. 4.11 Radiographic partial response after neoadjuvant chemotherapy. A 48-year-old woman 
with left invasive ductal carcinoma and axillary lymph node metastasis. (a) Left MLO view dem-
onstrates multiple high-density, enlarged axillary lymph nodes with no fatty hilum, one of which 
was sampled, as indicated by a Tumark Q biopsy marker (arrow). A high-density asymmetry con-
taining a cork marker is the primary tumor (arrowhead). (b) After 4 months of neoadjuvant chemo-
therapy, left MLO view shows that the lymph nodes remain prominent but have decreased in size. 
A radioseed is now within the sampled and clipped abnormal node in anticipation of surgery 
(arrow). The cancer has also decreased in size and density (arrowhead). (c) Left axillary ultrasound 
demonstrates an oval, hypoechoic abnormal lymph node with complete replacement of its fatty 
hilum. Cortical thickness measures 1.9 cm. An echogenic biopsy marker is present within the node. 
(d) After 4  months of neoadjuvant chemotherapy, the axillary lymph node remains abnormal, 
although its size has decreased and its reniform contour is better visualized. Cortical thickness now 
measures 0.6 cm. Upon sentinel lymph node biopsy, this clipped and radioseed-localized node was 
a sentinel lymph node and pathologically negative for metastasis
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Newer, non-wire methods allow for uncoupling of the localization procedure and 
surgical date to improve workflow. However, repositioning cannot be performed, 
and none of these techniques are MRI-compatible.

Radioseeds were first reported as a localization technique in 1999 [40]. A radio-
seed is a 5-mm oblong titanium capsule containing a tungsten rod coated with I-125 
[0.075–0.3 mCi], which has a long half-life of 59 days [40, 41]. The radioseed is 
manually placed or comes in a preloaded needle sheath that is occluded by bone 
wax [40]. The radiologist guides the radioseed to the desired location, directly in the 
axillary lymph node cortex or at the clip (Fig. 4.13). The radioseed is then deployed 
by advancing a stilette and extruding the seed. Radioseed use is overseen by the 
Nuclear Regulatory Commission, which requires radioseed placement within 
5–7 days of surgery [40, 42]. Limitations include the requirement of authorized user 
status for the radiologist and careful tracking of the radioseed from acquisition, 
deployment, surgical excision, storage, and disposal [40, 42]. In the operating room, 
the radioseed is detected using a gamma probe set for I-125.

The SAVI SCOUT® is an alternative method first used in 2016 utilizing non- 
radioactive micro-impulse radar localization (Fig. 4.14). A preloaded 12-mm reflec-
tor composed of an infrared light receptor, resistor switch, and two antennae is 
deployed through a needle sheath directly through the target. Limitations include 
limited ability to reposition, inability to place deeper than a 6-cm limit of detection, 
nickel composition with concerns for nickel allergy, and issues with detection if 
older lights emit infrared radiation [40]. A handpiece and console system emits 
pulses of infrared light and radar wave signal, receiving signals from the reflect to 
provide localization to the surgeon [40, 43, 44].

Magnetic tracers such as Magseed® have also been approved for localization 
since 2016. A 5-mm stainless steel implantable seed containing a magnetic iron 
alloy can be placed up to 30 days before surgery [40, 45]. A needle sheath contain-
ing the Magseed® is used for deploying the tracer. The detector probe magnetizes 
the iron and detects its magnetization in the operating room.

a b

Fig. 4.12 Radiographic complete response after neoadjuvant chemotherapy. A 46-year-old 
woman with right invasive ductal carcinoma and axillary lymph node metastasis. (a) Right axillary 
ultrasound demonstrates an oval, hypoechoic abnormal lymph node with complete replacement of 
its fatty hilum. Cortical thickness measures 0.8 cm. An echogenic biopsy marker is present within 
the node. (b) After 6 months of neoadjuvant chemotherapy, the lymph node is no longer visualized 
and only the echogenic biopsy marker is present (arrow)
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Axillary lymph node tattooing is not yet widely used, but is currently being stud-
ied. At the time of sampling, either activated charcoal (Charcotrace™) or non-India 
ink (Spot™) tattooing can be placed on the surface of the sampled lymph node 
cortex [46–49]. A tuberculin syringe with ranges of 0.1–1.0 mL of ink placed has 
been reported [47, 49, 50]. Minimal risks, including ink migration to an adjacent 
lymph node and surrounding vessels, have been reported [46, 48].

Finally, radiofrequency identification tags measure up to 12 mm and allow for 
unique identification of multiple lesions in the same breast [40]. Its detector probe 
system is yet to be FDA-approved for operating room use. This cannot be used in 
patients with cardiac devices.

a c

d e

b

Fig. 4.13 Radioseed localization. A 49-year-old woman with right invasive ductal carcinoma and 
axillary lymph node metastasis. (a) Right MLO view demonstrates an upper breast posterior depth 
tumor (arrowhead) containing a ribbon marker and morphologically abnormal axillary lymph node 
(arrow) containing an open coil marker. (b) After 4 months of neoadjuvant chemotherapy, right 
ML view demonstrates that the tumor (arrowhead) and lymph node (arrow) have decreased in size. 
A radioseed is within the cortex next to the open coil marker. Right axillary ultrasound demon-
strates radioseed placement: (c) An axillary lymph node containing an echogenic biopsy marker is 
noted. (d) A needle sheath containing the radioseed is placed within the cortex of the lymph node. 
(e) The radioseed (arrow) has now been deployed with the lymph node
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 Conclusion

Imaging and imaging-guided procedures define axillary lymph node status prior to 
definitive surgical resection. The presence of axillary lymph node metastasis has 
implications for neoadjuvant treatment, overall management, and prognosis of the 
patient’s breast cancer. Although lymph nodes present on mammography and MRI 

a b

c

Fig. 4.14 SAVI SCOUT® localization. A 47-year-old woman with right multifocal breast cancer. 
(a) Right MLO view demonstrates an upper breast middle depth top-hat biopsy marker at the site 
of invasive ductal carcinoma and a lower breast posterior depth hourglass marker at the site of 
invasive lobular carcinoma. A retroareolar breast cork marker notes the site of a complex scleros-
ing lesion. A SAVI SCOUT® (arrow) is present within an axillary lymph node that was sampled 
positive for metastases. (b) Right axillary ultrasound demonstrates an abnormal lymph node with 
a thickened cortex. The echogenic linear structure corresponds to the SAVI SCOUT® (arrow). (c) 
A magnified specimen radiograph after surgery shows the high-density lymph node and SAVI 
SCOUT® with its two antennae in more detail
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may have features that suggest malignancy, ultrasound is the most accurate imaging 
modality to evaluate the axilla. Ultrasound should be performed any time there is 
suspicion for axillary lymph node involvement. If suspicious cortical morphologic 
features (round shape, cortical thickening greater than or equal to 3 mm, focal or 
eccentric cortical bulging, loss of hyperechoic hilum, and non-hilar color Doppler 
blood flow) are present, ultrasound-guided fine needle aspiration or large core nee-
dle biopsy should be performed.

In the neoadjuvant setting, breast cancer patients with nodal disease up to cN2 
who have partial or complete imaging response will undergo sentinel lymph node 
biopsy. Some institutions prefer the use of dual radiotracer and blue dye with 
retrieval of three or more sentinel nodes at the time of surgery to achieve an accept-
able false-negative rate. Other institutions prefer targeted axillary dissection, which 
includes sentinel lymph node biopsy with specific retrieval of the sampled lymph 
node that is clipped at the time of biopsy and localized prior to surgery. Placement 
of a high-ultrasound visible clip within the nodal cortex is preferred. Multiple local-
ization methods exist. The traditional wire and non-wire radioseed and SAVI 
SCOUT® methods have become mainstream for localization of the sampled node, 
each with its own pros and cons of use. Magseed®, axillary lymph node tattooing, 
and radiofrequency identification tags are still being researched for widespread use 
in the axilla as alternative means of localization.
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Chapter 5
Guidelines for Imaging During 
Neoadjuvant Systemic Therapy

Uzma Waheed and John W. Hall IV

 Introduction

Neoadjuvant systemic therapy (NST) is frequently utilized in the management of 
breast malignancies. Presurgical cytotoxic therapy for locally advanced breast can-
cer and/or based on tumor subtype may allow for breast conserving or less invasive 
surgery upon completion. Specifically, HER2-positive and triple-negative (TN) 
malignancies often benefit from neoadjuvant treatment in the short and long term, 
while luminal B cancers show less benefit [1]. Attainment of pathologic complete 
response (pCR) is more frequent in HER2-positive and TN malignancies and is 
associated with an improved long-term survival [2]. An additional benefit is poten-
tial axillary downstaging to reduce axillary surgical extent. Imaging is superior to 
clinical exam alone and an important adjunct for assessing response for  surgical 
planning following NST [3, 4].

 Mammography

Digital mammography (DM) is the standard of care in initial screening and diagnos-
tic evaluation to ascertain the extent of breast carcinoma prior to the initiation of 
neoadjuvant systemic therapy. More recently, with the advent of digital breast 
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tomosynthesis (DBT), the ability to assess tumoral characteristics pre- and post- 
treatment has improved. Still, mammography is often combined with ultrasonogra-
phy and magnetic resonance imaging (MRI) to improve the accuracy of evaluation 
of tumor size and extent [3]. The extent to which DM should be utilized for assess-
ment of NST response should consider the initial characteristics of the tumor and be 
combined with other imaging modalities to improve accuracy of residual disease 
assessment.

The goals of pre-treatment imaging assessment of the affected breast include initial 
assessment of tumor size, extent, and to evaluate for axillary involvement. Conventional 
diagnostic mammography includes full-field craniocaudal (CC)  and mediolateral 
oblique (MLO) views ideally with digital breast tomosynthesis (DBT) when available 
[5]. DBT aids detection of potential malignancy from overlapping normal fibroglan-
dular tissue. It is technically similar in acquisition to DM with negligible additional 
radiation exposure that falls within Mammography Quality Standards Act (MQSA) 
dose limits. Mammography has been shown to be more accurate in the evaluation of 
invasive ductal carcinoma and low-grade malignancies (sensitivity of 81% for IDC), 
likely relating to their preponderance to manifest as more discrete masses which can 
be bidirectionally measured (case 2, Fig. 5.7). Mammographic accuracy for the evalu-
ation of invasive lobular carcinomas and higher-grade malignancies is substantially 
lower (sensitivity 34% for ILC), related to the more frequent absence of a discrete 
mass and the infiltrative nature of lobular malignancies [3, 6] (case 3, Fig. 5.12 and 
case 5, Fig. 5.25). Mammographic sensitivity for detection of tumor and extent prior 
to systemic neoadjuvant therapy also significantly decreases with increasing breast 
density, reported to be as low as 45% in extremely dense breasts [6].

Following initial assessment, tissue sampling with core needle biopsy (CNB) is 
performed with biopsy marker (clip) localization. Mammography is the preferred 
imaging modality to assess biopsy marker positioning before initiating NST 
and may also be  appropriate surgical localization following NST (case 6, Fig. 5.36). 
This is a helpful pre-treatment consideration as tumor size and characteristics may 
significantly change throughout the course of neoadjuvant systemic therapy [5]. 
Rarely, it may be appropriate to repeat biopsy clip placement within malignancy 
during therapy as tumor size decreases and if breast-conserving surgery is planned.

The timing of imaging utilization to assess response NST varies between institu-
tions and may require tailoring to specific molecular subtype [5]. Initial pre treat-
ment clinical and image guided staging and final staging following completion of NST 
are standard. Ongoing  clinical  exam features help guide the frequency of imaging 
evaluation to assess therapeutic response. Clinically occult malignancy and those 
patients with dense or complicated tissue patterns may require more frequent imaging 
follow-up. Imaging following completion of NST will guide surgical management. 

Following the completion of neoadjuvant systemic therapy, the same imaging 
modalities and protocols should be performed to assess treatment response and ade-
quately compare to initial disease extent (case 6, Fig. 5.34). The ability of conven-
tional digital mammography to accurately assess changes in tumor size and extent is 
variable and dependent on the initial mammographic appearance. However, limita-
tions exist secondary to the presence of necrosis and treatment related fibrosis, which 
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make it challenging to distinguish residual tumor from post-treatment change [3] 
(case 1). In fact, this accounts for the wide range of variability in the accuracy of 
mammography to predict residual tumor size within 1 cm of the pathologic tumor 
size, ranging from accuracy 32–70% [7, 8]. There is also variability in the ability of 
mammography to predict a pathologic complete response with sensitivity, specific-
ity, PPV, and NPV of 54.2, 86.3, 54.2, and 86.3, respectively [8]. Nonetheless, mam-
mography has been shown to be more sensitive than clinical examination for the 
detection of residual carcinoma (79% vs. 49%, respectively) [4, 9]. As previously 
noted, pre-treatment mammography more accurately predicts residual tumor size 
and extent when assessing breast carcinomas that initially presented as masses 
(defined as at least 50% of the tumor margin visible) as opposed to ill-defined regions 
of architectural distortion or calcification [10]. The addition of digital breast tomo-
synthesis (DBT) has improved detection rates of breast malignancy on mammogram, 
specifically when the malignancy presents as a region of architectural distortion [11].

The presence of malignant calcifications can be a misleading feature on mam-
mography when attempting to define tumoral extent upon completion of 
NST. Multiple studies have shown that new or residual calcifications are not accu-
rate predictors of therapeutic response [12, 13]. Indeed, the presence of new or 
changing calcifications on mammography has been shown to result in overestima-
tion of residual disease in up to 40% of screened patients [3]. Therefore, the pres-
ence, abscence, or change in calcifications should not be used to assess response.

Ductal carcinoma in situ (DCIS) presents a particular challenge for follow-up 
imaging. Most commonly presenting as calcifications (infrequently architectural 
distortion, mass, or asymmetry), the response of DCIS to neoadjuvant systemic 
therapy is inadequately assessed by mammography, with sensitivity reported at 55% 
[6]. Patient with DCIS, alone or concurrent with invasive carcinoma, should be fol-
lowed with more advanced imaging, specifically MRI. Calcifications associated 
with DCIS upon completion of NST should be excised to assess residual disease 
that may be occult on imaging, including MRI. Given the inadequacy of current 
imaging, including MRI, to distinguish residual from treated disease in the setting 
of malignant calcifications, excision of residual calcifications remains important 
(case 6, Figs. 5.31 and 5.34). This further avoids confusion and potentially unneces-
sary biopsies at the time of future post-treatment imaging follow-up where these 
calcifications would be suspicious [13].

 Ultrasonography

Sonographic evaluation of breast carcinomas is a frequent addition to initial mam-
mographic imaging evaluation prior to, during, and following completion of NST. In 
the pre-treatment setting, it allows for better tissue characterization than conven-
tional mammography and often yields the presence of a discrete mass that is more 
accurately sized [8] (case 1, Fig. 5.3 and case 2, Fig. 5.8). However, in the post- 
treatment setting, the ability of ultrasonography to accurately predict residual tumor 
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size within 1 cm of the pathologic tumor size remains suboptimal (correlation coef-
ficient 0.42, accuracy 75%). Over- or underestimating pathologic tumor size seems 
to be equally as likely, probably related to the variable post-treatment appearance of 
the tumor [3, 7, 8]. Similar to mammography, fibrosis and necrosis can confound 
assessment of a residual mass(es) (case 3, Fig. 5.15 and case 6, Figs. 5.35 and 5.36) 
. But studies have demonstrated that residual tumor size is more accurately assessed 
with ultrasound than by conventional mammography, though still lower than the 
accuracy of MRI (accuracy of 79% for ultrasound) [3, 5] (Table 5.1). There is also 
variability in the accuracy of ultrasound in predicting pathologic complete response 
(pCR) with sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value (NPV) of 45.8, 93.8, 68.8, and 85.2, respectively [8]. Therefore, 
ultrasonography is often combined with mammography and/or MRI to increase the 
accuracy of evaluation of both the initial and residual tumor size/extent [3] 
(Table 5.2).

Ultrasound evaluation of biopsy-proven DCIS is often challenging and of limited 
utility. This results from poor sonographic visualization of calcifications, the most 
common imaging manifestation of DCIS. Discrete masses with increased vascular-
ity, more often seen with invasive breast carcinomas, or ductal dilation are infre-
quent in the setting of DCIS. Solitary DCIS would not routinely require staging or 
neoadjuvant treatment.

Ultrasound plays a crucial role in the evaluation of lymph nodes in the axilla. In 
clinically lymph node-negative patients, axillary ultrasound better assesses lymph 
node morphology to identify locally advanced disease (case 4, Fig.  5.19). 
Interrogation with core needle biopsy has been shown to have a higher sensitivity 
(88%) versus fine needle aspiration (74%) to assess for axillary involvement; how-
ever, specificity for both ranges from 99% to 100% [3, 14, 15]. Following the com-
pletion of neoadjuvant systemic therapy, US has only been shown to be 70% 
sensitive for the detection of residual nodal disease [3]. Although ultrasound has 
been shown to be highly sensitive for the detection of metastatic axillary lymph 

Table 5.1 Modality comparison for evaluation of residual disease following NST [3, 4, 8, 59]

Mammography Ultrasonography
DCE- 
MRI

Clinical breast 
exam

Sensitivity 79% 89–90% 86–92% 49%
Specificity 77% 30–33% 60–89% 92%
Accuracy 32–70% 60% (80% when combined with 

mammography)
76–90% 54%

Table 5.2 Modality comparison for evaluation of complete pathologic response [3, 4, 8, 59]

Mammography Ultrasonography DCE-MRI

Sensitivity 54% 46% 76–86%
Specificity 86% 94% 45–49%
Accuracy  ---  --- 74%
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nodes, false-negative FNA/CNB rates are up to 20% for sampling by both FNA and 
CNB [3, 6, 16–18]. Therefore, surgical staging with sentinel lymph node biopsy 
(SLNB) or targeted SLNB remains the standard of care.

Studies are ongoing regarding the necessity for axillary dissection in patients 
with biopsy-proven metastatic adenopathy who respond to neoadjuvant treatment. 
The ACOSOG Z1071 trial found a FNR of 12.6% when two or more sentinel nodes 
were identified at the time of surgery. However, utilization of targeted SLNB (when 
a biopsy marker/clip has been placed in a metastatic lymph node at the time of ini-
tial FNA or CNB and localized prior to surgery) reduced the FNR to 6.8% (when the 
marked lymph node was found to be one of the sentinel lymph nodes) [19].

 Functional Imaging

 Dynamic Contrast-Enhanced Magnetic Resonance Imaging 
(DCE-MRI/MRI)

MRI provides morphologic and cross-sectional distribution information as well as 
secondary physiologic information by way of tumor angiogenesis and enhancement 
kinetic characteristics. In contrast to mammography, MRI sensitivity is not limited 
by breast tissue density [3] (case 5, Figs. 5.27, 5.28, and 5.29). It is the most robust 
modality in evaluation of breast carcinomas prior to, during, and following the com-
pletion of neoadjuvant systemic therapy and, therefore, the recommended imaging 
examination in the pre- and post-neoadjuvant systemic therapy setting according to 
the revised RECIST guidelines [20]. MRI may also be advantageous by showing the 
type of response, homogeneous or heterogenous. In the case of a heterogenous 
response to NST, noncontiguous areas of residual disease seen on MRI that may be 
occult on other modalities potentially altering surgical management (case 5, 
Fig. 5.30). Correlation of treatment response with MRI at pathology is more accu-
rate than mammography, ultrasound, and clinical exam (Table 5.2). A common criti-
cism of MRI is the high false-positive rate which can result in additional biopsies 
prior to initiation of neoadjuvant treatment and/or overestimation of disease at the 
completion of the neoadjuvant chemotherapy. This may be mitigated by greater 
experience in MRI interpretation and image quality as well as patient factors such 
as reduced background parenchymal enhancement (BPE).

Standard imaging protocols with 1.5 T or 3 T magnets, dedicated breast coils, 
and gadolinium-based contrast include axial T1 pre-contrast fat-saturated images 
and axial dynamic post-contrast-enhanced T1 fat-saturated sequences, with 
enhancement as an evaluation of tumor angiogenesis [6]. Fluid-sensitive sequences 
such as T2 and STIR aid interpretation in the pre- and post-treatment settings for 
necrosis and treatment-related fibrosis and improve specificity (case 3, Fig. 5.16). 
Sagittal imaging may aid lesion localization and is commonly performed in the 
delayed post-contrast phase (case 1, Fig. 5.5). Enhancement kinetics, or the manner 
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in which lesions take up the contrast agent, are evaluated on post-processing soft-
ware and should be used as an adjunct to morphology and imaging characteristics 
rather than the primary method of evaluation. Washout enhancement defined as ini-
tial rapid uptake of contrast and early washout is most suspicious but can also be 
seen with benign entities such as lymph nodes. Historically, imaging is recom-
mended in the follicular phase of the menstrual cycle to minimize background 
parenchymal enhancement (BPE); however, this is frequently forgone in the setting 
of staging malignancy to avoid delays in care. In most cases, MRI should be inter-
preted with a recent mammogram for correlation.

A crucial first step for utilization of MRI to assess for tumor response in the 
neoadjuvant setting is to obtain an initial, pre-treatment examination. This estimates 
tumor size and assesses for additional sites of disease, multifocal or multicentric 
carcinoma. MRI is also the best tool for assessment of the pectoralis muscle or chest 
wall invasion and internal mammary lymphadenopathy due to the larger field of 
view (case 2, Fig. 5.10). The extent of axillary lymphadenopathy can also be estab-
lished by MRI in both the pre- and post-treatment settings. The non-affected breast 
is also screened with an incidence of concurrent contralateral breast carcinomas in 
up to 3–4% of women [3, 21, 22]. Several studies have also shown that in up to 11% 
of cases, mammographically occult multicentric disease is found on MRI which 
may alter surgical management in the pre-treatment setting, potentially requiring 
additional biopsies [21, 22] (case 5, Fig. 5.28).

Utilizing MRI for evaluating pre-treatment extent of disease has been shown to 
have high sensitivity, variable specificity, and high accuracy (90–96%, 50–97%, and 
89%, respectively) [3, 21, 23]. One recent meta-analysis across 14 retrospective 
studies showed MRI sensitivity and specificity of 84% and 83%, respectively [24]. 
The variable specificity is a point of concern especially at the initial exam when 
additional indeterminant or suspicious findings may be identified necessitating fur-
ther evaluation with percutaneous biopsy, delaying initiation of NST.  However, 
PPV is particularly high in the setting of invasive lobular carcinomas, where MRI 
has been shown to be more accurate than ultrasonography and mammography in 
determining disease extent (accuracy 83–85%) [3, 25].

Following the completion of NST, MRI is superior for assessment of residual 
tumor compared to mammography and ultrasonography, with sensitivity, specific-
ity, and accuracy ranging from 86–92%, 60–89%, and 76–90%, respectively [3] 
(Table 5.2). Variability in the sensitivity, specificity, and accuracy of MRI in deter-
mining residual tumor is highly dependent on the pre-treatment tumor characteris-
tics and tumor subtypes. Discrepancy between imaging assessment of residual 
disease and pathologic extent is highest for estrogen receptor (ER)-positive breast 
cancers, cancers of low nuclear grade, and those presenting with diffuse non-mass 
enhancement [4, 23, 26]. In contrast, MRI is highly accurate in estimating residual 
tumor size  – within 0.1  cm of pathologic size  – in triple-negative and HER2-
positive subtypes [27]. Further, HER2-positive subtypes, regardless of the hor-
mone receptor status, show the best correlation of post-NST MRI with surgical 
pathology results (Table 5.3). Recent trials have shown better correlation between 
tumor size on DCE-MRI compared to pathologic tumor size when volumetric 
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measurements are utilized (as opposed to uni- or bidirectional measurements) [28–
30]. Another study showed measurement of longest tumor dimension by MRI was 
more accurate than mammogram and clinical exam in assessing residual tumor 
size [31].

There are no current recommendations for imaging following an excisional 
biopsy or lumpectomy with positive margins. However, there have been studies 
demonstrating the efficacy of DCE-MRI in assessing residual disease with sensitiv-
ity of up to 79.9% and specificity between 75% and 90.5% [32]. The higher speci-
ficities were achieved approximately 30  days following excisional biopsy/
lumpectomy to allow post-surgical changes that may mimic residual carcinoma to 
subside [33]. Nonetheless, the variable appearance of the post-surgical breast limits 
the accuracy of MRI to evaluate residual disease extent in the setting of positive 
surgical margins.

Evaluation of the axilla, both pre- and post-treatment, utilizing MRI delineates 
the extent of axillary nodal disease including levels I, II, and potentially level III 
lymph nodes. However, detection of residual nodal disease following completion of 
neoadjuvant systemic therapy has shown a sensitivity range of 51–61% with a NPV 
of 83%. In contrast, ultrasonography has shown slightly  greater sensitivity of 
69.8% for detection of residual nodal disease [3, 4, 34, 35]. Therefore, US evalua-
tion and US-guided axillary CNB/FNA remain useful. And Surgical interrogation 
of the axilla should not be omitted because of a negative ultrasound or MRI 
examination.

DCIS presents a challenge in both the pre- and post-treatment settings on 
MRI. DCE-MRI has been shown to be more sensitive than both ultrasonography 
and mammography for the initial detection of DCIS (sensitivity 89%) [6, 36]. While 
MRI is sensitive for the detection of residual DCIS following completion of neoad-
juvant systemic therapy, the specificity remains low (sensitivity 93%, specificity 
35%) [37]. This especially creates a challenge when invasive cancers coexist with 
DCIS. DCIS can present with regions of persistent enhancement, above the normal 
background enhancement of the glandular tissue, which can yield an overestimation 
of true residual invasive tumor size [6, 31, 37]. But, residual DCIS may be present 
without abnormal enhancement on MRI, as previously discussed [13] (case 6, 
Fig. 5.34).

Final considerations include contraindications and relative contraindications to MRI 
most commonly including renal failure/insufficiency, severe gadolinium contrast allergy, 
pacemakers, claustrophobia, and pregnancy. Non-severe gadolinium contrast allergies 

Table 5.3 MRI for predicting complete pathologic response following NST based on tumor 
subtype [59]

Sensitivity Specificity Accuracy

HR+/HER2− 86% 45% 80%
HR−/HER2+ 83% 47% 69%
HR+/HER2+ 77% 49% 70%
TN 81% 49% 69%
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are a relative contradiction with premedication protocols that should be based on institu-
tional and American College of Radiology (ACR) guidelines. As always, there should be 
a risk-benefit assessment in such patients, including those who are pregnant. While no 
controlled studies have been performed in pregnant women, no known adverse effects 
have been reported in clinical settings of gadolinium administration in pregnant women. 
The risk of breakthrough reactions in patients premedicated for non-severe contrast reac-
tions are rare. Contrast should never be administered in patients who have experienced 
severe allergic reactions, including anaphylaxis.

 Contrast-Enhanced Digital Mammography (CEM/CEDM)

Contrast-enhanced digital mammography (CEM/CEDM) is an FDA-approved, prom-
ising emerging technology that rivals MRI in sensitivity and specificity. Like MRI, 
CEM utilizes a neovascular approach to the detection of malignant angiogenesis. The 
examination is a dual energy technique performed following administration of iodin-
ated contrast media (same as that used for computed tomography) with standard cranio-
caudal (CC) and mediolateral oblique (MLO) of both breasts subsequently obtained in 
two separate acquisitions above (“high energy”) and below (“low energy”) the k-edge 
of iodine. “Low-energy” mammogram or mammogram with tomosynethsis is identical 
to a routine mammogram view. The high energy images are not interpretated but rater 
used to create  recombined or subtraction images used for interpretation.  CEM 
Intrepretation  includes assessment of BPE, as with MRI. For the patient, the exam 
acquisition is similar to a screening mammogram except for iodinated contrast admin-
istration and negligible additional radiation as a result of the dual energy technique with 
two  x-ray exposures. Currently, no BI-RADS® lexicon exists for this modality 
though use of a hybrid mammography and MRI lexicons has been validated [38, 39].

Practically, CEM may be advantageous compared to MRI due to the lower cost 
in implementation and performance. It can be performed by trained mammography 
technologists following a vendor-specific upgrade to mammography units and 
therefore more accessible across practice settings and in rural communities. CEM 
may also be of benefit for patients when MRI is contraindicated (renal disease, pace-
maker, metallic implants) or poorly tolerated (inability to lie prone, claustrophobia). 
The primary disadvantages compared to MRI are the use of ionizing radiation, lim-
ited field of view in imaging the chest wall, internal mammary chain, and axilla, as 
well as the lack of a widely available CEM-guided biopsy technique. Also in dis-
tinction from MRI, enhancement kinetics are not available for CEM because imag-
ing is performed only at a single time point for each view.

Multiple studies have shown CEM efficacy is similar to MRI in tumor detection, 
tumor extent and size, and detection of additional lesions in the preoperative setting 
[40–42]. Sensitivity ranged between 96–100% and 96–98% for CEM and MRI, 
respectively, with fewer false positives as compared with MRI and correlation with 
postoperative tumor size [40, 41]. Assessment of residual disease following NST is 
also comparable to MRI and within 1 cm of tumor size by pathology [43–45]. In the 
setting of assessing response to NST, sensitivity and specificity ranges include 
76–84% and 87.5–100% for CEM and 87–92% and 60–75% for MRI with similar 

U. Waheed and J. W. Hall IV



93

PPV [44, 45]. These highlight the higher specificity of CEM, another potential ben-
efit over MRI which is often critiqued due to variable specificity. However, ongoing 
study is needed.  Though CEM biopsy technology is not yet available, two industry 
leaders have received premarket FDA 510 k clearance, suggesting wide release in 
the United States is forthcoming.

 Molecular Imaging

Molecular imaging may be utilized prior to the initiation of neoadjuvant systemic 
therapy in staging for distant metastasis. According to the National Comprehensive 
Cancer Network (NCCN) guidelines, molecular imaging for evaluation of distant 
metastases should be considered in patients with signs or symptoms concerning for 
metastatic disease (i.e., bone pain, elevated alkaline phosphatase, abnormal liver 
functions tests, or abdominal symptoms) [46].

The most common molecular imaging technique is fluorine-18 fluorodeoxy-
glucose positron emission tomography (18F-FDG PET), which capitalizes on 
tumor hypermetabolism of glucose and is performed in conjunction with CT for 
anatomic detail (case 4, Fig. 5.22). The degree of increased metabolism is quanti-
fied by a standard uptake value (SUV), with higher values corresponding to 
increased metabolic activity. The primary benefit of molecular imaging with 18F-
FDG PET is in evaluation of distant metastatic disease. Although recent studies 
have suggested that decreases in the standardized uptake value (SUV) of invasive 
breast cancers correlate with pathologic response following the completion of 
neoadjuvant systemic therapy (sensitivity 84%, specificity 66%, PPV 50%, NPV 
91%), the role of molecular imaging for evaluation of residual breast carcinoma 
remains inadequate [47–49]. This is due to the technical limitation of 18F-FDG 
PET imaging to detect sub -centimeter lesions with lower spatial resolution as 
compared to other modalities such as MRI. This also holds true for evaluation of 
the axilla following neoadjuvant therapy, where 18F-FDG PET has only been 
shown to be 63.2% sensitive for the detection of residual nodal disease (compared 
to 69.8% with ultrasonography) [3]. However, 18F-FDG PET shows very high 
sensitivity and specificity for detection of distant metastases (100% and 96%, 
respectively) [48, 49].

The current NCCN guidelines recommend evaluation with molecular imaging 
when clinical signs and/or symptoms raise concern for metastatic disease. A few 
examples provided include bone pain, elevated alkaline phosphatase, elevated liver 
functions tests, or abdominal pain. Their current recommendations include the use 
of computed tomography of the chest, abdomen, and pelvis (CT CAP) along with 
whole body Tc-99m bone scintigraphy to evaluate for both visceral and bony metas-
tases [46, 50] (case 6, Fig. 5.33). Specifically in the case of bony metastases, the 
sensitivities of these range from 71–100%, 96%, and 62–100%, respectively [50, 
51]. The NCCN guidelines state that 18F-FDG PET is optional in evaluation for 
distant metastases and could be considered for equivocal results seen on either CT 
CAP or bone scintigraphy [46]. 18F FDG-PET has been shown in multiple studies 
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to have a higher specificity for bony metastases than bone scintigraphy alone 
(96–100% vs. 78–100%) [51].

In the neoadjuvant setting, NCCN guidelines recommend the use of CT CAP or 
bone scintigraphy; however, the frequency of monitoring is not defined and the flare 
phenomenon (temporarily increased metabolic activity in treated metastases) may 
confound interpretation. Again, NCCN guidelines list 18F-FDG PET as an optional 
imaging examination to evaluate treatment response citing the lack of reproducibil-
ity in determining standards for disease response [46].

Positron emission mammography (PEM) received FDA approval in 2003 com-
bining the ability to detect hypermetabolic foci within the breast utilizing 18F-FDG, 
with overall increased spatial resolution when compared to conventional, whole- 
body 18F-FDG PET. Although not in routine clinical use, PEM has been shown to 
be more specific than MRI for the detection of pathologic disease extent (80% with 
PEM vs. 66% with MRI) but with a lower sensitivity (41% with PEM vs. 53% with 
MRI) [52].

Molecular breast imaging (MBI) and breast-specific gamma imaging (BGSI) are 
usually performed after IV injection of 99mTc-sestamibi. Imaging is performed 
with the patient seated and acquisition time is approximately 10 minutes per view, 
for a total of 40 minutes to complete routine craniocaudal (CC) and mediolateral 
oblique (MLO) views of both breasts. Like CEM and MRI, normal background 
parenchymal uptake is characterized. Breast cancer detection with BSGI varies 
between 69 and 96% with a specificity range of 71–80% [53–55]. Detection of 
malignancy with MBI is similar to MRI and CEM [56]. However MRI is more sen-
sitive than BGSI for detection of DCIS with and without calcifications [54]. At least 
one study shows specificity in determining a complete treatment response was 
greater with BGSI than with MRI (90% vs. 60%) [57]. As with MRI and CEM and 
in contrast to mammography, sensitivity of MBI/BGSI is not influenced by breast 
tissue density. However, sensitivity does decrease with decreasing lesion size, par-
ticularly when size is smaller than 1 cm. MBI and BGSI are not routinely recom-
mended for detection of breast carcinoma or evaluation for residual tumor following 
neoadjuvant therapy. This is due to the lower sensitivity when compared with MRI 
for the diagnosis of sub-centimeter cancers (sensitivity 84%) [58]. However, it may 
be considered in patients for whom MRI is contraindicated, such as those with a 
severe gadolinium contrast allergy or MR unsafe implantable devices.

 Conclusion

Determination of the appropriate imaging modalities to assess extent of disease and 
monitor response to neoadjuvant systemic therapy should be based on tumor size, 
subtype, and the patient’s clinical history with multidisciplinary consideration. 
Accurate assessment of residual tumor with imaging aids selection of the best surgi-
cal approach to avoid positive margins, re-excisions, or unnecessary total mastec-
tomy. While standard imaging with tomosynthesis mammogram and ultrasound are 
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necessary, they may underestimate disease extent or overestimate residual disease, 
especially in patients with dense breasts and those with lobular subtypes. There is 
strong, consistent evidence to support the routine use of MRI to characterize disease 
extent, evaluate for contralateral breast disease, and assess therapeutic response fol-
lowing completion of NST. The degree of therapeutic response as characterized by 
imaging with MRI versus pCR varies by tumor subtype and is most reliable with TN 
and HER2-positive subtypes. However, lack of MRI enhancement in the setting of 
DCIS should not preclude excision of malignant calcifications due to insufficient 
evidence to accurately predict the presence or absence of residual disease.

Molecular imaging with 18F-FDG PET or CT combined with bone scan may be 
used to evaluate for distant disease when clinically indicated. PET/CT is not recom-
mended as the primary modality to assess response to NST in patients with primary 
breast carcinoma due to the lower spatial resolution as compared to MRI. While 
several modalities (CEM/MBI) show sensitivity and specificity comparable to MRI 
in disease detection and assessment of response, more research is needed and wide-
spread utilization remains limited for a variety of reasons including access, time, 
and lack of concurrent biopsy technology. However, these modalities may prove to 
be reasonable alternative in patient for whom MRI is contraindicated.

Axillary staging with ultrasound and ultrasound-guided FNA/CNB is sensitive 
and specific for the detection of metastatic lymphadenopathy. MRI and cross- 
sectional imaging better demonstrate the extent of axillary nodal disease including 
levels I-III  and subsequent extent of nodal response to NST.  However, sentinel 
lymph node sampling remains the gold standard due to the insufficiently high false- 
negative biopsy rates on FNA/CNB.

Case 1
This is a 66-year-old woman with a round and irregular masses and suspicious cal-
cifications in the right breast identified on screening mammography (Figs. 5.1 and 
5.2). Ultrasound (US) and US-guided core needle biopsy (CNB) revealed two sites 
of triple-positive invasive ductal carcinoma (IDC), 8:00 and 9:00 with high Ki-67, 
between 75 and 90% (Fig. 5.3). Axillary ultrasound revealed an abnormal round 
level 1 lymph node, CNB-proven metastatic (Fig. 5.4). MRI better delineates the 
extent of in-breast including non-mass enhancement between the sites of US CNB- 
proven malignancy and axillary nodal disease including level 2 lymphadenopathy 
(Figs. 5.5 and 5.6). She completed HER2-based chemotherapy.

Case 2
This is a 47-year-old woman with screen-detected right breast triple-negative (TN) 
IDC, Ki-67 75% (Fig. 5.7). US better delineates the irregular margins of the mass 
(Fig. 5.8), and MRI showed abnormal internal mammary chain and intramammary 
lymphadenopathy (Figs. 5.9 and 5.10) She underwent NST with four cycles of A/C 
followed by platinum and Taxol with an incomplete response (Fig. 5.11). Breast 
conservation therapy (BCT) revealed 1.2 cm residual mass within 2.5 cm fibrous 
tumor bed. One of four lymph nodes were positive for metastatic carcinoma on 
sentinel lymph node biopsy (SLNB), and one lymph node showed focal therapy 
changes. She received adjuvant radiation (XRT) and Xeloda.
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Case 3
This is a 49-year-old woman with self-detected invasive lobular cancer (ILC) and 
lobular carcinoma in situ (LCIS) ER/PR-positive, HER2-negative, Ki-67 10%. NST 
with ACT (Adriamycin, Cytoxan, followed by Taxol). DM revealed a heteroge-
neously dense breast tissue with a spiculated mass in the upper outer quadrant of the 

Fig. 5.1 Craniocaudal (CC, left) and mediolateral oblique (MLO, center), and 1 mm tomosynthe-
sis slice MLO (right) views of the right breast. Heterogeneously dense breast tissue. Round (arrow) 
and irregular (open arrow) masses in the right breast identified on screening mammography. 
Tomosynthesis better demonstrates the indistinct and irregular margins of the respective masses. 
Abnormal axillary lymph node with round morphology (curved arrow)

Fig. 5.2 Medial-lateral (ML, left) and CC (right) magnification views of the right breast. Grouped 
heterogeneous calcifications (arrow)
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left breast (Fig. 5.12). Ultrasound showed a hypoechoic mass with poorly defined 
margins (Fig.  5.13). MRI revealed a  much  larger area of contiguous non mass 
enhancement and extent of disease spanning at least 7 cm (Fig. 5.14). Following 
NST, focal residual disease was identified on MRI (Fig. 5.15) though not definitive 
on US (Fig. 5.16). Segmental mastectomy (SM) showed residual ILC NG II, present 
as single tumor cells (up to 1 mm) over 3.6 cm area of fibrotic (treated) tissue. She 
underwent total mastectomy (TM) due to multiple positive margins which showed 
5 mm of classic type ILC as well as classic type LCIS and atypical lobular hyper-
plasia (ALH). 1/3 positive nodes on sentinel lymph node biopsy (SLNB) without 
extracapsular extension (9.5 mm focus.) RCB (residual cancer burden) II.

Fig. 5.3 Grayscale ultrasound (US). Irregular hypoechoic mass with an echogenic rim (open 
arrow) and partial posterior acoustic shadowing (arrow). US CNB revealed triple-positive IDC, 
Ki-67 90%

Fig. 5.4 Grayscale US. Abnormal right axillary lymph node (arrow) including a round morphol-
ogy and absent central fatty hilum
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Case 4
This is a 39-year-old woman self-detected TN IDC in the right breast, Ki-67 45%. 
DM showed an irregular mass with calcifications corresponding to the area of con-
cern (Fig.  5.17). US showed a poorly defined hypoechoic shadowing mass 
(Fig.  5.18), while MRI showed extensive disease involving the upper outer and 
upper inner breast (Figs. 5.19 and 5.20). US CNB of an abnormal right axillary 
lymph node was positive for metastatic carcinoma (Fig. 5.21). PET/CT confirmed 
locally advanced malignancy without distant metastatic disease (Fig. 5.22). Genetic 
testing revealed a pathogenic BRCA1 mutation. The patient completed AC × 4 and 

Fig. 5.5 Sagittal T1 delayed post-contrast fat saturation (FS) images (top right and left) and axial 
maximum intensity projection (MIP, bottom). Irregular enhancing mass (arrow) and round enhanc-
ing mass (open arrow) with intervening contiguous non-mass enhancement (NME) extending to 
the nipple (curved arrows)
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Taxol and carboplatin NST with a complete imaging response on MRI (Fig. 5.23). 
Axillary ultrasound showed treatment response within the proven metastatic lymph 
node (Fig.  5.24). Due to the pathogenic BRCA1 mutation, she underwent skin- 
sparing total mastectomy (TM). Right breast TM showed residual IDC, few single 
cells, and clusters of tumors, <0.1 cm in one portion of fibrotic bed. DCIS NG 3, 
solid type. Lymphovascular invasion (LVI) was identified. 2/3 positive nodes on 

Fig. 5.6 Axial T1 fat saturation (top) and axial post-contrast kinetic overlay images (bottom). 
Irregular (arrow) and round enhancing (open arrow) masses with washout kinetics (red) and inter-
vening abnormal NME with mixed kinetics (curved arrow)
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Fig. 5.7 MLO (left) and CC (right) views of the right breast. Scattered fibroglandular breast tissue 
density. Irregular mass with indistinct margins (arrow) in the upper outer right breast

Fig. 5.8 Grayscale US, same patient. Irregular hypoechoic mass with associated vascularity cor-
responding to the irregular mammographic mass
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Fig. 5.9 Axial T1 post-contrast subtraction. Irregular enhancing mass corresponding to proven 
malignancy (arrow)

Fig. 5.10 Axial T1 post-contrast fat saturation MRI. Abnormally enlarged right internal mam-
mary chain lymph node (arrow) in the same patient with TN right breast IDC in the upper outer 
quadrant. Abnormal intramammary lymph nodes are also present (curved arrow)
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SLNB and she underwent axillary dissection (AD) with 7/10 positive lymph node 
with therapy changes; the largest metastatic lymph node focus was 6 mm. RCB II.

Case 5
This is a 51-year-old woman with right breast 9:00 ILC, ER positive, PR negative, 
HER2+ Ki-67 5%. At the time of her screening mammogram, she underwent screen-
ing US as part of a research study. DM with tomosynthesis failed to demonstrate a 
discrete abnormality (Fig.  5.25), while US showed a vague hypoechoic area of 
shadowing (Fig. 5.26) which underwent US CNB. MRI demonstrates a 5 cm extent 
of asymmetric NME (Fig. 5.27) corresponding to disease extent. Even in retrospect, 
a mammographic abnormality was not identified corresponding to the US or MRI 
findings. At the time of initial MRI, bilateral axillary lymphadenopathy and an 
enhancing mass with contiguous NME were identified in the contralateral left breast 
at the 6:00 position (Fig. 5.28); MRI-guided CNB revealed classic type ILC, ER 
positive, PR weakly positive, HER2 amplified by FISH, and nuclear grade 2 
DCIS. US CNB of bilateral axillary lymph nodes both proved positive for meta-
static carcinoma (Fig. 5.29).

She completed NST with Abraxane/Herceptin. MRI following NST shows near 
complete response with small residual enhancing foci (Fig. 5.30). Right TM revealed 
rare minute areas of residual ILC up to 1 mm within a 5.8 cm fibrotic area. Left TM 
revealed complete pathologic response to NST. One right and two left axillary LNs 
were partially fibrotic indicating treatment response. Right T1cN1, Left T1bN1.

Fig. 5.11 Post-NST MRI axial MIP image shows incomplete response to NST with a smaller 
residual oval enhancing mass (arrow) and abnormal level 1 axillary lymph node (curved arrow)
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Fig. 5.12 CC (left) and MLO (right) views of the left breast. Irregular spiculated mass in the upper 
outer left breast (arrow)

Fig. 5.13 Grayscale ultrasound. Irregular poorly delineated hypoechoic mass with posterior 
acoustic shadowing
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Fig. 5.14 MIP (top), post-contrast subtraction (bottom left), and kinetic color map (bottom right) 
MRI. The index heterogeneously enhancing mass with distortion (arrow) shows mixed enhance-
ment with washout kinetics (red, arrow). Anterior clumped non-mass enhancement (NME, open 
arrow) is contiguous with the irregular mass and spans 7.2 cm in greatest AP dimension. Left axil-
lary node biopsy (NS) positive for metastatic carcinoma
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Case 6
This 39-year-old woman presented with a palpable area in the left breast and thick-
ening of the left nipple. Mammography demonstrated heterogeneously dense breast 
tissue with linear and segmental pleomorphic left breast calcifications spanning 
greater than 5 cm (Fig. 5.31). Skin thickening of the nipple and peri-areolar skin 
were also present (Fig. 5.31). US (NS) showed poorly delineated hypoechoic area 

Fig. 5.15 Grayscale US images post-NST. An irregular hypoechoic mass-like area with architec-
tural distortion remains at the site of proven malignancy as demonstrated by the echogenic biopsy 
clip (arrow). It is frequently difficult to delineate residual disease extent from treatment-related 
fibrosis on post-NST ultrasound

Fig. 5.16 Post-NST MIP MRI. Small residual enhancing mass in the upper outer left breast mea-
suring 0.7 cm (circle). Following NST there was resolution of pre-treatment NME extent. Biopsy- 
proven malignant axillary disease also improved, not shown (NS)
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Fig. 5.17 MLO (left), CC (center), and single slice tomosynthesis MLO (right) images of the right 
breast demonstrating an irregular mass with calcifications in the upper outer and upper medial right 
breast (circle)

Fig. 5.18 Grayscale ultrasound images of the right breast at the 10:00 (left) and 12:00 (right) posi-
tions. Irregular hypoechoic masses (open arrows) with marked posterior shadowing (arrow), mak-
ing the posterior extent of disease difficult to delineate
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Fig. 5.19 Abnormal level 1 right axillary lymph node with eccentric nodular cortical thickening 
(arrow) and partially effaced central hilum. US CNB was positive for metastatic carcinoma

Fig. 5.20 Axial MIP MRI shows “shrunken” right breast compared to the left breast with diffuse 
irregular right breast enhancement breast spanning upper medial and upper lateral quadrants 
(circle)
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in the retroareolar left breast without a discrete mass. A small hypoechoic mass was 
identified left breast 2:00 (Fig. 5.32), and US CNB revealed IDC (ER/PR positive, 
HER2 negative Ki-67 15%). Stereotactic biopsy of left breast calcifications 4:00 
(Fig. 5.31) revealed IDC and ductal carcinoma in situ (DCIS). An abnormal level 1 
left axillary node underwent US CNB and was positive for metastatic carcinoma 
(NS). MRI revealed NME spanning 9.5  cm in the lateral left breast (Fig.  5.34). 
Staging CT showed lytic lesions in at least two lumbar vertebral bodies consistent 
with metastases in this young patient (Fig. 5.33). Genetic testing was negative for 
pathogenic mutations. The patient underwent NST with ACT. Despite post-NST US 
and MRI findings consistent with a complete imaging response (Figs. 5.34, 5.35, 
and 5.36), residual disease was identified following two site radioactive seed local-
ized (RSL) segmental mastectomy (SM) (Fig. 5.37). Due to this and the extent of 
residual calcifications, TM was ultimately performed. This case illustrates the chal-
lenge in interpreting the significance of residual calcifications following NST. The 
lack of MRI enhancement was a false negative in this case as surgical pathology 
showed residual disease, ultimately requiring TM.

Fig. 5.21 Axial T1 post-contrast subtraction (left) and sagittal T1 delayed post-contrast fat 
saturation(right) images. Irregular enhancing mass and NME encompass the superior right breast, 
including upper medial and upper lateral quadrants (circle). Kinetic color map (NS) showed pre-
dominant washout kinetics. Biopsy-proven metastatic lymph node (arrow) with central clip artifact 
(open arrow)
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Fig. 5.22 Coronal MIP (top) and axial fused PET/CT images (bottom right and left). Increased 
FDG radiotracer update corresponding to right breast malignancy (arrow, max SUV 6.6) and mul-
tiple abnormal right axillary level 1 (open arrow) and level 2 (curved arrow) lymph nodes (max 
SUV 7.3). No distant disease was identified
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Fig. 5.23 MRI following NST demonstrates a complete imaging response on axial MIP (top) and 
axial T1 post-contrast subtraction (bottom left) and sagittal T1 post-contrast fat saturation images 
(bottom, right). Biopsy clip susceptibility artifact (arrow) is again noted

Fig. 5.24 Grayscale US 
images of biopsy-proven 
right axillary LN following 
NST show decrease in size, 
consistent with therapeutic 
response (arrow). Central 
echogenic biopsy clip is 
noted (open arrow)
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Fig. 5.25 MLO (left), CC (center), and tomosynthesis CC (right) views of the right breast. 
Heterogeneously dense breast tissue without a discrete abnormality

Fig. 5.26 Screening ultrasound performed as part of a research study and subsequent diagnostic 
ultrasound images show an ill-defined hypoechoic area (arrow) with shadowing. US CNB 
revealed ILC
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Fig. 5.27 Axial MIP (left) and axial post-contrast subtraction (right) MRI shows extensive disease 
in the right breast with asymmetric clumped NME in the upper outer right breast spanning 
5  cm  (circles), mammographically occult, and greater than the sonographic extent which was 
poorly defined. In the left breast, there is an enhancing mass and clumped NME (arrow), MRI 
guided core biopsy proven ILC

Fig. 5.28 Same patient. Axial T1 post-contrast subtraction (left) and axial T1 FS color overlay 
(right) of the left breast. Enhancing mass (arrow) with posterior clumped NME (curved arrow) 
demonstrating mixed persistent and plateau enhancement kinetics (circle). MRI-guided core 
biopsy revealed ILC (ER positive, PR weakly positive, HER2 equivocal, amplified by FISH) 
and DCIS)
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Fig. 5.29 Axial T1 FS post-contrast image. Bilateral level 1 axillary lymphadenopathy with corti-
cal thickening (arrows). Subsequent bilateral axillary US and bilateral core biopsies revealed bilat-
eral metastatic carcinoma

Fig. 5.30 Post-NST MIP MRI shows near complete resolution of abnormal enhancement in both 
breasts. Small residual enhancing focus in the right breast (arrow)
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Fig. 5.31 CC (left) and MLO (right) mammographic views of the left breast. Heterogeneously 
dense breast tissue. Skin thickening (open arrow) and pleomorphic linear and segmental calcifica-
tions (arrows). Stereotactic biopsy of calcifications showed nuclear grade 2 IDC and nuclear 
grade 2 DCIS

Fig. 5.32 Grayscale US. Round hypoechoic mass with indistinct margins (arrow) and posterior 
shadowing. US CNB revealed nuclear grade 2 IDC, ER/PR positive, HER2 negative
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Fig. 5.33 Axial computed tomography (CT) images on bone window (top right and left) and 
99-technetium-labeled methyl diphosphate (MDP) bone scan (bottom). CT demonstrates a lytic 
lesion in the anterior L1 and left lateral L2 vertebral bodies (arrows) with cortical disruption most 
consistent with metastases in this young patient. Bone scan confirms a corresponding focal abnor-
mal radiotracer uptake at the L2 vertebral body (curved arrow)
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Fig. 5.34 Grayscale US 
following NST. Branching 
duct with internal 
heterogeneity and a central 
echogenic biopsy clip 
(arrow) corresponding to 
the site of proven IDC and 
ductal carcinoma in situ 
(DCIS)

Fig. 5.35 Grayscale US 
following NST. Anechoic 
hydrophilic biopsy clip 
(arrow) without a residual 
mass identified at the site 
of proven IDC
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Fig. 5.36 Pre-NST (top) and post-NST (bottom) MRI axial MIP images. The pre-treatment MRI 
demonstrates extensive abnormal non-mass enhancement in the lateral left breast spanning up to 
9.5 cm (circle). The post-treatment MRI demonstrates a complete imaging response. However, SM 
demonstrated residual IDC present as small clusters of tumor cells and residual DCIS. The patient 
ultimately underwent total mastectomy and delayed reconstruction
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Chapter 6
Neoadjuvant Systemic Therapy for Breast 
Cancer Based on Underlying Tumor 
Biology

William M. Sikov 

 Introduction

Neoadjuvant therapy is defined as systemic therapy administered to patients with 
non-metastatic cancer prior to definitive surgical therapy. In the treatment of breast 
cancer, this has typically been chemotherapy, though other types of treatment, 
including endocrine therapies in patients with hormone receptor-positive/HER2- 
negative breast cancer (HR+/HER2-BC) and HER2-targeted therapies, in patients 
with HER2-positive breast cancer (HER2+BC), are also employed in this setting, 
and there is ongoing interest in assessing other types of treatment, including molec-
ularly targeted agents and immunotherapy, in this setting. While rapidly evolving, 
this chapter will review current “Neoadjuvant systemic therapy for breast cancer 
based on underlying tumor biology.”

While neoadjuvant therapy was originally administered only to patients with 
locally advanced cancers who were not candidates for primary surgery, the effective-
ness of this treatment at inducing both clinical and pathologic responses, particularly 
in patients with more aggressive breast cancers, led to it being investigated in patients 
with less extensive disease, and its role has expanded rapidly over the past 20 years. 
Current indications for consideration of neoadjuvant therapy include the following:

• Patients with locally advanced/unresectable cancers, including inflammatory 
carcinomas (T4d).

• Patients who desire breast-conserving surgery (BCS) but are not candidates for 
this at diagnosis or are likely to have a suboptimal cosmetic outcome due to the 
size and/or location of the breast mass.
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• Patients with limited axillary lymph node involvement (clinical N1, cN1) in 
whom axillary lymph node dissection (ALND) would be the standard of care if 
they underwent primary surgery but might be candidates for more limited axil-
lary sampling such as sentinel lymph node biopsy (SLNB) if they become clini-
cally (ycN0) and pathologically (ypN0) node-negative following neoadjuvant 
therapy.

• Patients in whom surgery must be delayed for any reason, such as resolution of 
an intercurrent medical condition, including pregnancy.

• Patients with triple-negative breast cancer (TNBC) or HER2+BC in whom 
response to neoadjuvant therapy would impact the decision as to whether to 
administer adjuvant capecitabine (in TNBC) or ado-trastuzumab emtansine (in 
HER2+BC).

• Another potential role for neoadjuvant therapy is to identify patients in whom 
adjuvant treatment can be deescalated following documentation of response. 
Examples of this include patients with HR+/HER2-BC who receive neoadjuvant 
endocrine therapy in whom adjuvant chemotherapy might be omitted based on 
their response to that treatment and the recently initiated CompassHER-pCR 
trial (EA1181) on which patients with clinical stage II–III HER2+BC who 
achieve a pathologic complete response (pCR) with weekly paclitaxel, trastu-
zumab, and pertuzumab avoid more aggressive chemotherapy.

The primary goal of systemic therapy in patients with non-metastatic breast can-
cer, whether administered prior to or after surgery, is to reduce the risk of distant 
recurrence and death caused by their cancer. Initially, there were concerns that 
delaying surgery to administer neoadjuvant therapy might allow the cancer to 
spread. Conversely, some argued that starting systemic therapy without the delay 
necessitated by surgery could reduce the risk of distant recurrence and death. 
However, several randomized studies, including NSABP B-18, demonstrated equiv-
alent rates of distant recurrence and death whether the same chemotherapy was 
administered before or after surgery [1–5]. A meta-analysis of ten trials involving 
4756 patients that compared pre- vs. postoperative chemotherapy demonstrated no 
significant differences in risks of distant recurrence and breast cancer mortality 
between neoadjuvant and adjuvant chemotherapy [6]. Patients receiving neoadju-
vant chemotherapy (NACT) were more likely to undergo BCS (65% vs. 49%), and 
while this was associated with a higher rate of local recurrences at 15 years (21% 
vs. 16%), it did not adversely impact the risk of distant recurrence or death.

Not only does neoadjuvant therapy have clinical utility in a variety of settings, 
but it is also increasingly employed in clinical trials to assess the efficacy of novel 
agents and regimens. In 2014 the US Food and Drug Administration (FDA) issued 
guidance that encouraged the pharmaceutical industry to apply for accelerated 
approval of a new drug if its use was associated with a significant increase in pCRs 
(usually defined as the absence of residual invasive disease in the breast and any 
sampled ipsilateral axillary lymph nodes, but permitting the presence of residual 
ductal carcinoma in situ, which does not appear to increase the risk of distant dis-
ease recurrence, designated ypT0/isN0), especially in HER2+BC or TNBC, with 
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full approval contingent upon subsequent demonstration of improvement in long- 
term outcomes, such as disease-free survival (DFS) and/or overall survival (OS). 
This was based in part on a meta-analysis performed at their request which con-
firmed the correlation between achievement of pCR and substantial reductions in 
the risks of distant disease recurrence and breast cancer mortality, particularly in 
those more aggressive breast cancer subtypes [7]. The hope was that this guidance 
would encourage the more rapid development and approval of life-saving treat-
ments than possible with adjuvant trials, which typically require much larger num-
bers of patients and longer follow-up to demonstrate superiority of an investigational 
approach over the control regimen. In addition, administering treatment in the neo-
adjuvant setting allows researchers to monitor clinical response on serial physical 
examinations and imaging studies and to obtain tumor tissue and blood samples 
before, during, and, in patients who do not achieve pCR, after treatment, to try to 
identify biologic markers of response or resistance.

 Neoadjuvant Treatment Options

As neoadjuvant treatment options differ by breast cancer subtype, treatment in 
HR+/HER2-BC, HER2+BC, and TNBC will be addressed separately.

 Neoadjuvant Therapy in Hormone Receptor-Positive/HER2- 
Negative Breast Cancer (HR+/HER2-BC)

About 2/3 of breast cancers diagnosed in the United States are hormone receptor- 
positive and HER2-negative, but the biology of these cancers varies greatly, dictat-
ing a variety of approaches to treatment in the neoadjuvant, as well as the adjuvant, 
setting. Many HR+/HER2-BC are relatively indolent, with a low fraction of actively 
dividing cells, making them much less sensitive to cytotoxic therapies. In the meta- 
analysis conducted by Cortazar and colleagues, only 7.5% of patients with low- or 
intermediate-grade HR+/HER2-BC achieved a pCR with NACT, and while patients 
who achieved a pCR had a very good prognosis, it was not significantly better than 
for patients in this subgroup found to have residual disease at surgery [7]. In com-
parison, patients with high-grade HR+/HER2-BC had a slightly higher pCR rate 
with NACT (16.2%), and in these patients achievement of pCR was associated with 
a highly significant reduction in risk of recurrence.

For lower-risk HR+/HER2-BC patients, an alternative to NACT may be neoad-
juvant endocrine therapy (NET). While NET is no more likely than NACT to induce 
a pCR in the breast or clear axillary nodes, in appropriately selected patients it 
appears to be as likely to induce a clinical response and improve the patient’s 
chances of successful BCS, and it is associated with many fewer side effects than 
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chemotherapy [8]. Selecting appropriate patients for NET involves determining 
whether their tumor biology suggests a potential benefit from this treatment, but 
basing this assessment on factors such as receptor status and tumor grade is inac-
curate, especially given the frequency of disagreement on tumor grade between 
pathologists. A preferable approach is to submit the patient’s diagnostic biopsy for 
gene expression analysis, such as the Oncotype Dx assay. Not only are patients with 
low and intermediate Oncotype Dx Recurrence Scores unlikely to demonstrate a 
major clinical or pathologic response to NACT [9–11], randomized trials in the 
adjuvant setting fail to demonstrate improvements in invasive recurrence-free sur-
vival with the addition of chemotherapy to endocrine therapy in node-negative 
(TAILORx) [12] or limited (1–3) node-positive (RxPONDER) [13] patients. Thus, 
NACT should be administered to patients with locally advanced (clinical T4 or N2) 
cancers or those with less extensive disease but a high-risk Oncotype score (>26) 
who would typically receive adjuvant chemotherapy following primary surgery.

When selecting a NACT regimen for appropriate HR+/HER2-BC patients, it is 
appropriate to administer treatment similar to what the patient would receive in the 
adjuvant setting. In patients with more extensive disease, this typically involves 
sequential administration of an anthracycline-based regimen, usually four cycles of 
doxorubicin or epirubicin with cyclophosphamide (AC/EC), given either every 2 or 
3 weeks (as the superiority of “dose-dense” or every 2-week treatments has been 
demonstrated only for more aggressive breast cancer subtypes [14], the treatment 
schedule can be chosen based on balancing a reduction in the overall duration of 
treatment versus giving the patient more time to recover between treatments) and a 
taxane, either weekly (×twelve cycles) or every 2-week (×four cycles) paclitaxel or 
every 3-week (×four cycles) docetaxel. While data suggest slightly higher response 
rates and fewer subsequent chemotherapy dose reductions when the taxane compo-
nent is administered first, presumably due to less hematopoietic stem cell toxicity 
with the taxane than with the anthracycline/alkylating agent combination, either 
sequence is acceptable. In patients with clinically negative nodes or limited (<3) 
nodal involvement, but in whom chemotherapy is indicated by gene expression 
analysis, the combination of docetaxel and cyclophosphamide (every 3  weeks × 
four to six cycles) should be considered, given that addition of an anthracycline 
failed to demonstrate significant improvement in DFS in the adjuvant setting in 
these subsets of HR+/HER2-BC patients in the Anthracyclines in Early Breast 
Cancer (ABC) combined analysis [15].

In postmenopausal patients for whom NET is appropriate, studies have demon-
strated higher response rate for aromatase inhibitors than for tamoxifen [8, 16]. To 
achieve this same advantage, premenopausal patients should receive an aromatase 
inhibitor concurrent with ovarian function suppression, typically with a long-acting 
LHRH analog such as goserelin or leuprolide. A study comparing the available aro-
matase inhibitors – anastrozole, letrozole, and exemestane – failed to demonstrate 
any differences in clinical or pathologic response rates between these agents [17]. In 
the absence of evidence of disease progression on NET, which is rare in appropri-
ately selected patients, this treatment should continue for at least 6 months, as both 
clinical and pathologic response improve with longer durations of treatment [18], 
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and longer treatment in the preoperative setting will be offset by a shorter duration 
of this treatment after surgery. Assessing the tumor cell proliferative (Ki-67) rate on 
biopsies obtained after 2–4 weeks on NET has been studied [17, 19]; while failure 
of NET to suppress proliferation may identify patients less likely to respond to this 
treatment, the clinical utility of such measurements (i.e., improved responses with 
alternative treatment such as chemotherapy) has not been demonstrated, and thus 
this remains a research tool and not routinely performed outside of a clinical trial.

At this point in time, there is no evidence that administering agents other than an 
aromatase inhibitor (along with ovarian function suppression in premenopausal 
women) significantly enhances response to NET. These include using fulvestrant in 
place of or in combination with anastrozole [20], adding tamoxifen to anastrozole 
[21], or adding a targeted agent, such as gefitinib or everolimus [8]. Given their 
activity in combination with endocrine therapies in the metastatic setting, ongoing 
trials evaluate the addition of cdk 4/6 inhibitors and PIK3CA inhibitors to NET.

Given the rarity of achievement of a pCR with NET, evaluation of a patient’s 
response to this treatment, and the implications of this response on subsequent treat-
ment, may be important. To address this, Ellis and colleagues developed the 
Preoperative Endocrine Prognostic Index (PEPI), which combines assessment of 
residual disease in the breast and axillary nodes (ypTN) with estrogen receptor 
expression after exposure to NET and measurement of tumor cell proliferation 
(Ki-67) in the surgical specimen [22, 23]. Their analysis suggests that patients with 
PEPI scores of 0 have an excellent prognosis without subsequent chemotherapy, 
while patients with higher scores (PEPI >0) might benefit from receiving adjuvant 
chemotherapy. While this may be a useful adjunct to assessing response to NET, it 
is also reasonable to make decisions about adjuvant chemotherapy based on more 
established criteria, including stage and, in N0-1 patients, Oncotype Dx Recurrence 
Score performed on their pretreatment tumor sample.

 Neoadjuvant Therapy in HER2-Positive Breast Cancer 
(HER2+BC)

While the role of the human epidermal growth factor receptor 2 (HER2) in normal 
human physiology has yet to be determined, it has been demonstrated that activation 
of the intracellular tyrosine kinase domain of the receptor initiates a signal transduc-
tion cascade that results in enhanced transcription of genes that increase cell prolif-
eration, invasiveness, angiogenesis, and resistance to apoptotic signals. In 15–20% 
of breast cancers, amplification and/or overexpression of the HER2-neu gene on 
chromosome 17 leads to an overabundance of this transmembrane receptor. The 
etiology of this somatic mutation is unknown, but the excess of HER2 promotes 
formation of HER2 homodimers that induce constitutive activation of those path-
ways, which is reflected in the aggressive biology of these cancers. Blocking activa-
tion of these pathways not only reduces tumor cell proliferation, but also restores 
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sensitivity to agents that induce apoptosis, such as chemotherapy drugs. Hormone 
receptor-negative/HER2+ cancers (HR-/HER2+BC, which account for 40–45% of 
HER2+BC) exhibit, on average, higher levels of HER2 overexpression, higher rates 
of proliferation, and greater sensitivity to treatments that disrupt HER2-activated 
signaling than in hormone receptor-positive/HER2+ cancers (HR+/HER2+BC). 
After demonstrating synergistic cytotoxicity in HER2+BC cell lines between a vari-
ety of chemotherapeutic agents and trastuzumab, a monoclonal antibody that binds 
to an extracellular epitope on HER2 and blocks the conformational change induced 
by HER2 homodimerization which activates the receptor’s tyrosine kinase moiety, 
randomized trials demonstrated that the addition of trastuzumab to chemotherapy 
enhances response and improves survival in patients with metastatic HER2+BC and 
markedly reduces the risk of distant recurrence and improves survival in patient 
with early- stage HER2+BC [24, 25].

In the neoadjuvant setting, the addition of trastuzumab to NACT markedly 
increases achievement of pCR in HER2+BC and, since HER2+BC patients who 
achieve pCR are much less likely to recur, significantly improves DFS and OS [7, 
26–28]. In a 2016 meta-analysis of 36 neoadjuvant trials that enrolled nearly 5800 
HER2+BC patients, those achieving pCR (ypT0/isN0) had a 63% reduction in 
events and a 66% reduction in deaths from any cause compared to patients with 
residual invasive disease, with an even greater reduction in events (71%) seen in the 
HR-/HER2+BC subgroup [29]. In patients who fail to achieve a pCR, the extent of 
residual invasive disease, as measured by Residual Cancer Burden (RCB), which 
was developed by Symmans and colleagues at the MD Anderson Cancer Center, 
which stratifies patients by the extent of residual disease in the breast and axillary 
nodes, has been shown to be predictive of 5- and 10-year relapse-free survival [30]. 
This may be particularly useful in deciding which patients might benefit from 
administration of adjuvant ado-trastuzumab emtansine (T-DM1) based on results 
from the KATHERINE trial [31] (discussed below).

While some HER2+BC patients can achieve pCR with HER2-targeted therapy 
(with the addition of endocrine therapy in those with HR+/HER2+BC cancers) 
alone (discussed below), in patients who have no contraindication to receiving 
NACT, the current standard of care is administration of a combination of NACT and 
HER2-targeted therapy. Efforts to increase pCR rates and/or reduce toxicity associ-
ated with NACT plus trastuzumab have focused on enhancing HER2 blockade and 
exploring alternative chemotherapy regimens. These approaches are discussed below.

 HER2-Targeted Therapies

In the phase II NOAH trial, the addition of every 3-week trastuzumab to anthracy-
cline- and taxane-based neoadjuvant chemotherapy significantly increased the pCR 
rate (38% vs. 19% with chemotherapy alone) and 5-year EFS (58% vs. 43%) [32, 
33]. Even among patients who achieved pCR, those who had received trastuzumab 
had significantly improved EFS compared to those who had not, indicating the 
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superiority of this regimen at eradicating occult metastatic disease as well as overt 
disease in the breast and axilla [33]. A subsequent meta-analysis confirmed the 
value of the addition of trastuzumab to NACT on both pCR rates and long-term 
outcomes, consistent with improvements seen with the addition of trastuzumab to 
chemotherapy in the adjuvant setting [7].

Lapatinib is a small molecule inhibitor of the tyrosine kinase domain of HER2, 
and the addition of this agent demonstrated substantial activity in patients with met-
astatic HER2+BC who had progressed on a trastuzumab-containing regimen, sug-
gesting the appearance or selection of a subclone of malignant cells that exploits 
alternative pathways to activating the HER2 tyrosine kinase. In several randomized 
studies, the addition of lapatinib to NACT plus trastuzumab has been shown to 
increase the pCR rate, while substituting lapatinib for trastuzumab resulted in 
equivalent or lower pCR rates [34–38]. However, the addition of lapatinib was also 
associated with a significant increase in side effects, especially diarrhea, rash, and 
liver function test abnormalities, likely related to off-target inhibition of the tyrosine 
kinase for HER1, the epidermal growth factor receptor. As consistent improvement 
in long-term outcomes has not been demonstrated for addition of lapatinib to che-
motherapy plus trastuzumab in either the neoadjuvant [39] or adjuvant [40] setting, 
there is no indication for its routine use in the neoadjuvant setting, and further stud-
ies with this agent in that setting are not anticipated. However, the potential benefit 
of adding a tyrosine kinase inhibitor on pCR rates and long-term outcomes in non-
metastatic HER2+BC is likely to be revisited with the development of tucatinib, a 
tyrosine kinase inhibitor with much greater specificity for HER2 over HER1, which 
was recently approved in the metastatic setting.

Pertuzumab is a monoclonal antibody that binds to a different epitope on HER2 
than trastuzumab, resulting in inhibition of the formation of HER2/HER3 heterodi-
mers, which has been proposed as both the mechanism of activation of HER2 in 
normal physiology and a likely mechanism of resistance to trastuzumab. The addi-
tion of pertuzumab to trastuzumab induces responses in about half of patients with 
metastatic HER2+BC who progress on a trastuzumab-containing regimen, suggest-
ing the frequency of the appearance of a subclone of malignant cells that exploit this 
mechanism. While the existence of such a subclone is likely much less common in 
patients with early-stage HER2+BC (unfortunately, at present we have no way of 
prospectively identifying cancers with this alteration), its existence could explain 
the failure of some patients with HER2+BC to achieve pCR with NACT plus trastu-
zumab. To explore this, the phase II NeoSphere study randomized 417 patients with 
stage II–III HER2+BC to four cycles of docetaxel plus trastuzumab (the control 
arm), docetaxel plus pertuzumab, docetaxel plus both trastuzumab and pertuzumab, 
or trastuzumab and pertuzumab without docetaxel. All patients received three cycles 
of fluorouracil, epirubicin, and cyclophosphamide (FEC) after surgery (patients on 
the dual antibody only arm also received four cycles of docetaxel before starting 
FEC) and completed a year of trastuzumab. The breast pCR (ypT0/is Nany) rate on 
the control arm was 29%; the addition of pertuzumab significantly increased it to 
46% (p = 0.0141), while substitution of pertuzumab for trastuzumab reduced the 
breast pCR rate to 24%, and with dual antibody therapy alone it was 17% [41]. The 
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addition of pertuzumab to docetaxel and trastuzumab had no appreciable impact on 
adverse events, including cardiotoxicity. While the study was not large enough for 
definitive evaluation of the treatment arms on long-term outcomes, 5-year 
progression- free survival was numerically higher with docetaxel plus trastuzumab 
and pertuzumab arm compared to the control arm (86% vs. 81%, HR 0.69, 95% CI 
0.34–1.40) [42]. The randomized phase II TRYPHAENA study was designed to 
assess the incidence and severity of cardiotoxicity with anthracycline-containing 
(FEC followed by docetaxel with trastuzumab and pertuzumab (FEC-THP) and 
FEC with concurrent trastuzumab and pertuzumab followed by docetaxel with 
trastuzumab and pertuzumab (FECHP-THP)) regimens vs. an anthracycline-free 
regimen (every 3-week docetaxel, carboplatin, trastuzumab, and pertuzumab, 
TCHP); while it was not powered to compare pCR rates between these arms, on all 
three arms pCR rates were higher (FEC-THP 55%, FECHP-THP 56%, TCHP 64%) 
than would be expected for non-pertuzumab-containing regimens [43]. The inci-
dence of cardiotoxicity was slightly lower in the TCHP arm, but this regimen was 
associated with higher rates of hematologic toxicities and diarrhea. Three-year DFS 
was similar across the three arms (87–90%) [44]. Based on these two studies, the 
FDA granted accelerated approval for the addition of pertuzumab to NACT and 
trastuzumab, and, despite the absence of a larger randomized trial or demonstration 
of significant improvements in long-term outcomes with its addition, this has 
become the standard of care for stage II–III HER2+BC.

One of the most common toxicities associated with the combination of NACT, 
trastuzumab, and pertuzumab is diarrhea. The etiology of this toxicity  – and its 
apparent greater frequency and severity when the chemotherapy regimen includes 
carboplatin, which is not often associated with diarrhea in other settings  – is 
unknown but may reflect the physiologic role of signaling modulated by the HER2/
HER3 heterodimer, which is blocked by this treatment. Patients initiating this treat-
ment should be instructed on appropriate management of diarrhea.

Both single-agent trastuzumab and the combination of trastuzumab and pertu-
zumab are available as subcutaneous (SC) formulations which are FDA approved 
for use in the neoadjuvant setting in place of the intravenous versions of these agents 
based on studies which demonstrated similar pCR rates and toxicities, though one 
study reported a higher rate of adverse events with the SC formulation of trastu-
zumab, due to more frequent infections [45, 46]. While there are potential cost and 
convenience advantages to the SC formulations, including at-home administration 
once the patient has completed chemotherapy and surgery, the uptake of SC therapy 
varies widely between countries, likely based on differences in medication coverage 
and reimbursement for treatment.

Over the last few years, several trastuzumab biosimilars have been developed 
and approved based on phase III studies which have demonstrated equivalent pCR 
rates to the original formulation when administered with NACT in HER2+BC [47–
49]. Their use is usually determined by purchasing managers for individual hospi-
tals, cancer centers, and physician offices, and they should be considered 
interchangeable with the original formulation.
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Ado-trastuzumab emtansine (T-DM1) in an antibody-drug conjugate composed 
of trastuzumab linked to a potent antimicrotubule agent (emtansine) that is released 
only after the agent, attached to HER2 by its trastuzumab moiety, is endocytosed by 
the HER2+ cancer cell and the linker metabolized as part of normal cell “recycling.” 
It has demonstrated impressive single-agent activity in patients with metastatic 
HER2+BC who had progressed on a trastuzumab-containing regimen and is associ-
ated with far fewer serious adverse events than standard chemotherapy plus trastu-
zumab. It is FDA approved both in the metastatic setting and for patients with 
residual disease after NACT plus trastuzumab (+/− pertuzumab) (see below). In the 
West German Study Group’s ADAPT/T-DM1 study in patients with HR+/
HER2+BC, T-DM1, either as a single agent or concurrent with endocrine therapy, 
induced much higher pCR rates (41% and 42%, respectively) than trastuzumab plus 
endocrine therapy (15%) [50], and in the Swedish PREDIX HER2 trial, the pCR 
rate with single-agent T-DM1 was similar to that seen with docetaxel, trastuzumab, 
and pertuzumab (44% and 46%, respectively) [51]. However, in the KRISTINE/
TRIO-021 study, the pCR rate with T-DM1 plus pertuzumab was significantly lower 
than with TCHP (44% vs. 56%, p = 0.016), and 3-year EFS was also significantly 
lower (85% vs. 94%) due to a higher incidence of locoregional progression prior to 
surgery, though postoperative invasive DFS was similar (93% vs. 92%) [52, 53]. 
Thus, while TCHP is more likely to induce pCR, and T-DM1 is not FDA approved 
in the neoadjuvant setting, administration of this agent could be considered in 
patients who are not candidates for standard neoadjuvant therapy, due to age or 
medical comorbidities, or refuse that treatment.

Another option for patients with comorbidities that preclude the use of NACT 
could be administration of HER2-targeted therapies alone. As mentioned above, on 
the NeoSphere study, 17% of patients assigned to trastuzumab and pertuzumab 
alone achieved pCR, including 27% of HR-/HER2+BC patients but only 6% of 
HR+/HER2+BC patients [41]. The single-arm TBCRC023 pilot study demonstrated 
pCR rates as high as 33% in patients with HR+/HER2+BC who received 24 weeks 
of trastuzumab, lapatinib, and endocrine therapy, compared to 9% after only 
12 weeks, while the pCR rate in HR-/HER2+BC was 18% and did not increase with 
an additional 12 weeks of treatment [54].

It had been hypothesized that the lower pCR rates seen in HR+/HER2+BC (com-
pared to HR-/HER2+BC) might be due to “cross talk” between signaling pathways 
activated by HER2 and those activated by binding of estrogen to the estrogen recep-
tor. To test this hypothesis, the NSABP B-52 study randomized patients with HR+/
HER2+BC to neoadjuvant TCHP with or without an aromatase inhibitor (plus ovar-
ian function suppression in premenopausal women). While estrogen deprivation did 
not adversely impact the pCR rate, neither did it significantly improve it. The pCR 
rate with TCHP alone was 41%; with the addition of estrogen deprivation, it rose 
modestly to 46% (p = 0.39) [55]. Thus, while concurrent endocrine therapy with 
NACT and dual HER2-targeted therapy is not clearly contraindicated, neither is it 
recommended.
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 Neoadjuvant Chemotherapy for HER2+BC

A variety of chemotherapeutic agents demonstrate additive or synergistic cytotoxic-
ity with trastuzumab against HER2+BC cell lines in vitro and thus are potential 
partners for HER2-targeted therapies in the metastatic and neoadjuvant settings. As 
with the initial trials of the addition of trastuzumab to adjuvant chemotherapy, most 
early trials of neoadjuvant therapy utilized regimens consisting of an anthracycline- 
containing combination followed, or preceded, by a taxane plus trastuzumab (due to 
the high incidence of cardiotoxicity seen in the study that led to the approval of 
trastuzumab for metastatic HER2+BC; trastuzumab is usually not administered 
concurrent with the anthracycline, but typically with the taxane). A few examples:

• In the ACOSOG Z1041 study, patients with operable HER2+BC were random-
ized to four cycles of FEC followed by weekly paclitaxel with trastuzumab or to 
the alternative sequence. The overall pCR rate was 55% and did not differ 
between the two arms [56].

• In the NSABP B-41 study, 49% of patients with operable HER2+BC treated with 
four cycles of AC followed by weekly paclitaxel and trastuzumab achieved pCR, 
including 43% of clinically node-positive patients [36].

• In the GeparQuinto (GBG) study, patients who received four cycles of EC and 
trastuzumab followed by four cycles of every 3-week docetaxel and trastuzumab 
had a pCR rate of 45% [57].

In all of these studies, the pCR rate was higher in HR-/HER2+BC than in HR+/
HER2+BC.

Based on results from the BCIRG006 adjuvant trial, in which patients who 
received the anthracycline-free regimen of every 3-week docetaxel, carboplatin, and 
trastuzumab (TCH) had similar outcomes to those who received AC followed by 
docetaxel and trastuzumab (though the study was not designed to directly compare 
these two arms, both were superior to AC followed by docetaxel without trastu-
zumab) [58], anthracycline-free chemotherapy regimens have been explored in the 
neoadjuvant setting, a trend which accelerated with demonstration of the higher 
pCR rates achieved with dual HER2-targeted therapy. Results from the randomized 
phase II TRYPHAENA study are discussed above [43, 44]. However, the study that 
confirmed that an anthracycline-free NACT regimen is as effective as an 
anthracycline- containing one in HER2+BC was the TRAIN-2 study [59, 60]. This 
trial, which was conducted by the Dutch Breast Cancer Research Group (BOOG), 
randomized 438 patients with stage II–III HER2+BC to three cycles of FEC fol-
lowed by six cycles of paclitaxel days 1 and 8 with carboplatin (AUC 6), trastu-
zumab, and pertuzumab on day 1 every 3 weeks for six cycles versus the paclitaxel, 
carboplatin, trastuzumab, and pertuzumab regimen alone for nine cycles. The pri-
mary objective of the study was to demonstrate superiority of the anthracycline-
containing regimen, but results showed that not only were pCR rates identical 
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between the two arms (67% and 68%, respectively), but 3-year EFS (93%) and OS 
(98%) were as well. While most acute toxicities were comparable between the two 
arms, there was a significantly higher incidence of febrile neutropenia on the anthra-
cycline-containing arm (10% vs. 1%, p < .05) and non-significantly higher rates of 
grade >3 diarrhea (17% vs. 12%) and peripheral neuropathy (7% vs. 5%) on the 
anthracycline-free arm. With anthracycline-containing NACT, cardiotoxicity rates 
were significantly higher, and two patients (1%) developed acute leukemia during 
follow-up compared to none on the anthracycline-free arm. Based on these results, 
an anthracycline-free regimen should be considered the preferred approach in 
patients with stage II–III HER2+BC who receive neoadjuvant therapy. No study has 
directly compared every 3-week docetaxel-based TCHP regimen to a weekly pacli-
taxel-based regimen such as that used in TRAIN-2, so the choice between these 
regimens is up to the individual oncologist.

GeparSepto compared 12 weeks of weekly nanoparticle albumin-bound (nab)-
paclitaxel at 150 mg/m2 (subsequently reduced to 125 mg/m2 due to excessive neu-
rotoxicity at the original dose) to standard paclitaxel at 80 mg/m2 with trastuzumab 
and pertuzumab, followed by four cycles of EC [61]. While the nab-paclitaxel regi-
men had numerically higher pCR rates, overall (62% vs. 54%) and in the HR+/
HER2+BC and HR-/HER2+BC subpopulations, this did not reach statistical signifi-
cance. The activity of nab-paclitaxel as part of an anthracycline-free NACT regimen 
with trastuzumab and pertuzumab has not been studied in a large population of 
HER2+ patients.

 Neoadjuvant Therapy Options in Lower-Risk HER2+BC 
Patients and Those with Comorbidities

In patients with lower-risk HER2+BC, such as clinical T1cN0, who, for whatever 
reason, are candidates for neoadjuvant therapy, and in patients with stage II–III 
disease with medical comorbidities that contraindicate use of the more aggressive 
regimens described above, less intensive treatment is indicated. Based on results 
from the APT adjuvant trial [62], a suitable regimen would be the combination of 
weekly paclitaxel and trastuzumab × 12 weeks; while there is no evidence that add-
ing pertuzumab to this regimen will improve long-term outcomes, it would likely 
increase the pCR rate and thus including it is a reasonable option.

A slightly more intensive but still relatively brief regimen and well-tolerated 
regimen worth considering in patients with clinical stage IIA disease, such as T2N0, 
with T <3.5 cm in greatest dimension (since the APT trial included few patients with 
tumors >2 cm in size), is four cycles of every 3-week docetaxel, cyclophosphamide, 
and trastuzumab (again, with or without pertuzumab), based on its efficacy and 
tolerability in the adjuvant setting [63].
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 Neoadjuvant Therapy for Triple-Negative Breast 
Cancer (TNBC)

While there is heterogeneity within the entity referred to as triple-negative breast 
cancer (TNBC), including small numbers of patients with biologically less aggres-
sive variants that express neither hormone receptors nor HER2, most of these can-
cers are high-grade and thus responsive to cytotoxic agents. Patients with TNBC 
who achieve a pCR with NACT have an excellent prognosis; in a recent meta-anal-
ysis, TNBC patients who achieved pCR had a 5-year event-free survival (EFS) rate 
of 90%, compared to 57% for patients with residual disease at surgery [26]. How 
pCR is achieved does not appear to affect the excellent prognosis associated with it. 
However, in randomized multicenter studies, less than 1/3 of TNBC patients achieve 
pCR with “standard” NACT, such as a sequence of weekly or every 2-week pacli-
taxel followed by or following an anthracycline-based regimen such as AC 
(Table 6.1). As a result, several clinical trials have investigated additions or alterna-
tives to that regimen, most often the antiangiogenic monoclonal antibody bevaci-
zumab, the chemotherapeutic agent carboplatin, or an immune checkpoint inhibitor.

The addition of bevacizumab to NACT chemotherapy in TNBC has been evalu-
ated by four large, randomized studies [64–67]. Of these three  – GeparQuinto, 
ARTemis, and CALGB 40603  – reported significant increases in the pCR rate 
(NSABP B-40 did not). Despite this, and despite the expected association between 
pCR and improved long-term outcomes, in none of the studies did the addition of 
bevacizumab significantly improve DFS or OS in TNBC [68–71]. Exploratory anal-
yses suggest that there may be a weaker correlation between pCRs achieved with 
the addition of bevacizumab and long-term outcomes than pCRs achieved with 
NACT alone. For example, in GeparQuinto, patients with TNBC who achieved pCR 
with the addition of bevacizumab were twice as likely to suffer a DFS event com-
pared to pCRs achieved without this agent [68]. In ARTemis, while only 2% of 
TNBC patients who achieved pCR with NACT alone suffered a DFS event, these 
occurred in 19% of pCRs achieved with the addition of bevacizumab, and achieve-
ment of a pCR with bevacizumab did not improve DFS or OS compared to patients 
with residual disease [69]. These findings led the ARTemis investigators to hypoth-
esize that while the addition of bevacizumab to NACT may enhance response in an 
angiogenesis-driven breast tumor, it may not have a similar effect at sites of occult 
micrometastatic disease that may be less reliant on neoangiogenesis. This might 
also explain the failure of the addition of bevacizumab to improve DFS or OS in 
TNBC in large adjuvant trials, such as E5103 and BEATRICE [72, 73], or to 
improve OS in metastatic TNBC despite higher response rates and improved time to 
progression [74]. Given our reliance on the prognostic value of pCR in TNBC, par-
ticularly to determine which patients might benefit from receiving subsequent adju-
vant therapy (see below), if achievement of pCR with bevacizumab is not a reliable 
predictor of improved long-term outcomes, that would be a compelling reason to 
avoid its use in the neoadjuvant setting.
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Three large randomized studies – GeparSixto, CALGB 40603, and BrighTNess – 
have demonstrated significant increases in pCR rates with the addition of carbopla-
tin to taxane- and anthracycline-based neoadjuvant chemotherapy in TNBC [66, 75, 
76]; these results are supported by results from other multicenter studies utilizing 
similar neoadjuvant regimens (Table 6.1). While none of the randomized studies 
was powered to definitively determine whether the addition of carboplatin improves 
long-term outcomes, results from GeparSixto are encouraging. In 315 TNBC 
patients, the addition of weekly carboplatin (initially AUC 2, reduced to AUC 1.5 
due to excessive hematologic toxicities) to a control regimen of weekly paclitaxel, 
weekly non-pegylated liposomal doxorubicin, and every 3-week bevacizumab sig-
nificantly improved DFS (HR 0.456; 95% CI 0.25–0.83, p = .008) [77, 78]. OS was 
also improved, though this did not achieve statistical significance (HR 0.55; 95% CI 

Table 6.1 Neoadjuvant chemotherapy for TNBC: pathologic complete response (pCR) rates 
without and with carboplatin

Study

Control (no carboplatin) 
regimen Carboplatin-containing regimen
N Regimen pCR N Regimen pCR

CALGB 40603 
[66]

107 wP → ddAC 39% 111 wPq3Cb → ddAC 49%
105 (wP → ddAC)  

+ Bev
43% 110 (wPq3Cb → ddAC) + Bev 60%

BrighTNess
[76]

158 wP → AC 31% 160 wPq3Cb → AC 58%
316 wPq3CbVel → AC 53%

GeparSepto
[61]

137 wP → EC 26% NA

GeparSixto [75, 
77]

157 wPwnpLDBev 43% 158 wPwCbwnpLDBev 53%

KEYNOTE-522 
[81]

NA 84 wPq3Cb → AC/EC 56%
116 wPwCb → AC/EC 48%
165 (wPq3Cb → AC/

EC) + Pembro
64%

231 (wPwCb → AC/
EC) + Pembro

67%

466 10–12 doses of wPCb (−/+ 
Pembro)

55%/70%

132 <10 doses of wPCb (−/+ 
Pembro)

36%/51%

GeparX [80] NA 159 wnPxCb → EC 60%
158 nPCb d 1,8 q21d → EC 50%

NeoSTOP [82] NA 52 Txq3Cb × 6 52%
48 wPq3Cb → ddAC 55%

wP weekly paclitaxel, nP nab-paclitaxel, AC doxorubicin and cyclophosphamide, dd dose-dense 
(every 2 weeks), Bev bevacizumab, q3Cb every 3-week carboplatin, wCb weekly carboplatin, Vel 
veliparib, EC epirubicin and cyclophosphamide, wnpLD weekly non-pegylated liposomal doxoru-
bicin, Pembro pembrolizumab, Tx docetaxel, NA not applicable
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0.27–1.14, p = .104). In contrast, improvement in EFS and OS was not seen in the 
intention-to-treat population with addition of carboplatin to a more standard neoad-
juvant regimen consisting of weekly paclitaxel followed by dose-dense AC (with 
half of the patients in each group also receiving bevacizumab) in CALGB 40603 
[79]. However, results from this study are skewed by a subset of patients assigned 
to carboplatin who missed multiple doses of treatment during weekly paclitaxel 
(35% compared to 15% of patients not assigned to carboplatin) due to increased 
hematologic toxicity and the study’s dose modification guidelines, which mandated 
that treatment with weekly paclitaxel (+/− carboplatin) be omitted, rather than just 
delayed pending recovery, for low blood counts or other toxicities [46]. These 
patients had a significantly lower pCR rate (41% vs. 61%) and inferior 5-year EFS 
(58% vs. 79%) compared to patients assigned to carboplatin who received treatment 
as planned. If these patients are excluded, the addition of carboplatin improved 
5-year EFS from 72% to 79%, which trends toward significance (HR 0.72, p = .016) 
[79]. We await long-term outcomes from the BrighTNess trial, which utilized an 
identical treatment regimen to CALGB 40603, but permitted treatment delays, 
resulting in a much higher percentage of patients on the carboplatin arm receiving 
treatment as planned [76]. Given the magnitude of the pCR increase with carbopla-
tin in that study (an absolute increase of 27% compared to 13% in CALGB 40603), 
we have reason to be optimistic that it will demonstrate substantial improvements in 
long-term outcomes as well. The BrighTNess study also included a third arm, on 
which patients received both carboplatin and the PARP inhibitor veliparib during 
weekly paclitaxel, which failed to demonstrate an increase in the pCR rate over that 
achieved with carboplatin alone [76]. Results from the GeparX study support the 
importance of paclitaxel/carboplatin dose delivery on achievement of pCR in TNBC 
[80]; on that study, TNBC patients randomized to receive nab-paclitaxel 125 mg/m2 
and carboplatin AUC 2 weekly for 12 weeks had a significantly higher pCR rate 
than patients who received the same treatment days 1 and 8 only every 21 days for 
four cycles (thus, a maximum of eight doses of paclitaxel), both followed by four 
cycles of EC (60.4% vs. 50.0%, p = .056), despite patients assigned to uninterrupted 
weekly treatment being more likely to discontinue this phase of treatment early.

While long-term outcome data are limited, the substantially higher pCR rates 
reported from multiple studies support the routine addition of carboplatin to taxane- 
and anthracycline-based NACT in TNBC, utilizing dosing guidelines (like those 
from BrighTNess) designed to avoid missed treatment doses which appears to com-
promise outcomes. In terms of the optimal treatment schedule (weekly versus every 
3 weeks) and dose (AUC 1.5–2 for weekly, 5–6 for every 3 weeks) for carboplatin 
when administered with weekly paclitaxel, there have been no randomized studies 
comparing the two. The KEYNOTE-522 study (discussed under Immunotherapy 
below) allowed treating physicians to choose between weekly and every 3-week 
carboplatin, with the majority (58%) selecting the weekly regimen [81]. There is 
also reason to believe that inclusion of carboplatin might allow us to eliminate 
anthracyclines from the NACT regimen in many patients with TNBC. In a random-
ized phase II study, six cycles of docetaxel and carboplatin achieved a pCR rate 
(52%) similar to that seen with weekly paclitaxel and every 3-week carboplatin 
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followed by four cycles of dose-dense AC (55%) [82]. In addition, in a recently 
published phase III adjuvant trial of 647 TNBC patients, those assigned to six cycles 
of weekly paclitaxel and carboplatin had significantly improved 5-year DFS com-
pared to a control regimen of three cycles of cyclophosphamide, epirubicin, and 
fluorouracil followed by three cycles of docetaxel (CEF-T) (86.5% vs 80.3%, 
HR = 0.65; 95% CI, 0.44–0.96, p = 0.03) [83].

 Immunotherapy for TNBC in the Neoadjuvant Setting

One of the mysteries in the development and progression of breast cancer is why 
these abnormal cells are not recognized as such and destroyed by the immune sys-
tem. On histologic examination there is evidence that, in some cases at least, the 
immune system has identified the cancer as “foreign” and recruited immune effec-
tor cells, as evidenced by the presence of tumor-infiltrating lymphocytes (TILs), 
which are more prevalent and numerous in aggressive breast cancer subtypes, such 
as HER2+BC and TNBC. The presence of TILs is both prognostic, in terms of risk 
of distant recurrence and death, and predictive of response to NACT [84]. So, if 
TILs are present, what prevents the immune system from attacking the cancer? Over 
recent years a variety of substances have been identified that may be produced by 
cancer cells which interact with receptors on immune effector cells and suppress 
their activation, and agents have been developed to block this interaction. These 
agents, often referred to as immune checkpoint inhibitors (ICIs), are typically 
monoclonal antibodies (mAbs) that target either the programmed cell death protein 
1 (PD-1), an inhibitory molecule expressed by T lymphocytes, especially T effector 
cells such as killer T cells, or its ligand (PD-L1) and have demonstrated antitumor 
efficacy in an increasing number of malignancies, including in metastatic TNBC 
that expresses PD-L1, leading to their approval by the FDA [85]. Several studies 
have investigated the impact of the addition of ICIs to neoadjuvant chemotherapy on 
pCR rates in HER2-negative breast cancer, especially TNBC. The hope is that the 
addition of such agents will not only increase the pCR rate but also enhance eradica-
tion of occult metastatic disease. Trials assessing the addition of an ICI to neoadju-
vant chemotherapy for TNBC in chemotherapy that have reported results are listed 
in Table 6.2:

• The phase III KEYNOTE-522 study demonstrated that the addition of pembroli-
zumab (a PD-1-targeted mAb) to NACT consisting of weekly paclitaxel and car-
boplatin (the latter administered either weekly or every 3 weeks at the discretion 
of the treating physician) followed by AC or EC raised the overall pCR rate from 
51% to 65% [81]. While patients with PD-L1-expressing (PD-L1+) cancers had 
higher pCR rates whether they received pembrolizumab or not, the addition of 
pembrolizumab increased pCR rates in both PD-L1+ and PD-L1-negative (PD- 
L1−) cancers. Preliminary data suggest that the addition of pembrolizumab may 
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also improve EFS, but in February 2021 the FDA deferred a decision on approval 
of this agent in the neoadjuvant setting pending longer follow-up.

• The phase III Impassion031 demonstrated that the addition of the PD-L1- targeted 
mAb atezolizumab to NACT, consisting of weekly nab-paclitaxel followed by 
AC, increased the overall pCR rate from 41% to 58% [86]. As in the 
KEYNOTE- 522 study, an increase in pCR was seen in both PD-L1+ and PD-L1− 
patients. While early EFS results are promising, this study was not powered to 
definitively address this endpoint.

• In contrast, the NeoTRIPaPDL1 study did not demonstrate a significant increase 
in pCR rates with the addition of atezolizumab to NACT consisting of nab- 
paclitaxel and carboplatin administered days 1 and 8 every 21  days for eight 
cycles, overall or in either the PD-L1+ or PD-L1− subsets [87].

• In the German Breast Group’s phase II GeparNuevo study, while the addition of 
the PD-L1-targeted mAb durvalumab to NACT, consisting of weekly nab- 
paclitaxel followed by EC, increased pCR rates in all patients, including those 
with PD-L1+ or PD-L1− cancers, these increases did not reach statistical signifi-
cance [88]. However, among 117 patients who received “window” treatment 
with a single dose of their assigned study drug 2  weeks before starting nab- 
paclitaxel, those who received durvalumab had a significantly higher pCR rate, 
suggesting a potential benefit for this type of “immune priming.”

While results from some of these studies are encouraging in regard the impact of 
adding an ICI to NACT on pCR rates (and possibly EFS) in TNBC, many questions 
remain. These include whether the choice of agent (PD-1- versus PD-L1-targeted) 
is important, the optimal timing and duration of treatment, selection of the accom-
panying NACT regimen, the appropriate target population (especially whether to 
include PD-L1− cancers), as well as the impact of immunotherapy on long-term 
outcomes such as EFS and OS. Until we have answers to at least some of the ques-
tions, routine inclusion of an ICI in neoadjuvant therapy for TNBC will likely not 
be accepted as the standard of care.

 Post-neoadjuvant Systemic Therapy

Patients who achieve a pCR with neoadjuvant therapy have a very good prognosis. 
Despite this, most receive adjuvant systemic therapy determined by their tumor 
subtype. Patients with HR+/HER-BC typically receive adjuvant endocrine therapy 
for at least 5 years, with either tamoxifen, an aromatase inhibitor, or a sequence of 
the two, depending on their menopausal status and tolerance of this treatment. The 
benefit of extended (>5 years) adjuvant endocrine therapy to reduce the risk of late 
distant recurrence has not been studied in this group of patients but is likely small 
given their good prognosis. Similarly, in premenopausal women who received ovar-
ian function suppression with a long-acting LHRH analog during either NACT (to 
protect ovarian function) or as part of their NET, the benefit of continuing ovarian 
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function suppression in the postoperative setting has not been studied, but the pos-
sible benefit of this treatment should be weighed against its short- and long-term 
side effects. In patients with HER2+BC who achieve a pCR with neoadjuvant ther-
apy, the standard of care is to complete a year of trastuzumab, as in patients treated 
in the adjuvant setting, though the benefit of this treatment has not been studied, 
with the addition of adjuvant endocrine therapy if HR+. Resumption of pertuzumab 
(in addition to trastuzumab) after surgery in patients who achieve pCR with NACT 
and dual HER2-targeted therapy is controversial; this has not been studied, is not 
without toxicity and costs, and is unlikely to impact long-term outcomes given the 
marginal benefit of adding pertuzumab to adjuvant chemotherapy and trastuzumab 
in the APHINITY trial [89]. In patients with TNBC who achieve pCR, there is no 
standard postoperative systemic treatment.

Until recently, there were no recommended treatments for patients with a subop-
timal response to NACT.  Patients with HR+ cancers typically received adjuvant 
endocrine therapy and those with HER2+BC received adjuvant trastuzumab. 
Patients with TNBC were sometimes offered adjuvant chemotherapy, despite the 
lack of evidence that it would reduce the risk of disease recurrence. Then, in 2016, 
Masuda and colleagues presented the results of the CREATE-X trial, on which 910 
patients with HER2-BC with residual invasive disease in the breast or axillary nodes 
after NACT were randomly assigned to a 6-month course of adjuvant capecitabine 
or observation [90]. The study demonstrated significant improvements in both 
5-year DFS (74.1% vs. 67.6%, HR 0.70, 95% CI 0.53–0.92; p  =  0.01) and OS 
(89.2% vs. 83.6%, HR 0.59, 95% CI 0.39–0.90: p = 0.01) with capecitabine. When 
stratified by hormone receptor status, significant benefits were seen only in patients 
with TNBC, with 42% and 48% improvements in DFS and OS, respectively, while 
outcomes in patients with HR+HER2-BC did not significantly improve. Another 
interesting observation was that patients with the poorest histologic response to 
neoadjuvant chemotherapy (grade 0, 1a, or 1b by Japanese Breast Cancer Society 
response criteria) received the greatest benefit from adjuvant capecitabine, while 
DFS improvement was not statistically significant in patients with a moderate or 
marked response to their prior treatment (grades 2 and 3), which raises questions 
about the heterogeneous biology of TNBC and its response to short-term intensive 
intravenous chemotherapy versus extended duration oral chemotherapy.

As mentioned above, in patients with HER2+ breast cancer, standard adjuvant 
therapy was trastuzumab, despite persistence of disease in the breast or axilla on this 
agent as part of their neoadjuvant regimen. Given its activity in metastatic HER2+BC 
that had progressed on trastuzumab and its favorable toxicity profile, the 
KATHERINE trial assessed substituting ado-trastuzumab emtansine (T-DM1) for 
standard trastuzumab in 1486 patients with residual disease after NACT and trastu-
zumab [31]. Treatment with T-DM1 significantly improved invasive DFS. Estimated 
percentages of patients who would be free of invasive disease at 3 years were 88.3% 
in the T-DM1 group compared to 77.0% in the trastuzumab group (HR, 0.50; 95% 
CI 0.39 to 0.64; p < 0.001), and while treatment with T-DM1 was associated with 
more frequent side effects than trastuzumab, it was well tolerated overall, with more 
than 70% of patients completing the planned 14 cycles of treatment.
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These two studies not only changed the standard of care for patients with TNBC 
and HER2+BC who fail to achieve pCR but also established the value of using the 
“post-neoadjuvant” setting to test the benefit of treatments in patients identified at 
increased risk for distant recurrence by their failure to achieve pCR. Several ongo-
ing and proposed studies in various breast cancer subtypes have adopted this 
approach.

In patients with HR+/HER2- breast cancer who received NACT, due to extent of 
disease at diagnosis or a high-risk Oncotype Dx Recurrence Score (>26) and fail to 
achieve pCR, standard adjuvant therapy consists of endocrine therapy with tamoxi-
fen, an aromatase inhibitor, or a sequence of the two for up to 10 years. In these 
higher-risk women, the addition of a 5-year course of ovarian function suppression, 
if premenopausal, or ovarian ablation (particularly if likely to be within 5 years of 
natural menopause) is warranted, as is the addition of adjuvant bisphosphonate 
therapy [91].

Perhaps the patients in whom choice of post-neoadjuvant therapy generates 
the most controversy are those with HR+/HER2-BC that failed to respond to 
NET, whether by clinical criteria or PEPI score at surgery. While some argue that 
this lack of response indicates a poorer prognosis, justifying administration of 
adjuvant chemotherapy, slow-growing cancers may not achieve a significant 
response to NET, yet are unlikely to benefit from chemotherapy. A reasonable 
approach may be to make recommendations about adjuvant chemotherapy based 
on the same criteria one would employ in the adjuvant setting, by administering 
chemotherapy to patients with extensive nodal disease (pathologic N2-3, includ-
ing those with involvement of >4 axillary lymph nodes) or an Oncotype Dx 
Recurrence Score (performed on the diagnostic biopsy, not the surgical speci-
men) of at least 26 while relying on endocrine therapy for pathologic N0-1 with 
an Oncotype of <25.

 Conclusion

The role of neoadjuvant therapy is likely to continue to expand, given its impact on 
surgical management and usefulness to direct postoperative therapy. While tumor 
subtype as defined by hormone receptor and HER2 expression largely defines neo-
adjuvant treatment options for individual patients today, as our understanding of the 
molecular determinants of cancer behavior and response to treatment advances, our 
interventions will hopefully become more precise and personalized, enhancing effi-
cacy and reducing unnecessary toxicity. Novel approaches to post-neoadjuvant 
therapy in patients who fail to achieve pCR are also being evaluated, including 
tucatinib (A011801) and trastuzumab deruxtecan (DESTINY-Breast05) in 
HER2+BC and pembrolizumab in TNBC (S1418), and the role of NET in  HR+/
HER2-BC is likely to expand. Table 6.3 summarizes current neoadjuvant treatment 
recommendations by tumor subtype, but these are certain to change as results from 
ongoing and planned studies become available.
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Chapter 7
Adjuvant Versus Neoadjuvant Systemic 
Therapy

Beth Overmoyer

 Locally Advanced Breast Cancer: Embracing Neoadjuvant 
Systemic Therapy

 Primary Local-Regional Therapy: Surgery and Radiation

Inoperable locally advanced breast cancer (LABC) classified as clinical T4 disease, 
bulky N2 or N3 disease, or inflammatory breast cancer (cT4d) was historically 
treated with radiation, either prior to or after surgery, i.e., radical mastectomy [1, 2]. 
The 5-year survival rate following the treatment of inoperable LABC ranged 
between 2% and 28% following a radical mastectomy and 10–30% after radiation 
therapy alone (Table 7.1). However, these older series were not well controlled for 
the clinical stage of patients treated with the two local-regional modalities, and 
often patients receiving primary radiation therapy had extensive disease not ame-
nable to surgical resection [2].

Most patients with LABC treated in this fashion develop distant metastasis 
within 24  months of diagnosis; however local disease control is also poor, with 
local-regional recurrence (LRR) as high as 60% following surgery and 72% after 
radiation therapy alone [3, 4]. Among patients who experience LRR, more than 
80% die of disease within 2 years [5]. Based upon these data and others, surgery 
alone or radiation therapy alone was not felt to be acceptable therapeutic modalities 
for the primary treatment of LABC. Combination radiation prior to or after surgical 
resection resulted in improved local-regional disease control; however this did not 
translate into an improvement in overall survival (OS) [2].
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 Breast Cancer as a Systemic Disease

The concept of breast cancer as a systemic disease at its inception, consisting of 
both viable and dormant tumor cells, was promoted by Fisher and his colleagues in 
the 1960s [13]. This hypothesis was supported by results of the randomized trial 
NSABP B04, whose 25-year update continued to demonstrate no significant differ-
ence in disease-free or OS among women with lymph node-negative or node- 
positive disease, randomized to various local-regional therapies [14]. The hazard 
ratio (HR) for death among women with lymph node-negative disease was compa-
rable between radical mastectomy vs. total mastectomy with radiation (1.08, 95%CI, 
0.91–1.28) and radical mastectomy vs. total mastectomy without radiation (1.03, 
95%CI, 0.87–1.23). The HR for death was also comparable when radical mastec-
tomy was compared to total mastectomy with radiation for clinically lymph node- 
positive disease (1.06, 95%CI, 0.89–1.27). These results supported a biological 
basis for the systemic management of breast cancer which diverged from the ana-
tomical principles proposed by Halstead [15].

Early clinical trials investigating the benefit of adjuvant chemotherapy adminis-
tered after primary surgical treatment of operable breast cancer demonstrated sig-
nificant improvements in disease-free survival (DFS) [16, 17]. The benefit of 
adjuvant chemotherapy varied based upon tumor burden, i.e., tumor size and axil-
lary lymph node involvement, menopausal status, and estrogen receptor (ER) status 
[18]. These findings supported the theory of breast cancer tumor heterogeneity and 
divergent susceptibility of micrometastatic disease to chemotherapy [13]. 
Administering non-cross-resistant chemotherapy, both in combination and in 
sequence, functions to eradicate susceptible clones prior to their development of 
drug resistance and consequent metastasis. This approach does not consider the 
potential presence or detection of micrometastatic clones of breast cancer that 

Table 7.1 Percent survival at 5  years for stage III breast cancer treated with local-regional 
therapy alone

Reference Year Number of patients % survival

Surgery alone
MacKay [6] 1970 587 32
Sicher [7] 1973 604 29
Haagensen [8] 1986 109 3
Radiation therapy alone
Langlands [9] 1976 165 14
Zucali [10] 1976 321 21
Rubens [4] 1977 184 13
Surgery +/− radiation therapy
Delarue [11] 1965 299 28
Fletcher [12] 1965 226 28
Zucali [10] 1976 133 45

Adapted from Hortobagyi [2]
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possess a priori drug resistance, nor does it allow the identification of subsets of 
patients with highly sensitive disease that does not require aggressive systemic 
therapy.

The innate heterogeneity of breast cancer not only contributes to the therapeutic 
failure of systemic chemotherapy but also to directed targeted therapy and immuno-
therapy, given the interactions between the immune microenvironment of the host 
and the variation in tumor cells. The administration of adjuvant systemic therapy 
infers a belief that the treatment will be effective without immediate confirmation. 
Applying systemic therapy to an intact tumor (neoadjuvant), however, not only 
allows direct information about its susceptibility to treatment but also informs deci-
sions on the need for subsequent management of the disease, including the modifi-
cation of systemic therapy mid-treatment. This construct contributed to the broader 
application of neoadjuvant systemic therapy for patients not only with inoperable 
LABC but also earlier stage, operable disease.

 Primary Systemic Therapy: Neoadjuvant Treatment

The concept of administering systemic chemotherapy preoperatively was developed 
almost simultaneously with the investigation of adjuvant chemotherapy for breast 
cancer. Initial studies applied neoadjuvant chemotherapy to patients with unresect-
able LABC with the therapeutic goal of converting the inoperable state of disease 
into one that was amenable to surgical resection. The additional benefit of neoadju-
vant systemic therapy was the early dissemination of chemotherapy in the hope of 
eradicating micrometastatic disease in this high-risk population before cancer resis-
tance develops [19].

Multiple studies evaluating the outcome of neoadjuvant chemotherapy demon-
strated a substantial reduction in tumor volume in >50% of patients with LABC [20, 
21]. This approach resulted in >70% of breast cancers being “downstaged,” subse-
quently permitting standard local-regional treatment. A multimodality approach to 
stage III disease became acceptable in the early 1990s, with chemotherapy, surgery, 
and radiation considered to be the best therapeutic design.

Unlike the delayed acceptance of neoadjuvant therapy for non-inflammatory 
LABC, the use of neoadjuvant chemotherapy was promptly embraced for the treat-
ment of inflammatory breast cancer (IBC). Historical series describe a 5-year over-
all survival (OS) of 1.5% when radical mastectomy alone was used to treat this 
disease [22]. The addition of radiation therapy with or without surgery improved 
local-regional disease control, but did not significantly impact OS, supporting the 
integration of neoadjuvant chemotherapy as primary treatment for IBC [10, 23]. 
Although the addition of neoadjuvant chemotherapy to radiation or surgery alone 
improved clinical outcomes, tri-modality therapy consisting of neoadjuvant sys-
temic therapy, mastectomy, and radiation resulted in a significant improvement in 
overall survival, with 5- and 10-year rates equaling 55.4% and 37.3%, respectively 
[24–29] (Table 7.2). Current guidelines for IBC continue to support neoadjuvant 
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therapy as the mainstay of treatment; however modified radical mastectomy fol-
lowed by comprehensive radiation therapy continues to be the standard of care for 
local-regional disease control in this disease, regardless of the extent of clinical 
downstaging which may occur with optimal disease response to systemic therapy 
[30, 31].

 Operable Breast Cancer: Benefits of Neoadjuvant Therapy

 Neoadjuvant Therapy Facilitates Breast Conservation

The 20-year follow-up of NSABP B06 continued to support comparable survival 
among women with stage I or II breast cancer randomized to local therapy consist-
ing of total mastectomy, lumpectomy, or lumpectomy with radiation [32]. NSABP 
B06 transformed the approach to the treatment of operable breast cancer and stimu-
lated the development of future clinical trials using systemic therapy as a means of 
downstaging disease with the goal of achieving the ability to undergo breast- 
conserving surgery.

NSABP B18 was an early study which randomized 1523 women with operable 
breast cancer (T1-3, N1-0) to receive an identical chemotherapeutic regimen either 
prior to (neoadjuvant) or after surgery (adjuvant) with the objective of assessing the 
impact of neoadjuvant chemotherapy on clinical outcomes [33]. After 16 years of 
follow-up, there was no statistically significant difference in DFS or OS between the 
two chemotherapy schedules with HR of 0.99 (95%CI, 0.85–1.16; P = .90) and 0.93 

Table 7.2 Historical treatment of inflammatory breast cancer: supporting neoadjuvant 
systemic therapy

Study No. DFS OS

Rouesse [26] (4-yr) (4-yr)
CT/RT/CT 170 32–54% 53–74%
RT 170 15% 42%
Fields [25] (5-yr) (5-yr)
CT/S/RT/CT 37 35% 44%
RT/CT 23 <10% 10%
Buzdar [24] mDFS (mo) mOS(mo)
CT/RT 32 22.8 30.1
RT (historical) 32 9 18
Rueth [29] NA (5-yr/10-yr)
CT/S/RT 6811 55.4%/37.3%
S 500 NA/16.5%
CT/S 2728 42.9%/28.5%
S/RT 158 40.7%/23.5%

No number, DFS disease-free survival, OS overall survival, CT chemotherapy, S surgery, RT radia-
tion therapy, yr year, mo months, mDFS median disease-free survival, mOS median overall survival
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(95%CI, 0.81–1.06; P =  .27), respectively [34]. Multiple studies have confirmed 
these data, summarized by the Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) meta-analysis of individual patient data from 4756 women treated on 
clinical trials comparing clinical outcomes following neoadjuvant or adjuvant treat-
ment of early-stage breast cancer from 1983 to 2002 [35]. No significant difference 
was found in 15-year distant disease recurrence rates (risk ratio (RR) = 1.02, 95%CI, 
0.92–1.14; P = .66), breast cancer mortality (RR = 1.06, 95%CI, 0.95–1.18; P = .31), 
or death from any cause (RR = 1.04, 95%CI, 0.94–1.15; P = .45).

Given the comparable clinical outcomes when comparable chemotherapeutic 
regimens are administered prior to or after surgery, neoadjuvant therapy should be 
considered for early-stage breast cancer whenever the goal of treatment is to down-
stage the tumor and pursue de-escalation of surgery, i.e., breast conservation. 
Multiple studies have established the utility of neoadjuvant therapy in increasing the 
rate of breast conservation in operable breast cancer [36, 37]. NSABP B18 pio-
neered this approach by finding a greater number of women treated with lumpec-
tomy and radiation therapy after neoadjuvant treatment compared with those who 
received adjuvant chemotherapy, 67.8% vs. 59.8%, respectively [33]. The EBCTCG 
confirmed an increased frequency of breast conservation when neoadjuvant therapy 
was given versus adjuvant treatment, 65% vs. 49%, respectively, with 33% of 
planned surgery converted from mastectomy to lumpectomy [35].

 Neoadjuvant Therapy Downstages Axillary Lymph Node Disease

Complete axillary lymph node (ALND) dissection is associated with significant 
morbidity, including sensory deficits, lymphedema, limitation of arm movement, 
and a higher risk of infection [38]. Advances in surgical techniques have resulted in 
a de-escalation of axillary surgery so that sentinel lymph node (SLN) sampling has 
become the standard approach to the pathologic evaluation of the clinically node- 
negative axilla. Early studies supporting SLN sampling were associated with an 
accurate prediction of ALN status in 95.6–97.5% of cases where SLN sampling was 
followed by a completion ALN dissection [39–41]. Surgical morbidity was improved 
with the acceptance of SLN sampling, with less sensory loss, greater arm and shoul-
der function, reduced incidence of lymphedema, and an overall improvement in 
quality of life [42, 43]. More importantly, SLN sampling did not compromise clini-
cal outcomes in lymph-node negative or positive breast cancer treated with primary 
surgery and radiation therapy [42, 44–46].

The receipt of neoadjuvant therapy not only results in reducing primary tumor 
size allowing the removal of less breast tissue and a higher frequency of negative 
surgical margins, but it also leads to effective clearing of nodal disease, converting 
positive to negative ALN [47, 48]. NSABP B18 showed a 16% increase in the num-
ber of patients with pathologic lymph node-negative disease after neoadjuvant ther-
apy compared with the adjuvant therapy group [49]. This number increased by 6.9% 
with the administration of additional neoadjuvant chemotherapy in NSABP B27 

7 Adjuvant Versus Neoadjuvant Systemic Therapy



156

[50]. The application of SLN sampling following neoadjuvant therapy was an antic-
ipated next step in de-escalating surgery for early-stage breast cancer. Similar rates 
of identifying SLN are seen following neoadjuvant therapy compared with primary 
surgery among patients with clinically node-negative disease. A meta-analysis of 16 
studies involving 1456 patients with clinically node-negative disease who received 
neoadjuvant therapy followed by SLN sampling confirmed the feasibility of this 
technique, with an identification rate of 96% and a false-negative rate of 6% [51].

Considering the data demonstrating significant downstaging of the axilla follow-
ing neoadjuvant therapy, a natural extension of the acceptance of SLN sampling was 
in the exploration of performing this procedure for clinically node-positive disease 
after the completion of neoadjuvant therapy. Several clinical trials (ACOSOG 
Z1071, SENTINA, SN FNAC study, and GANEA2 study) confirmed downstaging 
to a pathologically node-negative status, but also established a satisfactory identifi-
cation rate of SLN after neoadjuvant treatment: 92.7%, 80.1%, 87.6%, and 79.5%, 
respectively [52–55]. Improved techniques, such as dual tracer use and sampling a 
minimum of three SLN, have lowered the false-negative rate to <10%. Although a 
proportion of patients will have undetected micrometastatic nodal involvement, 
SLN post-neoadjuvant therapy is associated with an axillary recurrence rate of <2% 
[56, 57]. These studies stimulated a greater acceptance and use of neoadjuvant ther-
apy with the goal of de-escalating surgery, i.e., greater ability to pursue breast con-
servation and SLN sampling.

 Goal of Neoadjuvant Therapy: Complete Pathologic 
Response (pCR)

 Improved Clinical Outcomes Associated with pCR

The use of neoadjuvant therapy eliminates the ability to utilize anatomic prognostic 
features of newly diagnosed breast cancer such as ALN involvement and tumor size. 
However, the tumor response from neoadjuvant therapy is a direct indication of 
therapeutic sensitivity, which can be used as a surrogate for disease prognosis [34]. 
The definition of complete pathologic response (pCR) has varied across clinical tri-
als for neoadjuvant therapy making cross-trial comparisons of therapeutic efficacy 
challenging. The most rigorous criteria which discriminate favorable versus unfa-
vorable clinical outcomes define pCR as the absence of invasive disease in the breast 
and ALN (ypT0/is, ypN0), and the presence of in situ disease in the breast (Tis) is 
allowed [58, 59].

Older studies not only differed in their definition of pCR, but clinical outcomes 
were not assessed based upon specific breast cancer subtypes, differentiated by hor-
mone receptor (estrogen receptor (ER), progesterone receptor (PR)), and HER2 sta-
tus. Recent data revealed a correlation between clinical outcomes and pCR rate 
most consistently seen in the HER2-positive and triple-negative (TN = ER negative, 
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PR negative, HER2 negative) subtypes [58–60]. A pooled analysis of 12 clinical 
trials involving neoadjuvant therapy administered to 11,955 patients with a wide 
range of clinical stages correlated longer event-free survival (EFS) and OS associ-
ated with a pCR [59]. Differences in pCR rates were seen among breast cancer 
subtypes, with the more proliferative subtypes, HER2 positive and TN, having 
higher rates compared with the hormone receptor-positive subtype. These subtypes 
also had a stronger association between pCR and OS with HR of 0.34 (95%CI, 
0.24–0.47) and 0.16 (95%CI, 0.11–0.25), respectively, compared with the hormone 
receptor-positive subtype (HR = 0.49, 95%CI, 0.33–0.71). However, the prognostic 
strength of pCR was greater among the higher proliferative hormone receptor-posi-
tive subgroups, such as histologic grade 3 disease or ER and/or PR positive and 
HER2 positive (luminal B) [58, 59].

 Optimizing Neoadjuvant Therapy: Use of Targets

 Targeting HER2-Positive Disease

The NOAH trial was the first randomized trial evaluating the benefit of adding anti- 
HER2 blockade with trastuzumab to a standard neoadjuvant chemotherapy back-
bone for the treatment of LABC, IBC, and operable breast cancer [61]. The results 
demonstrated an increased ability to achieve a pCR (ypT0/is, ypN0) when targeted 
therapy, i.e., trastuzumab, was combined with chemotherapy versus chemotherapy 
alone, 87% vs. 55%, respectively. This translated into a statistically significant 
improvement in 5-year EFS with the addition of trastuzumab, 58% vs. 43% without 
trastuzumab (HR = 0.64, 95%CI 0.44–0.93; P = .016).

Since the NOAH trial was first published, several different classes of agents tar-
geting HER2 have been developed, such as small molecule inhibitors (lapatinib, 
neratinib, tucatinib), drug antibody conjugates (trastuzumab emtansine (T-DM1), 
trastuzumab deruxtecan), and monoclonal antibodies against HER2 (trastuzumab, 
pertuzumab) [62]. This has led to the utilization of neoadjuvant studies as a mecha-
nism to identify effective therapy against HER2-positive disease using pCR as a 
surrogate for prognosis and tumor response. The KRISTINE trial lends support to 
this method of exploring novel therapies, showing that regardless of which neoad-
juvant treatment was administered to the 444 patients with stage II or III HER2- 
positive disease, a pCR (ypT0/is, ypN0) was associated with a decreased risk in 
invasive DFS (HR = 0.24, 95%CI, 0.09–0.60) [63].

 Targeting Triple-Negative Disease

Unlike hormone receptor or HER2-positive disease, TN breast cancer has no known 
therapeutic target. In addition, TN disease is associated with a worse prognosis, not 
only due to limitations in treatment options available, i.e., chemotherapy alone, but 
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also due to its underlying biology [64]. Given these two challenges, neoadjuvant 
therapy has been used to confirm disease response with pCR as a prognostic indica-
tor. TN breast cancer is associated with a higher incidence of pCR following neoad-
juvant chemotherapy resulting in comparable clinical outcomes to other subtypes if 
pCR is achieved [59, 65, 66].

Research in the underlying biology of this disease identified a BRCA-ness phe-
notype which is associated with deficiencies in DNA repair by homologous recom-
bination [67, 68]. This led to an investigation of the clinical benefit of adding 
DNA-damaging agents, such as carboplatin, to standard neoadjuvant chemotherapy, 
and improving pCR rates, ranging from 6.7–60% to 3.3–46% with a non-platinum- 
containing regimen, respectively [69–71]. Although the addition of platinum-based 
neoadjuvant therapy results in higher rates of pCR, it is associated with greater 
toxicity and the effect on clinical outcomes remains mixed.

BRCA1 germline mutations are present in approximately 10% of TN breast can-
cers and convey an inherited deficiency in DNA repair by homologous recombina-
tion like that seen in the acquired BRCA-ness phenotype found in sporadic TN 
disease [72]. Neoadjuvant therapy provided the means to explore the potential ben-
efit of non-chemotherapy regimens to treat BRCA-associated TN breast cancer. 
Talazoparib, a poly-adenosine diphosphate [ADP]-ribose polymerase (PARP) 
inhibitor, was administered as a single agent to a small number of patients (n = 20) 
with stage II or III BRCA-positive breast cancer, demonstrating a pCR rate of 53% 
overall and 57% in TN disease [73]. These results can be used to support larger 
clinical trials studying PARP inhibitors as a means of targeting early-stage TN 
breast cancer, without the need for chemotherapy.

Another potential therapeutic target that has been explored in TN breast cancer 
is the immune microenvironment. The presence of tumor-infiltrating lymphocytes 
(TILs) has been shown to be a favorable prognostic feature of TN breast cancer and 
supported subsequent investigation of immune checkpoint blockade to enhance 
chemotherapy efficacy [74, 75]. Several pivotal randomized clinical trials using 
anti-programmed death 1 (PD-1) inhibitors with chemotherapy in the neoadjuvant 
setting have resulted in 13.6–17% higher rates of pCR compared with standard 
chemotherapy [76, 77]. This has translated into improved EFS regardless of the 
presence of a marker for response, i.e., PD-L1 positivity. Although the challenge of 
identifying a subgroup of TN breast cancers best served by “targeted” therapies 
continues, neoadjuvant therapy in this high-risk patient population remains an 
important therapeutic strategy.

 Targeting Hormone Receptor-Positive Disease

Hormone receptor-positive breast cancer is the most challenging subtype to treat 
with neoadjuvant therapy due to its lower frequency of downstaging in both the 
breast and ALN [50, 58, 59, 78]. There continues to be controversy concerning the 
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optimal neoadjuvant therapy, i.e., chemotherapy versus endocrine therapy, which 
will result in the maximum pathological downstaging and pCR rate to warrant a 
change in the treatment paradigm for early-stage hormone receptor-positive disease 
which has traditionally favored adjuvant systemic therapy to neoadjuvant treatment.

In the adjuvant setting, genomic analysis can select patients with early-stage ER 
and/or PR-positive breast cancer who would benefit from chemotherapy in addition 
to endocrine therapy to reduce the risk of disease recurrence and increase overall 
survival [79–81]. Candidates for adjuvant chemotherapy as determined by genomic 
analysis may benefit from administering this treatment in the neoadjuvant setting, 
since this subgroup of hormone receptor-positive breast cancer falls into the more 
proliferative group (luminal B) where pCR has been shown to be predictive of clini-
cal outcomes [58, 65]. Several studies have utilized genomic analysis performed on 
preoperative tumor biopsies to predict response to neoadjuvant chemotherapy and 
identify patients who would benefit from neoadjuvant chemotherapy followed by 
adjuvant endocrine therapy [82–85].

Conversely, genomic analysis performed on diagnostic biopsies may identify 
patients who could be treated with neoadjuvant endocrine therapy alone to down-
stage their disease, thus avoiding overtreatment with chemotherapy [86]. The 
TransNEOS study validated the use of the 21-gene test to predict response to neo-
adjuvant endocrine therapy among 295 postmenopausal patients with clinically 
node-negative disease [87]. Lower values of a 21-gene signature were associated 
with higher response rates with endocrine therapy resulting in 58% converting to 
breast conservation (p = .009). Refinements in the identification of subgroups within 
the 21-gene signature now include both node-negative and node-positive disease 
[80, 88, 89]. These results can be applied to the neoadjuvant setting not only to 
identify appropriate patients for neoadjuvant endocrine therapy but also to assist in 
the investigation of targeted therapies, such as CDK4/6 inhibitors and PIK3CA 
inhibitors combined with endocrine therapy in order to achieve greater disease 
response [90, 91].

 Residual Disease Post-neoadjuvant Therapy Informs 
Adjuvant Treatment

Residual disease post-completion of neoadjuvant therapy is associated with an 
increased risk of disease relapse which varies among breast cancer subtypes [59]. 
For this reason, several investigators sought to improve clinical outcomes by modi-
fying adjuvant treatment for those patients who did not achieve a pCR from neoad-
juvant therapy. As in the neoadjuvant trials, these “post-neoadjuvant” studies are 
specific to each breast cancer subtype and identify a subset of patients who benefit 
from a modification of standard adjuvant therapies.
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 High-Risk Disease: Triple Negative and HER2 Positive

A meta-analysis of nine publications comparing neoadjuvant to adjuvant treatment 
among 36,480 patients with TN breast cancer found a significant benefit in OS when 
patients received neoadjuvant chemotherapy and achieved a pCR (HR  =  0.53; 
95%CI, 0.29–0.98; P = .04), whereas those with residual disease following neoad-
juvant therapy fared poorly [92]. These results identified a patient population who 
would benefit from the addition of adjuvant therapy, since the standard of care was 
active observation regardless of pCR. The CREATE-X study involved the addition 
of six to eight cycles of capecitabine chemotherapy administered to patients with 
residual disease following neoadjuvant therapy [93]. In the subset of patients with 
the highest risk of disease relapse, i.e., those with triple-negative disease, the addi-
tion of adjuvant capecitabine resulted in a 13.7% improvement in 5-year DFS and 
an 8.5% improvement in OS compared with active observation. Similar treatment 
modifications were applied to HER2-positive disease in the KATHERINE trial 
which demonstrated an 11.3% improvement in 3-year invasive DFS and a 1.8% 
improvement in OS when T-DM1 was given as adjuvant maintenance anti-HER2 
therapy compared with trastuzumab for patients who did not achieve a pCR from 
neoadjuvant therapy [94].

 Hormone Receptor Positive

MonarchE focused on the approximately 30% of patients with high-risk hormone 
receptor-positive breast cancer who are at risk of disease recurrence and may benefit 
from targeted therapy with a CDK4/6 inhibitor added to standard endocrine therapy 
in the adjuvant setting [95]. Patients with high-risk disease, which included clinical 
stage prior to receiving neoadjuvant treatment, were randomized to standard adju-
vant endocrine therapy with or without abemaciclib, a CDK4/6 inhibitor. The addi-
tion of abemaciclib for 2 years improved the 2-year invasive DFS by 3.5% which 
was statistically significant (HR = 0.75, 95%CI, 0.60–0.93, P = .01).

 Who Should Receive Adjuvant Therapy Alone?

The use of neoadjuvant therapy is associated with the loss of initial prognostic indi-
cators, such as pathologic stage, and thus there remains a risk of overtreating a seg-
ment of the breast cancer population if everyone was administered neoadjuvant 
therapy. Patients presenting with small tumors, T1a/T1b, have an excellent 5-year 
OS without adjuvant chemotherapy, with or without trastuzumab, exceeding 95% 
[96]. A prospective cohort study involving 4113 women from the NCCN Breast 
Cancer Outcomes Database, with node-negative, T1a/T1b disease demonstrated an 
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excellent prognosis over a median follow-up of 5.5  years (Table  7.3). Among 
patients with TN breast cancer, the 5-year disease relapse-free survival (DRFS) was 
93% and 90% for untreated T1a and T1b disease, respectively, and increased to 
100% and 98% with treatment for the same respective tumor stage.

The Adjuvant Paclitaxel and Trastuzumab (APT) trial lent support for adjuvant 
therapy alone as systemic treatment for small, low-risk, HER2-positive breast can-
cer [97]. This phase II study involved 410 patients with HER2-positive disease mea-
suring <3.0  cm, node negative, or microscopic node positive (N1mic), having 
completed primary surgical treatment. The receipt of 12 weeks of weekly paclitaxel 
with 1 year of trastuzumab resulted in a 93.3% (95%CI, 91.8–97.5) 7-year DFS and 
a 98.6% (95%CI, 97–100) 7-year breast cancer-specific survival (BCSS). These 
data support an adjuvant therapy approach to stage I and small stage II T1/T2 (N0/
N1mic) HER2-positive breast cancer, resulting in excellent clinical outcomes and 
thus avoiding the potential for overtreatment if neoadjuvant therapy was offered.

 Conclusion

The acceptance of neoadjuvant therapy for the treatment of breast cancer has 
evolved from historical criteria for inoperable disease to a more generalized 
approach involving several clinical objectives. Those patients with operable disease 
may benefit from downstaging their primary tumor to pursue breast-conserving sur-
gery and/or clear ALN involvement allowing SLN sampling and limit potential sur-
gical complications associated with complete ALN dissection. In addition to the 

Table 7.3 Clinical outcomes in favorable breast cancer without neoadjuvant therapy

T1a, N0 T1b, N0
No C or T C w/wo T No C C w/wo T

Outcome 5-yr (%) 5-yr (%) 5-yr (%) 5 yr (%)

HR+/HER− N = 972 N = 12 N = 2005 N = 241
OS 98 100 97 98
IDFS 93 96 91 95
HR+/HER2+ N = 102 N = 33 N = 89 N = 100
OS 95 100 95 99
IDFS 86 00 86 90
HR−/HER2+ N = 49 N = 32 N = 17 N = 88
OS 93 100 100 95
IDFS 84 89 68 94
TN N = 74 N = 25 N = 94 N = 170
OS 94 100 91 96
IDFS 86 91 81 25

Adapted from Vaz-Luis [96]
C chemotherapy, T trastuzumab, w/wo with or without, yr year, HR hormone receptor, OS overall 
survival, IDFS invasive disease-free survival, N number, TN triple negative

7 Adjuvant Versus Neoadjuvant Systemic Therapy



162

surgical benefits of neoadjuvant therapy, this treatment modality can offer the abil-
ity to change systemic therapy midcourse if disease response is not seen and provide 
prognostic information based upon the amount of residual disease left at the time of 
surgery.

A more favorable cohort of patients who achieve a pCR following neoadjuvant 
treatment may not require aggressive adjuvant systemic therapy, whereas those with 
residual disease now have options for adjuvant treatment which will improve their 
clinical outcomes. Finally, neoadjuvant therapy affords the opportunity for clinical 
research of novel therapies in small numbers of patients, providing information 
about biologic activity, tumor response, and clinical efficacy.

For these reasons, neoadjuvant therapy is becoming the mainstay of treatment for 
early-stage breast cancer. However, there remains a subset of patients with small, 
highly favorable disease who can avoid overtreatment with neoadjuvant therapy by 
undergoing a standard surgical approach for their disease followed by minimal 
adjuvant therapy. Breast cancer treatment is rapidly evolving, and these guidelines 
may not be applicable in the future. If that is so, it will demonstrate advances in the 
treatment of this disease that provides even greater optimism.
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Chapter 8
Molecular Testing and Personalized 
Neoadjuvant Treatment

Adrienne Waks

 Introduction

Neoadjuvant administration of systemic therapy in early-stage breast cancer offers 
many advantages. For all three major breast cancer subtypes, neoadjuvant treatment 
can accomplish downstaging of the breast and/or axilla, optimizing surgical out-
come and minimizing surgical morbidity. For patients with human epidermal growth 
factor receptor 2 (HER2)-positive (HER2+) and triple-negative breast cancers, the 
extent of residual disease at surgery following neoadjuvant systemic therapy corre-
lates strongly with long-term breast cancer outcomes [1]. Accordingly, the presence 
or absence of residual disease at surgery (following neoadjuvant chemotherapy, plus 
anti-HER2 therapy for those with HER2+ tumors) is used to tailor adjuvant therapy 
recommendations, with adjuvant treatment escalation recommended for patients 
with residual disease. For patients with hormone receptor (HR)-positive/HER2- 
negative (HR+/HER2−) breast cancers, the presence or absence of pCR following 
neoadjuvant chemotherapy is a less strong predictor of long-term outcomes [1], and 
thus, at present, extent of residual disease at surgery is not a standard consideration 
in adjuvant treatment planning.

Beyond the three standard markers that drive nearly all systemic therapy recom-
mendations in breast cancer (estrogen receptor, ER; progesterone receptor, PR; and, 
HER2), there is enormous potential utility in identifying additional molecular mark-
ers to individualize treatments offered to each patient. Neoadjuvant treatment offers 
a unique opportunity for observation of tumor response while the primary breast 
tumor remains in place. Therefore, the neoadjuvant setting is an ideal platform for 
development of such individualized molecular biomarkers. Here, we discuss the 
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development of biomarkers that can help to predict neoadjuvant treatment responses 
in patients with HR+/HER2− breast cancer (genomic risk scores and Ki67 stain-
ing), the neoadjuvant role of DNA-damaging therapies (platinum chemotherapy and 
inhibitors of poly-(adenosine diphosphate [ADP]-ribose) polymerase (PARP)) and 
associated biomarkers of DNA damage repair capacity, and the ongoing investiga-
tion of CDK4/6 inhibitors and immune checkpoint blockade in neoadjuvant 
regimens.

 Genomic Risk Scores and Neoadjuvant Therapy for Hormone 
Receptor-Positive/HER2-Negative Breast Cancer

 Genomic Risk Score and Response 
to Neoadjuvant Chemotherapy

A central question in the management of all early-stage HR+/HER2− breast tumors 
is whether chemotherapy will add benefit beyond endocrine therapy. Genomic risk 
scores are metrics derived from breast tumor gene expression profiling that serve as 
both prognostic biomarkers, corresponding with long-term outcomes, and in some 
cases predictive biomarkers of chemotherapy benefit for HR+/HER2− tumors. The 
21-gene Oncotype DX recurrence score (Genomic Health, Redwood City, CA) and 
70-gene MammaPrint assay (Agendia, Irvine, CA) are predictive biomarkers in 
broad clinical use to guide decision-making about the benefit of adjuvant chemo-
therapy for many patients with early-stage HR+/HER2− breast cancer. The large, 
randomized, prospective clinical trials TAILORx, MINDACT, and RxPONDER 
demonstrated the clinical utility of genomic risk scores for determination of adju-
vant chemotherapy benefit [2–4].

While the bulk of high-quality data supports the use of genomic risk scores in the 
adjuvant, as opposed to the neoadjuvant, setting, the correlation of gene expression 
profiling or genomic risk score with pathologic complete response (pCR) following 
neoadjuvant chemotherapy has been shown across multiple cohorts. The 21-gene 
recurrence score is derived from expression of four main gene sets: an estrogen 
receptor (ER)-related set, a proliferation set, a HER2 set, and an invasion set. In a 
landmark early analysis of 89 patients (both ER+ and ER−) from Istituto Nazionale 
dei Tumori in Milan published in 2005, the authors showed a significant positive 
association between 21-gene recurrence score and likelihood of pCR after neoadju-
vant paclitaxel and doxorubicin (Fig.  8.1a). Unsupervised analysis of the same 
cohort showed a correlation between gene expression related to three main biologi-
cal processes and pCR: proliferation- and immune-related genes were positively 
correlated with likelihood of pCR, while ER-related genes were negatively corre-
lated [5]. The ADAPT study led by the West German Study Group was the first large 
prospective clinical trial to demonstrate a statistically significant association 
between high 21-gene recurrence score (defined as score >25) and likelihood of 
pCR following neoadjuvant chemotherapy [6].
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The role of the 21-gene recurrence score in predicting neoadjuvant chemother-
apy response specifically within axillary lymph nodes has also been explored. A 
retrospective cohort study identified patients in the National Cancer Database with 
clinically lymph node-positive (cN1-N2) ER+/HER2− breast cancer who under-
went 21-gene recurrence score testing and received neoadjuvant chemotherapy 
(N = 158). Patients were stratified into low (<18), intermediate (18–30), or high 
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Fig. 8.1 (a) Probability of pathologic complete response (pCR; y-axis) and 21-gene recurrence 
score (x-axis) in the Insituto Nazionale dei Tumori-Milan cohort. Red circles represent patients 
who had pCR; yellow circles represent patients who did not have pCR. (Borrowed with permission 
from Gianni et al. [5]. https://pubmed.ncbi.nlm.nih.gov/16145055/ ©American Society of Clinical 
Oncology). (b) Probability of pathologic complete response (pCR; y-axis) and MammaPrint 
70-gene recurrence score (x-axis) in the Neoadjuvant Breast Registry Symphony Trial cohort. 
Red circles represent patients who had pCR; yellow circles represent patients who did not have 
pCR. (Borrowed without modification from Whitworth et al. [8]. Link to the Creative Commons 
License: http://creativecommons.org/licenses/by/4.0/)
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(>31) recurrence score categories. The overall rate of axillary pCR was 14.6%. 
Axillary pCR rates among patients with low, intermediate, and high 21-gene recur-
rence scores were 10.7%, 9.7%, and 27.5%, respectively, which was a statistically 
significant correlation between higher 21-gene recurrence score and chance of 
achieving axillary pCR [7].

Like the 21-gene Oncotype DX recurrence score, the 70-gene MammaPrint score 
has also been shown to correlate with likelihood of pCR to neoadjuvant chemo-
therapy. Among 405 patients with HR+/HER2− breast cancer who underwent 
70-gene expression profiling and received neoadjuvant chemotherapy on the pro-
spective Neoadjuvant Breast Registry Symphony Trial, a higher risk MammaPrint 
index was significantly associated with a higher chance of achieving pCR (p < 0.001; 
Fig. 8.1b). On this trial the overall pCR rate to neoadjuvant chemotherapy was 11%. 
Among patients with low-risk and high-print MammaPrint index, the pCR rates 
were 2% and 13%, respectively. Within the same cohort, intrinsic subtype determi-
nation (luminal type, HER2 type, or basal type; all tumors were HR+/HER2− by 
standard clinical testing) was performed using the 80-gene BluePrint gene profiling 
assay. pCR to neoadjuvant chemotherapy was significantly more likely among basal 
tumors (32% pCR rate) compared to luminal type (5% pCR rate) [8].

In summary, both retrospective and prospective data support higher genomic risk 
scores as a valid predictor of favorable response to neoadjuvant chemotherapy for 
HR+/HER2− breast cancers. However, the majority of data—including large, ran-
domized, prospective trials incorporating over 15,000 patients—demonstrate the 
utility of genomic risk scores to guide chemotherapy decisions specifically in the 
adjuvant setting. Accordingly, the 2021 guidelines from the American Society of 
Clinical Oncology (ASCO) find that there is insufficient evidence to support using 
genomic risk scores when determining whether or not to use neoadjuvant chemo-
therapy [9]. In clinical practice, for patients with HR+/HER2− tumors who would 
benefit from downstaging prior to breast surgery, decisions must be made on a case- 
by- case basis in a multidisciplinary fashion.

 Genomic Risk Score and Response to Neoadjuvant 
Endocrine Therapy

Separate from the question of how genomic risk scores may be used to predict 
response to neoadjuvant chemotherapy, which is aligned with these tests’ main 
evidence- based role as predictors of long-term chemotherapy benefit, other analy-
ses have sought to examine how genomic risk score may predict response to neoad-
juvant endocrine therapy. The largest such effort is the TransNEOS study, a 
translational sub-cohort of the phase III New Primary Endocrine-Therapy 
Origination Study (NEOS) designed to investigate clinical response and surgical 
outcomes following 6 months of neoadjuvant letrozole on the basis of the 21-gene 
recurrence score. Of note, outside of a clinical trial, neoadjuvant endocrine therapy 
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is standard only for postmenopausal women. TransNEOS evaluated 295 postmeno-
pausal patients with ER+/HER2− clinically node-negative breast cancer. Recurrence 
score group (low, score <18; intermediate, score 18–30; high, score >31) was sig-
nificantly associated with likelihood of clinical response to neoadjuvant letrozole. 
Patients with low, intermediate, and high recurrence scores experienced clinical 
response rates of 55%, 42%, and 22%, respectively (Fig. 8.2). There was also a 
significant difference in the risk of developing progressive disease on neoadjuvant 
hormonal therapy (<1% risk in patients with low recurrence score; 17% risk in 
patients with high recurrence score). Finally, patients with low recurrence score 
were significantly more likely than patients with high recurrence score to undergo 
breast-conserving surgery and more likely to experience a difference in posttreat-
ment surgery received as opposed to pre-treatment surgery recommendation [10]. 
While these data are interesting and hypothesis-generating, it should be underscored 
that the important role of genomic risk scores is in predicting chemotherapy, not 
endocrine therapy, benefit.

 Dynamic Testing of Ki67 to Guide Neoadjuvant Therapy 
for Hormone Receptor-Positive/HER2-Negative Breast Cancer

The proliferative protein Ki67 has been examined as a marker informing treatment 
decisions and long-term prognosis following neoadjuvant endocrine therapy. 
Dynamic measurement of Ki67 currently does not play a role in breast cancer treat-
ment decisions outside of a clinical trial. However, it has been the focus of many 
completed and ongoing trials incorporating neoadjuvant endocrine therapy. One 
major advantage of Ki67 measurement as a prognostic tool is that it is more easily 
performed and much less expensive than genomic risk scores and therefore more 
widely available [11]. A low Ki67 value (<10%) measured in treatment-naïve HR+/
HER2− correlates with better long-term breast cancer outcome [11]. When Ki67 is 
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measured again following 2–4 weeks on neoadjuvant endocrine therapy, it serves as 
a metric of endocrine responsiveness (with greater suppression in Ki67 correspond-
ing with greater endocrine sensitivity) and adds additional prognostic value to the 
baseline Ki67 measurement [11, 12]. Ki67 measurement is also incorporated into 
the Preoperative Endocrine Prognostic Index (PEPI), a validated prognostic marker 
calculated at surgery following (and while continuously on) neoadjuvant endocrine 
therapy, which is composed of pathologic stage, Ki67 level, and Allred score for ER 
expression. PEPI score of 0 (pT1/2, pN0, Ki67 <2.7%, and Allred ER score >2) cor-
relates with a more favorable long-term breast cancer outcome compared to higher 
PEPI scores [12].

The prognostic value of dynamic Ki67 measurement during neoadjuvant endo-
crine therapy was well demonstrated in the POETIC trial (Peri-Operative Endocrine 
Therapy—Individualising Care) [11]. In this phase III trial, postmenopausal women 
with HR+ operable breast cancer were randomized to receive perioperative aroma-
tase inhibitor for 2 weeks before and 2 weeks after surgery or no perioperative aro-
matase inhibitor. Ki67 was measured in breast tumor tissue at baseline and at 
surgery (i.e., 2 weeks following aromatase inhibitor initiation, if administered per 
randomization). At baseline, 33% of women with HR+/HER2− tumors (N = 2235) 
had low Ki67 (<10%) and 67% had high Ki67 (>10%). Women with low Ki67 at 
both baseline and following 2 weeks of aromatase inhibitor had the best long-term 
prognosis (4.3% 5-year breast cancer recurrence risk). Among women with high 
baseline Ki67, those with suppression of Ki67 following 2  weeks of aromatase 
inhibitor had significantly better long-term outcome than those with persistently 
high Ki67 following 2 weeks of aromatase inhibitor (8.4% vs. 21.5% 5-year recur-
rence rates, respectively). All patients in the POETIC trial were treated with stan-
dard adjuvant therapy according to United Kingdom Guidelines [11]. Overall, these 
data indicate that dynamic measurement of Ki67 can be used to assess endocrine 
therapy responsiveness following just 2 weeks of neoadjuvant exposure to aroma-
tase inhibitor and carries prognostic significance.

Translating dynamic measurement of Ki67 into a biomarker guiding treatment 
decisions, specifically regarding which patients with HR+/HER2− breast tumors 
will benefit from chemotherapy, is a related area of active investigation. The ADAPT 
HR+/HER2− trial run by the West German Study Group enrolled pre- and post-
menopausal women with cT1-T4 and cN0-N3 HR+/HER2− non-metastatic breast 
cancer who were candidates for chemotherapy by conventional criteria. The incor-
poration of premenopausal women in this trial population is notable as the large 
majority of evidence supporting both neoadjuvant endocrine therapy and the associ-
ated dynamic measurement of Ki67 is from postmenopausal women only. In the 
neoadjuvant endocrine therapy portion of the ADAPT trial, all tumors were assessed 
for 21-gene recurrence score and Ki67 at baseline, patients then received 2–4 weeks 
of neoadjuvant endocrine therapy, and Ki67 staining was repeated. The primary 
endpoint of the trial was to compare 5-year invasive disease-free survival (iDFS) 
between two groups (N = 2290): patients with cN0-N1 tumors and baseline 21-gene 
recurrence score of 01–1 who received neo/adjuvant endocrine therapy only per 
protocol and patients with cN0-N1 tumors, baseline recurrence score of 12–25, and 
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Ki67 <10% after 2–4 weeks on neoadjuvant endocrine therapy, who received neo/
adjuvant endocrine therapy only per protocol. Patients with Ki67 >10% at the 2- to 
4-week timepoint were switched to neoadjuvant chemotherapy. In other words, 
Ki67 suppression on neoadjuvant endocrine therapy was used as a marker for endo-
crine sensitivity to allow omission of chemotherapy for patients with recurrence 
scores of 21–25. Approximately 30% of enrolled patients were premenopausal. The 
trial met its primary endpoint, demonstrating non-inferior 5-year iDFS for those 
patients with recurrence score 21–25 and Ki67 suppression on endocrine therapy, 
compared to patients with recurrence score 0–11 (92.6% vs 93.9% 5-year iDFS, 
respectively) [13]. Overall, these results support the concept that dynamic Ki67 
measurement in the neoadjuvant setting may be an adequate proxy for endocrine 
therapy sensitivity and, therefore, can aid in selection of patients who can be treated 
with endocrine therapy alone. However, this cannot be definitively concluded from 
the ADAPT trial data as the exposure to chemotherapy was not randomized.

Two prospective trials have evaluated chemosensitivity for those patients who do 
not experience Ki67 suppression on short-term neoadjuvant endocrine therapy, 
given concern that such patients do not have optimally endocrine-sensitive disease. 
In the small prospective American College of Surgeons Oncology Group (ACOSOG) 
Z1031B trial, postmenopausal women with ER+ stage II or III breast cancer and 
Ki67 >10% following 2–4 weeks of neoadjuvant aromatase inhibitor were switched 
to treatment with neoadjuvant chemotherapy. The pCR rate for patients switched to 
chemotherapy in this manner was quite low (5.7%; 2/35 patients) [12]. The larger 
follow-up ALTERNATE trial accrued postmenopausal patients with ER+/HER2− 
non-metastatic breast cancer. All were initially treated with neoadjuvant anastro-
zole, fulvestrant, or the combination. Patients with persistently high Ki67 (>10%) 
following 4 or 12 weeks on neoadjuvant endocrine therapy were switched to neoad-
juvant chemotherapy (N = 168). Confirming the results of the ACOSOG Z1031B 
trial, the pCR rate was low (4.8%), as was the rate of minimal residual disease 
(Residual Cancer Burden score of I; an additional 9.8% of patients) [14]. The less 
favorable prognosis of patients who do not experience Ki67 suppression on neoad-
juvant endocrine therapy, combined with the lack of significant chemosensitivity in 
this group, makes them an ideal target population for investigation of novel therapies.

 DNA Damage Repair Status to Guide Neoadjuvant Therapy

Deficiency in homologous recombination, a type of DNA repair process, is a hall-
mark of cancers associated with germline mutations in BRCA1 and BRCA2. Cancers 
associated with germline loss of BRCA1/2 are sensitive to PARP inhibition, which 
interrupts other cellular DNA damage repair processes. PARP inhibitors demon-
strate activity and are Food and Drug Administration (FDA) approved for use in 
multiple metastatic cancers associated with germline BRCA1/2 mutation, including 
ovarian, prostate, pancreas, and breast cancers. Even in the absence of BRCA1/2 
mutation, it has been recognized that a significant proportion of triple-negative 
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breast cancers share hallmarks of homologous recombination deficiency (HRD) at 
the molecular level, raising the question of whether DNA-damaging therapies (plat-
inum chemotherapy and PARP inhibitors) may be effective treatments for tumors 
with this disease biology. A small pilot trial published in 2010 initially demon-
strated the clinical activity of neoadjuvant cisplatin for triple-negative breast tumors 
[15]. Since then, multiple prospective trials have explored the activity of platinum 
chemotherapy or PARP inhibition in the neoadjuvant setting for tumors associated 
with BRCA1/2 mutation and for triple-negative breast cancer more broadly.

 Neoadjuvant PARP Inhibitor Therapy

A pilot trial showed promising activity of the PARP inhibitor talazoparib for neoad-
juvant treatment of patients with operable HER2-negative breast cancers associated 
with germline BRCA1/2 mutation. In this very small cohort of 20 patients (15 with 
triple-negative breast cancer; five with HR+/HER2− breast cancer), 53% experi-
enced pCR following 6 months of neoadjuvant daily oral talazoparib [16]. These 
impressive preliminary findings are now being further explored in a larger phase II 
trial (NCT03499353). The phase III randomized BrighTNess trial randomized 
patients with triple-negative breast cancer (BRCA1/2-wildtype and BRCA1/2- 
mutant) to neoadjuvant paclitaxel, neoadjuvant paclitaxel/carboplatin, or neoadju-
vant paclitaxel/carboplatin/veliparib (a PARP inhibitor). All patients also received 
neoadjuvant adriamycin/cyclophosphamide (AC). pCR rate was not significantly 
different between the paclitaxel/carboplatin and paclitaxel/carboplatin/veliparib 
arms (58% vs. 53%, respectively), indicating no activity of neoadjuvant veliparib in 
this patient population [17]. There are many possible explanations for the discor-
dant results between these two neoadjuvant trials, including the majority of 
BRCA1/2-wild-type patients in the BrighTNess population, addition of veliparib to 
a chemotherapy backbone in BrighTNess, and differential pharmacodynamic effects 
of veliparib versus talazoparib on PARP enzymes [16]. Further investigation of neo-
adjuvant PARP inhibition in breast tumors associated with BRCA1/2 mutation is 
warranted and ongoing. At present it does not appear that these agents will play a 
role in the overall triple-negative breast cancer population.

 Neoadjuvant Platinum Chemotherapy and Biomarkers of DNA 
Repair Deficiency

It is clear that the addition of a platinum agent to multiagent neoadjuvant chemo-
therapy regimens for triple-negative breast cancer increases the likelihood of patho-
logic complete response. In the Cancer and Leukemia Group B (CALGB) 40,603 
trial, patients (N  =  443) with stage II–III triple-negative breast cancer were 
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randomized to receive carboplatin or no carboplatin added to a neoadjuvant chemo-
therapy backbone of AC and paclitaxel (AC-T). The addition of carboplatin led to 
significant improvement in pCR rate (54% vs. 41% pCR rate with and without car-
boplatin, respectively; p = 0.0029) [18]. In the GeparSixto trial, a similar population 
of triple-negative breast cancer patients (N = 315) was randomized to receive carbo-
platin or no carboplatin with a backbone of neoadjuvant paclitaxel, non- pegylated 
liposomal doxorubicin, and bevacizumab. This cohort also demonstrated significant 
improvement in pCR with the addition of neoadjuvant carboplatin (53.2% vs. 42.7% 
pCR rate with and without carboplatin, respectively; p = 0.015) [19]. pCR in all 
cases referenced here indicates ypT0/isN0.

While the addition of a platinum agent to multiagent neoadjuvant chemotherapy 
for triple-negative breast cancer can facilitate a better response at the time of sur-
gery, uncertainty remains regarding whether the addition of neoadjuvant platinum 
improves long-term breast cancer outcomes. In CALGB 40603, carboplatin did not 
improve 3-year event-free survival, whereas in GeparSixto, carboplatin significantly 
improved disease-free survival [20, 21]. The use of a nonstandard chemotherapy 
backbone in GeparSixto and the fact that CALGB 40603 was underpowered to 
assess event-free survival mean that uncertainty remains around a role for carbopla-
tin in improving long-term outcomes in triple-negative breast cancers.

Following from the observation that the DNA-damaging platinum agents dem-
onstrate activity in neoadjuvant therapy of triple-negative breast cancers, possibly 
due in part to these tumors’ deficient DNA repair abilities, Translational Breast 
Cancer Research Consortium (TBCRC) 030 was a prospective phase II study evalu-
ating whether homologous recombination deficiency (HRD) was a predictive bio-
marker for response to neoadjuvant chemotherapy (single-agent cisplatin or 
paclitaxel) in triple-negative tumors. HRD (Myriad Genetics, Inc.) is a sequencing- 
based assay that quantifies genomic instability, with preliminary retrospective data 
suggesting that HRD-high status correlated with favorable response to neoadjuvant 
platinum-containing chemotherapy regimens. Nearly all patients in the TBCRC 030 
trial were germline BRCA1/2 wild type, as the intent was to evaluate the HRD bio-
marker in the broader TNBC population. 71.1% of tumors were HRD-high. The 
pCR rate was 15.3% with 12  weeks of single-agent cisplatin and 11.9% with 
12 weeks of single-agent paclitaxel. HRD-high status showed no significant correla-
tion with pathologic response to either chemotherapy agent [22]. Evaluation of the 
same HRD biomarker in secondary analyses of the GeparSixto and BrighTNess 
trials also showed no interaction between HRD status and platinum benefit [21, 23]. 
Thus, the HRD biomarker should not play a role in selection of neoadjuvant plati-
num chemotherapy for triple-negative breast cancer patients.

A consistent role for neoadjuvant platinum chemotherapy specifically among 
patients with germline BRCA1/2 mutations also has not been demonstrated. In the 
prospective phase II INFORM trial (TBCRC 031), patients with BRCA1/2- 
associated breast cancers were randomized to either neoadjuvant cisplatin or neoad-
juvant AC, with a primary objective of comparing pCR rates between the two arms. 
The study population (N  =  117) included both triple-negative and HR+/
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HER2− breast cancers. Neoadjuvant cisplatin did not significantly improve pCR 
rates compared to AC in this cohort (18% pCR rate vs. 26% pCR rate for patients 
treated with neoadjuvant cisplatin or AC, respectively). The finding of numerically 
higher pCR rates with AC was consistent across the overall study population, par-
ticipants with triple-negative tumors, and participants with HR+/HER2− tumors 
[24]. A secondary analysis of the GeparSixto trial evaluated whether germline 
BRCA1/2 mutation affects the benefit of neoadjuvant carboplatin. In this substudy 
population (N = 291), 17.2% of patients harbored a germline BRCA1/2 mutation. 
With the non- carboplatin- containing neoadjuvant chemotherapy regimen, patients 
with BRCA1/2-associated tumors were more likely to experience pCR compared to 
patients with BRCA1/2 wild-type germline status. The addition of neoadjuvant car-
boplatin led to increased pCR rates among BRCA1/2-wild-type patients, but not 
among BRCA1/2-mutant patients [25]. These data argue against enhanced clinical 
activity of neoadjuvant platinum chemotherapy for patients with BRCA1/2 
mutations.

In summary, neoadjuvant platinum clearly improves pathologic responses in 
triple- negative breast cancer, but whether it impacts long-term outcome remains 
under investigation. Despite preliminary data suggesting that HRD or BRCA1/2 
mutational status could be predictive biomarkers of response to neoadjuvant plati-
num, this has not been borne out by the prospective data to date.

 Evolving Neoadjuvant Treatment Strategies

 Neoadjuvant CDK4/6 Inhibition in HR+/HER2− Breast Cancer

Given the need to identify more tools for downstaging HR+/HER2− breast tumors 
in the neoadjuvant setting, as well as the enormous benefit of inhibiting cyclin- 
dependent kinase 4 and 6 (CDK4/6) in the treatment of metastatic HR+/HER2− 
breast cancer, the activity of CDK4/6 inhibitors has been investigated in the 
neoadjuvant setting. Trials have consistently shown that the addition of a CDK4/6 
inhibitor to neoadjuvant aromatase inhibitor significantly increases the suppression 
of Ki67 in on-treatment biopsies [26–28]. However, the addition of CDK4/6 inhibi-
tor to neoadjuvant endocrine therapy has not been shown to increase clinical 
response rates or to facilitate increased rates of breast-conserving surgery. In the 
randomized phase II PALLET trial, 307 postmenopausal women with operable 
ER+/HER2− breast cancer were randomized to receive neoadjuvant treatment with 
letrozole alone or letrozole plus palbociclib for 14–16  weeks. Clinical response 
rates to the neoadjuvant regimen were 49.5% versus 54.4% for letrozole by itself or 
combined with palbociclib, respectively (p = 0.20 for comparison). The percentage 
of patients who converted from mastectomy to breast-conserving surgery candi-
dates was the same across the two groups [26]. The reason that CDK4/6 inhibitors 
do not seem to improve clinical response when administered with endocrine ther-
apy in the neoadjuvant setting, while consistently improving overall response rates 
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in the metastatic setting, remains an unresolved question. At present there is no 
indication for neoadjuvant administration of a CDK4/6 inhibitor outside of a clini-
cal trial.

 Neoadjuvant Immune Checkpoint Inhibition in Triple-Negative 
Breast Cancer

Antibody drugs targeting the immune checkpoint proteins programmed cell death 1 
(PD-1) and programmed cell death ligand 1 (PD-L1) have demonstrated efficacy in 
combination with chemotherapy in metastatic triple-negative breast cancer, leading 
to their FDA approval for use in the metastatic setting. Two large, randomized, 
phase III trials have also shown clinical activity of PD-1/PD-L1 inhibitors when 
added to chemotherapy in the neoadjuvant setting for triple-negative breast cancer, 
though follow-up remains immature to assess the agents’ impact on event-free sur-
vival (EFS). The IMpassion031 trial randomized patients with stage II–III triple- 
negative breast cancer to neoadjuvant therapy with nab-paclitaxel followed by AC, 
with anti-PD-L1 antibody atezolizumab or placebo. Pathologic complete response 
(the primary endpoint of the trial) was observed in 58% versus 41% of patients in 
the atezolizumab and placebo arms, respectively, reaching the threshold for a statis-
tically significant difference (p = 0.0044). Improvement in pCR rate with the addi-
tion of atezolizumab was seen in both PD-L1-positive and PD-L1-negative tumors 
(Fig.  8.3) [29], an interesting contrast to what is observed in the metastatic 

a b c

Fig. 8.3 Pathological complete response based on PD-L1 status in the IMpassion031 trial of 
atezolizumab or placebo in combination with standard neoadjuvant multiagent chemotherapy for 
triple-negative breast cancer. (a) All randomized population and PD-L1 population; (b) PD-L1- 
positive population; (c) PD-L1-negative population. Statistical comparison between the two groups 
was not performed in the PD-L1-negative population. (Reprinted from Mittendorf et  al. [29]. 
Copyright 2020, with permission from Elsevier)
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triple- negative breast cancer setting, where benefit of adding checkpoint inhibitor to 
chemotherapy is limited to patients with PD-L1-positive cancers [30, 31]. The 
KEYNOTE-522 trial randomized patients with stage II–III triple-negative breast 
cancer to neoadjuvant treatment with paclitaxel and carboplatin followed by AC 
with anti-PD-1 antibody pembrolizumab or placebo. As in IMpassion031, pCR rate 
was higher with the addition of pembrolizumab compared to placebo (64.8% vs. 
51.2%, respectively, p  <  0.001), and this was seen across PD-L1-positive and 
PD-L1-negative subgroups. EFS data from KEYNOTE-522 remain immature but 
suggest a possible EFS improvement with addition of pembrolizumab [32].

At present it remains unclear whether checkpoint inhibition will become part of 
the standard of care for neoadjuvant therapy of triple-negative breast cancer. While 
a favorable impact on response at surgery has been definitively demonstrated, the 
impact on long-term breast cancer outcome remains uncertain, and it does not 
appear that PD-L1 positivity is a biomarker of benefit. Identification of predictive 
biomarkers will be essential for delineating patient populations who may benefit, as 
it would be ideal for neoadjuvant checkpoint inhibition to be used selectively given 
the potential for rare but serious toxicities from these agents.

 Conclusion

Neoadjuvant treatment offers an ideal platform for biomarker development. 
Preliminary activity profiles of novel agents and novel treatment approaches can be 
rapidly ascertained via quantification of responses in surgical pathology specimens. 
Biomarker evaluation can be similarly facilitated through correlation of surgical 
response and baseline or on-treatment tumor characteristics. Nonetheless, many of 
the neoadjuvant treatment approaches and associated biomarkers discussed here 
remain investigational, with their impact on long-term outcome unclear. With addi-
tional time and research, there is little doubt that biomarker-guided neoadjuvant 
therapy will play an increasingly large role in more individualized, and therefore 
more optimal, treatment of breast cancer across all subtypes.
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Chapter 9
Breast Cancer Imaging Pre- 
and Post- Neoadjuvant Systemic Therapy

Stephanie Chung and Sughra Raza

 Background

As a result of breast cancer screening and improved therapies, breast cancer mortal-
ity has decreased from an annual death rate of 33.2 out of 100,000 in 1989 to 19.9 
out of 100,000 in 2017 for women of all ages and races [1, 2]. For non-metastatic 
breast cancer, goals of therapy are to eliminate disease from the breast and axillary 
lymph nodes and to prevent disease spread. Local-regional treatment for non- 
metastatic breast cancer includes surgery, radiation, and systemic therapies with 
goals to completely resect tumor and minimize recurrence risk. Systemic therapies 
can be given either in the adjuvant or neoadjuvant setting based on cancer subtype, 
stage, and patient-specific factors. In general, treatment for patients with hormone 
receptor (HR) expressing tumors includes endocrine therapies and possible cyto-
toxic chemotherapy. For other molecular sub-types of breast cancer with different 
bio-marker profiles, including over-expression of tumoral ERBB2 (HER2) bio-
markers, or absence of hormonal and ERBB2(HER2) (triple negative), cytotoxic 
chemotherapy and targeted antibody therapy maybe added or used exclusively [3]. 
Imaging plays an important role in all steps of loco-regional management of breast 
cancer, including identifying the index lesion, delineating the extent of disease in 
the breast and axilla, and monitoring the effect of treatment given prior to surgery.

While neoadjuvant therapy was traditionally used in locally advanced disease 
(stage III, T3 or T4 tumors of all subtypes) or inflammatory breast cancer, in recent 
years, there has been a dramatic increase in treatment administered in the neoadju-
vant setting. It is now frequently offered to patients with breast cancers judged to be 
operable even at initial diagnosis to improve tumor-to-breast ratios or to assess 
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response to specific systemic therapies. An additional important practical benefit of 
neoadjuvant therapy is that it allows direct assessment of an administered systemic 
therapy’s effect on the existing tumor through clinical assessment and imaging, not 
afforded in the adjuvant setting when treatment is given after tumor resection. 
Observing this response may allow more precise and individually tailored selection 
of postoperative treatment options. Another clinically significant benefit of neoad-
juvant treatment is that patients with positive lymph nodes may be spared postsurgi-
cal radiation to the axilla if nodal disease is cleared. Patients who may not be 
considered appropriate surgical candidates at the time of diagnosis may be offered 
neoadjuvant therapy to make surgery possible if there is significant reduction in 
tumor size as well as nodal burden. Finally, neoadjuvant treatment can allow time 
for more thorough patient evaluation, including genetic testing and counseling. If 
genetic mapping places the patient at high risk for future breast cancer, consider-
ation of prophylactic contralateral mastectomy may be added to surgical 
management.

As knowledge regarding the behavior of specific molecular subtypes of breast 
cancer continues to grow, identifying receptor subtypes helps determine the optimal 
neoadjuvant therapy for each specific cancer. Importantly, neoadjuvant therapy has 
been shown to have implications for prognosis as a useful surrogate for tumor 
responsiveness, characterized by pathologic responsiveness. For example, triple 
negative cancers and those with HER2-postive receptor expression respond more 
robustly to chemotherapy. These cancers are more likely to resolve completely with 
treatment, and pathologic complete response (pCR) after neoadjuvant therapy has 
been found a suitable surrogate end point for patients with luminal B/HER-2 nega-
tive, HER-2 positive, and triple negative disease [4]. Additionally, in the Collaborative 
Trials in Neoadjuvant Breast Cancer (CTNeoBC) pooled analysis of 11 interna-
tional clinical trials of neoadjuvant treatment of breast cancer, pathological com-
plete response defined as eradication of all tumor from the breast and lymph nodes 
had improved survival [5]. Therefore, the role of neoadjuvant therapy is continuing 
to expand, with concurrent increased role of imaging for frequent monitoring of 
tumor response.

 Monitoring Response

Determination of tumor burden is based on clinical assessment and imaging. When 
neoadjuvant treatment is administered, assessing change in tumor burden requires 
objective measurement of tumor size as well as potential disease progression. In 
order to standardize widely accepted methods of such assessment, a World Health 
Organization-sponsored effort led to the development of Response Evaluation 
Criteria in Solid Tumors or RECIST in 2000, subsequently revised in 2009 [6]. 
However, this was found to be useful primarily in non-breast solid tumors and more 
in a research setting. The more commonly used clinical method of assessing treat-
ment response in breast oncology is to determine Residual Cancer Burden (RCB), 
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which has been shown to be a reliable prognostic indicator [7–9]. RCB is based on 
multiple factors, including primary tumor size, proportion of invasive versus in situ 
components of the primary tumor, and lymph node involvement. A web-based cal-
culator hosted by MD Anderson Cancer Center is used to calculate the individual 
patient’s residual disease, classifying the pathologic response as RCB-I (minimal), 
RCB-II (moderate), or RCB-III (extensive) [7]. The gold standard for tumor 
response of course is based on histopathology, with the ideal pCR defined as no 
residual viable tumor.

 Clinical Assessment

Clinical breast examination remains important in assessing tumor size at diagnosis 
and after neoadjuvant treatment. Tumor measurements may be made by palpation or 
with calipers for precision and better reproducibility. However, in comparison with 
imaging, physical examination has been shown to be less accurate. In a retrospec-
tive study of 61 patients, Croshow et al. reported 54% accuracy for physical assess-
ment when determining pCR after neoadjuvant therapy in patients with locally 
advanced breast cancer compared to 74% for mammography and 79% for ultra-
sound [10]. In determining relative accuracy of mammography, sonography, and 
MRI in predicting residual tumor after NAT compared with physical examination 
and pathology, Yeh et  al. demonstrated agreement with pathology was 19% for 
physical examination, 26% for mammography, 35% for ultrasound, and 71% for 
magnetic resonance imaging (MRI) [11]. Other studies have corroborated the higher 
accuracy of breast MRI in assessment of neoadjuvant response [12–16]. Clinical 
evaluation of tumor size may be more difficult in patients with inherently dense 
breast tissue, or those in whom the treatment causes fibrosis around the tumor, 
which can make measurements difficult and even result in an apparent erroneous 
enlargement of the mass.

 Imaging

Imaging guidelines for patients who will receive neoadjuvant treatment for newly 
diagnosed breast cancer are not well established. All imaging modalities may both 
under- and overestimate residual disease. The American College of Radiology 
(ACR) publishes criteria regarding monitoring response to neoadjuvant systemic 
therapy for breast cancer, which are evidenced-based, annually reviewed guidelines 
(Table 9.1) [17]. Conventional breast imaging prior to beginning neoadjuvant ther-
apy is performed with mammography and ultrasound. At the time of diagnosis, a 
bilateral mammogram is performed to determine the extent of disease and to stage 
the affected breast, as well as screen the contralateral breast for unsuspected occult 
disease. Ultrasound is used for more detailed characterization of masses and, if 
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Table 9.1 ACR appropriateness criteria: monitoring response to neoadjuvant systemic therapy for 
breast cancer

Scenario Imaging Appropriatenessa

Relative 
radiation 
levelb Comments

Initial determination 
of tumor size and 
extent within the 
breast prior to 
neoadjuvant 
chemotherapy

Diagnostic 
mammogram/
DBTc

9 0.1–1 Often combined with 
ultrasound and MRI

Ultrasound 9 0 Often combined with 
mammogram, of 
benefit if cancer is 
mammographically 
occult

MRI with and 
without IV 
contrast

9 0 If post-treatment MRI 
will be obtained

BSGI (Tc-99m)d 2 1–10
18FDG-PET/CT 
whole body

1 10–30 To evaluate for 
extra-mammary 
disease

18FDG-PEM 1 10–30
Initial imaging 
examination of the 
breast after initiation 
or completion of 
neoadjuvant 
chemotherapy

MRI with and 
without IV 
contrast

9 0 Requires pre-treatment 
MRI

Ultrasound 8 0 Most helpful when 
pre-treatment exam is 
performed

Diagnostic 
mammogram/
DBT

7 0.1–1

BSGI (Tc-99m) 2 1–10
MRI breast 
without IV 
contrast

1 0

18FDG-PET/CT 
whole body

1 10–30

18FDG-PEMe 1 10–30

clinically indicated, to assess the ipsilateral axillary lymph nodes for possible 
regional involvement [18]. MRI is the most sensitive imaging modality for breast 
cancer detection and for establishing extent of disease, including loco-regional 
involvement of axillary and internal mammary lymph nodes, as well as extra- 
mammary extension such as skin, chest wall, and occasionally, hepatic or pulmonary 
involvement. It is also the most sensitive for contralateral breast screening with stud-
ies showing a diagnostic yield of 3–5% in finding unsuspected, mammographically 
and sonographically occult contralateral cancers [19, 20]. However, breast MRI use 
varies widely based on access and clinical preference. Per the most recent NCCN 
breast cancer treatment guidelines, breast MRI may be of benefit before and after 
systemic therapy to determine disease extent, treatment response, and surgical candi-
dacy. Additionally, they advise imaging during neoadjuvant therapy should be not be 
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performed routinely, only when progression is suspected. Preoperative imaging 
should be determined based on a multidisciplinary team.  They note accurate assess-
ment to pre-operative systemic therapy is difficult, and imaging studies performed 
for assessment should include those modalities abnormal at the time of initial stag-
ing, in addition to physical examination [21]. It should be noted that there are multi-
ple ongoing drug trials for NAT in breast cancer, which include prescribed 
pretreatment, interval, and presurgical imaging with various imaging modalities, 
including conventional 2D mammography, digital breast tomosynthesis (3D mam-
mography), ultrasound, and contrast-enhanced MRI (CE-MRI). A special scenario to 
mention here is invasive lobular carcinoma (ILC) which, due to its growth pattern, 
frequently presents with subtle imaging findings on all modalities. It follows then 
that it remains difficult to image when looking for changes based on treatment. Since 
most ILC subtypes are hormone receptor positive, upfront treatment prior to surgery 
is only offered to those patients in whom it would be a surgical advantage to decrease 

Table 9.1 (continued)

Scenario Imaging Appropriatenessa

Relative 
radiation 
levelb Comments

Initial imaging 
examination in breast 
cancer with clinical 
suspicion of metastatic 
disease. Staging or 
assessment of 
response to 
neoadjuvant 
chemotherapy

Whole body 
bone scan 
(Tc-99m)

9 1–10

18FDG-PET/CT 
whole body

9 10–30

CT chest 
abdomen pelvis 
with IV contrast

8 10–30 Concern for distant 
metastasis

CT chest 
abdomen pelvis 
with and 
without  IV 
contrast

7 10–30 With and without 
contrast generally not 
needed for staging

CT chest 
abdomen pelvis 
without IV 
contrast

1 10–30

MRI chest 
abdomen pelvis 
with and 
without  IV 
contrast

1 0

MRI chest 
abdomen pelvis 
without  IV 
contrast

1 0

a1,2,3 = usually not appropriate; 4,5,6 = may be appropriate; 7,8,9 = usually appropriate
bAdult effective dose range (mSv)
cDigital breast tomosynthesis
dBreast-specific gamma imaging (Technetium 99m)
ePositron emission mammography
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the axillary nodal burden. In such cases, even if the primary tumor is not well imaged 
on any modality, US evaluation of the axilla can be helpful.

 Mammography

Complete diagnostic evaluation of both breasts with mammography should be per-
formed in a patient with a new breast cancer diagnosis prior to commencing any 
treatment, including neoadjuvant therapy. This should include extent of disease 
assessment of the affected breast, with full-field mediolateral oblique (MLO) 
(Fig.  9.1) and craniocaudal (CC) views, possible full-field lateral view and spot 
compression or spot magnification views for optimal assessment of malignant 
masses and/or calcifications. If the disease manifestation includes calcifications, 
high-quality spot compression magnification views are important, and should cover 
the entire quadrant or expected ductal distribution area so as to include any potential 
skip lesions or extensive intraductal component (EIC). Complete screening evalua-
tion of the contralateral breast with full-field MLO and CC views should be obtained 
at diagnosis, if not performed within the past 6 months. Digital breast tomosynthe-
sis, if available, can improve accuracy of lesion detection and characterization, as 
well as mammographic tumor measurement over 2D mammographic technique [22].

Limitations of mammography include dense tissue which can obscure masses, 
difficulty outlining tumor margins when mass margins are highly spiculated, incom-
plete axillary assessment, and inability to determine if calcifications represent active 

a b c d

Fig. 9.1 42-year-old woman with right lower inner breast palpable lump. Right mediolateral 
oblique (MLO) mammogram (a) with a high-density oval mass at the site of palpable concern 
(arrow). Biopsy yielded invasive ductal carcinoma (IDC), poorly differentiated, ER/PR positive 
and HER-2/NEU negative. Right MLO mammogram after NAT with Lupron (b) reveals complete 
resolution of the mass and only the post-biopsy clip (arrow) at the site. At this point the patient was 
lost to follow-up, returning to care 12 months later. Maximum intensity projection (MIP) image 
from CE-MRI performed at this time (c) demonstrates a 4.0  cm mass (arrow). She was again 
treated with Lupron and follow-up MRI after 5 months of treatment (d) shows resolution of the 
mass with only subtle residual nonmass enhancement (NME) measuring up to 2.7 cm at the tumor 
bed (arrow). Lumpectomy confirmed complete pathologic response (pCR) with no residual inva-
sive or in situ carcinoma identified in the tumor bed
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disease versus treatment-related cell death. Microcalcifications do not normally 
resolve after treatment, regardless of pathologic response. Therefore, even with 
pCR, microcalcifications will remain visible and may even increase in areas of pre-
viously uncalcified tumor cells due to treatment-related necrosis (Figs. 9.2, 9.3, and 
9.4) [23]. Residual mammographic calcifications do not correlate with the patho-
logic extent of disease, and have been shown to overestimate disease in 22–40% of 
patients [23, 24].

At the time of diagnostic core needle biopsy and/or prior to commencement of 
neoadjuvant therapy, it is standard of care to place a radio-opaque tissue marker clip 

*

a b

c d

Fig. 9.2 60-year-old woman with right upper breast palpable lump. Magnification craniocaudal 
(MCC) mammogram (a) shows a spiculated mass at the site of palpable lump in the mid upper 
breast at posterior depth (arrow) with associated pleomorphic microcalcifications (arrowheads). 
US showed a corresponding irregular 1.2 cm hypoechoic mass (b, arrows) and US-guided core 
needle biopsy yielded IDC, poorly differentiated, ER weakly positive, PR and HER-2/NEU nega-
tive, treated as triple negative. A Hydromark clip was placed within the mass at the time of biopsy 
(arrow). Additional suspicious calcifications extend anteriorly from the mass (arrowheads). 
Mammographic magnification view after NAT (AC-T) (c) reveals resolution of the mass with clip 
remaining in place (arrow), and unchanged calcifications (arrowheads) as well as new calcifica-
tions laterally possibly representing previously uncalcified malignancy (asterisk). US (d) of the 
tumor site after NAT demonstrates only the clip without residual mass. (arrow). Mastectomy 
revealed multifocal residual IDC and DCIS within a 4.8 cm tumor bed
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at the site of biopsy (Fig. 9.1), or multiple clips placed to mark the extent of disease. 
This allows correlation with imaging findings across modalities, evaluation of 
potential radiology–pathology discordance, ability to accurately assess the malig-
nant site on post-treatment imaging, a target to perform post-treatment image guided 
localization to direct surgical resection of the tumor or residual tumor bed, and 
indication of the precise site for pathologic assessment of the surgical specimen.

Accuracy of post-treatment mammography in predicting preoperative extent of 
disease depends on the tumor’s original mammographic visibility and multiple 

a b

c

d

e

Fig. 9.3 45-year-old woman with oligometastatic right breast cancer initially presenting as a pal-
pable lump. Right MLO (a) with triangular palpable marker and right magnification CC (b) views 
demonstrate a spiculated mass (arrows) with associated pleomorphic calcifications spanning up to 
7.1 cm AP (arrowheads). US demonstrates a corresponding 1.9 cm irregular hypoechoic mass (c, 
arrow) with indistinct margins and hyperechoic halo (arrowheads). Biopsy showed poorly differ-
entiated, ER/PR/HER2 positive IDC.  An intramammary and axillary node were positive (not 
shown). Axial T1-weighted (T1-W) subtraction image of the right breast (d) demonstrates a cor-
responding irregular dominant enhancing mass (arrow). Additional enhancing masses and non-
mass enhancement extend anteriorly from the index lesion, with overall extent of 6.6  cm 
antero-posteriorly. Axial fused 18FDG-PET/CT image (e) with avid lesion in the left L5 vertebral 
body (arrow), subsequently biopsy proven solitary metastasis. Given no other sites of metastatic 
disease, the option of local therapy including surgery to reach a no-evidence of disease state was 
offered. Treatment was initiated with paclitaxel, pertuzumab and trastuzumab, and tumor response 
monitored with imaging. Right MLO (f) and magnification CC (g) images demonstrate decrease of 
the mass marked by the open coil clip (arrow), and new subareolar calcifications (arrowheads). 
Sampled metastatic node is also marked with clip (asterisk). Axial T1-W subtraction MIP (h) 
shows no residual enhancement suggesting pCR.  Given this imaging response to therapy, the 
patient has decided to forego mastectomy
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potential treatment responses, including fibrosis, necrosis, and tumor fragmentation 
(Fig. 9.1). In women with dense breast tissue, masking of malignant masses can 
limit initial detection as well as accurate assessment of tumor response (Fig. 9.5). 
Huber et  al. showed a high correlation between mammographic tumor size and 
pathology if >50% of the margin was defined (r = 0.77) [25]. Helvie et al. found 
mammography to have 79% sensitivity and 77% specificity in predicting residual 
tumor in 56 women undergoing neoadjuvant chemotherapy; compared with clinical 
examination, mammography had higher sensitivity (79% vs. 49%), but lower speci-
ficity (77% vs. 92%); for patients with inflammatory carcinoma, mammographic 
sensitivity was 78% and specificity 83% (vs. 39% and 83% for physical examina-
tion, respectively) [26].

*

f g

h

Fig. 9.3 (continued)
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 Ultrasound

Ultrasound has been shown to be a better predictor of pathologic tumor size com-
pared to mammography [10, 27, 28], with accuracy of predicting residual tumor 
size ranging from 59.6–80% vs. 31.7–70% with mammography [10, 29]. When 
measuring a mass on ultrasound, the longest measurement should be obtained in 
relation to the longest axis of the mass visualized (Fig. 9.6). Additionally, calipers 
should extend to include a hyperechoic halo (Fig. 9.3), if present, as this has been 
shown to be more accurate than just measuring the hypoechoic portion (Fig. 9.6). As 
with clinical assessment and mammography, ultrasound can be challenging to inter-
pret in the post-treatment setting as residual hypoechoic findings may represent 
treatment effect, residual viable tumor, or both (Fig. 9.5). Additionally, if the tumor 
resolves dramatically, it may be impossible to even identify the residual mass or the 

*

*

a b c

Fig. 9.4 34-year-old woman with history of cosmetic implant augmentation and newly diagnosed 
right ILC and DCIS, presenting as a palpable lump with positive ipsilateral axillary node. Right 
implant-displaced ML (a) and implant-displaced spot CC (b) mammograms show vague density 
and innumerable pleomorphic calcifications (arrow) at the site of palpable concern marked by a 
BB. The partially seen circumscribed mass (a, b asterisk) in the lower mid breast, was subse-
quently biopsied yielding fibroadenoma. US showed an irregular heterogeneous mass with indis-
tinct margins (c, calipers) correlating with mammogram. Biopsy yielded moderately differentiated 
ILC, ER/PR/HER2 positive and intermediate nuclear grade DCIS, cribriform type. Axial T1-W 
subtraction MR image (d) shows an irregular enhancing mass at 2:00 measuring 4.2 cm (arrow), 
corresponding to mammographic and US findings. After treatment with anti-HER2 therapy (THP 
× 12 weeks and lupron), imaging showed 2.8 cm residual NME on MRI (e, arrows), consistent 
with partial imaging response. Spot ML (f) and CC (g) images show decreased density but interval 
increase in extent of calcifications (arrows). US shows no residual mass (h), and none was palpable 
on clinical exam. Patient underwent nipple sparing mastectomy and sentinel node biopsy, with 
pathology showing 1.5 cm residual IDLC and 1 of 3 sentinel lymph nodes positive. Subsequent full 
ALND was negative
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post biopsy tissue marker clip sonographically as placed to identify the tumor. 
Whole breast ultrasound may infrequently be used to assess extent of disease in the 
affected breast, or for screening of the contralateral breast, especially when the 
patient is unable to undergo breast MRI.

Ultrasound is the best modality for imaging the axilla. Criteria for morphologi-
cally abnormal lymph nodes are well established [30–35] and sonography allows 
visualization of multiple axillary nodes which can be assessed for morphologic 
abnormality. Specifically, focal thickening of the nodal cortex greater than the nor-
mal 3 mm is an early sign of metastatic deposition as the afferent lymphatics deliver 
tumor cells directly into the cortex. Thus, even focal bulging or prominence of an 
otherwise normal cortex, reliably imaged using ultrasound, can represent tumor 
deposits [32, 35, 36]. It is important to scan the axilla thoroughly and to document 
the number of abnormal lymph nodes as this will help guide surgical planning. 
Abnormal lymph nodes usually undergo sampling with either fine needle aspiration 
or core needle biopsy of the most abnormal or the most accessible node, with 
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Fig. 9.4 (continued)
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immediate post-procedure placement of a high visibility tissue marker or localiza-
tion device within the abnormal cortex. If the node normalizes dramatically after 
treatment, the clip or localizing device will allow identification and serve as the 
target for preoperative localization for resection.

 Magnetic Resonance Imaging

Contrast-enhanced breast MRI has been described as the most accurate imaging 
modality for assessment of neoadjuvant treatment response, and is reported to be 
more accurate than mammography, ultrasound, or clinical breast examination. 

a b c

d e f

Fig. 9.5 62-year-old woman with left breast triple negative IDC presenting as a palpable area. Left 
tomosynthesis MLO (a) and CC (b) projections demonstrate a post-biopsy clip (arrow) within a 
mammographically occult biopsied mass in the upper breast. On US this was a 2.2 cm mass (c, 
calipers). Left MLO and CC views after NAT (AC-T) (d, e) reveal the clip (arrow) and US shows 
a residual 1.4 cm irregular mass (f, calipers). Lumpectomy revealed no residual carcinoma and 
changes consistent with treated tumor bed (0.9 cm × 0.6 cm), including stromal fibrosis, chronic 
inflammation, pigment-laden macrophages and biopsy site change, consistent with pCR
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Multiple studies have demonstrated sensitivity for extent of disease assessment up 
to approximately 90%, specificity ranging from 60–100%, and accuracy of up to 
91% [11–13, 15, 17, 37–40]. MRI has been noted to be particularly sensitive in 
women under age 50, who more commonly have mammographically dense tissues 
(Fig. 9.4). MRI detects otherwise occult multifocal and multicentric ipsilateral dis-
ease in up to 16% of patients [41], and in a study by Lehman et al., contralateral 
malignancy was present in 3.1% of 969 patients with MRI sensitivity of 91% and 
specificity of 88% [42]. MRI is the only breast imaging modality which can assess 
internal mammary lymph nodes for possible involvement, and also demonstrates 
the relationship of posteriorly located malignant lesions to the pectoralis muscle and 
chest wall showing abnormal enhancement in either when there is tumor involvement.

After NAT, breast cancer response is not necessarily uniform or identical among 
patients. Even if the original cancer was a uniformly solid mass, it may shrink con-
centrically in largest dimension or fragment into multiple components. MRI has 
been shown to visualize tumor response to NAT differently based on subtypes. In a 
study, triple-negative tumors were shown more likely to shrink concentrically, and 
HER-2 positive lesions were mutifocal and also demonstrated a large change in 

a b

c

Fig. 9.6 83-year-old woman with history of left breast cancer status-post breast conserving ther-
apy, and new left breast palpable abnormality. (a) Static greyscale transverse image demonstrates 
a left 2:00, 8–9 cm from the nipple, irregular hypoechoic mass (arrow) with hyperechoic halo 
(arrowhead) correlating with the palpable concern and suspicious mammographic mass (not 
shown). (b) The same static greyscale transverse image with incorrect measurement technique, 
with long axis measurement parallel to the frame of the image and the hypoechoic component only 
measured (lines). (c) The same static greyscale transverse image with the correct technique to 
measure this mass, with the axis measurements parallel to the axis of the mass, and the hyper-
echoic halo included (lines). Subsequent biopsy confirmed invasive ductal carcinoma
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tumor diameter. In this study, residual tumors on pathology in ER-positive/HER-2 
negative lesions did not correlate with the change in post-NAT largest enhancement 
diameter [43]. The type of shrinkage may then affect imaging appearance and imag-
ing correlation with pathology, with DCE change in largest diameter of late enhance-
ment significantly associated with residual tumor in the TN and HER-2 positive 
groups [43, 44]. In a 2018 retrospective study evaluating tumor shrinkage pattern 
(concentric vs. non-concentric) in patients with low-grade luminal (HR-positive, 
HER-2 negative, nuclear grades 1 or 2) cancers undergoing neoadjuvant chemo-
therapy, concentric shrinkage was associated with significantly longer disease-free 
survival (DFS), and this pattern was the only significant independent association 
with DFS [45]. Neoadjuvant treatment is not routinely added to the management of 
luminal breast cancers as pCR is rarely demonstrated on post-treatment imaging; 
however, this study correlated the pattern of shrinkage with long-term outcomes and 
therefore, describing the treatment response as a pattern may identify women who 
might benefit from NAT, and allow for modification of treatment based on pattern of 
response [46].

A pretreatment MRI should be obtained for patients in whom MRI is to be used 
subsequently to assess NAT response, such as for patients enrolled in investigational 
treatment protocols with prescribed specific MRI requirements for initial pretreat-
ment, inflammatory breast cancer (Fig.  9.7) interval, and post-treatment presur-
gical MRI.

In a combined analysis, Crowshaw et al. reported MRI accuracy of positively 
predicting residual disease (PPV) of 93%, but a negative predictive value (correctly 
predicting absence of disease, NPV) of 65%. In the 2008 European Society of 
Breast Cancer Specialists (EUSOMA) guidelines with meta-analysis of 40 studies, 
(1513 patients), prediction of pathological response with MRI was evaluated. MRI 
was obtained pre-NAT, 2 weeks after last NAT, and within 2 weeks before surgery, 
and 36 of the 40 studies concluded that MRI was helpful and correlated better with 
pathology than clinical exam, mammography, and ultrasound. However, both over- 
and underestimation of treatment response was observed, especially for malignan-
cies initially presenting as non-mass enhancement (NME) or tumors fragmenting 
into multiple foci (EUSOMA) [47].

The American College of Radiology Imaging Network (ACRIN) 6657 trial pro-
spectively evaluated MRI in predicting treatment response and risk of recurrence in 
patients with stage 2 or 3 breast cancer undergoing neoadjuvant chemotherapy. 
Results comparing preoperative measurements showed the longest diameter of 
abnormal enhancement on MRI was the most accurate measure of pCR compared 
with the MRI volume or the longest diameter on mammography or clinical exami-
nation. This was true for all malignant lesions investigated, including single and 
multiple masses, nonmass enhancements and lesions with or without associated 
DCIS. The areas under the Receiver Operator Curve (AUC) used to assess CR in all 
lesion types, was 0.76 for all MR findings, and 0.84 for nonmass enhancements 
(NME). In patients with pathologic residual disease, longest MRI diameter had the 
highest correlation with pathology size [48]. Results from the I-SPY 1 trial showed 
that functional tumor volume, the semiautomated analysis of contrast-enhancement 
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on MR using enhancement thresholds, predicted pCR and recurrence-free survival 
[49, 50].

Despite its advantages, MR is not uniformly considered a standard modality to 
include in routine evaluation of a patient with newly diagnosed breast cancer. As 
such, use varies widely by geographic location, institutional setting, clinical culture, 
and insurance coverage issues. A persistent issue has remained the question of lower 
specificity and higher false positive rates on breast MRI.  The latter can lead to 
objectionable delay in treatment as additional biopsies in the same or the contralat-
eral breast may need to be performed before definitive treatment can commence. 
Some studies have found mixed results in MRI serving as a surrogate marker for 
pCR. A recent single-institution retrospective study of 102 patients showed an accu-
racy of 78.6%, with 27.3% of patients with imaging complete response found to 
have residual cancer on surgical pathology [51]. Finally, some patients are not able 
to undergo MRI due to claustrophobia, presence of implanted devices considered 
unsafe in the specific magnetic field strength, or conditions which make the risk of 
contrast-related concerns more significant. Therefore, additional functional MRI 
techniques are being investigated to better monitor response to neoadjuvant therapy 

a b c

Fig. 9.7 59-year-old woman presenting with diffuse left breast skin thickening and extensive ery-
thema, treated with antibiotics for presumed mastitis with persistent symptoms. Left MLO (a) and 
CC (b) views demonstrate marked peri-areolar skin thickening (arrowheads). A focal asymmetry 
was seen at 12:00 (arrow). US showed a hypoechoic mass with spiculated margins and dense 
shadowing, measuring 4.0 cm (c, calipers). Skin punch biopsy showed dermal lymphovascular 
invasion from poorly differentiated IDC. US guided biopsy of the mass confirmed micropapillary, 
ER+/PR−/HER2+ IDC. Axial T1-W subtraction MIP (d, e) shows a large confluent mass involv-
ing the anterior and outer left breast (arrow), and overlying skin., with pectoral muscle involve-
ment (arrow) and axillary and pre-pectoral adenopathy (arrowheads) on sagittal T1-W 
fat-suppressed CE sequence (e). Post-treatment axial T1-W MIP (f) and sagittal T1-W image (g) 
shows small residual tumor (arrow) and no additional abnormal enhancement in the breast, with 
resolution of adenopathy and abnormal pectoralis enhancement. Mastectomy pathology demon-
strated no residual carcinoma present including in the nipple and skin
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in breast cancer. Diffusion-weighted imaging (DWI) is an MRI sequence that gener-
ates signal based on differences in Brownian motion of water molecules and exploits 
aberrant cellularity and tumoral edema. This relative motion of water molecules in 
a tumor is measured as Apparent Diffusion Coefficient, or ADC. As no contrast is 
necessary, DWI may be of use in patients who cannot receive gadolinium contrast 
agents due to renal insufficiency or other reasons. In a 2012 meta-analysis by Wu 
et  al. in prediction of pathological response to NAT, diffusion weighted-MRI 
(DW-MRI) was found to be highly sensitive and CE-MRI was highly specific [14]. 
The two combined can improve prediction of pathologic response to NAT. A 2010 
study by Woodhams et al. found a higher accuracy for residual cancer burden with 
DW-MRI vs. CE-MRI (96% vs. 89%, respectively) [52]. Despite small studies pro-
viding promising results, including prediction of complete pathologic response to 
therapy, DW-MRI has not yet been validated and remains in analysis in the ACRIN 
6698 trial, which aims to evaluate the utility of DWI and ADC as biomarkers of 
tumor characterization and NAT response [53].

e
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Fig. 9.7 (continued)
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 Functional Imaging Methods and Future Directions

The most frequently used imaging modalities in monitoring response to neoadju-
vant therapy, mammography, ultrasound, and MRI primarily utilize changes in 
lesion size as a surrogate for tumor response, which may be a delayed effect as 
therapies must first reach a level to induce changes, cause cell death, and tumor 
shrinkage. Functional imaging techniques, which allow assessment of physiologic 
changes in tissue, may allow an earlier identification of tumor responsiveness to 
guide patients to surgery or to modify current treatment regimens [18]. Currently, 
functional imaging techniques include standard CE-MRI, but additional specialized 
MR studies with multi-parametric imaging sequences have been under investigation 
and are being optimized for routine use. In addition, contrast-enhanced spectral 
mammography (CESM) and radionuclide-based imaging, such as breast-specific 
gamma imaging (BSGI), are also under investigation and being used clinically in 
parts of the world where access to MRI is limited. In the future, these modalities 
may play an increased role in the routine assessment of the physiologic response to 
systemic therapy.

 Contrast-Enhanced Spectral Mammography

This technique is based on the hypothesis that, by combining intravenous iodinated 
contrast enhancement with digital mammography, occult cancers can be made vis-
ible. The currently optimized technique utilizes dual energy subtraction mammo-
graphic imaging after contrast administration. CESM has been shown to have cancer 
detection sensitivity equal to or better than breast MRI, and equal to MRI for esti-
mating tumor size [54]. It stands to reason then that it is also highly accurate at 
demonstrating extent of disease as well as monitoring response to neoadjuvant treat-
ment. For places where MRI availability or cost is limiting, this modality should be 
considered an alternative for diagnostic evaluation, extent of disease assessment, 
and monitoring response to NAT, in patients without contraindication to intravenous 
iodinated contrast administration.

 Molecular Breast Imaging

Breast-specific gamma imaging (BSGI) using technetium 99m (99mTc)-sestamibi 
and dedicated breast-specific gamma cameras, with uptake of tracer related to blood 
flow and cellular metabolism [55] has been shown to have a high diagnostic perfor-
mance as an adjunct to conventional breast imaging, with sensitivity of 95%, and 
specificity of 80–84% [56, 57]. BSGI is not widely used for two main reasons, one 
being the radiation dose associated with this modality, which remains a concern 
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even it continues to decrease with technological advances. The second is that any 
radionuclide imaging requires expensive facilities and manpower to maintain all 
required radiation safety regulations and quality control. Still, there may be circum-
stances where BSGI is more easily put in place than MRI, and can then be used for 
detection, staging, and monitoring treatment response. In a 2016 meta-analysis 
including 14 studies and 503 breast cancer patients, Guo et  al. showed a pooled 
sensitivity of 86%, specificity of 69% and AUC of 0.86, with most studies using 
whole body SPECT imaging and only three using breast specific systems [58]. 
These results have been corroborated by a subsequent 2018 meta-analysis which 
analyzed the ability of this modality to predict non-responsiveness to NAT [59].

While structural imaging modalities such as mammogram, ultrasound, and MRI 
depict anatomic changes to tissues, molecular imaging uses injectable materials to 
reflect and quantify biologic processes and cellular activity in  vivo. Fluoro- 
deoxyglucose positron emission tomography (FDG-PET) is the most well-known 
and clinically utilized imaging method, using a radioisotope of glucose as a marker 
of cellular metabolism. This is often fused with a CT scan of anatomically diagnos-
tic quality to precisely localize the metabolic information. PET/CT is most often 
used for breast cancer staging (Fig.  9.3). However, numerous radioisotopes and 
molecules are being explored to target specific receptors and intracellular molecules 
specific to certain breast cancer sub-types. For example, fluoro-estradiol (FES), an 
estrogen analogue with a PET-emitting fluoride-18 tag, has been shown to identify 
and characterize tumors with variable levels of estrogen receptor (ER) expression 
[60, 61]. This can allow prediction of endocrine therapy response with FES positiv-
ity. Measurements of the metabolic avidity measured by PET can quantify ER 
expression concentration. In the setting of multifocal, multicentric, bilateral, or het-
erogeneous disease, the ER expression can be compared between or among lesions. 
Studies have shown early changes in FES-PET when monitoring response to neoad-
juvant treatment [62]. Similarly, specific targeted functional imaging is being inves-
tigated for the progesterone receptors, HER2 receptors, cell proliferation (Ki-67), 
and many other cellular level functions [63].

 Optical Imaging

Diffuse optical spectroscopic imaging (DOSI) uses near infrared (NIR) light with 
650–1000 nm wavelength to characterize tumor metabolism, blood supply and oxy-
gen consumption in vivo and in real time. It depicts molar concentrations of oxyhe-
moglobin, deoxyhemoglobin, water, and fat. Importantly, this technology is portable 
and non-invasive. The American College of Radiology Imaging Network (ACRIN) 
6691 study, a national 7-center clinical study evaluated DOSI as a non-invasive 
monitor of preoperative chemotherapy. They used tissue optical index (TOI = deoxy-
hemoglobin x water/fat) assessed at baseline and mid-therapy and found the percent 
change of the TOl ratio of tumor-to-normal tissue (%TOITN) was useful to predict 
final pCR in 34 women undergoing NAT for breast cancer. Although a small study, 
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they found the %TOITN AUC was 0.60, and in the smaller cohort of patients with 
baseline tumor oxygen saturation (%StO2) greater than the 77% median, %TOITN 
AUC improved to 0.83. The data suggest baseline and dynamic optical characteris-
tics taken together may have utility in response prediction. However, this technol-
ogy remains investigational, while larger studies are pursued, and the technology 
becomes more widely accessible.

 Additional Considerations

Despite long-standing standardization of breast imaging reporting with the American 
College of Radiology Breast Imaging Reporting and Data (BI-RADS) lexicon, there 
are currently no published standards for reporting post-treatment tumor response. 
Indeed, the current BI-RADS manual does not include reporting guidelines for fol-
low- up imaging in NAT. Suggestions of imaging descriptors in the literature, aside 
from size measurements, include changes in mammographic density, sonographic 
echotexture, and concentric versus fragmented tumor shrinkage [18].

The Response Evaluation Criteria in Solid Tumors (RECIST) or Residual Cancer 
Burden (RCB) are frequently used for standardization of tumor response in pro-
spective clinical trials and allow categorization of complete and partial response, 
stable disease, or disease progression. However, this system does not include mam-
mography and advises against ultrasound [64].

Imaging is important to delineate the extent of disease in breast cancer, with 
mammography, ultrasound, and contrast-enhanced MRI as the three primary imag-
ing modalities at present. These modalities have importance in the neoadjuvant set-
ting and help to optimize patient management and refine treatment decisions when 
incorporated into the comprehensive care management with regular collaboration 
and communication with breast oncologists and surgeons. Current clinical imaging 
trials in the neoadjuvant setting, and emerging imaging technologies will help con-
tinue to refine personalized treatment strategies for patients with varied pathologic 
subtypes and diverse clinical needs.
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Chapter 10
Surgical Management of the Axilla 
in Node-Negative and Node-Positive 
Disease at Diagnosis

Joanna S. Lee, Priscilla F. McAuliffe, and Ronald R. Johnson

 Introduction

Accurate nodal staging is important in breast cancer treatment because nodal 
involvement is a major prognostic predictor for breast cancer outcome. Nodal dis-
ease status widely determines the extent of systemic therapy, surgical treatment, 
radiation therapy, and reconstructive surgery. Historically, axillary lymph node dis-
section (ALND) was used to stage the axilla in all patients with breast cancer. 
However, axillary management has now evolved to utilize sentinel lymph node 
biopsy (SLNB), a less extensive surgery that still allows accurate staging of the 
axilla. The safety of SLNB alone in clinically node negative (cN0) patients with 
presumed low axillary disease burden is well established in the upfront surgery set-
ting. The success of less extensive surgical intervention in the axilla is likely a factor 
of improved systemic and radiation therapy options, which also contribute to local 
disease control and improved overall oncologic outcomes.

In patients presenting with cN0 axilla, who are then found to have limited patho-
logic sentinel lymph node involvement, three clinical trials demonstrate that ALND 
is not necessary for all patients undergoing upfront surgery. The American College 
of Surgeons Oncology Group (ACOSOG) Z0011 trial was a practice-changing 
study that demonstrated no significant differences in locoregional recurrence (LRR), 
disease-free survival (DFS), and overall survival (OS) in patients with cN0 breast 
cancer with confirmed metastases in 1 or 2 sentinel lymph nodes (SLN), who were 
treated with breast conservation therapy (BCT) and whole breast radiation (WBRT), 
without ALND [1]. The International Breast Cancer Study Group (IBCSG) 23-01 
trial demonstrated that ALND may be safely omitted in cN0 patients with limited 
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SLN involvement, showing no difference in 5-year DFS, but more surgery related 
toxicities, like lymphedema and neuropathy, in the ALND group [2]. The European 
Organization for Research and Treatment of Cancer (EORTC) 10981-22023 
AMAROS trial also showed that, in patients with cT1-T2 N0 primary breast cancers 
treated with upfront surgery, radiation therapy is non-inferior to ALND. It is com-
pelling that the patients in the axillary radiation group without ALND had signifi-
cantly less lymphedema [3].

Axillary management following neoadjuvant chemotherapy (NAC) is also evolv-
ing. Use of NAC in early-stage breast cancer has increased over time with the goal 
to downstage the extent of surgery in both the breast and axilla. Depending on tumor 
biology, achieving pathologic complete response (pCR) following NAC is an impor-
tant prognostic factor, especially for triple negative breast cancer (TNBC) and 
HER2 positive (HER2+) breast cancer. Although there is no overall survival differ-
ence between administration of chemotherapy in the neoadjuvant versus the adju-
vant setting, a survival benefit has been demonstrated in the subset of patients with 
residual invasive disease following NAC who receive additional adjuvant 
chemotherapy.

Axillary management following neoadjuvant endocrine therapy (NET) is not 
well-known and there is paucity of information on this topic. Per the American 
Society of Breast Surgeons practice guidelines for the use of NST, NET produces 
the best response rates in postmenopausal women with clinical stage 2–3 breast 
cancer with strongly hormone receptor positive (HR+) breast cancer. Significant 
tumor downstaging using NET usually requires 4–6 months of continuous therapy, 
but pCR is rarely observed. Because pCR is rarely observed following NET, the 
clinical utility in axillary management is unknown. There is no established role for 
NET in premenopausal women currently. This chapter will review available litera-
ture regarding the optimal surgical management of axilla following NAC and will 
also briefly discuss surgical axillary management following NET. A different chap-
ter in this book will go into more depth regarding the role of NET.

 Benefit of NAC

Depending on tumor phenotype, NAC can effectively downstage the extent of sur-
gery both in the breast and in the axilla. Even for patients with relatively smaller 
cN0 cancers at diagnosis, NAC may foster breast conservation by improving the 
tumor to breast size ratio. NAC also allows for in vivo assessment of tumor response. 
Furthermore, earlier data have shown that NAC receipt can result in downstaging of 
nodal involvement in patients presenting with cN+ disease which may consequently 
lead to less extensive axillary surgery. The National Surgical Adjuvant Breast and 
Bowel Project (NSABP) B-18 trial compared preoperative and postoperative doxo-
rubicin and cyclophosphamide for operable breast cancer. This study showed that, 
regardless of the presenting clinical nodal status or tumor size, NAC resulted in 
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significant reduction in nodal positivity, 59% with NAC vs. 43% with adjuvant ther-
apy, p < 0.001 [4]. Following this study, NSABP B-27 reported an even greater 
reduction in nodal involvement following NAC with the addition of preoperative 
docetaxel to the regimen described in B-18—50.8% for NAC versus 58.2% for 
adjuvant therapy, p < 0.001 [5]. Long-term updates of NSABP B-18 and B-27 also 
confirmed that the addition of docetaxel to NAC with doxorubicin and cyclophos-
phamide significantly increased the rate of pCR and that those patients who achieved 
pCR had superior DFS and OS [6]. A study from the University of Texas MD 
Anderson Cancer Center (MDACC) also showed significant reduction in nodal dis-
ease after NAC compared with up-front surgery group, particularly in patients with 
T2–T3 primary tumor (T1: 12.7% vs. 19%, p = 0.2; T2: 20.5% vs. 36.5%, p < 0.0001; 
and T3: 30.4% vs. 51.4%, p = 0.04) [7].

An additional benefit of NAC is the assessment of end-chemotherapy response, 
which could open the door for additional adjuvant systemic therapy options for the 
appropriate patients. Several recent studies showed a survival benefit with addi-
tional adjuvant chemotherapy for those patients who do not achieve pCR following 
NAC. The CREATE-X UNIM Clinical Trial showed that the addition of adjuvant 
capecitabine prolonged DFS and OS among patients with HER2-negative (HER2−) 
breast cancer who had residual invasive disease following standard NAC regimens 
containing anthracycline, taxane, or both [8]. The study demonstrated improved 
DFS and OS in the capecitabine group (DFS: 74.1% vs. 67.6%, p = 0.01; OS: 89.2% 
vs. 83.6%, p = 0.01). The KATHERINE trial showed a 50% reduction in risk of 
recurrence of invasive breast cancer or death with adjuvant trastuzumab emtansine 
(T-DM1) compared to with adjuvant trastuzumab alone (HR 0.50, p < 0.001) in 
patients with HER2+ breast cancer who had residual disease following standard 
NAC containing taxane, with or without anthracycline and trastuzumab [9].

 Benefit of NET

Endocrine therapy in adjuvant setting is a widely accepted, important component of 
breast cancer treatment for the luminal subtype, hormone receptor positive (HR+), 
HER2− breast cancer as per NCCN guidelines. Similar to NAC, the use of endo-
crine therapy in neoadjuvant setting can potentially downstage the extent of disease 
and provide in  vivo information about the cancer’s responsiveness to endocrine 
therapy. ACOSOG Z1031 is a randomized phase II NET trial comparing response 
rates between letrozole, anastrozole, and exemestane that reported overall clinical 
response rate of 69% with no differences between the three different aromatase 
inhibitors. This study showed that NET increases BCT rate as 51.5% of the patients 
who were not BCT candidates at initial surgical consultation were able to success-
fully undergo BCT following NET [10].

In regard to the axilla, there is scarce data in literature looking at the role of 
NET on the downstaging of axillary surgical management. A study from Memorial 
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Sloan Kettering Cancer Center (MSKCC) reports the nodal pCR rate was 11% fol-
lowing NET. The nodal downstaging rates with NET and NAC were not signifi-
cantly different (11% with NET vs. 18% with NAC, p  =  0.37). Patients who 
achieved nodal pCR with NET were older, p = 0.004 and had greater progesterone 
expression, p  =  0.031 [11]. A recent NCDB analysis looking at 4580 patients 
undergoing NET showed that the overall axillary pCR was 14.5%. The patients 
who achieved a pCR were more likely to have smaller axillary disease burden 
(p = 0.008), have a higher grade (p = 0.003), and have a ductal histology (p = 0.04) 
[12]. Another NCDB analysis looking at 4495 patients who received NET, raises 
an interesting question of the oncologic significance of residual nodal disease after 
NET, whether this has the same prognostic implications as residual disease follow-
ing NAC. This analysis reports very low rates of pCR overall, 1.4% pCR in the 
breast and 1.2% pCR in both breast and axilla. Regardless of the low rates of pCR, 
there was no significant different in OS between patients who achieved axillary 
pCR and those who had residual small volume axillary disease, isolated tumor 
cells (ITCs), or micrometastases. Additionally, survival outcomes for the patients 
following NET were more similar to patients undergoing upfront surgery than 
those who received NAC [13].

 Feasibility of SLNB After NAC

Because nodal status is a key prognostic predictive factor for breast cancer, accurate 
assessment of the extent of axillary disease following NAC is very important. For 
those patients who have excellent response to NAC, less invasive axillary surgery 
can minimize surgical morbidity.

Historically, there were concerns that SLNB may inaccurately represent the 
axilla following NAC, due to altered lymphatic drainage, secondary to treatment- 
related tissue changes, including fibrosis [14, 15]. Due to these concerns, some 
investigators performed SLNB prior to initiation of NAC [16]. The potential benefit 
of performing SLNB before NAC is that the knowledge of pathologic nodal status 
before NAC could help streamline the need for adjuvant radiotherapy and facilitate 
the planning for reconstructive surgery in appropriate patients. However, a potential 
drawback of performing SLNB before NAC is the loss of the ability to downstage 
microscopic axillary disease. Combined data from the NSABP B-18 and B-27 trials 
demonstrate that the pathologic response post-NAC is more important than pre- 
NAC stage in terms of predicting oncologic outcomes. Specifically, the lack of 
nodal pCR is the strongest predictor of 10-year LRR, HR 4.5, p < 0.001. These find-
ings suggest that the decision to proceed with SLNB pre-NAC should only be con-
sidered for unique situations with multidisciplinary consensus [17].
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 Clinically Node-Negative Patients

Despite initial concerns about the accuracy of SLNB following NAC, recent studies 
demonstrate similar SLN identification rates and also similar false negative rates 
(FNR) as those seen in the upfront surgery setting for cN0 patients after NAC. Results 
from NSABP B-27 concluded that SLNB is applicable following NAC with an 
84.8% identification rate and an FNR of 10.7%. The study reports a non-significant 
trend toward improved identification rate among surgeons who performed a higher 
number of sentinel node procedures [15]. The GANEA 1 study was designed to 
look at the detection rate, the FNR, and the accuracy of SLNB following NAC. In 
the cN0 group, the SLN identification rate was 95% with an FNR of 9%, confirming 
the feasibility of SLNB after NAC.  However, for the cN+ group, a significantly 
lower identification rate of 82% was reported (p = 0.08) [18]. The GANEA 2 study 
goes on to elaborate that among the patients in the cN0 group treated with SLNB 
alone, only one axillary relapse occurred during the follow-up period from 2010 to 
2014, confirming that negative SLNB after NAC allows for safe omission of ALND 
in patients with no initial nodal involvement prior to NAC [19]. A study from 
MDACC reported similar SLN identification rates for up-front surgery compared to 
NAC: 98.7% and 97.4%, respectively. The FNR was 4.1% for up-front surgery and 
5.8% for NAC; p = 0.4 [7]. The Netherlands Cancer Registry study also showed 
comparable SLN identification rates: 98% for up-front surgery versus 95% for 
NAC [20].

Although studies show comparable SLN identification rates and FNR, another 
concern that is raised is the long-term consequences of possibly leaving lymph 
nodes with potentially chemotherapy-resistant disease. Unfortunately, literature on 
this particular topic is scarce. A MDACC study showed a low regional recurrence of 
1.2% in patients with a negative SLNB after NAC who underwent SLNB alone 
without ALND, with a median follow up of 47 months [7]. Similarly, the University 
of California at Los Angeles also reported low axillary recurrence of 0.7%, at a 
median follow up of 52 months [21].

 Clinically Node-Positive Patients

Patients who are cN+ can achieve nodal pCR after NAC in up to 20–70%, based on 
their tumor biology. The highest rate of nodal pCR is seen in TNBC and HER2− 
breast cancer patients [22]. Three large, multicenter, prospective trials demonstrated 
the feasibility of SLNB in patients with cN+ disease at diagnosis following NAC 
(Table 10.1).

The ACOSOG Z1071 evaluated the FNR of SLNB after NAC in cN+ patients 
with overall reported FNR of 12.6%. Further subset analysis showed that the use of 
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dual-tracer technique reduced the FNR to 10.8% (p = 0.05). Additionally, removal 
of three or more SLN further improved FNR to 9.1% (p = 0.007) [23]. Lastly, the 
use of immunohistochemistry (IHC) further reduced the FNR to 8.7% [24]. It is 
interesting to note that a follow-up study on Z1071 showed that post-NAC ultra-
sound (US) alone was not predictive of pathologic nodal response after NAC. When 
the US demonstrates normal lymph node morphology, 56.3% of these patients still 
had residual disease on final surgical pathology. On the other hand, 28.2% of 
patients with persistently suspicious nodal morphology on US demonstrated nodal 
pCR on final surgical pathology [25].

The SENTinel NeoAdjuvant (SENTINA) trial was a 4-arm, multicenter trial 
from Europe. Unlike in ACOSOG Z1071, pathologic confirmation of metastases in 
clinically suspicious nodes with percutaneous biopsy pre-NAC was not mandatory 
in this study. One of the arms looked at patients who converted from cN+ to cN− 
status following NAC. Overall FNR was 14.2%. Dual-tracer technique reduced the 
FNR to 8.6%, p = 0.15 and removal of three or more SLN further improved FNR to 
7.3%, p = 0.008. The use of IHC was not discussed in this study [26].

Sentinel Node Biopsy Following Neoadjuvant Chemotherapy (SN-FNAC) trial 
was the last of the three prospective trials looking at SLNB for cN+ patients follow-
ing NAC. This Canadian trial was closed early with the publications of the SENTINA 
and ACOSOG Z1071 trials. The overall FNR was 13.4%. As shown in ACOSOG 
Z1071, the use of IHC improved the FNR to 8.4%. This trial also demonstrated 
dual-tracer technique and the removal of two or more SLN were important [27]. The 
surgical techniques that are shown to improve FNR are organized and reviewed 
again later (Table 10.2).

 Evaluation of Clipped Node

In the subset analysis of the ACOSOG Z1071 trial, FNR was reduced to 6.8% when 
the biopsy-proven metastatic lymph node was clipped and removed at the time of 
surgery [28]. With this finding, MDACC proposed the procedure called targeted 
axillary dissection (TAD), where the clipped lymph node is localized with 125I radio-
active seed to ensure removal at the time-planned SLNB. In this study, the FNR for 

Table 10.1 Trials demonstrating feasibility of SLNB in cN+ patients following NAC

Studies
Total 
patients

Pre-NAC 
biopsy

SLN identification rate 
(%)

Overall FNR 
(%)

ACOSOG Z1071 
[23]

637 Yes 92.7 12.6

SENTINA [26] 592 No 87.8 14.2
SN FNAC [27] 153 Yes 87.6 13.4
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SLNB alone was 10.1% and the FNR for the clipped lymph node alone was 4.2%. 
When TAD is utilized, the FNR was reduced to 2% [29, 30]. A similar study from 
the University of Pittsburgh also demonstrated that SLNB combined with directed 
removal of the clipped axillary lymph node with a 125I radioactive seed, termed 
directed-SLNB, accurately reflected the axillary nodal status following NAC, as 
those patients who had residual nodal disease all had disease seen in the clipped 
node [31]. These studies demonstrated that the clipped lymph node was not an SLN 
in 9–27% of the cases indicating that SLNB alone may potentially miss the previ-
ously known biopsy-proven positive lymph node [28–31]. The National 
Comprehensive Cancer Network (NCCN) guidelines endorse the use of SLNB for 
patients with cN+ disease who convert to cN0 following NAC. The NCCN guide-
lines also state that the FNR with SLNB following NAC can be improved by mark-
ing biopsied lymph nodes to document their removal, using dual tracer, and 
removing >2 SLN [32].

With these trials showing feasibility and low FNR of SLNB following NAC, the 
trend in clinical practice is clearly changing. A recent survey of the American 
Society of Breast Surgeons showed that 85% of the practitioners now offer SLNB 
to their patients following NAC, compared to 45% before these trials. The majority 
of the practitioners consider the following components of the surgical technique to 
be important: dual-tracer technique (86%), clipping the lymph node to ensure 
removal (82%), and removal of >2 SLN (70%) [33]. A National Cancer Database 
(NCDB) review done by Dana Farber Cancer Center also shows that the recent 
trend reveals a significant increase in the use of SLNB for cN+ patients following 
NAC, increased from 31.8% in 2012 to 49% in 2015 (p < 0.001). In this study, fac-
tors associated with SLNB following NAC were age < 45 at diagnosis, treatment 
facility, clinical N1 vs. N2 status, HER2+ and TNBC subtype, and choice of breast 
conservation therapy versus mastectomy. In this study, ALND was omitted in 36.9% 
of patients with isolated tumor cells (ITCs), 23.6% with micrometastatic disease, 
and 13% with macrometastatic disease [34]. The GANEA 3 study is a prospective 
multicenter diagnostic study currently ongoing to further assess the benefit of tar-
geting the initially involved, clipped node.

Table 10.2 Modifications on the technique to improve FNR

Studies IHC (%)
Single 
tracer (%)

Dual 
tracer (%)

1 SLN 
(%) 2 SLN (%)

≥3 SLN 
(%)

ACOSOG Z1071 
[23, 24]

8.7 20.3 10.8 Not 
reported

21.1 9.1

SENTINA [26] Not 
reported

16 8.6 24.3 18.5 7.3

SN FNAC [27] 8.4 16 5.2 18.2 ≥2 SLN 
removed 4.9

Not 
reported
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 Role of Radiation Therapy

Nodal basin radiation after SLNB is an accepted, non-inferior alternative to ALND 
among patients with limited nodal disease burden (1 or 2 positive nodes) undergoing 
up-front surgery [1, 3]. However, the indications for radiation therapy following 
NAC is not as standardized as in up-front surgery setting. The traditional approach 
is that the decision for radiation therapy would be made based on the pre-NAC 
stage. A large NCDB review looked at the role of post-mastectomy radiation therapy 
(PMRT) in patients with cN+ disease with nodal pCR following NAC. There was no 
statistical OS with PMRT. However on the subset analyses, PMRT was associated 
with a significant improvement in OS for patients with clinical stage IIIB/IIIC dis-
ease, or residual invasive disease in the breast following NAC (p < 0.05) [35]. A 
multicenter study from South Korea also showed that there was no statistical differ-
ence in OS with PMRT for patients who achieved nodal pCR following NAC [36].

 Future Directions

Although overall clinical practice is heading toward downstaging axillary surgery 
following NAC to minimize surgical morbidity, there are still no published prospec-
tive data evaluating the long-term oncologic safety of omitting ALND. There are 
several clinical trials ongoing to further investigate this further (Table 10.3).

Table 10.3 Ongoing clinical trials

Studies Country Primary outcome

Accrual period 
(start date – 
primary 
completion 
date – 
completion date)

Estimated 
enrollment Accrual

Alliance 
A011202 
[37]

USA 
(NCT01901094)

Invasive breast 
cancer- 
recurrence free 
interval 
(IBC-RFI)

2/2014–1/2024 – 
-not reported

1660 Recruiting

ATNEC 
[38]

United Kingdom 
(NCT04109079)

DFS
Patient reported 
lymphedema

12/2020–
2/2030–2/2030

1900 Recruiting

TAXIS [39] Switzerland 
(NCT03513614)

DFS 8/2018–3/2029–
12/2043

1500 Recruiting

NSABP 
B-51 /
RTOG 1304 
[40]

USA 
(NCT01872975)

IBC-RFI 8/2013–7/2023–
8/2028

1636 Recruiting

NEONOD 2 
[41]

Italy 
(NCT04019678)

DFS 6/2019–6/2022–
6/2027

850 Recruiting
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The Alliance A011202 trial (NCT01901094) is looking at cN+ patients whose 
sentinel nodes remain persistently positive following NAC.  The participants are 
then randomized to ALND or no further axillary surgery. All patients receive 
regional nodal irradiation. The primary end point of this study is ipsilateral locore-
gional invasive cancer recurrence with secondary endpoints looking at OS, lymph-
edema rate, adequacy of radiation fields, and residual cancer burden [37]. There are 
two similar European trials ongoing. First is the British ATNEC trial (NCT04109079), 
a prospective multicenter randomized trial looking at patients with 1–2 positive 
nodes following NAC with randomization to ALND vs. radiation therapy [38]. 
Second is the Swiss TAXIS trial (NCT03513614), a prospective multicenter ran-
domized trial looking at ALND vs. excision of clinically suspicious clipped nodes 
and radiation therapy to the axilla [39]. The primary endpoint is DFS at 5 years for 
both of these European trials.

NSABP B-51/Radiation Therapy Oncology Group (RTOG) 1304 trial 
(NCT01872975) is a study looking at the benefit of regional nodal irradiation in 
cN+ patients who achieve nodal pCR following NAC. Patients with clinical T1-T3, 
biopsy-proven N1 disease undergo the scheduled axillary staging, SLNB vs. SLNB 
with ALND vs. ALND, following NAC. Patients who achieve nodal pCR will then 
be randomized to no regional nodal irradiation vs. regional nodal irradiation. The 
only field that is affected by this trial is the regional nodal basin. For patients under-
going breast conservation, everyone will receive the planned whole breast radiation 
and boost. For patients undergoing mastectomy, no chest wall radiation will be 
administered in patients who are randomized to no regional nodal irradiation. The 
primary endpoint is to assess recurrence-free interval, with secondary endpoints 
looking at OS, cosmetic outcome, toxicity, molecular predictors of recurrence, 
etc. [40].

The Italian NEONOD 2 trial (NCT04019678) is a multicenter non-inferiority 
trial designed to assess whether or not completion ALND could be omitted safely 
for patients micrometastatic disease in the SLN following NAC. The primary end-
point is DFS [41].

The results of these ongoing trials will likely further develop optimal axillary 
management strategies following NAC, and perhaps be able to individualize each 
patient’s axillary treatment, based on response to NAC. When making these impor-
tant treatment decisions, it is important to keep the tumor biology information in 
mind, as there is clear data showing the failure to achieve pCR in patients with triple 
negative breast cancer is associated with worse prognosis, while it is not the case for 
hormone receptor-positive breast cancer [42].

 Conclusion

Accurate axillary staging following NST is important for adjuvant treatment plan-
ning and decision making. In terms of surgical axillary management following 
NAC, literature has demonstrated that SLNB is able to accurately stage the axilla 
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following NAC for both cN0 and cN+ patients. For cN+ patients, there are modified 
techniques to minimize the FNR with SLNB as described before (using dual tracer, 
removal of >2 lymph nodes, and localizing the clipped lymph node if possible). 
Therefore, it is also important for the surgeons treating breast cancer to clearly 
understand and learn the important technical aspects of axillary staging following 
NAC for optimal oncologic outcome and to minimize surgical morbidity. At this 
time, while awaiting the results of the ongoing clinical trials, ALND remains the 
standard for patients with any residual axillary disease after NAC, regardless of the 
quantity of residual disease. In determining the optimal treatment plan for those 
patients who achieve nodal pCR with SLNB alone following NAC, there needs to 
be careful multidisciplinary evaluation of each patient’s pre-NAC stage, tumor biol-
ogy, response in the breast, age, and presence of other aggressive features like lym-
phovascular invasion, as the rate of regional recurrence in this subset of patients is 
unknown. The key question remains whether the pre-NAC stage vs. post-NAC stage 
determines the risk of LRR and the patient’s overall oncologic outcome in the long 
run. Ongoing clinical trials as discussed before will address these difficult questions 
in the near future.

NET can be a safe and effective option for postmenopausal patients with strongly 
HR+, HER2− breast cancer. As mentioned before, NET allows for the opportunity 
to assess the endocrine responsiveness which may be important for overall onco-
logic prognosis. Given the low toxicity profile associated with NET, the use of 
endocrine therapy should be considered as a valuable treatment option in neoadju-
vant setting for the correct patient population. It is well accepted that NET increases 
BCT rate with clinically significant partial response with tumor downstaging in the 
breast. However, the role of NET in surgical axillary management is limited as it 
rarely results in axillary pCR, hence not able to downstage axillary management. 
Further investigation is needed and dedicated randomized clinical trials are indi-
cated to better utilize NET for axillary management in the future.
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Chapter 11
Surgical Considerations and Expectations 
in Patients Receiving Neoadjuvant 
Chemotherapy and Neoadjuvant 
Endocrine Therapy

Olga Kantor and Anna Weiss

 Surgical Considerations After Neoadjuvant Chemotherapy

Neoadjuvant chemotherapy (NAC) is an appealing approach to optimize surgical 
outcomes. Preoperative therapy has the potential to decrease tumor burden in both 
the breast and axilla, allowing for downstaging of the planned surgical intervention 
to include increased use of breast conserving therapy (BCT) in the breast, and sen-
tinel lymph node biopsy (SLNB) in the axilla. In early randomized trials of NAC, 
there was a definite increase in the rates of BCT compared to adjuvant chemother-
apy. The NSABP B-18 trial randomized 1523 patients to NAC or adjuvant chemo-
therapy from 1988 to 1993 and demonstrated an 8% increased rate of BCT in the 
NAC arm, with close to a threefold increase in BCT amongst those patients with 
tumors >5 cm [1]. The EORTC 10902 study randomized 698 patients to NAC or 
adjuvant chemotherapy from 1991 to1999 and found 23% of patients initially 
planned for mastectomy in the NAC arm were successfully downstaged to BCT [2]. 
The Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) performed a 
patient-level data meta-analysis of 4756 patients in 10 randomized trials comparing 
NAC to adjuvant chemotherapy from 1983 to 2002. Overall, BCT occurred in 65% 
of patients assigned to NAC compared to 49% of patients assigned to adjuvant che-
motherapy (rate ratio 1.28 in favor of NAC, 95% confidence interval [CI] 1.22–1.34, 
p < 0.05). Of 684 patients with initially planned mastectomy who underwent NAC, 
33% were downstaged to BCT [3].
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Overwhelmingly, the literature supports the safety of BCT after NAC. A meta- 
analysis of 22 comparative studies of surgical outcomes after NAC compared to 
patients without NAC suggest similar rates of positive margins and lower excision 
volumes in tumors >2 cm at presentation treated with NAC [4]. A review of the 
Dutch National Breast Cancer Audit from 2011 to 2016 found similar margin posi-
tivity rates for patients with clinical T2 tumors (14% vs. 14%, p = 0.05) and lower 
margin positivity rates for patients with clinical T3 tumors (28% vs. 31%, p < 0.01) 
who underwent BCT after NAC compared to adjuvant chemotherapy [5]. However, 
some data suggest rates of local recurrence (LR) are higher after NAC and this may 
be related to increased rates of BCT. The basis for this concern is that not all tumors 
shrink concentrically, but rather some may have a more patchy or scattered response 
across the entirety of the tumor bed [6, 7] which could result in leaving behind 
microscopic disease when treated with BCT. The EBCTCG patient-level meta- 
analysis of randomized trials of NAC compared to adjuvant chemotherapy found a 
5.5% absolute increase in LR after NAC at 15 years (risk ratio [RR] 1.37, 95% CI 
1.17–1.61, p < 0.01), although this did not translate to a difference in distant or 
disease-free survival (RR 1.02, 95% CI 0.92–1.14, p = 0.66 for distant recurrence; 
1.06, 95% CI 0.95–1.18, p = 0.31 for breast cancer mortality) [3]. In contrast, analy-
sis of LR in 3088 patients in the NAC arms of the randomized NSABP B-18 and 
B-27 trials found a 10-year LR incidence of 9% for mastectomy patients and 8% for 
BCT patients. A reduction in locoregional recurrence (LRR) was seen with the addi-
tion of neoadjuvant docetaxel in the B-27 trial (from 12% to 9%, p = 0.02) [8]. 
Long-term follow up of the EORTC 1092 randomized trial found no difference in 
LRR rates after BCT following NAC between patients that were BCT candidates 
initially or those that were downstaged to BCT by NAC (hazard ratio 1.10, 95% CI 
0.50–2.39, p = 0.97) [9]. A patient-level meta-analysis of 4125 patients in nine stud-
ies that had BCT following NAC found a 10-year LRR rate of 6.5%. Factors associ-
ated with increased LRR were hormone receptor (HR)-negative subtype (hazard 
ratio 1.89, p < 0.01), clinically node-positive disease (hazard ratio 1.37, p = 0.01), 
and lack of axillary pCR (hazard ratio 1.53, p < 0.01) [10].

A few studies have also examined whether negative lumpectomy margins after 
NAC should be defined differently than the up-front surgery consensus guidelines 
of “no tumor on ink” for invasive disease [11]. An Austrian study of 406 patients 
that had BCT after NAC found no difference in LR between patients with margins 
of 1 mm compared to >1 mm (5-year local recurrence-free survival [LRFS] 94% for 
≤1 mm vs. 91% >1 mm, p = 0.94) [12]. A study of 382 BCT patients who had NAC 
at the Dana-Farber Cancer Institute examined multiple margin widths, including no 
tumor on ink, 1 mm, and 2 mm margins with findings suggesting no differences in 
LR at any margin width (5-year LRFS 96% for margins ≤2 mm, 94% for margins 
>2 mm, 100% for pCR, p = 0.37) [13]. Taken together, these findings suggest that 
downsizing the breast tumor with NAC to optimize surgical outcomes, specifically 
to achieve breast conservation, is a safe option.

Tumor downstaging after NAC is most effective in the tumor subtypes that have 
the highest rates of pathologic complete response (pCR). A meta-analysis of 11,695 
patients in 30 studies of NAC found a pooled pCR rate of 19%, with the highest 
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pCR rate of 39% in patients with hormone receptor-negative (HR-negative), HER2- 
positive subtype and the lowest pCR rate of 8% in patients with HR-positive HER2-
negative subtype. The analysis included patients from 1995 to 2008, most of whom 
were treated before the routine use of targeted anti-HER2 therapies, with increasing 
rates of pCR noted over time (pCR increased with increasing midpoint year of study 
time frame, p = 0.02) [14]. In more modern series, including the use of targeted anti-
HER2 therapy, the rates of pCR are higher across subtypes. Subtype- specific data 
from 694 patients with clinically node-positive breast cancer treated with NAC from 
the American College of Surgeons Oncology Group (ACOSOG)/Alliance Z1071 
trial demonstrated breast pCR rates of 16% for HR-positive HER2- negative, 48% 
for triple-negative breast cancer (TNBC), and 50% for HER2-positive tumors. 
Although clinical response rates of the breast tumors were similar across subtypes, 
BCT was significantly correlated with breast pCR; rates of BCT were 35% for 
HR-positive HER2-negative, 43% for TNBC, and 47% for HER2-positive tumors 
(p = 0.02) [15]. A large prospective series of patients who had NAC at Memorial 
Sloan Kettering Cancer Center found that among 600 patients who were not initially 
BCT candidates, 69% of BCT-ineligible and 87% of BCT-borderline patients 
became candidates for BCT after NAC. Of those in whom BCT was attempted, it 
was successful in over 90%. Both breast pCR (odds ratio 2.62, p < 0.01) and TNBC 
or HER2-positive subtype (OR 2.26, p < 0.01 for TNBC; 1.63, p < 0.05 for HER2-
positive) were associated with successful downstaging to BCT [16]. Table  11.1 
summarizes rates of breast pCR and BCT after NAC in selected studies.

Table 11.1 Breast response and breast conserving therapy rates after NAC and NET in selected 
clinical trials

Neoadjuvant chemotherapy
Trial Years of 

enrollment
Breast response after NAC BCT after NAC

B-18 [1] 1988–1993 80% clinical tumor 
response
13% pCR

67% overall
22% in cT3 tumors

EORTC 10902 
[2]

1991–1998 4% pCR 37% overall
23% of planned mastectomy had 
BCT

B-27 [89] 1995–2000 13% pCR with AC
6% in ER+, 14% in ER−
26% pCR with ACT
14% in ER+, 23% in ER−

48% with AC
51% with ACT

Z1071 [15] 2009–2011 16% pCR in ER+HER2−
48% pCR in ER−HER2−
50% pCR in HER2+

35% of ER+HER2−
47% of ER-HER2−
43% of HER2+

Criscitiello et al. 
meta-analysis 
[24]

17 trials 
1996–2014

24% overall (range 7–66%) 57% overall (range 13–76%)

(continued)
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 Neoadjuvant Strategies for Triple-Negative and HER2- 
Positive Breast Cancer

Although the selection of a neoadjuvant regimen is covered in previous chapters, 
objective imaging response, clinical response, and pCR rates are of critical impor-
tance to the surgeon. Understanding tumor biology, and what to expect from various 

Table 11.1 (continued)

Neoadjuvant endocrine therapy
Trial Years of 

enrollment
Breast response after NET BCT after NET

P024 [51] 1998–1999 55% clinical response by 
palpation after letrozole
36% after tamoxifen
1% pCR after letrozole
2% pCR after tamoxifen

45% after letrozole
35% after tamoxifen

IMPACT [52] 1997–2002 37% clinical objective 
response by caliper 
measurement after 
anastrozole
36% tamoxifen
39% combination

44% of mastectomy-only 
patients underwent BCT after 
anastrozole
31% tamoxifen
24% combination
46% were eligible for BCT after 
anastrozole
22% tamoxifen
26% combination

PROACT [53] 2000–2002 39% objective response by 
ultrasound after anastrozole
35% tamoxifen

41% of mastectomy-only or 
inoperable patients at baseline, 
surgery was feasible after 
anastrozole
36% tamoxifen

ACOSOG Z1031 
[54, 90]

2006–2009 63% clinical response by 
caliper measurement after 
exemestane
75% letrozole
69% anastrozole
5.7% pCR after NAC 
(ACOSOG Z1031 Cohort 
B)

51% of mastectomy-only 
patients
83% of marginal BCT candidates

Semiglazov et al. 
[55]

Not 
specified

70% clinical objective 
response after NET
60% after NAC
3% pCR NET
6% pCR NAC

43% NET
24% NAC

GEICAM 
2006–03 [56]

2007–2008 48% clinical response rate 
after NET
66% NAC
0% pCR NET
2% pCR NAC

56% NET
47% NAC

pCR pathologic complete response, AC Adriamycin, cyclophosphamide, ACT Adriamycin, cyclo-
phosphamide, taxol, BCT breast conserving therapy
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therapies is crucial to surgical planning. NAC is an especially attractive option for 
TNBC and HER2-positive tumors as pCR rates in both the breast and axilla are 
upwards of 40%. Rates of pCR are even higher with contemporary chemotherapy 
and targeted anti-HER2 therapy options. A meta-analysis of 9460 patients with 
TNBC after NAC from 27 studies found a pooled pCR rate of 29%, although pCR 
rates >40% were seen with longer NAC duration [17]. Standardized treatment regi-
mens and newly investigated agents such as immunotherapy agents further increase 
the pCR rate. In the first analysis of the prospective clinical trial KEYNOTE 522, in 
which 602 TNBC patients were randomized to NAC with pembrolizumab or pla-
cebo, the pCR rate was 65% in the pembrolizumab-chemotherapy group and 51% 
in the placebo-chemotherapy group (p < 0.01) [18]. In HER2-positive breast cancer, 
the addition of targeted anti-HER2 agents significantly increased the pCR rates in 
neoadjuvant trials of trastuzumab and pertuzumab. In a randomized trial of chemo-
therapy with or without trastuzumab in a cohort of patients with HER2-positive 
locally advanced breast cancer, the addition of trastuzumab increased overall pCR 
rates from 19% to 38% (p < 0.01) and breast pCR rates 22–43% (p < 0.01) [19]. In 
the NeoSphere phase II randomized trial, pCR rates increased from 29% in the 
taxol  +  trastuzumab arm to 46% with dual anti-HER2 therapy (taxol  +  trastu-
zumab + pertuzumab; p = 0.01). Rates of pCR with dual anti-HER2 therapy were 
highest in patients with HR-negative disease at 63% compared to 26% in those with 
HR-positive disease [20]. The TRYPHENA phase II trial analyzed three different 
neoadjuvant regimens including trastuzumab and pertuzumab for HER2-positive 
patients with pCR as a secondary endpoint; pCR rates ranged from 57% to 66% 
[21]. A meta-analysis of 16 studies of NAC by subtype found a more than threefold 
association with pCR for HER2-positive tumors overall (3.6 times more likely in 
HR-positive/HER2-positive, p  < 0.01 and 2.3 times more likely in HR-negative/
HER2-positive tumors, p = 0.01) [22].

With high pCR rates in these patient subtypes, it is logical that these patients 
would be most likely to downstage to BCT. Interestingly, there is not always a clear 
correlation. In a surgical companion trial to the randomized CALGB 40603 trial, 
which assessed NAC with the addition of carboplatin with or without bevacizumab 
in TNBC, pCR was >40%, including pCR in 41–58% of patients who were initially 
considered BCT-ineligible. After NAC, 42% of patients initially deemed BCT- 
ineligible converted to BCT-eligible. However, less than half of these patients 
underwent attempted BCT [23]. In the TRYPHAENA trial testing trastuzumab and 
pertuzumab for HER2-positive tumors, pCR was upwards of 55%; however, only 
17–27% of patients who were initially planned for mastectomy underwent BCT 
[21]. A meta-analysis assessing the association of pCR and BCT in 12,311 patients 
in 36 studies found no significant association between pCR and BCT (p = 0.27), 
including after adjustment for HER2 and clinical nodal statuses [24]. These studies 
suggest decisions for BCT are complex and are not dependent solely on response to 
NAC or achievement of pCR. Furthermore, a cultural component is suggested in the 
analysis of surgical outcomes in the multicenter international BrighTNess clinical 
trial of TNBC patients treated with NAC. Overall, 53% of BCT-ineligible patients 
converted to BCT-eligible after NAC; however, patients treated in Europe and Asia 
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were more likely to undergo BCT than those treated in North America (odds ratio 
2.66, 95% CI 1.84–3.84) [25], which may be explained in part by the lack of insur-
ance coverage for breast reconstruction outside the USA.

Considerations regarding surgical choices are multifaceted, including in those 
patients with TNBC and HER2-positive subtypes. However, because of their high 
pCR rates with NAC, these are optimal target groups for further de-escalation of 
surgical management of breast cancer. Several prospective multicenter studies have 
examined the feasibility of using breast tumor-bed biopsy after NAC to select 
patients that have experienced a pCR and may be eligible for omission of surgical 
treatment of the breast. Overall, false negative rates were higher than acceptable, 
ranging from 18% to 50% depending on the type (vacuum-assisted or core) and size 
of the biopsy needle used [26–29]. The German RESPONDER trial reported an 
18% false negative rate (FNR) with vacuum-assisted biopsy in 452 patients with 
<2 cm of residual disease and at least a partial imaging response reported; half of 
these false negatives were potentially avoidable with optimized biopsy and compre-
hensive imaging techniques [27]. An international trial of 166 patients at three cen-
ters in the USA, the UK, and Korea with a median pretreatment tumor size of 3.4 cm 
reported a pCR rate of 51% and an overall FNR of 19% with image-guided biopsy. 
In the subset of patients with <2 cm of residual imaging abnormality and at least five 
biopsy specimens by vacuum-assisted biopsy, the FNR decreased to 3% [29]. 
Though steps are being made towards omitting surgery in patients with pCR, further 
refinement of patient selection and biopsy technique is needed before these tech-
niques can be applied broadly.

Efforts are also being made to define a subset of patients that can be considered 
for omission of axillary surgery after NAC. Of 290 patients at the MD Anderson 
Cancer Center with cT1-2N0 breast cancer as determined by negative axillary ultra-
sound examination at presentation, 100% had pathologically negative nodes at the 
time of axillary surgery after NAC [30]. Of 303 patients with cT1-3N0 disease 
treated with NAC in the Netherlands, 86% had pathologically negative nodes after 
NAC overall, including 98% of TNBC and 100% of HER2-positive patients [31]. 
Analysis of 30,821 patients with cT1-2N0-1 breast cancer treated with NAC from 
the National Cancer Database (NCDB) found nodal positivity rates of <2% in 
TNBC and HER2-positive patients with breast pCR [32]. While further prospective 
data and long-term follow-up are needed to establish oncologic safety, these data 
suggest an opportunity for omission of axillary surgery in well-selected patients.

 Neoadjuvant Strategies for HR-Positive HER2-Negative 
Breast Cancer

In comparison to TNBC and HER2-positive breast cancer patients, those with 
HR-positive breast cancer experience modest pCR rates [33]. Further, though bur-
den of residual disease after NAC is prognostic across all breast cancer subtypes 
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[34], pCR as a dichotomous variable does not correlate with improved survival 
among patients with Luminal A subtype [35]. Thus, less prognostic information is 
gained by measuring the in vivo response to NAC for HR-positive breast cancer 
patients than for other subtypes. Additionally, there is ample evidence that subsets 
of HR-positive breast cancer do not benefit from chemotherapy, as evidenced by 
lower risk scores based on genomic assays (such as OncotypeDX and Mammaprint), 
making the utility of NAC for HR-positive patients dubious.

There is ample evidence that tumor biology within the HR-positive cohort drives 
outcomes and adjuvant therapy choice. The prospective Trial Assigning 
Individualized Options for Treatment (TAILORx) trial enrolled 10,273 women with 
HR-positive HER2-negative node-negative breast cancer. Based on the recurrence 
score result from the OncotypeDX 21-gene assay, patients with a midrange score 
(11–25) were randomized to endocrine therapy alone versus endocrine plus chemo-
therapy. Among these 6711 women, endocrine therapy alone was non-inferior to 
endocrine plus chemotherapy in terms of invasive disease-free survival (hazard ratio 
1.08; 95% confidence interval [CI], 0.94–1.24; p  =  0.26) [36]. Similarly, the 
MINDACT study (EORTC 10041/BIG3-04) randomized HR-positive breast cancer 
patients with discordant clinical and genomic risk (as determined by the Mammaprint 
70-gene signature) to treatment with or without chemotherapy, including patients 
with up to three positive lymph nodes. Among patients with high clinical risk but 
low genomic risk, there was no difference in distant disease-free survival based on 
treatment with chemotherapy (hazards ratio [HR] 0.78; 95% CI, 0.50–1.21; 
p = 0.27). One thousand five hundred and fifty (46%) of 3356 patients with high 
clinical risk had low genomic risk, and therefore if adjuvant therapy decisions were 
based on genomic risk alone, these 46% could be spared chemotherapy [37]. The 
OncotypeDX recurrence score was also validated for patients with node-positive 
disease in the West German Study Group PlanB prospective randomized trial. 
Patients with low scores (0–10) experienced excellent survival rates with endocrine 
therapy alone (94% disease-free and 99% overall survival at 5 years), including the 
41% of these patients that were node-positive [38]. The prognostic value of 
OncotypeDX among node-positive patients was validated retrospectively among 
patients enrolled to two prospective randomized clinical trials. The phase III 
SWOG-8814 trial enrolled post-menopausal women with HR-positive node- positive 
breast cancer and found that the addition of chemotherapy to endocrine therapy 
improved survival. However, in subsequent analysis of 367 sufficient tissue speci-
mens, no benefit was seen for patients with recurrence scores less than 18 [39]. 
Further analysis of node-positive patients from the SWOG-8814 trial revealed that 
OncotypeDX score was also prognostic for LRR [40]. In the TransATAC study, 
which randomized HR-positive breast cancer patients to tamoxifen versus anastro-
zole, 1231 tumor blocks were examined, 306 of which were from node-positive 
patients. Recurrence score was associated with time to distant recurrence in both 
node-negative and node-positive disease (p  <  0.01 for both) [41]. Finally, the 
SWOG-1007 RxPONDER trial randomized patients with HR-positive breast cancer 
with 1–3 positive nodes and a recurrence score less than 25 to endocrine therapy 
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with or without chemotherapy. Among the post-menopausal patient cohort 
(N = 3350) the 5-year invasive disease-free survival was 91.6% for those treated 
with chemotherapy and 91.9% for those treated with endocrine therapy alone (HR 
0.97, 95% CI 0.78–1.22; p = 0.82) indicating that post-menopausal women with 
HR-positive pN1 breast cancer can safely forgo chemotherapy [42]. Alternative 
approaches have also been used, such as the Magee equation. The original equation 
showed that nuclear grade, mitotic count, estrogen receptor immunohistochemistry 
score, progesterone immunohistochemistry score, and HER2 as a dichotomous vari-
able significantly correlated with recurrence score [43]. Future modifications of the 
equation, to include Ki-67 for example, further refined the equation and more accu-
rately predicted recurrence scores, suggesting that common histopathologic charac-
teristics could be used in place of the more expensive genomic tools [44].

In addition to guiding adjuvant systemic therapy, there is growing evidence that 
genomic assays can be used to guide neoadjuvant therapy decisions for HR-positive 
breast cancer patients. A prospective trial by Bear et  al. demonstrated that 
OncotypeDX recurrence score could be used to triage patients to the appropriate 
neoadjuvant therapy. Patients with scores between 0 and10 were treated with neo-
adjuvant endocrine therapy (NET), between 11 and 25 were randomized to NAC 
versus NET, and over 25 were treated with NAC. Of the 33 patients with scores 
between 11 and 25, only five declined their treatment assignments suggesting that 
patients accept the recurrence score results to guide neoadjuvant therapy decisions 
[45]. An NCDB study of 989 HR-positive breast cancer patients treated with NAC 
revealed that a high OncotypeDX recurrence score was associated with increased 
pCR rate (odds ratio 4.87; 95% confidence interval 2.01–11.82), also suggesting 
that recurrence scores may be used to select appropriate patients for neoadjuvant 
regimens [46]. As in the adjuvant space, there are alternative resources to guide 
treatment decisions in the neoadjuvant space as well. For example, baseline and on- 
treatment Ki-67 staining levels have demonstrated prognostic significance and a 
Ki-67-based neoadjuvant treatment selection approach has been tested [47]. In the 
ALTERNATE trial, patients with an on-treatment Ki67 staining level >10% at week 
4 or 12, determined by research biopsy, were switched off trial to NAC [48].

Based on this body of evidence, patients with HR-positive breast cancer who 
require tumor downsizing are likely overtreated with NAC, and alternative regimens 
should be considered. NET was initially investigated for elderly patients who were 
unfit for surgery [49]. Since, several landmark studies have demonstrated the effi-
cacy of NET to downsize breast tumors and achieve BCT [50]. Three trials (P024, 
IMPACT, and PROACT) established the superiority of aromatase inhibitors over 
tamoxifen. The P024 trial randomized 337 postmenopausal women with HR-positive 
breast cancer ineligible for BCT to 4 months of letrozole versus tamoxifen. Objective 
response by palpation was superior for letrozole (55% vs. 36%, respectively, 
p < 0.01) as was the proportion of patients who were eligible for BCT (45% vs. 
35%, p = 0.02) [51]. The IMPACT trial randomized 330 postmenopausal women 
with HR-positive breast cancer to 3 months of anastrozole, tamoxifen or a combina-
tion of the two. Objective response by caliper measurement was similar among the 
three groups (37%, 36%, and 39%, respectively); however, BCT eligibility after 
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NET favored anastrozole over tamoxifen in 124 up-front mastectomy-only candi-
dates (46%, 22%, and 26%, respectively, p = 0.03) [52]. Lastly, PROACT random-
ized 551 postmenopausal women with HR-positive breast cancer to 3 months of 
anastrozole versus tamoxifen and allowed for concomitant NAC administration. 
Objective response by ultrasound was similar among both NET + NAC and NET- 
only groups. Among patients who were mastectomy-only candidates or inoperable 
at baseline, surgical feasibility improved more with anastrozole than tamoxifen, 
(43% vs. 31%, p = 0.04) [53]. Following these three trials demonstrating the ability 
of NET to downsize breast tumors and the superiority of aromatase inhibitors over 
tamoxifen, the ACOSOG Z1031 trial aimed to determine the best aromatase inhibi-
tor for use in future trials by randomizing 377 postmenopausal women with 
HR-positive breast cancer to letrozole, anastrozole, or exemestane. Clinical response 
rates were similar between groups (75%, 69%, and 63%, respectively) and a striking 
51% of all mastectomy-only candidates were able to undergo BCT [54].

Several trials have directly compared NAC to NET. Semiglazov et al. random-
ized 239 postmenopausal patients with clinical T2-4N0-2M0 HR-positive breast 
cancer who were not eligible for BCT to 3 months of NAC or NET (anastrozole or 
exemestane). Clinical response rates by palpation were similar in all groups: 63%, 
62%, and 67%, respectively (p > 0.5). Twenty-four percent of patients underwent 
BCT after NAC compared to 33% after NET (p = 0.06). Also, pCR rates were low 
among NAC and NET groups: 6% and 3%, respectively (p > 0.05) [55]. Later, the 
Spanish Breast Cancer Group GEICAM 2006-03 trial randomized 95 patients with 
HR-positive luminal A tumors of at least 2 cm to 24 weeks of NAC or NET (with 
ovarian suppression if premenopausal). Clinical response rates were 66% after NAC 
and 48% after NET (p = 0.08). BCT rates were similar between groups at 47% after 
NAC and 56% after NET (p = 0.24). Among all 95 patients, only one experienced a 
pCR (in the NAC group) [56]. Table 11.1 summarizes breast response and BCT 
rates among selected NET trials. These data suggest NET can downsize breast 
tumors as well as NAC [57], although pCR is uncommon in this subtype with either 
regimen.

In large part due to the lack of pCR, the quest continues for an optimal neoadju-
vant regimen for HR-positive breast cancer patients. Ongoing studies are examining 
the addition of CDK 4/6 inhibitors and other targeted therapies to NET [58]. 
Completed trials include the PALLET and LORELEI trials. PALLET randomized 
307 postmenopausal women to neoadjuvant letrozole with or without the CDK 4/6 
inhibitor palbociclib. Ki67 staining (a marker of cell proliferation) was significantly 
lower in the palbociclib group, but clinical tumor response by ultrasound was not 
different between groups (54.3% with palbociclib vs. 49.5% letrozole alone, 
p  =  0.20) [59]. LORELEI randomized 334 patients to letrozole with or without 
taselisib, a small molecule inhibitor of PIK3CA.  Objective response rates were 
higher in the taselisib group (50% vs. 39% letrozole alone, p < 0.05), but there was 
no difference in pCR rates between groups, (2% in the taselisib group vs. 1% letro-
zole alone) [60]. Although these agents seem to suppress cell proliferation, they do 
not appear to significantly improve clinical response or pCR rates.
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An additional important consideration in surgical planning for HR-positive 
patients is that their tumors may exhibit extensive calcifications [61, 62]. These 
calcifications are unlikely to change after NAC or NET, as the span of calcifications 
on post-treatment mammogram and ultimate pathologic tumor size do not correlate 
well [63]. MRI may be a more accurate method of predicting pathologic tumor size 
[64, 66]; however, no one imaging modality is accurate enough to preclude com-
plete excision of calcifications and a multimodal approach is best [65, 66].

Overall, NET is an effective and attractive option in patients with HR-positive 
tumors that would benefit from a neoadjuvant approach. Individualized decisions 
regarding treatment based on other clinical and tumor factors, with the possible 
guidance of genomic assays on the tumor biopsy, will help optimize treatment deci-
sions and prevent overtreatment in these HR-positive breast cancer patients.

 Axillary Management After NET

Initial treatment approach with either neoadjuvant systemic therapy (NST) or up- 
front surgery should be carefully selected by tumor subtype to minimize the perfor-
mance of axillary lymph node dissection (ALND). In a study from Memorial Sloan 
Kettering Cancer Center, an NAC approach decreased the necessity for ALND 
among TNBC and HER2-positive breast cancer patients. Conversely, there were 
increased ALND rates following NAC for cT1-2N0 HR-positive breast cancer 
patients compared to those treated with up-front surgery, especially among BCT 
candidates [67]. Increased ALND rates among HR-positive breast cancer patients 
treated with NAC are due to the standard performance of ALND for any residual 
nodal disease after NST and low pCR rates in the HR-positive population [68]. If 
HR-positive patients with cT1-2N0 disease are taken to surgery as their initial treat-
ment, they are eligible for ACOSOG Z0011, EORTC 10981-22023 AMAROS, and 
IBCSG 23-01 [69–71]. Taken together, these trials show that omitting ALND is safe 
for patients treated with surgery first who are found to have small volume nodal 
metastases. In contrast, if patients are treated with NST, they are no longer eligible 
for the application of these trial findings, and even small volume residual nodal 
metastases lead to ALND. Ongoing trials are investigating the omission of ALND 
in patients who are treated with NAC and are found to have residual nodal disease 
[72]; however, in lieu of treatment on a clinical trial, there is no existing strategy to 
decrease the burden of ALND among HR-positive breast cancer patients who are 
treated with NAC. As such, the best strategy currently available for HR-positive 
clinically node-negative (cN0) patients to avoid ALND is up-front surgery, although 
this presents a predicament if patients also have large breast tumors and NST is 
needed to achieve BCT. NET presents an alternative neoadjuvant strategy that may 
reconcile this clinical challenge.

Utilization of SLNB after NET to surgically stage the axilla is considered rea-
sonable, but this is largely extrapolated from studies in cN0 and clinically node- 
positive (cN1) patients treated with NAC [73, 74]. Very few trials examining SLNB 
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after systemic therapy have included patients treated with NET. A prospective mul-
ticenter trial from Sweden investigated SLNB feasibility after systemic therapy in 
195 patients, one of which was treated with NET [75]. A prospective single- 
institution trial from Japan similarly investigated SLNB feasibility after systemic 
therapy, this time in 36 total patients, 16 treated with NET [76]. Two retrospective 
reviews have reported acceptable long-term outcomes of SLNB as the only axillary 
surgical staging procedure for cN0 and cN1 patients who have negative node pathol-
ogy after systemic therapy. One of these trials did not specify the number of patients 
treated with NET, and the other included 56 (48 cN0 and 8 cN1-2) [77, 78]. Despite 
these limited data, it is standard to perform SLNB after NET in both cN0 and cN1 
patient populations if the patient is cN0 after therapy.

According to NCCN guidelines, NET is considered NST and an ALND is indi-
cated for patients with residual nodal disease on SLNB after NET [79]. Despite 
these recommendations, real world data indicate that completion ALND is per-
formed less frequently for patients treated with NET who are found to have residual 
nodal disease than similar patients treated with NAC [80]. Moreover, there is grow-
ing evidence that axillary management after NET should not mirror axillary man-
agement after NAC.

First, axillary pCR rates appear to be even lower following NET than NAC. In a 
single institution study by Hammond et al., 30 of 39 cN1 patients treated with NET 
converted to cN0 after NET and 1 (3%) experienced a nodal pCR [81]. In a similar 
study by Montagna et al., 38 of 46 cN1 patients treated with NET converted to cN0 
and 4 (11%) experienced a nodal pCR [82]. These findings are consistent with low 
axillary pCR rates after NET seen in analyses of the National Cancer Database 
(NCDB) [73, 80, 83, 84]. Although low axillary pCR rates after NET may seem like 
a drawback of this approach, an important distinction is that, in contrast to patients 
treated with NAC, patients treated with NET have only received a fraction of their 
optimal systemic therapy prior to definitive surgery.

Further, residual nodal disease of any size after NAC is independently associated 
with a poor prognosis across all breast cancer subtypes [85]. However, small vol-
ume residual nodal disease after NET does not carry the same prognostic signifi-
cance. In a recent NCDB analysis of cT1-3N0-1 HR-positive breast cancer patients, 
the presence of small volume nodal disease (isolated tumor cells or micrometasta-
ses) after NET had no effect on overall survival. This mirrors what is seen in the 
up-front surgery population [86], and in this analysis, overall survival was similar 
for patients treated with up-front surgery and patients treated with NET matched by 
volume of nodal disease [87]. Additionally, analysis of a prospectively maintained 
single-institution database from the Dana-Farber Cancer Institute and a larger 
cohort from NCDB revealed that patients selected for NET have low volume nodal 
disease and the choice of axillary surgery (SLNB vs. ALND) in the larger NCDB 
cohort did not impact survival [88].

Synthesizing these data, it appears there is an opportunity to decrease ALND 
burden among HR-positive breast cancer patients by managing the axilla of patients 
with cN0 at diagnosis and treated with NET like that of patients who proceed to up- 
front surgery, as opposed to that of patients treated with NAC. Specifically, it may 
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be reasonable to omit ALND for patients treated with NET who are found to have 
low volume nodal metastases, and extend ACOSOG Z0011, IBCSG 23-01, and 
AMAROS to the NET population. The omission of ALND among patients treated 
with NET needs to be tested in future clinical trials to determine appropriate patient 
selection and the long-term safety of this approach.

 Conclusion

In summary, both NAC and NET are safe and effective strategies used to downsize 
breast tumors and achieve breast conservation, regardless of tumor subtype. It is 
important to recognize that factors aside from clinical and pathologic response, such 
as culture and patient preference, can influence choice of breast surgery. Standards 
for axillary surgery following NAC are well-delineated, but axillary surgery follow-
ing NET is understudied and practice variation exists. Future research regarding 
surgery after NST is expected to focus on identifying exceptional responders for 
whom breast or axillary surgery may be omitted and testing the de-escalation of 
axillary surgery among patients treated with NET.
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Chapter 12
Regional Nodal Irradiation Considerations 
in Patients Receiving Neoadjuvant 
Systemic Therapy

Jose G. Bazan and Julia R. White

 Introduction

 Rationale for Neoadjuvant Systemic Therapy

Neoadjuvant systemic therapy (NST) is a common treatment approach for patients 
with operable breast cancer particularly in the setting of triple-negative breast can-
cer (TNBC), HER2+ disease, and/or clinically node-positive disease (cN1). The 
commonly cited advantages of NST includes that it (1) Increases the rate of breast- 
conserving surgery [1, 2]. (2) Allows for real-time assessment of the efficacy of the 
chemotherapy agents used [3]. and (3) Lends itself to testing the efficacy of new 
agents in clinical trials [3]. In addition to these long-held reasons for use of NST, the 
prognostic value of disease response to NST has emerged as an important indica-
tion, particularly for patients with triple negative breast cancer (TNBC) and HER2+ 
positive breast cancer [4]. In patients with TNBC that do not achieve a pathologic 
complete response to NST, a large randomized trial demonstrated that these patients 
benefit in terms of disease-free and overall survival from adjuvant capecitabine [5]. 
There currently are multiple other randomized studies investigating the role of adju-
vant systemic therapy in patients with TNBC that have residual disease after NST 
[6–8]. In addition, for patients with HER2+ breast cancer that do not achieve a 
pathologic complete response to NST, adjuvant ado-trastuzumab emtansine has 
been shown to significantly improve similar outcomes in the adjuvant setting [9]. 
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Therefore, NST is increasingly used in these breast cancer subtypes given the 
importance of identifying patients without a good response who can benefit from 
adjuvant systemic therapies.

 Impact of Neoadjuvant Systemic Therapy on Adjuvant 
Radiation Recommendations

One of the potential disadvantages of NST is that it complicates radiotherapy 
decision- making in patients that present with axillary nodal metastases that then 
become pathologically node-negative after NST. In patients treated with lumpec-
tomy, the question becomes whether to treat the breast and regional lymphatics 
versus the breast only. In patients that undergo mastectomy, the decision becomes 
whether or not to deliver radiation therapy that encompasses the chest wall and 
regional nodes or whether to omit radiation altogether. In patients that receive NST, 
it is unclear if risk of recurrence is driven by the disease burden prior to initiation of 
NST, the residual disease burden after NST, or the disease response to NST, particu-
larly in the axillary lymph nodes. Historically, the likelihood of nodal radiation 
therapy to reduce breast-cancer mortality (BCM) has mostly been assessed in terms 
related to the absolute risk of locoregional recurrence (LRR) [10]. Further compli-
cating matters is that the high-risk breast cancer subtypes (TNBC and HER2+) are 
the most likely to have the greatest response to NST [4], yet are known to have 
higher risk of LRR overall. Pathologic complete response rates (pCR), defined as 
absence of invasive disease in the breast and the axillary lymph nodes, can be >50% 
in these subtypes, and achievement of a pCR is strongly prognostic for overall sur-
vival [4]. On the other hand, patients with hormone-sensitive (ER+/PR+/HER2−) 
breast cancer achieve much lower rates of pCR, yet seem to have a more favorable 
prognosis for LRR compared to other subtypes demonstrating that factors that drive 
recurrence risk are highly dependent upon breast cancer subtype as well. 
Furthermore, it is not clear that those factors that are prognostic for a favorable LRR 
outcome after NST are predictive for absence of radiation therapy benefit—particu-
larly as much of the outcome data generated so far reflect radiation therapy use.

 What Is Regional Nodal Irradiation?

Regional nodal irradiation (RNI) can be delivered post-mastectomy or post- 
lumpectomy. After mastectomy and axillary surgery, the term post-mastectomy 
radiation therapy refers to treatment of the chest wall and regional draining lymph 
nodes. After lumpectomy and axillary surgery, RNI refers to the treatment of the 
breast and regional lymph nodes.

The current standard for RNI is inclusion of the axillary nodes, the supraclavicu-
lar nodes, and the internal mammary nodes most commonly in the first three inter-
costal spaces (Fig. 12.1). The axillary nodes that are treated with radiation encompass 
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the region that did not get removed with sentinel lymph node biopsy or dissection 
(“undissected” or “retained axilla”). All randomized trials and meta-analyses that 
have demonstrated a reduction in distant metastases and breast cancer mortality 
from radiation therapy has targeted the axillary, supraclavicular, and internal mam-
mary nodes.

After an axillary lymph node dissection, the axillary radiation target volume is 
generally the medial level II and the level III axillary nodal regions. After a sentinel 
lymph node biopsy, the axillary target volume is the level I–III axillary lymph node 
regions. The internal mammary nodal (IMN) target volume generally encompasses 
the first three intercostal spaces. The supraclavicular (SCL) target volume targets 
the nodal space in the low neck from just below the caudal edge of the cricoid car-
tilage to the confluence of the internal jugular, brachiocephalic, and subclavian 
veins. Subtotal RNI to the SCL plus or minus the axilla results in reduction in LRR, 
but has not consistently effected distant disease rates.

 What Is the Role of RNI After NST?

Here, we set to help answer this question based on the currently available data. 
Review of the expanding indications for RNI after initial surgery serve as an impor-
tant basis for understating radiation benefit that has been informed by high-level 
randomized data and meta-analyses. To date, there is no randomized trial data to 
provide evidence for RNI use after NST.  Instead, we will examine the available 
retrospective literature on patients treated with NST followed by surgery with or 
without RNI to understand the current practice trends. Two ongoing phase III 

Axillary Lymph Nodes Chain

Supraclavicular Lymph
Nodes Chain

Internal Mammary Lymph
Nodes Chain

Fig. 12.1 Schematic 
depicting regional nodal 
irradiation. The 
supraclavicular lymph 
node chain is depicted by 
the purple box, axillary 
lymph nodes in blue, and 
the internal mammary 
nodes in the first three 
intercostal spaces in green
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clinical trials will provide needed evidence for RNI post-NST. The NRG Oncology 
9353/National Surgical Adjuvant Breast and Bowel Project (NSABP) B51/Radiation 
Therapy Oncology Group (RTOG) 1304 (NCT01872975) [11]—the first phase III 
trial in North America that is studying the effects of RNI in patients with clinical 
anatomic stage II–IIIA (cT1-3 cN1) axillary lymph-node positive breast cancer 
treated with NST that convert to lymph node negative at the time of surgery. The 
ALLIANCE A011202 Trial (NCT01901094) [12] will determine if RNI alone with-
out axillary node dissection is sufficient treatment for axillary lymph-node positive 
breast cancer treated with NST that becomes cN0 but remains positive at SNB. The 
optimal technical aspects of RNI treatment planning and delivery will also be briefly 
discussed.

 Regional Nodal Irradiation Efficacy Established 
in the Adjuvant Setting

 Early Randomized Trials of RNI/PMRT, and Initial Treatment Guidelines

To understand RNI post-NST, it is important to understand its role when surgery is 
followed by adjuvant systemic therapy. Three practice-changing phase III random-
ized trials that were reported in the late 1990s/early 2000s set the standard for RNI 
use after mastectomy: Vancouver, British Columbia, Danish Breast Cancer Group 
(DBCG) 82b and DBCG 82c [13–15]. These trials randomized over 3500 patients, 
with pathologically involved axillary nodes (pN+) to RNI vs. no RNI after mastec-
tomy and adjuvant systemic therapy of cyclophosphamide- methotrexate-5- 
flurouracil for premenopausal women and tamoxifen for those that were 
postmenopausal. Roughly half of the trial populations were N2 (4 or more positive 
nodes) and the remainder N1 (1–3 positive nodes). RNI included treatment of the 
Scl, Axilla, and IM nodes in each trial, and resulted in significant reductions in LRR 
and improved overall survival. Several consensus statements from large Oncology 
Societies were released shortly thereafter advocating for the routine use of RNI in 
patients with ≥4 nodes (pN2) or for 1 or more nodes with a tumor size >5  cm 
(pT3pN1 or Stage IIIA) disease [16–18]. Radiation was recommended to the chest 
wall, SCL, and axillary nodes. Considerable debate ensued about when to irradiate 
those with N1 disease and about the necessity of targeting the IM nodes.

 Meta-Analyses

In 2005, the Early Breast Cancer Trialists’ Collaborative Group (EBCTCG) pub-
lished a meta-analysis of 36 trials that studied the impact of RNI on LRR and BCM 
[10]. Patients with pN0 disease had low absolute 10-year LRR rates (2.3% with RNI 
vs. 6.3% without RNI) and no significant difference in breast cancer mortality 
(27.7% with RNI vs. 31.3% without RNI). In contrast, for patients with pN+ 
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disease, RNI resulted in significantly lower rates of LRR (5.8% vs. 22.8%) at 5 years 
and breast cancer mortality (54.7% vs. 60.1%) at 15 years. In addition, this meta- 
analysis stratified patients into three groups based on absolute reduction in 5-year 
LRR risk (<10%, 10–20%, >20%). Only patients that had a 5-year absolute reduc-
tion in LRR of 10% or more derived a reduced risk of BCM at 15 years [10]. Given 
that RNI tends to reduce LRR risk by a relative factor of two thirds, this analysis 
suggested that the individual absolute 5-year LRR has to be ≥10–15% for RNI to 
result in a breast cancer survival benefit. This appeared to support the existing treat-
ment guidelines recommending PMRT/RNI in those with N2 axillary or stage IIIA 
disease.

Among the criticisms of this meta-analysis was the fact that not all trials had 
adjuvant chemotherapy and the radiation was inconsistent across the trials studied: 
sometimes all nodal sites were irradiated, other times just the SCL was targeted and 
often the chest wall was excluded. In addition, there was skepticism about the meta- 
analysis outcomes as the axillary surgery varied widely across the 36 trials included.

 Updated Meta-Analysis, Modern Randomized Trials, and New Guidelines

The EBCTCG meta-analysis was updated in 2014 [19], including 8135 women in 
22 randomized trials. To address prior criticisms, this meta-analysis included only 
those PMRT trials that used systemic therapy, had axillary node dissections that 
included 10 or more nodes removed, and delivered radiation to the chest wall and 
axillary, SCL, and IM nodes. For the 3131 women with node positive disease and 
axillary dissection, the addition of radiation significantly reduced LRR and overall 
recurrence at 10 years resulting in an absolute reduction of 8.1% in breast cancer 
mortality at 20 years. For a subset of 1314 women with 1–3 positive nodes who had 
axillary dissection RNI significantly reduced local and all recurrences at 10 years 
resulting in an absolute reduction of 7.9% in breast cancer mortality (42.3% vs. 
50.2%) at 20 years. In a smaller subgroup of 318 patients with only 1+ node, RNI 
reduced 10-year LRR which resulted in a non-significant reduction in BCM (31.7% 
vs. 38.2%). Finally, this updated analysis confirmed the earlier finding that patients 
with pN0 disease derive no benefit from RNI in 10-year LRR (3.0% with RNI vs. 
1.6% without RNI) or 10-year BCM (18.4% with RNI vs. 18.3% without RNI). 
While the radiation and surgical methods were more consistent with modern prac-
tice in the trials included in this meta-analysis, it still reflected higher than expected 
local, regional, and all recurrences likely attributable to the use of outdated systemic 
therapy regimens.

In 2015, two more modern randomized trials were published that further clarified 
the benefit of RNI on breast cancer outcomes in patients with N1 disease [20–22]. 
The European Organization for Research and Treatment of Cancer (EORTC 
22922/10925) trial included patients treated with mastectomy (24%) and BCS, 
while the National Cancer Institute of Canada (NCIC) MA.20 trial was restricted to 
BCS patients only. In the NCIC MA.20 trial, patients were randomized to whole- 
breast irradiation or whole breast+RNI (axillary, SCL, and internal mammary 
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nodes). In this study, RNI resulted in a modestly improved LRR (3.2% vs. 5.2%, 
p  =  0.02), a larger effect in improving distant disease-free survival (86.3% vs. 
82.4%, p = 0.03) and disease-free survival (89.7% vs. 84%, p = 0.003) and trended 
toward improved overall survival (92.7% vs. 90.7%, p  =  0.07). In the EORTC 
22922/10925 trial, >4000 patients with pathologic stage I–III (pN+ or pN0/medial 
tumors) were randomized to radiation of the internal-mammary nodes/medial 
supraclavicular fossa that included upper level II–III axilla (IM-MS) versus no 
IM-MS radiation. IM-MS radiation had a small non-significant effect on LRR, but 
resulted in improved distant disease free survival (78% vs. 75%, p = 0.02), disease-
free survival (72.1% vs. 69.1%, p = 0.04) and overall survival (82.3% vs. 80.7%, 
p = 0.06). The 15-year long term results of the EORTC 22922 trial demonstrate that 
RNI significantly reduces any breast cancer recurrence and breast cancer mortality 
although the specific impacts on disease-free survival and distant-metastasis free 
survival were no longer statistically significant, which the authors attributed to 
missing data [22]. These trials were remarkable for larger reductions in distant 
metastasis than on LRR, calling into question the practice of using risk of LRR as a 
major factor in treatment decisions. In addition, these trials led to an updated com-
bined guideline from the American Society of Clinical Oncology, American Society 
of Radiation Oncology, and the Society of Surgical Oncology stating that the avail-
able evidence supports PMRT/RNI in patients with 1–3 positive axillary nodes with 
T1–2 tumors and acknowledged that effective RNI includes the chest wall/breast, 
SCL, axillary, and IM nodes [23].

 Summary

The randomized trials and meta-analyses lead to several important conclusions 
regarding RNI after surgery with adjuvant systemic therapy. First, patients with pN0 
disease tend to derive little to no benefit from RNI after mastectomy. Second, 
PMRT/RNI benefits most patients with 1–3 positive axillary nodes with T1–2 
tumors as well as those with N2 axillary disease and/or larger tumors (T3), and 
effective RNI includes the chest wall/breast, SCL, axillary, and IM nodes. Last, 
there are still unanswered questions about RNI benefits for patients with pN0/
medial quadrant tumors, as these patients were included in EORTC 22922/10925.

 THE Role of RNI After NST

In contrast to when surgery is followed by adjuvant chemotherapy, there currently 
are no prospective, randomized data to help guide the use of RNI after NST.  In 
2008, a consensus statement based on best available retrospective single institution 
data was released regarding the role of locoregional treatments after NST [24]. In 
this statement, it was recommended that RNI should be considered for patients with 
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clinical stage III breast cancer or for patients with pathologically involved lymph 
nodes after NST. Nonetheless, due to the lack of prospective data, there remains 
wide variation in radiotherapy practice patterns after NST. In a recent analysis on 
patterns of locoregional management following NST on the American College of 
Surgeons Oncology Group (ACOSOG) Z1071 trial, the investigators found under- 
utilization of RNI in patients with residual lymph node-positive disease, particularly 
in patients that underwent breast reconstruction, and no consistency in the lymph 
node regions irradiated [25]. These data underscore the importance of randomized 
trials to help define a standard of care, such as is being conducted on NRG Oncology 
9353/NSABP B51/RTOG 1304 and ALLIANCE A011202 trials.

 Historical Perspective on RNI After Mastectomy in Patients that 
Receive NST

The University of Texas MD Anderson Cancer Center (MDACC) investigators pub-
lished a series of retrospective studies in the early 2000’s that set to identify prog-
nostic factors for LRR in patients treated with NST followed by mastectomy without 
RNI and with RNI. These early data helped form the early basis for RNI decision 
making, including the 2008 consensus statement guideline.

In 2002, Buchholz et al. [26] reported results of 150 patients (44% clinical stage 
I/II, 23% stage IIIA, 25% stage IIIB, 7% stage IV) with non-inflammatory breast 
cancer treated on institutional protocols from 1974 to 1998 with NST without 
RNI. The 5-year LRR rates were ≤5% in patients with clinical stage I–IIA disease, 
16–17% in patients with clinical stage IIB/IIIA disease and 50–79% in clinical 
stage IIIB/IV disease. Patients with clinical T1-2 disease and ypN0 disease had 
5-year LRR rate of 5%. On multivariate analysis, factors associated with increased 
risk of LRR included clinical stage IIIB/IV disease, ypN2 disease, and no receipt of 
tamoxifen. In addition, patients with unacceptably high 5-year rates of LRR (≥15%) 
included those with ≥clinical stage IIB disease, ypN+ disease regardless of initial 
tumor size, and residual invasive disease >2 cm.

In 2004, Huang et al. [27] reported the outcomes of 542 patients treated with 
NST, mastectomy and RNI to 134 patients treated with NST, mastectomy, and no 
RNI. Patients in the RNI cohort had more advanced clinical stage (83% stage IIIA–
IV vs. 50%). More patients in the RNI cohort achieved pCR compared to those that 
did not receive RNI (14% vs. 6%). LRR at the10-year period was significantly 
reduced with RNI (11% vs. 22%), and this translated into improved OS. When look-
ing at only the patients with clinical stage III/IV disease that achieved pCR (35 RNI 
patients and 11 no RNI patients), RNI significantly reduced LRR (3% vs. 33%). 
RNI also reduced LRR rates in patients with cT3–T4 tumors, clinical stage IIB dis-
ease, residual disease >2 cm, and ypN2 disease. RNI improved breast cancer-spe-
cific survival in patients with cT4 disease, clinical stage IIIB/IV disease, cN2-N3, 
and ypN2 disease.
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The role of RNI in patients that have achieved a pCR was reported by McGuire 
et al. [28] This series included 106 patients with clinical stage II (34%)/III (66%) 
disease treated from 1982 to 2002 with NST and mastectomy with (N = 72) or with-
out (N = 34) RNI. At a median follow-up of just over 5 years, 10-year LRR was 
similar between the two cohorts (5% RNI vs. 10% no RNI, p = 0.40). In particular, 
for patients with clinical stage I/II disease (N = 32) and pCR, the 10-year LRR = 0%. 
In contrast, for the 74 patients that presented with initial clinical stage III disease, 
the 10-year LRR was significantly reduced with RNI (7% vs. 33%, p = 0.04), and 
survival was also improved with RNI (77% vs. 33%, p = 0.002).

Investigators at the MDACC have also retrospectively examined very young 
patients and those with cT3N0 disease undergoing NST. Garg et al. analyzed the 
effect of RNI in 107 young patients (<35 years old) with stage IIA–IIIC breast can-
cer treated with NST followed by mastectomy [29]. Approximately 80% received 
RNI, significantly higher in patients with clinical stage III disease (84%) compared 
to clinical stage II disease (42%). The pCR rate was 19% in patients that received 
RNI and 15% in those that did not receive RNI. RNI was associated with improved 
local-regional control (88% vs. 63%) and OS (67% vs. 48%) in this group of young 
patients. Nagar et al. reported outcomes of 162 patients with clinical T3N0 disease 
treated from 1985 to 2004 with NST, mastectomy and RNI (N = 119) or no RNI 
(N = 43) [30]. The 5-year LRR was 9% for the entire population, and significantly 
higher in patients that did not receive RNI (24% vs. 4%, p < 0.0001). In the 89 
patients with ypN0 disease, the 5-year LRR was also numerically higher in patients 
that did not receive RNI, though this did not reach statistical significance (2% with 
RNI vs. 14% without RNI, p = 0.06). Patients in the non-irradiated group that had 
ypN+ disease had a 5-year LRR rate of 53% compared to 5% in the group that 
received RNI.

The MD Anderson series of retrospective data was very influential in establish-
ing the benefit of PMRT/RNI in those with advanced disease after NST whether 
there was pCR or not and identified the need to further study patients with earlier 
disease (cT1-2, N1) for benefit of RNI.

 LRR After NST in Clinical Trials Evaluating Chemotherapy 
Regimens: The Impact of Response

The Collaborative Trials in Neoadjuvant Breast Cancer (CTNeoBC) working group 
performed a pooled analysis of 11,959 patients on various clinical trials and set to 
determine the optimal definition of pCR and to examine impact of pCR on out-
comes [4]. The best definition of pCR is absence of invasive disease in the breast 
and in the lymph nodes (ypT0/Tis ypN0). With this definition, pCR results in a 
significant reduction in the risk of death (HR = 0.36). Further, the authors found that 
the impact of pCR on reducing the risk of death was greatest in patients with triple- 
negative breast cancer (HR = 0.16) and in patients with HR-/HER2+ disease treated 
with anti-HER2-directed therapy (HR = 0.08) [4]. Subsequently, LRR after NST 
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and relative to patient response to therapy has been studied in retrospective analyses 
of large randomized controlled systemic therapy trials.

An important analysis by Mamounas et al. in 2012, that combined data from the 
NSABP B18 and NSABP B27 clinical trials, underscores the importance of nodal 
response to NST, and more specifically, the downstaging from cN1 to ypN0 disease 
and its influence on LRR incidence [31]. These trials, mandated that patients who 
underwent NST followed by mastectomy did not receive RNI and those who had 
BCS received breast radiation only. Most of the patients enrolled had early-stage 
disease: 55% cT1-2N0, 20% cT1-2N1, 16% cT3N0, and 9% cT3N1. LRR inci-
dence was 12.6% among 1947 patients treated with mastectomy (9.0% local; 3.6% 
regional) and 10.3% among 1100 patients treated with lumpectomy plus breast XRT 
(8.1% local; 2.2% regional). On multivariate analysis, several factors were associ-
ated with LRR, including age <50, pre-NST clinical tumor size, pre-NST clinically 
positive nodes, and breast and nodal response to NST.  Clinically node-negative 
patients with ypN0 and tumors <5 cm in size disease had low rates of 10-year LRR, 
regardless of the presence of residual invasive disease in the breast after mastectomy 
or BCS (cumulative incidence of LRR between 6% and 9%). In the mastectomy 
cohort, 32 patients that had cN1 disease and had a pCR (breast and no nodes) post- 
NST, no LRR events were seen at 10 years. In the larger subset of 121 mastectomy 
patients with cN1 disease that achieved ypN0 disease, but with residual disease in 
the breast, 10-year LRR rates were fairly low, regardless of initial tumor size (10.8% 
for cT1-2 tumors and 9.2% for cT3 tumors). Similar trends were seen for those who 
had BCS after NST. When pCR was present in the nodes and breast, LRR were low-
est (~6–7% LRR at 10 years) and remained acceptable in those that had some resid-
ual disease in the breast (~8–9%). In contrast, the presence of residual nodal disease 
(ypN+) resulted in high LRR 10-year incidence in patients that presented with cN1 
disease who underwent mastectomy (~19.5%) or BCS (~18.5%).

A similar analysis examining factors predictive of LRR following NST was per-
formed by Gillon et al. the EORTC10994 /BIG 1-00 study that compared two che-
motherapy regimens completed prior to surgery [32]. A total of 1153 were included 
in the analysis, of which 44% had clinical T3-T4 tumors and 54% were clinical 
node positive. Mastectomy was performed after NST in 53.4% and 46.6% had BCS 
with breast radiation. The extent of RNI used in this trial was not specified. With a 
median follow-up of 4.4  years, the cumulative incidence of LRR was 4.9%. On 
multivariate analysis, two factors were identified as predictors of LRR as a first 
event after NST: pathological response and breast cancer subtype, (p < 0.0001 for 
both factors). Patients with the highest risk of LRR were those that had any size 
residual tumor in the breast (ypT+) and ypN+ with 4 or greater residual nodes which 
was 9.5% in comparison to an LRR of 2.3% in those that were ypN0. Patients with 
a Luminal A-like subtype had a very low rate of LRR at 1.6% compared to 8.9% for 
triple negative breast cancer.

A pooled analysis from the German Breast Group (GBG) by Krug et al. exam-
ined LRR post-mastectomy following NST in three prospective randomized trials: 
GeparTrio, GeparQuattro, and GeparQuinto [33]. From a pool of 6139 patients 
treated on these trials, 1569 had undergone mastectomy and 817 had radiation data. 
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Radiation was delivered to 617 and included the chest wall, SCL, and upper axilla 
typically. About half the patients were cT3-4, 61% were clinical node positive, 51% 
were hormone sensitive, 25% HER2 positive and 15% triple negative. The 5-year 
cumulative incidence of LRR was 15.2% without PMRT/RNI and 11.2% for those 
irradiated. On multivariate analysis, RT was associated with a lower risk of LRR 
(hazard ratio 0.51, 95% CI 0.27–1.0; p = 0.05). This benefit from radiation was 
confined to cT3-4 and CN+ disease and those that were ypN0. In the subgroup of 
patients who converted from CN+ to ypN0, PMRT/RNI was associated with a lower 
risk of LRR (HR 0.19, 95% CI 0.04–0.97; p = 0.05). Finally, estrogen receptor, 
progesterone receptor, and clinical nodal status was also prognostic for LRR on 
multivariate analysis.

 LRR from PMRT/RNI Post-NST in Single Institution 
and Registry Retrospective Analyses

 Single Institutions

Several retrospective series from single institutions have examined the rates of post- 
mastectomy LRR with and without RNI in patients with clinical stage II–III breast 
cancer and ypN0 disease after NST.  In 2012, Le Scodan et  al. [34] reported the 
outcomes of 134 patients with clinical stage II–III breast cancer treated with NST 
and mastectomy with ypN0 disease. Nearly 2/3 of the patients had clinical stage II 
disease at presentation and 58% received RNI. Radiation was delivered to the chest 
wall, supraclavicular lymph nodes, and internal mammary nodes. With a median 
follow-up of 91 months, the 5-year LRR rate was 4% in patients that received RNI 
versus 7.5% in those that did not receive RNI (p = 0.12). There was no significant 
difference in the 10-year overall survival leading to the conclusion that omission of 
RNI in this group of patients does not increase the risk of LRR or death.

Similarly, Shim et al. [35] reported results of 151 patients with clinical stage II 
(60%) or III (40%) breast cancer treated from 1998 to 2009 with NST and mastec-
tomy all with ypN0 disease. Approximately 70% of the cohort received 
RNI. Radiation was delivered to the chest wall, SCL, and axillary nodes consis-
tently with only 37% receiving IM node irradiation. With nearly 5 years of median 
follow-up, the LRR rates were not different based on use of RNI (2% RNI vs. 8% 
no RNI, p = 0.15). No difference in 5-year overall survival was found based on use 
of RNI. While the absolute number of patients in both of these studies is small, both 
support the notion that 5-year LRR is sufficiently low in patients with clinical stage 
II–III breast cancer and ypN0 disease.

Most recently, Wang et al. assessed the impact of RNI after mastectomy in 142 
patients with cT1-2 cN1 breast cancer treated with NST, mastectomy and all had 
ypN0 disease [36]. More than 75% received RNI (N = 110), while the remainder did 
not receive radiation therapy after mastectomy. Radiation was delivered to the chest 
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wall and SCL nodes. With a median follow-up of 66 months, RNI was associated 
with a significant improvement in recurrence-free survival in the entire cohort and 
on a propensity-score matched subset analysis. However, in the subgroup of 48 
patients that had a pathologic complete response in the breast, RNI was not statisti-
cally significantly associated with an improvement in recurrence-free survival.

In one of the largest retrospective studies to date, Huang et al. evaluated a total 
of 1813 patients with clinical stage II–III (cT1-4 cN1-2) breast cancer from 12 insti-
tutions treated from 2000 to 2014 with preoperative systemic therapy followed by 
mastectomy with or without RNI [37]. RNI consisted of the SCL nodal region, 
while coverage of the IMN was not recommended. Approximately 70% of patients 
in total received RNI with increasing rates based on pathologic nodal status (47% of 
ypN0 patients up to 87% of ypN2-3 patients). In addition, most patients received an 
anthracycline-based chemotherapy regimen, but only 35% of the 560 patients with 
HER2 positive disease received anti-HER2 therapy. The authors found that RNI 
improved outcomes, including OS, for patients with ypN2-3 disease, but for patients 
with ypN0 or ypN1 disease suggesting that RNI may be omitted in these lower-risk 
patients.

Likewise, numerous single institutions have examined the incidence of LRR 
after BCS following NST. Daveau et al. reported on 248 breast cancer patients with 
cN0-2 disease treated with NST followed by BCS with ypN0 disease [38]. It should 
be noted that >66% of the population had cN0 disease at onset (N = 164) and 63.7% 
(N = 158) received RNI. Radiation was delivered to the breast and SCL nodes and 
included IMN irradiation in 25%. Median follow-up was 88 months. There was no 
significant difference in 5-year local-regional recurrence-free survival (89.4% with 
RNI vs. 86.2% no RNI, p = 0.68) or 5-year OS (88.7% RNI vs. 92% no RNI) based 
on receipt of RNI. However, it is difficult to draw meaningful conclusions from this 
study since the majority of patients had cN0 and ypN0 disease.

In 2012, Bae et al. reported on 98 patients with cT3-4 disease or cN+ disease 
treated with NST followed by surgery and radiation therapy with ypN0-1 disease 
[39]. Of these, 45% (N = 44) underwent BCS followed by radiation to the breast and 
SCL nodal region. No IMN irradiation was delivered to these patients. While the 
numbers of patients in each subgroup were small and with a median follow-up of 
5 years, there was no difference in local-regional recurrence-free survival or disease- 
free survival in patients with ypN0 disease.

In 2014, Noh et al. detailed results of a multicenter retrospective study (Korean 
Radiation Oncology Group 12-05) of 260 patients with clinical stage II–III breast 
cancer treated with NST followed by BSC and radiation therapy to the breast [40]. 
All patients had ypN0 disease and 136 (52.3%) received RNI, which consisted of 
SCL nodal irradiation in all of these patients and IMN irradiation in only 14 patients 
(10.2% of the RNI population). Median follow-up was 66.2 months. There was no 
significant difference in 5-year local-regional recurrence-free survival (95.3% with 
RNI vs. 95.9% no RNI) or disease-free survival based on RNI (90.9% with RNI vs. 
90.2% no RNI).
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 Registry Analyses

Within the past 4 years, several studies have examined the question of RNI after 
NST using the NCDB, often with conflicting results. In 2016, Rusthoven et al. [41] 
analyzed the National Cancer Database (NCDB) to determine the impact of RNI on 
overall survival in patients with cT1-3cN1 breast cancer treated with neoadjuvant 
chemotherapy and mastectomy from 2003 to 2011. It should be noted that the 
NCDB does not collect recurrence data. Median follow-up was 39 months. In 5032 
patients with cT1-3cN1 breast cancer that underwent BCS post NST, roughly 50% 
had breast and RNI and 50% had breast-only irradiation. There was no significant 
benefit to RNI in BCS patients with ypN0 or ypN+ based on receipt of RNI. In total, 
10,283 mastectomy patients were identified (3040 with ypN0 disease and 7243 with 
ypN+ disease). In contrast, the authors found that RNI post-mastectomy was associ-
ated with a 27% reduction in the risk of death for ypN0 disease and a 23% reduction 
in the risk of death in patients with ypN+ disease. ER negative disease was found to 
be a poor prognostic factor for OS. The impact of RNI was greatest in patients with 
ypN2-3 disease (HR = 0.68), but was also significantly improved in patients with 
ypN1 disease (HR = 0.84) and ypN0 disease (HR = 0.74). While there are many 
limitations to NCDB analysis, this study is provocative in that it questions the safety 
of avoiding RNI in patients with cT1-3cN1 disease that becomes ypN0 after NST 
and mastectomy.

Almost contemporaneously, Liu et  al. published a similar NCDB analysis 
focused on 1560 patients with cN1 (stage II–III) breast cancer treated from 1998 to 
2009 with NST and mastectomy all of whom were ypN0 [42]. In this cohort, 58% 
received RNI. Unlike the analysis by Rusthoven et al., RNI was not associated with 
a significant improvement in overall survival (HR = 0.82, p = 0.12). While the two 
cohorts of patients are not uniform, there is substantial overlap (2003–2009) of the 
patient population in both studies yet the results are disparate.

In 2016, Kantor et  al. evaluated 8321 patients with clinically node-positive 
(cN1-2) breast cancer treated from 2004 to 2008 with NST followed by mastectomy 
with or without radiation therapy from the NCDB [43]. Nearly 2/3 had cN1 nodal 
involvement and >60% had cT3-T4 tumors. At a median follow-up of 69 months for 
the entire cohort, RNI was associated with a significant overall survival benefit. 
However, in patients that converted to ypN0 at the time of surgery, RNI was not 
associated with an overall survival benefit in either patients with cN1 disease (5-year 
OS 87.3% with RNI vs. 86.0% without RNI, p = 0.43) nor patients with cN2 disease 
(5-year OS 92.9% with RNI vs. 90.1% without RNI, p = 0.21). While HER2 status 
was unknown for these patients, those that had ER−/PR− disease did benefit from 
RNI regardless of nodal response (HR  =  0.65, 95% CI 0.48–0.88 for ypN0; 
HR = 0.72, 95% CI 0.64–0.81 for ypN+).

Last, Ohri et al. used the NCDB to identify all patients with non-metastatic breast 
cancer treated from 2004 to 2013 with NST followed by mastectomy with ypN+ 
disease and set to determine the impact of RNI on survival in these patients [44]. 
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The study included 29,270 patients and >60% received RNI. The authors found that 
RNI did not impact OS in patients with ypN1 or ypN2 disease, but that RNI resulted 
in improved survival in patients with ypN3 disease (5-yr OS 66% vs. 63%, 
p = 0.042). On multivariate analysis, RNI was associated with survival benefit also 
only in the ypN3 patients. Analysis of results by breast cancer subtype was not 
reported.

Overall, it must be emphasized that the NCDB collects outcomes data only on 
survival. Other important outcomes such as local-regional recurrence, distant recur-
rence, and breast cancer mortality are not available. With OS as the only endpoint 
available, an important lesson from the EBCTCG meta-analyses is that reductions 
in LRR at 5  years take at least 10–15  years to impact breast-cancer mortality. 
Therefore, longer follow-up periods are needed before the true effect of RNI on 
survival should be studied in these databases. In addition, HER2 status has only 
been collected in the NCDB since 2010 and the use of anti-HER2 therapy only 
since 2013. Furthermore, the NCDB does not capture which lymph node regions 
(SCL, IMN, Axilla) are targeted by RNI.  Therefore, any survival differences 
reported in these studies could likely reflect imbalance in unmeasured confounding 
variables.

 The Impact of Breast Cancer Subtype

In the analysis of the EORTC10994/BIG 1-00 study breast cancer subtype was an 
important predictor of LRR [32]. Many other older studies are hampered by collec-
tion of data and treatment delivery in a time before the importance of biologic sub-
type was fully recognized and before the advent of modern anti-HER2 therapy. 
Only recently have some studies been able to provide a more detailed analysis of 
LRR by breast cancer subtype in an era of effective systemic therapy, including anti- 
HER2 therapy. In 2014, Mamounas et al. presented LRR results of the Collaborative 
Trials in Neoadjuvant Breast Cancer (CTNeoBC) by breast cancer subtype and by 
surgery [45]. Of the 11,955 patients in the original cohort, subtype data and covari-
ate data was available in 5252 patients, of which 2041 (39%) underwent mastec-
tomy. Radiotherapy details were not available on all patients, but it is estimated that 
approximately 1/3 of these patients received RNI. The 5-year LRR for all mastec-
tomy patients was 10.4%, but varied greatly by response to NST (3.3% pCR, 8.2% 
ypT1-3ypN0 and 13.1% ypN+). Compared to patients with ER+/HER2−, grade 
1–2 disease, all other breast cancer subtypes had significantly higher risk for LRR 
with hazard ratios >3 for patients with HR-/HER2+ disease and triple negative dis-
ease. Of note, patients with HR+/HER2−, grade 1–2 disease had extremely low 
rates of LRR regardless of response to chemotherapy (0% pCR, 7.3% ypT1-3ypN0, 
5.3% ypN+).
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 Summary: When Is RNI Recommended and When Is It Safe 
to Omit RNI After NST

The data presented above are consistent with a few key principles. First, patients 
with locally advanced breast cancer (≥clinical stage IIIB) are at high risk of LRR 
regardless of response to NST. Patients with ypN+ disease represent another high-
risk group and consensus is to recommend RNI in this situation. Importantly, nodal 
response to preoperative systemic therapy appears to be an important prognostic 
factor as first mentioned in the seminal study by Mamounas et al. [31], in which no 
patient received RNI after BCS or mastectomy and then largely confirmed in several 
other retrospective series. Table 12.1 summarizes these key studies that evaluated 
breast cancer outcomes with and without RNI based on nodal response to 
NAC. However, omission of RNI based on nodal response remains a hypothesis that 
is currently being investigated in a prospective, phase III clinical trial discussed 
below. Last, the EORTC 10994/BIG 1-00 [32] and CTNeoBC analysis [45] demon-
strated that breast cancer subtype is also predictive of LRR after NST and luminal 
A-like breast cancer appears to have a low 5-year LRR risk that is less related to 
response in the breast or nodes.

In the absence of mature data from randomized, prospective trials, we therefore 
recommend that RNI should be delivered as a standard of care for any patient with 
upfront biopsy-proven clinically node-positive disease (cN1-3) and/or any residual 
disease in the regional lymphatics after completion of NST (ypN0(i+)-ypN3), 
regardless of breast cancer subtype. We reserve omission of RNI for patients with 
early-stage, clinically node-negative disease and ypN0 disease. These patients are at 
very low risk of LRR, and routine use of RNI is not warranted in these cases.

Table 12.1 Summary of local-regional recurrence rates in retrospective studies evaluating the role 
of regional nodal irradiation after preoperative systemic therapy based on nodal complete response

Study
No. of 
patients

Follow-up 
(months)

Clinical 
stage

% 
ypN0

LRR (RNI vs. 
no RNI) p-value

McGuire 
[27]

106 62 I–II 33%
III 67%

100% 5% vs. 10%
(7% vs. 33% in 
Stage III)

0.40
(0.04 for 
stage III)

Le Scodan 
[30]

134 91 II 63%
III 37%

100% 4% vs. 12% 0.12

Shim [31] 151 57 II 60%
III 40%

100% 2% vs. 8% 0.15

Wang [32] 142 72 II 100% 100% 5.5% vs. 9.9% 0.15
Huang [33] 490 72.9 II 53%

III 47%
100% 5% vs. 9% 0.07

Abbreviations: ypN0 no residual nodal disease, LRR local-regional recurrence, RNI regional nodal 
irradiation
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 Special Situations: Sentinel Lymph Node Biopsy After NST 
and Neoadjuvant Anti-Endocrine Therapy

In addition to the complexity of RNI decision-making after NST due to the lack of 
prospective, randomized data, the increasing use of neoadjuvant anti-endocrine 
therapy (NET) in postmenopausal patients with estrogen-receptor (ER+) or proges-
terone-receptor (PR+) positive disease and changes in the surgical management of 
the axilla complicate matters further. Here, we briefly review these trends and assess 
the impact on RNI use.

 Neoadjuvant Anti-Endocrine Therapy

Owing to lower rates of pCR seen after NST in patients with ER+/PR+ disease 
compared to patients with triple-negative or HER2+/ER−/PR− disease, several tri-
als have investigated the role of NET in these patients. Pathologic complete response 
rates with NET are low at ≤1%, so other endpoints of tumor response are often 
reported. In the major randomized trials, the endpoints reported have included clini-
cal response rates on exam, radiological response rates, and rates of breast conserv-
ing surgery [46–48]. However, a more consistent secondary endpoint measured has 
been Ki67 response. On multivariate analysis of the P024 trial (compared 4 months 
of neoadjuvant letrozole to tamoxifen) [46], Ki67 response, pathological tumor size 
(T1-2 vs. T3-4), pathological nodal status, and ER status of the tumor were prognos-
tic for relapse and death after relapse [47]. This led to the development of the pre-
operative endocrine prognostic index (PEPI). The PEPI score has been validated in 
the IMPACT trial [48]. In an analysis of patients on the P024 trial, no relapses were 
seen in the 29 patients that fell into the PEPI 0 category (pT1-2, pN0, Ki67 ≤ 2.7%, 
and maintained ER expression). The authors conclude that for breast cancer patients 
with pathological stage 1 or 0 disease after NET and a PEPI score 0, the risk of 
relapse is extremely low, and these are therefore unlikely to benefit from adjuvant 
chemotherapy [47]. This patient population is also likely to have no benefit from 
RNI.  Future prospective RNI trials after NET should focus on the safety of the 
omission of RNI in patients with pathologic T1-2, node-negative tumors with PEPI 
score 0.

The validation of the modified PEPI score 0 (all factors with the exception of ER 
status) as a marker for low risk of recurrence is one of the primary endpoints of the 
ongoing phase III trial Alliance A011106 (Alternate approaches for clinical stage II 
or III estrogen receptor positive breast cancer neoadjuvant treatment in postmeno-
pausal patients) [49]. This trial evaluated the role of neoadjuvant fulvestrant, anas-
trozole, or both in the neoadjuvant setting with a required biopsy at week 4 and 
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optional biopsy at week 12 to test for endocrine resistance (Ki67 > 10%). The pri-
mary endpoint was to assess the endocrine-sensitive disease rate (ESDR), defined as 
the number of patients with modified PEPI 0/number of eligible patients initiating 
neoadjuvant endocrine therapy with a hypothesis that treatment with fulvestrant or 
fulvestrant+anastrzole would increase the ESDR relative to anastrozole alone. 
Preliminary results demonstrated that neither fulvestrant (ESDR 22.7%) nor 
fulvestrant+anastrozole (ESDR 20.5%) significantly improved the ESDR relative to 
anastrozole alone (ESDR 18.6%) [50]. Mature results for recurrence-free survival 
are pending at this time. Nonetheless, the nearly 20% of patients that achieve a 
modified PEPI score of 0 represent a subset in which omission of RNI may be con-
sidered after completion of neoadjuvant endocrine therapy.

 Surgical Management of the Axilla After NST

In the up-front surgical setting, sentinel lymph node biopsy (SNB) has replaced 
axillary lymph node dissection (ALND) for patients with clinically negative axilla 
(cN0) without sentinel lymph node (SLN) metastases [51] and for patients with 
early stage breast cancer with involvement of 1–2 SLN [52]. Most patients that pres-
ent with cN+ axilla and receive NST will undergo ALND. However, the role of SNB 
after NST continues to evolve in these patients and in patients that present with 
initially cN0 axilla. The concern with SNB after NST is that this approach may 
result in higher false-negative rates (FNR) than those seen with SNB in the upfront 
setting. The Sentinel Neoadjuvant (SENTINA) trial [53] and ACOSOG Z1071 [54] 
trials both demonstrated that SNB technique is critical in achieving low FNR. In the 
group of patients on the SENTINA trial that presented with cN+ disease that became 
ypN0 after SNB and ALND, the FNR of the SNB was 24% if only 1 SLN was 
removed and 18% if only 2 SLNs were removed. However, the FNR was <5% with 
removal of 3 SLNs and <10% with use of a dual tracer technique. Similarly, the 
ACOSOG Z1071 study found that the FNR of SNB in patients that present with 
cN+ disease is ≤10% with removal of >2 SLNs or with use of dual tracer.

 Axillary Management After NET

In patients receiving NET, surgical management of the axilla has not been well 
studied. Recently, Kantor et al. used the NCDB to examine the prognostic signifi-
cance of residual nodal disease after NET in a cohort of 4496 patients with cT1-3 
cN0-1 hormone-receptor positive, HER2 negative breast cancer treated from 2010 
to 2016 [55]. Nearly half of the patients underwent sentinel lymph node biopsy, 
32% axillary lymph node dissection, and the axillary surgery was unknown in 18%. 
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In the patients with cN0 disease, final nodal status was ypN0 in 65%, ypN0(i+) in 
3%, ypN1mi in 6% and ypN1a in 26%. Patients with cN1 status achieved ypN0 in 
10%, ypN0 (i+) in 1%, ypN1mi in 3% and ypN1 in 86%. There were no differences 
in overall survival rates between patients with ypN0 disease, ypN0(i+) or ypN1mi 
after NET. In addition, the authors matched patients with any residual nodal disease 
to patients treated with up-front surgery and found no differences in OS rates by 
nodal stage. Based on this, the authors conclude that since NET patient outcomes 
reflect those treated with up-front surgery, de-escalation of axillary surgery could be 
considered in these patients [55]. Whether the same logic can be applied regarding 
adjuvant radiation therapy in these patients is worthy of future investigation as well.

 Prospective, Randomized Evaluation of Regional Nodal 
Irradiation in Patients with Clinically Node-Positive Disease 
Treated with Preoperative Systemic Therapy

Prospective, randomized data are needed to optimize locoregional therapy in 
patients that present with cN+ disease and receive NST. This group of patients is 
now the subject of two ongoing cooperative group trials addressing locoregional 
management based on pathologic response in the lymph nodes. As summarized pre-
viously, whether patients that present with cT1-3 cN1 (stage IIA–IIIA) breast can-
cer and achieve ypN0 disease after NST benefit from RNI is a current matter of 
debate and the subject of the NSABP B51/Radiation Therapy Oncology Group 
(RTOG) 1304 phase III clinical trial [11]. In this study, patients with cT1-3 cN1 
(node-positive disease must be documented by core-needle biopsy or fine-needle 
aspirate prior to initiation of NST) treated with NST that convert to ypN0 disease 
(regardless of presence of residual disease in the breast) at the time of surgery are 
randomized to RNI vs. no RNI after mastectomy or BCS. The target volumes in 
RNI are defined as the chest wall and the undissected axilla, internal mammary 
nodes in the first three intercostal spaces, and the supraclavicular fossa. The primary 
endpoint of the study is to determine if RNI/RNI results in a significant reduction in 
invasive breast cancer recurrence-free interval (defined as time from randomization 
until invasive local, regional, or distant recurrence, or death from breast cancer).

The ALLIANCE A011202 trial has the same enrollment criteria as NSABP B51/
RTOG 1304, but requires SNB at the time of surgery [12]. Patients that are ypN+ on 
SNB are randomized to completion ALND+RNI versus RNI alone. In addition, 
patients on the Alliance A011106 trial that develop endocrine resistance at week 4 
or week 12 (Ki67 > 10%) will then go on to receive preoperative chemotherapy. 
These patients with cN+ disease that convert to ypN0 will also be eligible for 
NSABP B51/RTOG 1304. Together, these two landmark studies will have a signifi-
cant impact on the local-regional management of clinically node-positive breast 
cancer treated with NST.

12 Regional Nodal Irradiation Considerations in Patients Receiving Neoadjuvant…



258

 Clinical Evaluation of the Regional Lymphatics Prior 
to Initiation of Preoperative Systemic Therapy

Prior to initiation of preoperative systemic therapy, we recommend a thorough eval-
uation to determine the presence or absence of nodal disease in the axilla, SCL, and 
IM regions. In a detailed review of imaging of the axilla prior to preoperative che-
motherapy, we recommend that all patients receiving preoperative systemic therapy, 
including endocrine therapy, should undergo ultrasound of the axilla with biopsy of 
any suspicious-appearing lymph nodes [55]. Imaging features that most accurately 
distinguish malignant from benign-appearing lymph nodes include loss of a fatty 
hilum, eccentrically widened cortex, and a longitudinal/transverse greatest dimen-
sion ratio <2 [56]. Compared to ultrasound alone, imaging along with biopsy of a 
suspicious lymph node improves the specificity from a range of 44–97% to a range 
of 97–100% and the positive predictive value from a range of 45–95% to a range of 
93–100% [57].

In addition to the evaluation of the axillary nodes with ultrasound ± biopsy, we 
also recommend that patients undergo 3-dimensional cross-sectional imaging to 
evaluate the lymph nodes in the supraclavicular, infraclavicular, and internal mam-
mary nodal regions. Any lymph node involvement outside of the level I/II axillary 
nodal region is an indication for RNI, as these lymph nodes are not commonly 
resected. At our institution, all patients receiving preoperative systemic therapy 
undergo a CT scan of the thorax with contrast with a field of view that extends crani-
ally to encompass the supraclavicular fossa superiorly to the caudal aspect of the 
cricoid cartilage. Ideally, the contrast dye should be injected on the contralateral 
side to the breast cancer so as not to obscure adequate visualization of the supracla-
vicular, infraclavicular and subpectoral lymph nodes. Magnetic resonance imaging 
may be helpful in identifying suspicious internal mammary and/or axillary nodes, 
but the field of view often does not fully encompass the supraclavicular nodal 
region. In patients that undergo systemic staging, 18-fluoro-deoxy-glucose (FDG)-
positron emission (PET) can be helpful in detecting occult nodal metastases to 
extra-axillary nodal regions. In one study of over 300 breast cancer patients set to 
receive preoperative systemic therapy, FDG-PET detected internal mammary nodal 
metastases in 26 patients (8%) and peri-clavicular nodal metastases in 32 patients 
(10%) [58]. Overall, this resulted in a change in the radiotherapy plan for 50 patients 
in the study (16%). There is a gap in knowledge regarding standards for imaging 
prior to NST and given the ability of CT chest (and/or FDG-PET if full staging is 
warranted) to detect potential occult lymph node metastases outside of the level I/II 
axillary region, we strongly recommend that all patients undergo at least one of 
these studies prior to initiation of preoperative systemic therapy to help accurately 
stage the extent of disease.
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 Radiotherapy Technique

Our approach to treatment-planning for RNI has been detailed previously [59, 60]. 
We use an adaptive planning algorithm to determine the best treatment technique, 
which varies based on individual patient anatomy (Fig. 12.2). At the time of simula-
tion, all patients undergo computed tomography (CT)-based simulation with a free- 
breath scan and deep-inspiration breath hold (DIBH) to enable respiratory gating, if 
necessary, to meet normal tissue constraints. While DIBH is commonly used for 
RNI for left-sided breast cancers in order to achieve dose constraints to the heart and 
ipsilateral lung, DIBH may be useful in right-sided cases to help lower the ipsilat-
eral lung and liver dose [61].

After simulation, target volumes are contoured using the guidelines and recom-
mendations from the RTOG Breast Contouring Atlas and the RTOG 1304/NSABP 
B51 protocol [62]. Our clinical target volumes (CTV) created include: breast CTV 
or chest wall CTV, lumpectomy CTV or mastectomy scar CTV, axilla CTV, supra-
clavicular (SCL) CTV, and internal mammary node (IMN) CTV. The axilla CTV 
contains the retained axillary nodes, which is generally the level III and medial level 
II axillary nodes after an axillary lymph node dissection and levels I–III after a sen-
tinel lymph node biopsy. We treat the internal mammary nodes in the first three 
intercostal spaces in all cases, given that the phase III RNI studies that led to reduc-
tion in breast cancer mortality included the IMNs [13–15, 20, 21] and the prepon-
derance of evidence demonstrating improved outcomes with irradiation of the 
internal mammary nodes [63, 64]. Margins are then added to create the appropriate 
planning target volumes (PTV). In select cases (for example, patients presenting 
with gross SCL nodal involvement), a nodal boost CTV/PTV is also created. For 
each case, the following normal tissues are also routinely contoured: heart, ipsilat-
eral lung, contralateral lung, esophagus, thyroid, and contralateral breast.

Patient 
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RNI

FBCT&
DIBH

Contour 
OARs

and Targets 
on FBCT

3DCRT Plan
Created on

FBCT

OAR/PTV
criteria met
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Fig. 12.2 Adaptive treatment planning algorithm for regional nodal irradiation. Abbreviations: 
3DCRT 3D conformal radiation therapy, DIBH deep inspiration breath hold, FBCT free-breath 
computed tomography, IMRT intensity-modulated radiation therapy, OAR organ-at-risk, PTV 
planning target volume
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3D conformal (3DCRT) radiation plans are then created to optimize dose to the 
PTVs and spare normal tissues as much as possible. Our institutional standard is to 
use a mono-isocentric technique to treat the chest wall/breast and regional lymph 
nodes. The breast/chest wall and IMC PTV are most commonly treated with tangen-
tial fields using the field-in-field technique to improve dose homogeneity. Depending 
upon the chest wall geometry, matching photon and medial electron fields are some-
times used to treat the CW PTV and IMC PTV. The SCL PTV/axilla PTV are treated 
together in a separate plan with an opposed obliques or rotational technique most 
heavily weighted from the anterior beam. In cases in which a 3D conformal radio-
therapy plan either results in inadequate dose to the PTVs or in excess dose to 
organs-at-risk, inverse planned intensity modulated radiation therapy (IMRT) plans 
are then created, first on the free-breathing CT then on the DIBH, if needed. In these 
cases, all PTVs are generally treated in a single plan using 5–9 beams.

With this adaptive treatment-planning algorithm, we have found that treatment 
with 3DCRT or IMRT results in equivalent rate of disease control and similar rates 
of acute toxicity [60], with the exception of acute symptomatic esophagitis, which 
tends to be higher in patients treated with IMRT compared to 3DCRT [59, 65]. 
Based on our experience, we have found esophageal dose-volume esophageal 
parameters that are associated with higher rates of toxicity, and we have now imple-
mented constraints to the esophagus to potentially help limit esophageal toxicity, 
particularly in patients receiving IMRT [65].

Our standard prescription dose is 50 Gy in 25 fractions. We reserve hypofraction-
ation for patients treated on ongoing protocols, such as ALLIANCE A221505 [66], 
or for elderly patients (≥70 years old). Most patients receive a boost to the lumpec-
tomy cavity after BCS. Use of a mastectomy scar boost is not routinely delivered, 
but is strongly considered for patients with significant residual disease after comple-
tion of NST. In plan evaluation, we aim to achieve the planning objectives to the 
target volumes and constraints to the OARs set forth in Table  12.2, which are 
adapted from the NSABP B51/RTOG 1304 protocol.

Table 12.2 Planning objectives for regional nodal irradiation with conventional fractionation 
(2 Gy per day to 50 Gy) at The Ohio State University Department of Radiation Oncology

Structure Ideal Acceptable

Breast or chest wall PTV
   Coverage V47.5 Gy ≥ 95% V47.5 Gy ≥ 90%
   Hot spots V54 Gy ≤ 50% V56 Gy ≤ 50%
   Cumulative dose (with boost) V-Total dose ≤ 30% V-Total dose ≤ 35%
Lumpectomy or scar PTV V50 Gy ≥ 95% V47.5 Gy ≥ 95%
Internal mammary node PTV V47.5 Gy ≥ 95% V40 Gy ≥ 90%
Supraclavicular PTV V47.5 Gy ≥ 95% V47.5 Gy ≥ 90%
Axilla PTV V47.5 Gy ≥ 95% V47.5 Gy ≥ 90%
Heart
   LEFT
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 Conclusion

In summary, review of the best available evidence suggests that RNI should be rec-
ommended for patients with residual nodal disease at the time of surgery and 
patients that present with clinically involved axillary or extra-axillary nodal disease 
prior to initiation of preoperative systemic therapy. Patients with clinically node- 
negative disease and pathologically node-negative disease are at low risk of breast 
cancer recurrence, and RNI can safely be omitted in these patients. However, clini-
cally node-negative should include evaluation of the SCL, infraclavicular, and inter-
nal mammary nodal basins with either CT chest with contrast or FDG-PET to ensure 
that there are no occult metastases in these nodal basins prior to starting systemic 
therapy. For patients that present with clinically lymph node-positive disease that 
convert to pathologically node negative, there is conflicting and therefore insuffi-
cient evidence to recommend RNI omission at this time. We await the results of 
RTOG 1304/NSABP B51, which will provide a definitive answer to the role of RNI 
in this situation. Patients that remain ypN+ on SNB should receive RNI (with or 
without ALND) and consider enrollment on the ongoing ALLIANCE A011202 
phase III trial.

Structure Ideal Acceptable

    Mean dose ≤4 Gy ≤5 Gy
    Maximum dose ≤45 Gy ≤50 Gy
    Other V25 Gy ≤ 5% V30 Gy ≤ 5%
   RIGHT

    Mean dose ≤2 Gy ≤4 Gy
    Maximum dose ≤30 Gy ≤45 Gy
Ipsilateral Lung

   V20 ≤30% ≤35%
   V10 ≤50% ≤60%
   V5 ≤65% ≤75%
Total Lungs Mean dose ≤ 10 Gy Mean dose ≤ 11 Gy
Contralateral lung As low as possible V5 Gy ≤ 15%
Esophagus

   Mean Dose ≤10 Gy ≤11 Gy
   V10 Gy ≤30% ≤35%
   V20 Gy ≤15% ≤20%
Contralateral breast V3 Gy ≤ 5% V4.1 Gy ≤ 5%
Liver As low as possible Mean dose ≤ 10 Gy

PTV planning target volume, Vx volume of structure that receives × Gy or more

Table 12.2 (continued)
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Chapter 13
Pathology of Neoadjuvant Systemic 
Therapy Response

Beth Z. Clark

 Introduction

Neoadjuvant systemic therapy is administered following a diagnosis of invasive 
breast cancer for a variety of indications, including downstaging of locally advanced 
disease or to facilitate breast-conserving surgery. Response to neoadjuvant chemo-
therapy can also be used as an in situ test for chemosensitivity and is accepted as an 
endpoint in trials of effectiveness of novel agents [1]. The decisions to administer 
neoadjuvant systemic therapy and specific agents chosen are determined by clinical 
stage, tumor grade, phenotype, and sometimes by genomic assays or other tools 
such as the Magee Equations™ [2]. Tumor grade and phenotype can be determined 
on percutaneous core biopsy specimens, allowing for pre-operative decisions 
regarding systemic therapy. In addition to information provided in standard patho-
logic examination, such as margin status and tumor size, the pathologist must pro-
vide additional information regarding response to neoadjuvant systemic therapy, for 
prognostic purposes and to guide further treatment. Pathologists must be informed 
that neoadjuvant systemic therapy has been administered in order to provide an 
accurate, informative pathology report.

 Review of Pathology of Invasive Breast Carcinoma

For purposes of understanding diagnosis and management of invasive breast carci-
noma, the most important histopathologic features include tumor type, tumor grade, 
and tumor genotype/phenotype. Invasive carcinoma in the breast is defined as 
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neoplastic cells that have infiltrated beyond the basement membrane of ducts and 
lobules of the breast parenchyma. Occasionally, the growth pattern makes it difficult 
to distinguish invasive carcinoma from in situ carcinoma, in which neoplastic cells 
are confined within ducts and lobules of the breast parenchyma. Myoepithelial cells 
can be identified on routine hematoxylin and eosin (H&E) stains as small, hyper-
chromatic angulated cells at the periphery of ducts and lobules (Fig. 13.1). In situ 
carcinoma can be identified by a peripheral rim of myoepithelial cells, which are 
highlighted by immunohistochemical stains for myoepithelial cells, such as p63 and 
smooth muscle myosin heavy chain, among others.

Invasive ductal carcinoma and invasive lobular carcinoma account for >90% of 
invasive breast carcinomas, while other types, such as metaplastic carcinoma and 
adenoid cystic carcinoma, are much less common. Some types of invasive carci-
noma, such as tubular carcinoma, cribriform carcinoma, and pure low-grade muci-
nous carcinoma, have an excellent prognosis. These tumors are typically strongly 
ER+/PR+/Her-2/neu (HER2), with a low proliferative index, while metaplastic car-
cinoma, low-grade adenosquamous carcinoma, and adenoid cystic carcinoma are 
typically ER-/PR-/HER2-.

Tumor grade is most commonly reported by the Elston-Ellis modification of the 
Scarff-Bloom-Richardson grading system, also called the Nottingham system or 
Nottingham grade [3]. The Nottingham Grade is divided into grades 1, 2, and 3 
based on pathologic features of the invasive carcinoma: tubule formation, nuclear 
pleomorphism, and mitotic activity. Each feature is graded from 1 to 3, and the total 
score determines the grade. The total score is referred to as the Nottingham score 
and ranges from 3 to 9. Grade 1 has a total score 3–5, grade 2 has a total score 6–7, 
and grade 3 – 8–9. Pure invasive lobular carcinoma, by definition, does not form 
tubular structures, and therefore the minimum Nottingham score is 5.

The four most important biomarkers used in determination of tumor phenotype 
are estrogen receptor (ER), progesterone receptor (PR), Her-2/neu (HER2), and the 
proliferation marker Ki67. ER, PR, and Ki67 are usually performed by 

Fig. 13.1 Benign breast 
lobule with luminal 
epithelial and peripheral 
myoepithelial cells. 
Myoepithelial cells are 
smaller and more 
hyperchromatic than 
epithelial cells (arrow)
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immunohistochemistry, while HER2 can be determined by immunohistochemistry 
or fluorescence in situ hybridization (FISH). These assays can be performed on core 
biopsy specimens in order to aid in management of breast carcinoma prior to defini-
tive surgical therapy, with adherence to guidelines set forth by the American Society 
of Clinical Oncology and College of American Pathologists (ASCO/CAP) [4, 5]. 
These guidelines provide detailed requirements for tissue fixation, use of FDA- 
cleared assays, and recommendations for reporting. Semiquantitative reporting of 
ER and PR expression is required, with information about the intensity and percent-
age of tumor cells showing expression of the receptor. Common ways to report ER 
and PR include the Allred score and the histologic score or “H-score” methods. The 
Allred Score ranges from 0 to 8, with proportion of positive tumor cells graded from 
0 to 5 and average intensity ranging from 0 to 3 [6]. The H-score ranges from 0 to 
300, and is calculated by multiplying the proportion of cells staining at each inten-
sity ranging from 0 to 3+, with the sum of all intensities representing the H-score [7, 
8]. For example, an invasive carcinoma with 10% negative, 20% 1+, 30% 2+ and 
40% 3+ staining has an H-score of (10 × 0) + (20 × 1) + (30 × 2) + (40 × 3) = 200. 
Recently, it was recommended that cases with a low percentage of ER or PR posi-
tive tumor cells (between 1% and 10%) by immunohistochemistry be reported as 
low positive, with documentation of the presence of internal and external positive 
controls, due to limited data on endocrine therapy benefit for cancers with low ER 
expression [4]. Criteria for HER2 gene amplification and HER2 overexpression by 
immunohistochemistry have evolved as testing has been refined and standardized. 
Many laboratories perform HER2 FISH as the first-line test for HER2 amplification, 
while other laboratories perform HER2 immunohistochemistry with reflex to FISH 
for equivocal (2+) cases. When IHC is performed, a score of 0 or 1+ is a negative 
result, and a score of 3+ is a positive result. The most recent update for HER2 test-
ing defined five groups of HER2 FISH results based on the absolute HER2 gene 
copy number and the ratio of HER2 gene copies to the centromere for chromosome 
17, on which the Erb-B2 gene is located [5] (Fig.  13.2). Ki67 is a proliferation 
marker that marks tumor cells in all phases of the cell cycle except for the G0 phase. 
There are no universally accepted cut-offs for Ki67 proliferation index, and the 
marker is usually reported as a continuous variable from 0% to 100%.

In 2000, Perou et al. published a study of gene expression patterns in 65 breast 
cancers from 42 patients, revealing molecular portraits that formed the basis for our 
current understanding of breast cancer as a heterogeneous disease, with luminal, 
Erb-B2 (HER2-enriched), and basal clusters [9]. A similar study of a larger group 
of tumors published in 2001 by Sorlie et al. elucidated subtypes of the luminal clus-
ter [10]. Molecular subtypes were shown to have significant differences in pCR 
rates in a small study by Rouzier et al. with the highest pCR rates seen in Erb-B2+ 
and basal subtypes [11]. The immunoprofile of ER, PR, HER2, and Ki67 are often 
used as surrogates for the molecular phenotypes, as it is not feasible to perform 
molecular analysis on all invasive breast carcinomas at the time of diagnosis. The 
tumor phenotype, combined with the clinical stage and imaging findings, contrib-
utes significantly to the decision to administer neoadjuvant systemic therapy, and 
the degree of expected response varies by tumor phenotype. Strongly ER-positive 
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tumors have the lowest response rates, while tumors with low estrogen receptor 
expression (H-score < 100) have rates comparable to ER- tumors [12]. Pathologic 
complete response rates are highest in hormone receptor (HR)-negative tumors, 
with the highest response rates seen in HR-/HER2+ tumors, followed by HR-/
HER2- tumors and HR+/HER2+ tumors, while pCR rates are lowest in HR+/HER2- 
tumors [13–16] (Fig. 13.3). It is most difficult to predict the likelihood of significant 

ER

PR

HER2

Ki67

Luminal – like

8%

HR+/HER2+
“Triple positive”

30-40%

HR-/HER2+
(Erb-B2-like)

55-70%

HR-/HER2-
“Triple negative”

31%

Fig. 13.3 Response rates to neoadjuvant chemotherapy by tumor phenotype. (References [13–
16], UPMC Magee-Women’s Hospital internal data)

Summary of HER2 in situ hybrization (ISH) and immunohistochemistry (IHC) testing based on ASCO/CAP focused update
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Fig. 13.2 Summary of Her-2/neu in situ ybridization (ISH) criteria, adapted from Wolff et al. [5] 
Dual-probe ISH uses probes for both Her-2/neu gene and for centromere of chromosome 17. 
Single-probe ISH uses a probe for Her-2/neu gene only

B. Z. Clark



273

response to neoadjuvant chemotherapy in invasive carcinoma with a “Luminal 
B”-like phenotype (ER +, PR +/−, HER2-, Ki67 moderate or high). Tumor pheno-
type is not the only factor predicting pCR in breast cancer. Tumors with Nottingham 
grade 3 and the presence of tumor and stromal lymphocytic infiltrates also have 
higher rates of pCR [17]. Metaplastic carcinomas, which are typically HR- and 
HER2-, also appear to have lower pCR rates than triple-negative breast carcinomas 
of non-metaplastic type [18].

Several tools are available to assist with prediction of response in ER+/HER2- 
tumors, including the Magee Equations™ and genomic assays for HR+ tumors. 
Magee Equation 3, which uses semiquantitative ER and PR expression expressed as 
H-score, HER2 status, and Ki67 proliferative index, as determined by biomarker 
studies performed on the diagnostic percutaneous core biopsy, can help to predict 
the likelihood of pCR with neoadjuvant chemotherapy in ER positive invasive breast 
carcinoma. The Magee Equations™ were originally devised to predict the Oncotype 
DX recurrence score, and Magee Equation scores in the low, intermediate, and high 
categories were shown to have pCR rates of 0%, 4%, and 36%, respectively [19]. A 
recent multi-institutional study of 166 cases showed similar findings, while also 
including pCR rates using an additional cut-off of 25. In this study, pCR rates using 
Magee Equation 3 (ME3) were 0%, 0%, 14%, and 40% for ME3 scores <18, 18–25, 
>25 to <31, and 31 or higher, respectively [20]. Magee Equations can be calculated 
by entering the ER, PR, HER2, and Ki67 data, along with Nottingham Score and 
tumor size if available, into the URL https://path.upmc.edu/onlineTools/mageee-
quations.html.

IHC4 is an immunohistochemical score that also utilizes routinely performed 
immunohistochemical markers and has been reported to provide prognostic infor-
mation similar to that obtained from the 21-gene genomic assay [21]. The IHC4 
score is calculated using the following equation: IHC4 = 94.7 × {−0.100 ER10–0.079 
PgR10 + 0.586 HER2 + 0.240 ln (1+ 10 × Ki67)}. ER10 is obtained by dividing the 
ER H-score by 30 and PgR10 is obtained by dividing the percentage of positive cells 
by 10. Ki67 is expressed as the percentage of positively staining malignant cells. In 
a retrospective study of 113 patients with ER+ (22 HER2+, 91 HER2-) breast can-
cer treated with neoadjuvant chemotherapy, Ki67 and IHC4 were both positively 
associated with pCR and near pCR (RCB-1) when values for Ki67 and IHC4 were 
divided among quartiles [22]. The absence of an established cut-off value for a high 
IHC4 score, however, limits its use for decision-making currently. Oncotype DX 
recurrence score and Prosigna risk of recurrence (ROR) score genomic have also 
been reported to provide predictive information in response to neoadjuvant chemo-
therapy in ER+/HER2- breast carcinoma [23, 24].

The advent of standard percutaneous image-guided core biopsy and breast imag-
ing modalities, such as MRI, set the stage for effective neoadjuvant systemic thera-
pies. Percutaneous core biopsy of breast carcinoma allows for accurate pre-operative 
grading and classification of tumors, as well as phenotypic analysis through bio-
marker studies. Numerous studies have shown good concordance between bio-
marker status of core biopsy and surgical resection material [25–32].
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The majority of patients will receive definitive surgical management following 
the administration of neoadjuvant systemic therapy. Exceptions may include rare 
patients in whom locoregional disease is deemed unresectable and rare patients who 
develop metastatic disease during neoadjuvant treatment. Clinical trials are ongoing 
to determine the safety of omission of local surgery in patients with exceptional 
responses to neoadjuvant chemotherapy [33]. In these cases, percutaneous core 
biopsies of the tumor bed are performed upon completion of neoadjuvant chemo-
therapy to evaluate for evidence of residual in situ or invasive carcinoma. If no 
residual tumor is identified on these specimens, surgery may be omitted. When 
evaluating these specimens, the surgical pathologist must be aware of the indication 
for the biopsy, and special protocols may be utilized to thoroughly evaluate the core 
biopsy tissue, including examination of multiple deeper levels through the tis-
sue block.

 Important Clinical Data

Because a patient’s response to neoadjuvant systemic therapy has important impli-
cations for prognosis and further treatment recommendations, careful clinical- 
pathologic correlation is crucial for optimal histopathologic evaluation. Some 
pathologic features of systemic therapy response, such as a fibroelastotic tumor bed, 
may only be definitively identified when the clinical context is known. At the time 
of surgery, therefore, the specimen requisition should include the number and loca-
tion of lesions, pre-therapy tumor size, pre-therapy lymph node evaluation, and type 
of neoadjuvant systemic therapy given. The pathologist and pathologist assistant 
must correlate the information given by the surgeon and results of pre- and post- 
therapy imaging studies to ensure that the tumor bed and all lesions of concern have 
been located and sampled for histologic examination.

 Gross Examination of Post-therapy Surgical Specimens

Pathologic examination of post-therapy breast surgical specimens differs from non- 
neoadjuvant therapy specimens in important ways, particularly for specimens in 
which the response has been marked or complete, while tumors with minimal or 
moderate response to neoadjuvant therapy may show gross features similar to non- 
neoadjuvant cases. More tissue sampling may be required after neoadjuvant sys-
temic therapy in order to properly evaluate for residual tumor. Careful correlation 
with imaging findings is important for locating lesions. Specimen radiographs may 
be used to locate biopsy clips or foci of calcifications. On gross examination, it can 
be difficult to locate findings noted on imaging studies, particularly MRI findings 

B. Z. Clark



275

that have not been previously biopsied with placement of a biopsy marker clip. 
Cases with a marked or complete response to therapy may show only a fibrotic 
tumor bed, typically streak-like white or tan, which may be soft or rubbery 
(Fig. 13.4). Gross measurement of tumor size after a significant response to therapy 
may be inaccurate, and the pathologist must correlate the gross examination find-
ings with histologic examination for proper assignment of post-therapy AJCC (“y”) 
tumor stage. Because the gross examination findings may be subtle, placement of a 
biopsy marker clip prior to beginning neoadjuvant therapy is very helpful in local-
izing the tumor bed during pathologic examination. Measurement of the distance of 
gross residual tumor and the tumor bed to surgical margins should also be recorded. 
Accurate measurement of the tumor bed area is needed for calculation of the 
Residual Cancer Burden (RCB) [34].

Provenzano et al. published recommendations for standardization of pathologic 
evaluation and reporting of post-neoadjuvant specimens from reviews of clinical 
trial protocols in 2015 [35]. Recommendations were made for sampling in cases 
with no residual gross disease, and emphasized that the tumor bed/biopsy clip must 
be documented in order to confirm a pathologic complete response.

At our institution, partial/segmental mastectomy specimens are inked with six 
colors (medial, lateral, superior, inferior, anterior, and posterior) and sectioned into 
numbered tissue slices with systematic submission of tissue blocks. This method 
can be helpful in measurement of residual carcinoma involving the tumor bed that 
is not grossly measurable (Fig. 13.5). This can be accomplished by counting the 
number of tissue slices involved by invasive carcinoma and using the average slice 
thickness to calculate the maximum dimension of residual carcinoma. If residual 
tumor is not identified grossly, the tumor bed should be entirely submitted for histo-
logic examination in order to document the presence of pathologic complete 
response with certainty.

Fig. 13.4 Gross features 
of tumor bed following 
pathologic complete 
response (pCR) to 
neoadjuvant chemotherapy. 
Tumor bed consists of 
rubbery, white fibrosis with 
central biopsy clip (arrow) 
in the background of fatty 
breast tissue
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 Histopathologic Features in the Breast Following 
Neoadjuvant Therapy

Changes in benign breast tissue are generally subtle. Benign breast ductal epithe-
lium may show scattered nuclear enlargement. Lobules may appear involuted and/
or show thickening of the basement membrane (Fig. 13.6). Squamous metaplastic 
change of the breast epithelium may be identified. Scattered lymphocyte or histio-
cyte aggregates may be identified outside of the tumor bed area.

In the pre-therapy tumor area, or tumor bed, changes occur both within the 
stroma and in residual tumor cells, if present. Within the stroma, the most common 
finding is fibroelastosis, in which loose collagenous tissue with focal elastosis is 
identified at the site of the tumor. This fibroelastosis may be admixed with residual 

Fig. 13.6 Histologic 
changes of neoadjuvant 
chemotherapy in benign 
breast parenchyma include 
thickening of the basement 
membrane around ducts 
and lobules, along with 
perilobular lymphocytes 
and macrophages

Fig. 13.5 Sectioning of partial/segmental mastectomy into numbered tissue slices and measure-
ment of slice thickness can facilitate measurement of residual carcinoma when it is difficult to 
appreciate grossly. Residual carcinoma identified in slice 6 (circle)
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tumor, or may be the only histologic finding in the tumor bed when there has been 
a pathologic complete response (Fig. 13.7). Typically, these areas of fibroelastosis 
are devoid of normal breast parenchyma but may include residual in situ carcinoma. 
Dense fibrosis occasionally represents the predominant change, and may include 
sclerotic, keloidal-type collagen. Macrophage aggregates, hemosiderin-laden mac-
rophages, cholesterol clefts, and lymphocyte aggregates are also commonly identi-
fied in the tumor bed area (Fig. 13.8). The biopsy clip site is also a helpful landmark 
to document that the tumor bed has been examined when the histologic changes are 
subtle and no tumor remains, provided that there has not been migration of the 
biopsy clip. The biopsy clip site consists of a space within the tissue surrounded by 
palisading histiocytes (Fig. 13.9). The response may include symmetrical shrinkage 
of the tumor, with stromal changes identified at the periphery, or the stromal changes 

Fig. 13.7 Fibroelastotic 
tumor bed with scattered 
foci of residual invasive 
carcinoma

Fig. 13.8 Tumor bed with 
abundant macrophages and 
a rare cluster of residual 
tumor cells (circle)
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may be admixed with residual tumor cells (Fig. 13.10). Decrease in cellularity may 
be minimal or marked and is associated with a concomitant increase in the stromal 
component of the pre-therapy tumor area. Evaluation of residual tumor cellularity 
or change in tumor cellularity is required for some methods of assessment of 
response to chemotherapy (see below). This assessment is most difficult in cases 
with uneven response within individual tumors or in tumor multifocality.

Cytologic changes to tumor cells may include increased pleomorphism, particu-
larly in individual cells, more prominent nucleoli, bizarre nuclei and smudging, 
apoptotic debris, and decreased mitotic activity (Fig. 13.11). We have also uncom-
monly observed “differentiation” of tumor cells, in which a tumor showing high- 
grade features (lack of tubule formation with large, pleomorphic nuclei) on the 
pre-therapy biopsy displays glandular differentiation and smaller, more uniform 
nuclear features (Fig. 13.12). It is unclear whether this phenomenon is the result of 
histologic changes in the tumor cells as a result of therapy, or differential response 

Fig. 13.9 Biopsy clip site 
consists of a space within 
the tissue surrounded by 
palisaded histiocytes (large 
arrow). The radioactive 
seed site appears as a space 
within the tissue that is 
usually surrounded by 
blood and acute 
inflammation due to the 
proximity of seed 
placement to the surgical 
procedure (small arrow)

Fig. 13.10 Symmetrical 
shrinkage of invasive 
ductal carcinoma with 
partial response to 
neoadjuvant chemotherapy. 
Fibrosis, lymphocyte 
aggregates, and 
hemosiderin-laden 
macrophages surround 
residual carcinoma

B. Z. Clark



279

in tumors with both high-grade and unsampled low-grade areas. Diaz et al. reported 
that low mitotic count (defined as less than 13 mitotic figures per 10 high power 
fields) following neoadjuvant systemic chemotherapy has been with a lower risk of 
distant metastasis [36].

In rare cases, extensive lymphovascular space invasion may be the predominant 
finding, and should not be confused with residual ductal carcinoma in situ 
(Fig. 13.13). Immunohistochemical stains may be helpful in difficult cases. Residual 

Fig. 13.11 Fibroelastotic 
tumor bed with scattered 
residual tumor cells. 
Tumor cells show large, 
smudged nuclei with 
abundant cytoplasm

Fig. 13.12 Change in tumor grade after neoadjuvant chemotherapy. Pre-therapy core biopsy (left) 
shows invasive carcinoma with no tubule formation, nuclear grade 3. Post-therapy core biopsy 
shows tubule formation and nuclear grade 1–2
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in situ carcinoma may show similar cytologic changes to those seen in invasive 
tumor cells, including increased nuclear pleomorphism and few mitotic figures. 
Although in situ carcinoma does not respond as frequently to neoadjuvant chemo-
therapy, regression of ductal structures is a frequent finding, and may appear as 
calcifications with surrounding desmoplastic stromal response. Immunohistochemical 
stains for myoepithelial markers may also be useful to distinguish residual clusters 
of invasive carcinoma from in situ carcinoma. This distinction is very important for 
staging and determination of pathologic complete response vs. residual disease, par-
ticularly when the adjuvant systemic therapy regimen may be changed as a result of 
residual disease, such as trastuzumab-emtansine (TDM-1) for HER2+ breast cancer 
or adjuvant capecitabine for HER2- breast cancer [37, 38].

 Pathologic Evaluation of Response 
to Neoadjuvant Chemotherapy

Following neoadjuvant chemotherapy, assessment of response and residual disease 
include three important elements: presence or absence of residual carcinoma (docu-
mentation of pathologic complete response (pCR) or residual disease), post- 
neoadjuvant therapy pathologic staging, and some quantitative measure of response 
to chemotherapy. The definition of pathologic complete response includes the 
absence of invasive carcinoma involving the breast and sampled lymph nodes. The 
presence of residual in situ carcinoma has been somewhat controversial, with sev-
eral studies reporting that there is no difference in survival when the only residual 
disease is non-invasive [39–41]. Von Minckwitz et  al., however, reported that 
disease- free survival was significantly superior with no residual DCIS [42].

The prognostic value of a pCR is well-documented, and thorough sampling and 
histologic examination of the tumor bed are essential in cases with a significant 

Fig. 13.13 Residual 
carcinoma as extensive 
lymphovascular space 
invasion. The large tumor 
emboli should not be 
mistaken for ductal 
carcinoma in situ. Slit-like 
spaces around tumor 
emboli provide the clue to 
a diagnosis of 
lymphovascular space 
invasion
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response to therapy [39]. National Surgical Adjuvant Breast and Bowel Project 
(NSABP) trials B-18 and B-27, which demonstrated equivalence between preopera-
tive and postoperative chemotherapy in invasive breast carcinoma, with primary 
endpoints of disease-free survival and overall survival, used pCR and pINV (resid-
ual disease in the breast) as the primary means of assessment of response [43, 44]. 
Pathologic complete response in NSABP B-18 was also associated with improved 
rates of breast conserving surgery [45]. This distinction, as detailed above, is made 
through a combination of gross examination with careful sampling, and histologic 
examination of the residual tumor and/or tumor bed, with immunohistochemistry 
when indicated to distinguish invasive from in situ carcinoma.

In the American Joint Committee on Cancer (AJCC) 8th Edition staging manual, 
staging is divided into clinical or “c” staging, derived from physical examination 
and imaging findings, and pathologic or “p” staging, derived from pathologic exam-
ination of biopsy material and surgical resection specimens [46]. The “y” prefix is 
added to denote that the examination follows neoadjuvant systemic therapy (hor-
monal or chemotherapy), and the neoadjuvant pathologic tumor (T) and nodal (N) 
stages have the same measurement cutoffs used in cases of primary surgical man-
agement. These cutoff measurements are defined as the largest “continuous” focus 
of residual invasive cancer, not including treatment-related fibrosis. In practice, the 
largest continuous measurement of invasive carcinoma can be difficult to ascertain 
in cases with uneven response, and this determination can be aided by systematic 
tissue submission as outlined in the section above on Gross Examination. The AJCC 
6th Ed. post-neoadjuvant therapy staging system was shown to have prognostic 
value in 132 patients with residual disease [47]. Characterization of the response to 
treatment is also recommended, separate from the AJCC Staging, which can simply 
be reported complete response, partial response, and no response noted, based on 
change in tumor size and presence or absence of therapy-related changes observed 
histologically.

Rarely, lymphovascular space invasion is identified in the absence of invasive 
carcinoma involving the breast parenchyma or lymph nodes. The post-therapy 
pathologic stage is reported as ypT0N0  in this circumstance, but should not be 
reported as a pathologic complete response, as the finding of pure intralymphatic 
carcinoma following neoadjuvant chemotherapy has been associated with a poor 
clinical outcome [48].

Aside from post-neoadjuvant AJCC staging, the most commonly reported 
method for quantification of residual carcinoma following neoadjuvant chemother-
apy is the Residual Cancer Burden (RCB) method, which identifies prognostic sub-
groups independently of and within the AJCC staging system [15]. This method was 
developed at MD Anderson using cases from neoadjuvant trials and was first pub-
lished in 2007, and uses pathologic parameters that are independently associated 
with a higher risk of distant relapse, including the primary tumor dimension 
expressed as the largest bi-dimensional measurement of the tumor bed, cellularity 
of the tumor bed corrected for the proportion of in situ carcinoma, and the axillary 
nodal burden expressed as the number of residual positive lymph nodes and the size 
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of the largest lymph node metastasis. Residual cancer burden (RCB) is reported as 
the RCB index, a continuous variable, with 0 representing a pathologic complete 
response, and as four risk groups, the RCB categories. RCB 0 represents a pCR, and 
RCB-I represents a near-PCR, with RCB-II and RCB-III representing increasing 
burdens of residual disease. The RCB method does not require comparison with the 
pre-therapy core biopsy, which may not be available at the time of histologic exami-
nation of the surgical resection specimen. A more recent long-term follow-up study 
confirmed prognostic value of RCB in phenotypic subsets of HR+/HER2-, HER2+, 
and HR-/HER2- invasive breast carcinomas [49].

A study by Sheri et al. from 2015 concluded that the addition of post-treatment 
Ki67, dubbed the Residual Proliferative Cancer Burden, or RPCB, provided signifi-
cantly more prognostic information than either Ki67 or RCB alone [50]. The RCB 
method has been found to be produce reproducible results in a study of 100 cases 
examined by five pathologists [51]. In this study, overall concordance correlation 
coefficient for RCB index was 0.931 (95% CI = 0.908–0.949). Kappa statistic for 
RCB categories was 0.583 (95% CI = 0.539–0.626), representing good agreement, 
with the lowest agreement observed for RCB-I.

At our institution, prior to the widespread adoption of the Residual Cancer 
Burden method, the Magee Method was used to provide a measure of the decrease 
in tumor volume following neoadjuvant therapy. In this method, the percentage 
tumor volume reduction is calculated by estimating the change in cellularity between 
the pre-therapy core biopsy and the post-therapy tumor bed, using the following 
formula: % tumor volume reduction = ([pre-therapy size – revised tumor size]/pre- 
therapy size) × 100, where the revised tumor size = gross size of fibrotic tumor bed 
× % cellularity in comparison to the pre-therapy biopsy [14]. This method requires 
an accurate pre-therapy clinical tumor size, and availability of the pre-therapy (diag-
nostic) core biopsy to determine the change in cellularity, and is therefore not easily 
applied in all settings.

Other methods to quantify response to neoadjuvant therapy have also been 
described. The Miller-Payne grading system requires comparison with the pre- 
therapy core biopsy to stratify patients into five groups based on change in cellular-
ity, and this system was reported to be an independent predictor of survival in 
multivariate analysis [52]. The Residual Disease in Breast and Nodes (RDBN) 
method incorporates the tumor grade, lymph node stage, and tumor grade [53]. 
CPS + EG combines post-therapy AJCC 6th Ed. stage with ER status and grade 
[54]. These methods are less frequently used, as Residual Cancer Burden (RCB) has 
been the preferred method for clinical trials in recent years.

 Lymph Node Assessment After Neoadjuvant Therapy

Lymph node evaluation after neoadjuvant chemotherapy is complicated by two 
competing goals: accurate assessment of lymph node status and the need to reduce 
morbidity through minimization of axillary lymph node surgery. When a lymph 
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node has been histologically confirmed to harbor metastatic disease prior to neoad-
juvant therapy, it is important to retrieve the node following therapy to assess 
response. Pathologic examination of sampled lymph nodes after neoadjuvant ther-
apy is important for accurate post-therapy staging and for confirmation that previ-
ously involved lymph nodes have been retrieved. Sentinel lymph node biopsy using 
conventional methods may not always result in retrieval of the previously involved 
node. Among patients enrolled in ACOSOG Z1071, the false negative rate of senti-
nel lymph node biopsy was 6.8% when the clipped node was one of the sentinel 
lymph nodes identified, and 13.4% when no clip was placed [55]. Higher yield of 
previously involved lymph nodes can be achieved through the use of radiologic cor-
relation, placement of a clip at the time of percutaneous core biopsy, radioactive 
seed-localization of previously involved nodes prior to definitive surgery, and histo-
logic examination. This procedure has been referred to as selective axillary lymph 
node dissection, and is usually combined with sentinel lymph node biopsy when 
axillary lymph node dissection is not strictly indicated [56, 57]. A recent study by 
Caudle et al. demonstrated that radioactive seed localization of a previously biop-
sied, clipped lymph node decreases the false-negative rate of axillary lymph node 
evaluation after neoadjuvant therapy [56]. The clipped node was not retrieved via 
sentinel lymph node biopsy in 23% (31/134) of cases in this study, and in six cases, 
the sentinel lymph nodes were negative, but the clipped lymph node was positive, 
illustrating the importance of evaluation of these lymph nodes for accurate post- 
therapy staging. Fine-needle aspiration biopsy of the clipped lymph node has been 
reported to be unreliable for assessment of residual disease following neoadjuvant 
therapy [58].

Intraoperative frozen section assessment of these lymph nodes can be performed, 
and if residual disease remains, axillary lymph node dissection may be performed at 
the time of surgery, if indicated. Frozen section analysis of a previously biopsied, 
previously involved lymph node may be more difficult due to the presence of biopsy 
site changes, minimal residual disease, and therapy-related changes (Fig. 13.14). 

Fig. 13.14 Lymph node 
with pathologic complete 
response to neoadjuvant 
chemotherapy, with biopsy 
clip site (lower right), scant 
residual lymphoid tissue 
(center left), and 
fibroelastosis (center)
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The presence of biopsy site changes, including scar-like fibrosis and the palisading 
histiocytes that have surrounded the biopsy clip (the “biopsy clip site”), also con-
firm that the previously biopsied lymph node has been retrieved. If a clip is not 
placed, or fine-needle aspiration biopsy has been performed, the histologic features 
of prior biopsy may be less pronounced.

Histologic features indicating response to neoadjuvant therapy include fibroelas-
tosis, dense fibrosis, and/or macrophage aggregates, and are generally similar to the 
therapy-related changes observed in the breast (Fig. 13.15). Patients with residual 
metastatic tumor with evidence of treatment effect have been reported to have better 
disease-free survival and lower relapse rates than patients who have positive nodes 
without evidence of such changes [59].

Post-treatment pathologic nodal status was a strong predictor of overall and 
disease- free survival in both NSABP B-18 and B-27 [44]. Pathologic detection of a 
small volume of residual nodal disease after neoadjuvant chemotherapy has been 
shown to be associated with a poorer prognosis. Residual “mini”-micrometastases 
(<1 mm) and micrometastases (<2 mm) were associated with a poorer prognosis 
following neoadjuvant chemotherapy in NSABP B-18 [60]. More recently, in a 
large study, including cases from Dana-Farber/Brigham and Women’s Cancer 
Center and the National Cancer Database, Wong et  al. showed that low-volume 
residual nodal disease (isolated tumor cells and micrometastases) after neoadjuvant 
chemotherapy is associated with poorer disease-free and overall survival relative to 
those who are node negative [61]. This finding was most pronounced in patients 
with triple-negative and HER2+ disease. These findings emphasize the importance 
of both the procedure used to procure axillary lymph nodes and the thoroughness of 
the pathologic examination.

Understanding the correlation between the response to chemotherapy in the 
breast and axillary lymph nodes can help to optimize axillary management, and this 
knowledge can also help pathologists to refine protocols for lymph-node evaluation 
in neoadjuvant cases. Tadros et al. studied 527 consecutive patients with HER2+ or 

Fig. 13.15 Sentinel lymph 
node with rare residual 
tumor cells in single-cell 
arrangement in a 
background of therapy- 
related fibrosis
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triple-negative breast cancer who received neoadjuvant chemotherapy in order to 
ascertain the risk of residual nodal disease [62]. Among patients with cN0 disease 
prior to chemotherapy and breast pCR, 100% had no evidence of axillary nodal 
metastasis, but among 237 patients with biopsy-proven N1 disease prior to chemo-
therapy, 10.4% of patients with breast pCR had residual nodal disease and 57.5% of 
patients without breast pCR had residual nodal disease. In a more recent study, 
breast pCR was strongly correlated with ypN0 in cN0 patients, especially in HER2+ 
and triple-negative breast carcinomas, while odds of ypN0 decreased in clinical T3 
stage, cN1, and ER+/HER2- subtype and increased with breast pCR [63]. Zhao 
et al. also found nodal pCR rates to be highest in HER2+ tumors (58.6% with tar-
geted therapy), intermediate in triple negative tumors (53.2%), and lowest in the 
HR+/HER2- subtype (21.2%) among 525 patients with clinically node-positive dis-
ease prior to neoadjuvant therapy [64]. In cases with a substantial but not complete 
response in the breast, this knowledge can help the pathologist to consider addi-
tional studies, such as immunohistochemistry for cytokeratin AE1/AE3, when 
residual nodal disease is not readily apparent on routine stains.

 Neoadjuvant Hormonal Therapy

While the Residual Cancer Burden (RCB) has emerged as the most widely used 
method for assessment of breast carcinoma following neoadjuvant chemotherapy, 
pathologic assessment of response to neoadjuvant hormonal therapy is less well- 
established. The indications for neoadjuvant hormonal therapy are different from 
those of neoadjuvant chemotherapy, and a pCR is neither generally expected nor 
often the goal. Neoadjuvant hormonal therapy can improve rates of breast conserva-
tion, but pCR is uncommon and is not an effective surrogate of clinical outcome 
[65]. The most commonly used agents are aromatase inhibitors, although trials are 
ongoing for numerous agents in the neoadjuvant setting, such as cyclin-dependent 
kinase (CDK) 4/6 inhibitors [66].

Histologic features of response to neoadjuvant aromatase inhibitors or tamoxifen 
may be similar to those seen following neoadjuvant chemotherapy, but intratumoral 
fibrosis is more commonly observed than broad zones of fibroelastosis devoid of 
tumor cells. Tumor cells do not generally show scattered pleomorphism and smudgy 
nuclei seen after neoadjuvant chemotherapy, but cell size may decrease, particularly 
in classical invasive lobular carcinoma.

Histopathologic methods of assessment of response to neoadjuvant hormonal 
therapy have not yet been standardized. The Magee Method, described above, can 
be used to calculate an estimate of tumor volume reduction, which may be helpful 
to clinicians in assessment of response. The preoperative endocrine prognostic 
index (PEPI) score utilizes pathologic features of tumors, including ER status via 
Allred score, node status, tumor grade, and Ki67 proliferation index (using a cut-
point of 2.7%) following neoadjuvant endocrine therapy to assess endocrine sensi-
tivity [67]. In patients with PEPI = 0 (T1 or T2, N0, Ki67 < 2.7%, ER Allred >2), 
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relapse risk over 5 years was 3.6% without chemotherapy in the American College 
of Surgeons Oncology Group Z1031 Trial [68]. In that same trial, Ki67 proliferative 
index >10% following a short course of neoadjuvant endocrine therapy was used to 
determine a switch to chemotherapy. The Ki67 assessment scheme used in the study 
included counting several high-power fields if the whole slide estimate was between 
2.7% and 10%, to a total of at least 100 cells. Other studies have also shown the 
prognostic significance of decrease in Ki67 proliferative index in the setting of neo-
adjuvant endocrine therapy [69–71]. From a pathologic standpoint, standardization 
of assessment of Ki67 proliferative index remains a challenge. As decrease in Ki67 
proliferative index becomes increasingly important in clinical trials of endocrine 
agents and in clinical use, standard counting approaches and image analysis will be 
invaluable to the practicing surgical pathologist.

 Conclusion

The use of neoadjuvant systemic therapy in breast carcinoma presents opportunities 
and challenges in surgical pathology diagnosis and evaluation of resection speci-
mens. Pathologic evaluation contributes to tumor phenotype determination and 
assessment of response to treatment and is crucial for multidisciplinary care of com-
plex breast cancer cases. The most complete and accurate assessment of response to 
neoadjuvant therapy relies on access to detailed clinical history, imaging studies, 
and type of neoadjuvant therapy given.
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Chapter 14
Guidelines for Neoadjuvant Systemic 
Therapy

Kristie Bobolis

 Introduction

Breast cancer has become the most commonly diagnosed cancer among women in 
the United States and globally. The outcome, however, for contemporary women 
diagnosed with early stage breast cancer in the United States has significantly 
improved over the past 40 years compared to patients treated in the 1980s. Although 
this is true for all subtypes of breast cancer, including hormone-receptor-positive 
breast cancer, this is particularly true for women with HER2-positive and triple- 
negative breast cancer [1]. This is due in part due to advancements in each specialty 
field, including breast imaging, surgery, pathology, radiation and medical oncology, 
with care typically delivered by a multidisciplinary breast care team. This is also 
due to widespread use of adjuvant systemic therapy and development of more effec-
tive systemic treatments for HER2-positive and triple-negative subtypes [1, 2]. 
Although current treatments are more effective, late relapses are still seen in patients 
with hormone-receptor-positive tumors with an early peak of recurrence in patients 
with hormone-receptor-negative cancers.

With the adoption of widespread population screening for breast cancer in the 
United States in the 1980s, there has been a reduction in breast cancer mortality in 
women who undergo regular screening [3–6]. Mammography screening increases 
the likelihood of detecting small breast cancers that are amenable to breast conser-
vation therapy [7]. Several breast cancer screening guidelines exist for women con-
sidered at average and higher than average risk for breast cancer as put forth by the 
U.S.  Preventive Services Task Force [8], the American Cancer Society [9], the 
American College of Obstetricians and Gynecologists [10], the American College 
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of Radiology [11], and the American College of Physicians [12]. Women at higher 
than average risk, particularly women at genetically high risk for breast are recom-
mended to start screening at a younger age than average-risk women and with sup-
plemental imaging such as contrast enhanced breast MRI, as mammography alone 
does not perform as well for this subgroup of individuals [13–17].

Despite benefits of mammographic screening with clear reduction in breast can-
cer mortality [18], there are limitations to mammography. Biologically more aggres-
sive cancers can become clinically obvious as an “interval cancer” in the time after 
a normal mammogram and some screen detected cancers are detected when already 
at a locally advanced stage [19]. Additionally, there are many women who do not 
participate in breast cancer screening, either by choice, lack of access to care, preg-
nancy, or because they fall outside of screening guidelines by virtue of age. Many 
young women at elevated risk for breast cancer based on family history, prior tho-
racic radiation for Hodgkin’s lymphoma or genetic predisposition, are often not 
identified as high-risk individuals and are not afforded the opportunity to participate 
in high-risk screening for early cancer detection. This group of women, when diag-
nosed with breast cancer, present with palpable disease, often more advanced than 
screen-detected asymptomatic breast cancer, where optimal management requires 
more intensive systemic management, more extensive local-regional measures with 
a less favorable long-term outcome.

Surgical resection of breast cancer remains the cornerstone of therapy for patients 
diagnosed with early stage breast cancer. Systemic therapy (chemotherapy, endo-
crine therapy, or targeted therapy) can reduce the risk of systemic relapse in patients 
with early stage breast cancer by killing disseminated cancer cells that escape the 
primary breast or local regional lymph nodes. Adjuvant systemic therapy refers to 
chemotherapy, endocrine therapy and/or targeted therapy delivered after definitive 
surgery and is the mainstay of treatment for early-stage breast cancer. The goal of 
adjuvant treatment is to eradicate micro metastatic disease and improve the likeli-
hood of long-term survival. Recommendations for adjuvant systemic therapy are 
developed with knowledge of complete pathologic characterization of the tumor, 
including tumor size, regional nodes, histologic subtype, grade, and biologic prog-
nostic factors (ER, PR, and HER2 expression). Selection of optimal adjuvant che-
motherapy and targeted therapy for early breast cancer has been the subject of 
expert panel review with recent published updates [20, 21] and has evolved in recent 
decades with advancement in our knowledge of biologic subtypes of breast cancer. 
In patients with early stage ER positive breast cancer, in addition to clinical- 
pathologic features, gene expression profile assays have been developed and studied 
prospectively (Oncotype DX Recurrence Score and MammaPrint) to help with 
clinical decision-making when determining whether to offer adjuvant systemic che-
motherapy in addition to endocrine therapy or if chemotherapy can be safely omit-
ted [22–25].

Neoadjuvant systemic therapy refers to the application of systemic therapy (che-
motherapy, endocrine therapy, or targeted therapy) prior to definitive surgical man-
agement. It is the treatment of choice for inflammatory breast carcinoma, which is 
an aggressive subtype of breast cancer with rapid disease progression and 
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propensity for early distant metastases [26, 27]. Before active systemic therapy for 
breast cancer was available, this subtype of breast cancer was associated with a very 
poor outcome with poor disease control with surgery alone or combined with radia-
tion therapy [28, 29]. Advances in multimodality therapy for inflammatory breast 
cancer have resulted in substantial improvements in survival in recent years with 
biologic subtype and response to neoadjuvant systemic therapy representing impor-
tant factors in predicting both local control and distant recurrence [27–29].

The initial application of neoadjuvant systemic therapy in the 1970s was for 
treatment of inoperable or locally advanced breast cancer where the risk of positive 
surgical margins was considered high or not achievable if surgical intervention were 
to be attempted first [30, 31]. Neoadjuvant systemic therapy was subsequently stud-
ied in the 1980s and 1990s for technically operable breast cancer with the goal of 
downstaging disease, improving candidacy for breast conservation [32, 33]. The 
primary goal was met in improving breast conservation rate. There was no differ-
ence noted in long-term outcome measures, including disease-free survival and 
overall survival based when systemic therapy was delivered prior surgery compared 
to the same regimen given after surgery. There was noted in these early trials, an 
improvement in pathologic complete response with more active regimens and emer-
gence of subgroups that appeared to benefit from this approach [33, 34]. With 
advances in knowledge of breast cancer biology, it is now understood that response 
to contemporary systemic therapy, whether delivered before or after surgical inter-
vention, is driven by breast cancer subtype [35–37].

Because the primary tumor remains intact during therapy, treatment strategies 
using neoadjuvant therapy allow for monitoring of response to treatment. Disease 
progression, while infrequent, can occur while receiving neoadjuvant systemic ther-
apy. Patients should be evaluated regularly during treatment. Early identification of 
progression should prompt discontinuation of systemic therapy and allow the patient 
to move on to surgical intervention [38]. Outside of a clinical trial, surgical inter-
vention should not be omitted after neoadjuvant systemic therapy, even in the pres-
ence of a good clinical response as a significant risk of local-regional disease 
recurrence has been reported when primary systemic treatment was not accompa-
nied by surgical intervention (i.e., treated with radiation alone) [39].

It was observed from initial trials of neoadjuvant systemic therapy that patients 
who achieve a pathologic complete response have a significantly better prognosis 
than those with residual disease [40, 41]. A pooled analysis of 12 neoadjuvant breast 
cancer clinical trials published in 2014 demonstrated that patients who attained 
pathologic complete response (pCR) defined as ypT0 ypN0 or ypT0/is ypN0 had 
improved survival [42]. This pooled analysis also showed the prognostic value of 
achieving pCR was greatest in aggressive tumor subtypes, particularly patients with 
triple-negative and HER2-positive disease [42, 43]. A trend toward significance has 
also been observed for hormone-receptor-positive tumors, likely driven by higher 
grade tumors. As our understanding of biologic subtypes of breast cancer has 
advanced in recent decades, more tailored approaches of systemic therapy have 
been adopted in trials studying neoadjuvant treatments [44–46]. From a research 
perspective, the neoadjuvant setting has become a model for translational research 
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allowing opportunity to study tumor response in the intact tumor. This remains an 
active area of study for evaluation of predictive markers, efficacy of novel agents 
and surrogate endpoints [47–50].

The association between achievement of pathologic complete response and 
improved long-term outcomes in aggressive subtypes of breast cancer is thought to 
reflect tumor biology and systemic clearance of micro metastatic disease [42, 43]. 
This concept has highlighted the potential of optimizing therapy in the adjuvant 
setting based on pathologic response to neoadjuvant therapy. Although the associa-
tion of pathologic complete response with improved long-term outcomes is recog-
nized for HER2-positive and triple-negative breast cancer, this is less understood for 
lower grade hormone-receptor-positive breast cancer where PCR is less commonly 
achieved, and adjuvant endocrine therapy is the mainstay of systemic therapy 
[42, 43].

Developing an optimal neoadjuvant systemic approach depends on the ability to 
accurately assess the anatomic stage of disease based on clinical findings. This 
includes estimated tumor size, typically by imaging, histologic subtype, grade, bio-
markers, including ER, PR and HER2 status (based on core needle sampling of the 
tumor), and clinical assessment of regional nodes by imaging. Clinically suspicious 
nodes should be assessed with needle biopsy [20, 21]. As with adjuvant systemic 
therapy, selection of systemic therapy is guided by tumor histology, grade, ER, PR, 
HER2 analysis, and menopausal status of the patient [21].

As therapeutic decisions regarding neoadjuvant systemic therapy are based on 
the ability to assess stage up-front, this approach should be reserved for patients 
where an accurate clinical assessment of stage can be ascertained prior to surgery. 
In patients with operable breast cancer, where pathologic information from surgical 
resection such as accurate size of invasive disease, nodal status, or a gene expression 
profile assay is needed to determine if chemotherapy should be recommended or 
withheld, the patient should be offered up-front surgery. Otherwise, there is the pos-
sibility of over- or underestimating clinical stage, resulting in overtreatment or 
undertreatment of the patient. Physical examination and results obtained with imag-
ing modalities can be less accurate or uncertain than surgical staging. Accurate 
nodal staging may affect radiation therapy options [51]. The optimal management 
of patients appropriate for neoadjuvant systemic therapy requires delivery of care 
by a multidisciplinary breast care team. Guidelines for the application of neoadju-
vant systemic therapy, including goals, patient selection, benefits, and limitations, 
will be the focus of this chapter.

 Goals of Neoadjuvant Systemic Therapy

The term “neoadjuvant systemic therapy” refers to delivery of systemic therapy 
(chemotherapy, endocrine therapy, and targeted therapy) in the preoperative setting. 
The goal of systemic therapy, whether administered prior to or after surgery to 
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patients with non-metastatic invasive breast carcinoma, is to reduce the risk of 
emergence of distant disease and improve the likelihood of long-term disease-free 
survival.

The additional goals of administering neoadjuvant systemic therapy prior to sur-
gery are several. For locally advanced inoperable disease, the goal is to create surgi-
cal opportunities as part of local management of disease. For patients with 
inflammatory breast cancer, neoadjuvant therapy is considered a standard of care 
given poor outcome when surgery is attempted first due to local regional extent of 
disease, involvement of skin lymphatics with tumor emboli, and propensity for dis-
seminated microscopic disease at presentation.

In individuals with operable locally advanced disease, the goal is to downstage 
disease, reducing the extent of surgery needed to provide local regional control of 
disease. Downstaging of disease prior to surgery may allow breast conservation 
rather than mastectomy or less extensive axillary surgery reducing the risk of mor-
bidity from local regional therapy, including pain and lymphedema [35, 37, 51, 68].

Administering systemic therapy prior to surgery in patients with clinically mea-
surable disease allows for monitoring of response and discontinuing of therapy in 
the uncommon event of progression [38]. Neoadjuvant systemic therapy can also 
permit evaluation of the effectiveness of systemic therapy as determined by degree 
of pathologic response. For newly diagnosed breast cancer, where up-front surgery 
is feasible without the need to downsize disease, the application of neoadjuvant 
systemic therapy has become recommended for certain subtypes such as high-risk 
triple- negative and HER2 overexpressing breast cancer, where pathologic response 
to initial therapy has strong prognostic implications and can be used to tailor adju-
vant therapy recommendations [66, 67, 77].

For patients that are candidates for surgery and candidates for adjuvant systemic 
therapy, but have a need to delay surgery, neoadjuvant systemic therapy can be con-
sidered. Examples where patient may need to delay surgery would include, awaiting 
results of cancer genetic testing to assist with surgical decisions, allowing time to 
consider options for breast reconstruction or operating room availability as was 
affected in many centers during the height of the COVID 19 pandemic [69].

 Multidisciplinary Management

Patients undergoing neoadjuvant systemic therapy should optimally receive man-
agement by a multidisciplinary breast care team to assure optimal patient outcome. 
Engagement of the multidisciplinary breast care team is recommended early in pre-
treatment evaluation and management of patients with locally advanced breast car-
cinoma. Early involvement of plastic surgery can aid in surgical planning. Patients 
should be assessed for eligibility for clinical trials when available. Early involve-
ment of genetic counseling should be considered, as results of testing may inform 
surgical decisions. Referral for lymphedema evaluation should be considered early 
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for patient education and baseline arm measurements as patients with locally 
advanced disease at presentation are at elevated risk for developing lymphedema. 
Fertility counseling should be offered for premenopausal women. Psychosocial 
support should be offered to assure the patient is able to fully understand and navi-
gate treatment options. Optimal patient outcomes require coordinated management 
and input by the entire breast care team. Goals of care should be carefully commu-
nicated with patient engagement in decision-making [2].

 Patient Selection for Neoadjuvant Systemic Therapy

 Locally Advanced Inoperable Breast Cancer

 Definition

The need to identify locally advanced inoperable breast carcinoma as a separate 
group of disease arose from recognition of the high associated rate of local regional 
and systemic failure despite the best efforts of surgeons to remove locoregional 
spread of the disease in its entirety. The definition of locally advanced, inoperable 
breast cancer has changed in time with changes in paradigms for breast cancer man-
agement. In the early 1900s, when the radical mastectomy was the surgical standard 
for management of breast cancer, criteria for breast cancer operability were set forth 
in a publication in 1943 [52]. These criteria were based on an inclusive review of 
1040 cases of breast carcinoma seen at the Presbyterian Hospital New York during 
the period of 1915 to 1934. At the time, there were surgeons who would perform 
radical mastectomies in very advanced cases of breast cancer, holding to the theory 
that patients should be given the potential opportunity for cure even when the likeli-
hood was exceeding small. To improve the results achieved with radical mastec-
tomy, early criteria were established describing “grave signs of locally advanced 
breast carcinoma” not considered curable even by radical surgery. Signs of inoper-
ability at the time included ulceration of the skin, edema of the skin, tumor fixation 
to the chest wall, axillary lymph nodes measuring at least 2.5 cm, fixation of axillary 
nodes to the skin or deeper structures of the axilla [52, 53].

The American Joint Commission on Cancer (AJCC) published the first edition of 
the TNM staging system in 1977 to define extent of disease categories for breast 
cancer. The TNM system refers to primary tumor size (T), regional nodal status (N), 
and the presence or absence of distant organ metastases (M). There are defined sub-
sets in each category based on clinical pathologic measurements with overall stage 
assigned based on subset grouping. The TNM staging system has evolved over the 
past five decades along with the contemporary era of clinical trials and has under-
gone several revisions since this initial publication [54]. The definition of locally 
advanced breast cancer has changed in time with the refinements in multimodality 
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treatment as has the outcome in this select group of patients with very advanced 
local-regional disease.

It is noteworthy that many studies cited on the topic of neoadjuvant systemic 
therapy used prior editions of the TNM staging system to define patients with locally 
advanced breast carcinoma and outcomes from clinical trials [37, 39, 55]. The cur-
rent eighth edition of the AJCC cancer staging manual includes two staging sys-
tems, the anatomic and pathologic stages. The anatomic stage focuses on anatomic 
extent of disease based on tumor size, nodal status, and distant metastasis. The 
prognostic stage system incorporates tumor grade, hormone-receptor status, HER2 
status, and results of gene expression array, if obtained, to more accurately predict 
a patient’s outcome. Where guidelines for patient selection are discussed in this 
chapter, the staging system as provided in the eighth edition forth in the eighth edi-
tion of the AJCC staging manual is used [54].

Presently, locally advanced breast carcinoma breast cancer can be defined as a 
subset of breast cancers characterized by the most advanced stages of disease in the 
absence of distant metastases [56, 57]. Approximately 10–15% of breast cancer is 
diagnosed at a locally advanced stage. Locally advanced breast cancers are further 
divided into operable or inoperable based on the probability of achieving negative 
margins on histopathologic examination, with the initial surgical approach per-
formed as part of long-term reduction in local regional recurrence. Locally advanced 
breast carcinoma encompasses a very heterogeneous group of breast cancer, includ-
ing patients with large breast masses at least 5  cm in size with positive axillary 
lymph nodes, chest wall invasion, and/or skin involvement such as satellite nodules 
or ulceration, and patients with extensive involvement of regional nodes with or 
with significant disease in the breast. In some cases of locally advanced breast can-
cer there may be secondary inflammatory changes. These cases are more frequently 
seen in individuals or communities that lack resources for appropriate screening and 
treatment [57]. Individuals with locally advanced inoperable disease have a higher 
risk of local regional relapse and distant relapse with lower rates of long-term sur-
vival compared to individuals who receive treatment for early-stage breast carci-
noma. The outcome for patients with locally advanced breast cancer has improved, 
however, with contemporary systemic therapy and multimodality therapy, including 
the application of neoadjuvant systemic therapy and delivery of postsurgical local 
regional radiation therapy [57].

Inflammatory breast carcinoma is a rare form of locally advanced breast carci-
noma. It is considered inoperable up front due to the aggressive nature of this dis-
ease, high risk of systemic spread, and involvement of skin with tumor emboli in 
dermal lymphatics [58]. True de novo inflammatory breast carcinoma represents a 
more uniform entity with a distinct biological identity often occurring in younger 
women. Although a rare entity, representing 2–3% of breast cancers diagnosed 
annually in the United States, inflammatory breast cancer accounts for 8–10% of 
breast cancer-related death [58].
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 Pretreatment Evaluation for Non-inflammatory Locally Advanced 
Breast Cancer

Initial evaluation should include a history and physical exam, including clinical 
examination of the breast, skin, and regional nodes. CBC and comprehensive meta-
bolic panel, including liver function tests, should be assessed. Diagnostic breast 
imaging should include diagnostic mammogram and ultrasound of the affected 
breast and regional nodes as well as screening images of the unaffected breast if not 
recently performed per NCCN guidelines [62]. MRI may be considered to assess 
the extent of breast involvement, assess for chest wall involvement, extent of nodal 
involvement, and can serve as a baseline for monitoring response to neoadjuvant 
therapy, particularly when extent of disease is not well defined on diagnostic mam-
mography and ultrasound [59, 60].

Image-guided core-needle biopsy of the breast with placement of an image 
detectable marker of the breast abnormality is required for confirmation of the diag-
nosis of invasive carcinoma. Pathology assessment should include tumor histology, 
estimated grade, biomarkers including estrogen receptor (ER), progesterone recep-
tor (PR), and HER2 status. The use of gene expression assays has not been vali-
dated at this time for use in the preoperative setting for clinical decision-making. 
Palpable or clinically suspicious nodes on imaging should undergo either core- or 
fine-needle aspiration for a more accurate determination of tumor stage given its 
prognostic value. The placement of a biopsy clip should be strongly considered 
when performing a core-needle biopsy, as use of the clip can improve the rate of 
successful surgical resection of biopsy-proven metastatic axillary lymph nodes 
[61, 62].

Evaluation for distant disease is appropriate in this subgroup of patients, even in 
the absence of symptoms as patients with locally advanced disease are at higher risk 
for having disseminated disease at presentation. Laboratory evaluation should 
include CBC and complete metabolic panel. Nuclear bone scan and contrast- 
enhanced CT of the chest, abdomen, and pelvis are usually adequate in assessing for 
clinical metastases. Additional imaging, including positron emission tomography 
and MRI, may be required in some situations. Areas suspicious for distant metasta-
ses should undergo biopsy, if feasible, to confirm presence of metastatic disease. 
Brain MRI is recommended for patients with CNS symptoms.

 Pretreatment Evaluation for Inflammatory Breast Cancer

The diagnosis of inflammatory breast carcinoma is based on the clinical presenta-
tion and presence of invasive carcinoma on breast core-needle biopsy. Patients typi-
cally present with rapidly progressive inflammation of the breast, skin changes, 
including increased warmth, skin color changes (pink flushed, red, or purplish hue), 
and a thickening of the skin. The nipple may appear flattened or retracted. An asso-
ciated palpable mass may be noted as well as adenopathy on clinical exam.
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Breast imaging should include diagnostic mammogram and ultrasound of the 
affected breast and regional nodes as well as screening on the contralateral side. 
Breast MRI can be considered to assess extent of breast involvement, find a target 
for core-needle biopsy, assess for chest wall abnormalities, assess the contralateral 
breast, and provide a baseline for monitoring response to neoadjuvant therapy 
[59, 60].

Core-needle biopsy of the area of concern in the breast is necessary for the initial 
diagnosis of invasive carcinoma. Full-thickness skin punch biopsy may be obtained 
to assess for dermal lymphatic invasion by tumor cells which is a clinical feature 
observed in most cases, but is not necessary to make the diagnosis of inflammatory 
breast carcinoma. Estrogen receptor, progestin receptor, and HER2 testing is 
required to guide neoadjuvant systemic therapy. Palpable or clinically suspicious 
nodes on imaging should also undergo either core- or fine-needle aspiration for a 
more accurate determination of tumor stage given its prognostic value, with clip 
placement for identification at the time of surgery if core biopsy is performed 
[61, 62].

Staging and pretreatment evaluation include complete blood count, liver function 
tests, serum alkaline phosphatase. Contrast enhanced CT scans of the chest, abdo-
men, and a bone scan are recommended to rule out metastatic disease at presenta-
tion. An FDG PET-CT can be performed at the same time as diagnostic CT and may 
be helpful in situations where standard imaging studies are equivocal or suspicious. 
FDG PET-CT may also be helpful in identifying unsuspected regional nodal disease 
and or distant metastases in locally advanced breast cancer, when used in addition 
to standard staging studies [62]. Brain imaging should be obtained if there are clini-
cal concerns for CNS metastasis.

Inflammatory breast carcinoma is designated as T4d in the American Joint 
Commission on Cancer (AJCC) Tumor, Node, Metastasis (TNM) staging system 
[54]. The following diagnostic criteria must be met: Rapid onset of breast erythema, 
edema, peau d’orange and/or breast warmth with or without an underlying palpable 
mass; duration of history no more than 6 months; erythema occupying at least one 
third of the breast; and pathologic confirmation of invasive breast carcinoma [58].

 Clinical Stage Assignment

Once the above information is assessed, patients should be assigned a clinical stage 
according to the AJCC Cancer Staging System [54]. Table 14.1 summarizes defini-
tions for tumor size (T), Table 14.2 summarizes the definitions for regional lymph 
node (N), and Table 14.3 summarizes definitions for distant metastases (M), as put 
forth in this edition. The designation “c” prior to each category refers to clinical 
stage. The designation “p” refers to pathologic stage. Clinical prognostic stage is 
provided in this chapter when discussing clinical scenarios. The current AJCC 
Cancer Staging Manual should be referenced for full staging information. This may 
also be found in the current NCCN Guidelines for breast cancer [54, 62].
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Table 14.1 America Joint committee on Cancer (AJCC) staging. Clinical and pathologic primary 
tumor (T) category

T 
categorya T criteria

T0 No evidence of primary tumor
Tis 
(DCIS)

Ductal carcinoma in situ

T1 Tumor ≤20 mm in greatest dimension
   T1mi Tumor ≤1 mm in greatest dimension
   T1a Tumor >1 mm but ≤5 mm
   T1b Tumor >5 mm but ≤10 mm
   T1c Tumor >10 mm but ≤20 mm
T2 Tumor >20 but ≤50 mm in greatest dimension
T3 Tumor >50 mm in greatest dimension
T4 Tumor of any size with direct extension to the chest wall and or to the skin 

(ulceration or skin nodules); invasion of the dermis alone does not qualify as T4
   T4a Extension to the chest wall; invasion or adherences to pectoralis muscle in the 

absence of invasion of chest wall structures does not qualify as T4
   T4b Ulceration and/or ipsilateral macroscopic satellite nodules and or edema (including 

peau d’orange) of the skin that does not meet the criteria for inflammatory 
carcinoma

   T4c Both T4 a and T4b are present
   T4d inflammatory carcinoma

After neoadjuvant therapy, prefix yp is used
aBased on the largest contiguous focus of residual invasive cancer, if present. When multiple foci 
of tumor are present, the (m) modifier is used

Table 14.2 America Joint committee on Cancer (AJCC) staging. Clinical regional lymph nodes 
(cN) category

cN 
categorya cN criteria

cN0 No regional lymph node metastasis
cN1 Metastases to movable ipsilateral level I, II axillary lymph node(s)
cN1mib Micrometastases (200 cells, larger than 0.2 mm, but none larger than 2.0 mm)
cN2 Metastasis in ipsilateral level 1, 2 axillary lymph nodes that are clinically fixed or 

matted (cN2a)
or in ipsilateral internal mammary nodes in the absence of axillary lymph node 
metastases (cN2b)

cN3 Metastases to ipsilateral infraclavicular (level 3) axillary lymph nodes (cN3a)
Metastasis to the ipsilateral internal mammary nodes detected by imaging studies 
(including CT scan and ultrasound) or by clinical examination in conjunction with 
level I, II, lymph node metastases (cN3b)
Metastases to ipsilateral supraclavicular (level III) axillary lymph nodes regardless 
of presence or absence of axillary or internal mammary nodal involvement (cN3c)

Note: (sn) and (f) specifics should be added to the end category to denote confirmation of metasta-
sis by sentinel node biopsy or fine-needle aspiration/core-needle biopsy, respectively
aIncludes lymph nodes detected by clinical examination or imaging
bcN1mi is rarely used but may be appropriate in cases where sentinel node biopsy is performed 
before tumor resection
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 Clinical Scenario 1: Inflammatory Breast Cancer

Clinical Prognostic Stage IIIC, cT4d, cN2b, cM0, ER, PR, and HER2 Negative

A patient in her early 30s presents with left breast pain, swelling, skin changes, 
including erythema, increased warmth, and heaviness of the breast of a few weeks’ 
duration. The patient also notes a palpable mass in the superior aspect of the left 
breast. There is a paternal family history of breast cancer in two aunts diagnosed 
before the age of 40. Exam is remarkable for swelling, erythema, edema involving 
the entire left breast with a palpable mass involving the superior left breast span-
ning 5–6 cm.

Diagnostic breast imaging is obtained with diagnostic mammograms (Fig. 14.1a) 
and ultrasound demonstrating a suspicious irregular mass upper outer left breast, 
possible regional distortion and diffuse left breast skin thickening. Multiple enlarged 
nodes are noted on ultrasound. Breast MRI more accurately demonstrates extent of 
disease in this patient (Fig. 14.1b).

Core biopsy, ultrasound-guided left breast demonstrates invasive, poorly differ-
entiated carcinoma. Estimated grade 3, ER negative, PR negative, HER2 negative. 
Core biopsy of a left axillary node demonstrates metastatic carcinoma, poorly dif-
ferentiated. Labs are normal. Staging PET-CT (Fig. 14.2) confirms locally advanced, 
non-metastatic breast carcinoma.

The patient meets NCCN criteria for genetic testing based on her age of presen-
tation and family history [72]. A pathogenic mutation in BRCA1 is identified on 
cancer genetic testing.

Clinical Prognostic Stage: IIIC, cT4d, cN3b, cM0, high grade, ER, PR, and 
HER2 negative

Neoadjuvant chemotherapy is the standard initial approach for inflammatory 
breast carcinoma. The optimal chemotherapy regimen and schedule for inflamma-
tory breast carcinoma is not defined. Based on expert consensus recommendations, 
an anthracycline and taxane-based neoadjuvant regimen is typically recommended 
for patients with inflammatory breast carcinoma, such as dose dense doxorubicin 
and cyclophosphamide followed by paclitaxel [26, 27]. For tumors that overexpress 
HER2, inclusion of HER2-directed agents are indicated with polychemotherapy.

Table 14.3 America Joint committee on Cancer (AJCC) staging. Distant metastases (M)

M0 No clinical or radiographic evidence of distant metastases
cM0 
(+)

No clinical or radiographic evidence of distant metastases in the presence of tumor cells 
or deposits larger than 0.2 mm detected microscopically or by molecular techniques and 
circulating blood, bone marrow, or other non -regional nodal tissue in patient without 
symptoms or signs of metastases

cM1 Distant metastases detected by clinical and radiographic means
pM1 Any histologically proven metastases and distant organs; or if in non-regional nodes, 

metastases greater than 0.2 mm.
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a b

Fig. 14.1 Diagnostic mammograms (a) left breast with suspicious irregular mass upper outer left 
breast and possible regional distortion left cc view with diffuse left breast skin thickening as 
pointed out by arrow. Limited left breast ultrasound (not pictured) with multiple enlarged left axil-
lary lymph nodes. MRI breast images (b) more accurately demonstrates extent of disease in this 
patient with combination of mass and non-mass regional enhancement throughout the superior 
aspect left breast extending up to 10 cm with additional scattered areas of mass and non-mass 
enhancement seen inferiorly in the breast suspicious for multicentric disease. Left axillary adenop-
athy, including level 3, in addition to left internal mammary lymphadenopathy is noted on MRI

Fig. 14.2 PET-CT with 
hypermetabolic mass 
within the left superior 
lateral breast compatible 
with primary breast 
carcinoma. Large areas of 
increased radiotracer 
throughout the left breast 
fibro-glandular tissue 
concerning for multicentric 
tumor involvement. 
Multiple FDG-avid left 
axillary and internal 
mammary lymph nodes are 
noted. Presence of skin 
thickening is designated by 
arrow

K. Bobolis



303

Patients with inflammatory breast carcinoma who have operable disease follow-
ing neoadjuvant therapy should proceed with mastectomy and axillary dissection. 
Skin sparing mastectomy is contraindicated in inflammatory breast carcinoma given 
the high risk for local failure. Immediate reconstruction following surgery should be 
avoided given the high risk for local recurrence. Radiation therapy is recommended 
following mastectomy [26–29]. Patients with high-risk residual disease following 
neoadjuvant chemotherapy may be considered for additional systemic therapy—as 
offered for non-inflammatory locally advanced breast carcinoma with residual 
disease.

Care by a multidisciplinary breast team is key to help the patient with decision- 
making regarding the role contralateral prophylactic mastectomy versus high-risk 
screening for the remaining breast in the setting of a BRCA 1 mutation. Fertility 
preservation options should be addressed prior to starting neoadjuvant therapy, but 
should be provided in a timely manner given urgency of initiating systemic therapy 
for individuals with inflammatory breast carcinoma. Gynecology oncology should 
be engaged for discussion of risk reducing salpingo-oophorectomy, including 
appropriate timing of this procedure and whether to consider hysterectomy with 
salpingo-oophorectomy in the setting of a BRCA1 pathogenic variant.

 Clinical Scenario 2: Locally Advanced, Inoperable Breast Cancer, ER 
Positive, Premenopausal

Clinical Prognostic Stage IIIB, cT4b, cN2, cM0, Grade 2 Invasive 
Ductal Carcinoma

A female in her mid-30s presents with a palpable mass right breast of several 
months’ duration. Exam is remarkable for a very large mass spanning more than 
10 cm with edema and erythema although not meeting clinical criteria for inflam-
matory breast cancer. Several enlarged axillary nodes are palpated on clinical exam.

Diagnostic mammograms demonstrate heterogeneously dense breast tissue with 
suggestion of architectural distortion craniocaudal view right breast (Fig. 14.3a) and 
asymmetrically enlarged right axillary nodes (Fig. 14.3b). Ultrasound right axilla 
demonstrates several enlarged axillary nodes with abnormal morphology, thickened 
cortex. Breast MRI (Fig. 14.4) demonstrates extensive enhancement throughout the 
anterior two thirds of the right breast measuring 9 × 9 × 8 cm. Multiple enlarged 
right axillary lymph nodes are also noted. An area of non-mass enhancement left 
breast was also noted designating an area of suspected DCIS (Fig. 14.4).

Image-guided core biopsy right breast: Invasive ductal carcinoma, estimated 
grade 2, ER positive, PR positive, and HER2 negative. Core biopsy right axillary 
node: Metastatic carcinoma.

Contrast-enhanced CT chest, abdomen, and pelvis demonstrate a large right 
breast mass with axillary adenopathy. Nuclear medicine bone scan demonstrates no 
evidence of osseous metastases.
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a

b

Fig. 14.3 Diagnostic mammograms with demonstrated heterogeneously dense breast tissue with 
suggestion of architectural distortion (arrow) right breast CC view (a) and asymmetrically enlarged 
right axillary nodes (arrow) right MLO view (b)
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Genetic testing is offered with results negative for pathogenic variant in an 11 
gene breast caner panel. Fertility counseling is also offered. Patient is G2P2 and 
opted not to pursue fertility counseling.

The patient is considered locally advanced, nonoperable by virtue of the very 
large right breast cancer measuring close to 10 cm with overlying skin changes.

Clinical prognostic stage is IIIB (cT4b, cN2, cM0) grade 2, invasive ductal car-
cinoma, ER positive, PR positive, and HER2 negative.

Neoadjuvant systemic chemotherapy is prescribed with dose-dense Adriamycin 
Cytoxan followed by weekly Taxol with a favorable, although incomplete, clinical 
response to therapy. The large central right breast mass becomes significantly 
smaller on exam (5–6 cm) after neoadjuvant chemotherapy with marked reduction 
in palpable adenopathy and complete resolution of skin erythema and edema over-
lying central lateral inferior breast. A restaging MRI prior to surgery (Fig. 14.5) 
confirms a favorable response to therapy by imaging.

The patient undergoes right mastectomy with right axillary node dissection for 
local regional management after neoadjuvant chemotherapy. Right breast pathology 
demonstrates invasive mammary/ductal carcinoma with lobular features, poorly 

Fig. 14.4 Breast MRI: extensive enhancement throughout the anterior two-thirds of the right 
breast measuring 9 × 9 × 8 cm. Multiple enlarged right axillary lymph nodes. Extent of disease is 
much better appreciated on MRI compared to mammography in this young woman with dense 
breast tissue. An area of non-mass enhancement left breast denotes an area of suspected DCIS, 
confirmed on biopsy (arrow)
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differentiated, grade 3. Tumor size measures at least 9 cm, central site with involve-
ment of all four quadrants. Margins are uninvolved by 6 mm. Treatment effect is 
present. Metastatic carcinoma is noted in 13 of 30 lymph nodes.

Pathologic Stage: ypT3, ypN3a, M0 ER positive, PR negative, and HER2 
negative.

She opts for simple left mastectomy. Left breast pathology: Ductal carcinoma in 
situ, intermediate nuclear grade. Architectural patterns: Solid, cribriform, and com-
edo patterns with microcalcifications and lobular extension. Estimated extent 
2.6 cm. Tumor site: Retroareolar. Margins are widely uninvolved.

Pathologic Stage 0: ypTis, cN0
Adjuvant radiotherapy post-mastectomy is recommended to the right chest wall 

and comprehensive nodal basin. Adjuvant endocrine therapy is also recommended 
with consideration for ovarian suppression along with an endocrine agent.

Referral to plastics is recommended early during the course of treatment to dis-
cuss the option of delayed reconstruction. Early referral for lymphedema assess-
ment is also recommended given the high risk for developing lymphedema in this 
clinical scenario due to extent of axillary node involvement and need for both axil-
lary dissection and radiation for local regional management.

First Phase
Right

Fig. 14.5 Breast MRI post-neoadjuvant chemotherapy. Findings are consistent with moderate 
imaging response to neoadjuvant chemotherapy with patchy areas of residual enhancement right 
breast (arrow). Less enhancement of left breast DCIS also noted
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 Clinical Scenario 3: Locally Advanced, Inoperable Breast Cancer, 
HER2 Positive

Clinical Prognostic Stage IIIC, cT1mi, cN3, cM0, ER Negative, PR Negative, 
and HER2 Positive

A female in her early 60s presents with left axillary discomfort and a sizable mass 
palpable left axilla. She last participated in screening 3 years ago. She reports a fam-
ily history of breast cancer in a paternal aunt in her 60s. Diagnostic mammogram 
and ultrasound (not shown) reveal confluent multiple pathologic-appearing left axil-
lary nodes with subtle asymmetric distortion and microcalcifications left upper 
outer breast. Biopsy of left breast calcifications: high grade DCIS with micro- 
invasive high-grade ductal carcinoma, ER 0, PR 0, HER2 3+, 100% by immunohis-
tochemistry. Biopsy of axillary node reveals metastatic carcinoma.

Breast MRI (Fig. 14.6) demonstrates multiple abnormally enlarged lymph nodes 
spanning left axillary levels 1 through 3, including bulky adenopathy level 1 as well 
as supraclavicular versus low cervical adenopathy.

a b

c d

Fig. 14.6 MRI breast: non-mass enhancement in the upper outer quadrant left breast spanning 
several cm with signal void related to biopsy clip (a). There are multiple abnormally enlarged 
lymph nodes spanning left axillary levels 1 through 3 with a 3.6 cm node level 1 region containing 
a biopsy marker clip (b). The largest level 1 axillary node measures 5 cm (c). There is a supracla-
vicular node measuring 1.8  cm (not pictured). No internal mammary adenopathy noted. MIP 
image (d) demonstrates marked axillary involvement
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Systemic staging with PET-CT demonstrates multiple abnormal nodes, involv-
ing the left supraclavicular, left axillary, and left subpectoral regions (Fig. 14.7).

Clinical Prognostic Stage is IIIB, cTmi, cN3c, cM0, grade 3, invasive microinva-
sive ductal carcinoma left breast, ER negative, PR negative, HER2 positive.

Given presence of bulky, fixed left axillary adenopathy, the patient is not a can-
didate for up-front surgical resection. There is also a high likelihood disseminated 
microscopic disease in this aggressive subtype of breast cancer which is HER2 posi-
tive. Neoadjuvant systemic polychemotherapy incorporating HER2-targeted mono-
clonal antibodies is indicated to reduce risk of emergence of systemic disease and 
downstage disease prior to surgery.

Despite presenting with advanced inoperable breast carcinoma, this subtype of 
breast cancer can be highly responsive to neoadjuvant systemic polychemotherapy 
combined with dual anti-HER2 antibodies. Pathologic response to upfront polyche-
motherapy and HER2-targeted monoclonal antibodies is highly prognostic in this 
setting and will influence recommendations for adjuvant anti-HER2 therapy. 
Adjuvant radiotherapy, including comprehensive nodal basin irradiation, would be 
appropriate after surgery. The goal of therapy is cure. The extent of adenopathy as 
well as the extent of local regional therapy needed to achieve local regional control 
of disease places this patient at high risk for therapy-related lymphedema. It would 
be appropriate to refer for lymphedema evaluation early in the course of care as well 
as plastic surgery to discuss the option of delayed reconstruction.

Fig. 14.7 PET-CT image 
above demonstrates 
multiple abnormal nodes, 
including supraclavicular, 
left axillary, and left 
subpectoral regions. Subtle 
findings of architectural 
distortion noted with mild 
left FDG activity noted 
along the left lateral aspect 
of the left breast at the site 
of biopsy proven DCIS 
with microinvasion
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 Clinical Scenario 4: Locally Advanced, Inoperable Breast Cancer, 
Triple- Negative Breast Cancer

A female in her late 50s presents with painless swelling in her left axilla. She last 
participated in screening 18 months ago. Diagnostic mammograms (Fig. 14.8a) and 
targeted ultrasound of the left breast reveal two masses, each less than 2  cm 
(Fig. 14.9a, b). Extensive suspicious left axillary adenopathy is noted on mammog-
raphy (Fig. 14.10a). Ultrasound of the left axilla demonstrates multiple abnormal 
prominent lymph nodes accounting for patient’s clinical presentation (Fig. 14.10c).

a b

Fig. 14.8 Diagnostic mammogram CC view (a) demonstrates two new masses, central left breast. 
More anterior mass measures 1.3 cm (blue arrow). The mass at middle depth measures 1.2 cm (red 
arrow). These masses were not present on screening study 18 months prior (b)

a b

Fig. 14.9 Ultrasound of left breast 12:00 position, 1 cm from the nipple demonstrated an irregular 
hypoechoic mass measuring 1.2 × 1.1 × 1.0 cm (a). Ultrasound of the left breast 12 o’clock posi-
tion, 4 cm from the nipple demonstrated a similar but smaller mass measuring 0.7 × 0.6 × 0.6 cm (b)
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Core-needle biopsy of both breast lesions demonstrate invasive ductal carci-
noma, grade 3, ER negative, PR negative, and HER2 negative. Left axillary needle 
biopsy demonstrates metastatic carcinoma.

Breast MRI (Fig. 14.11) confirms two masses in the left breast with very exten-
sive adenopathy left axilla involving levels 1–3. FDG PET-CT (Fig. 14.12) demon-
strated extensive hypermetabolic left axillary nodal metastases but no evidence of 
distant metastases.

Clinical prognostic stage is IIIC, cT1c (m), cN3a, cM0, grade 3 invasive ductal 
carcinoma left breast, ER negative, PR negative, and HER2 negative.

This patient meets criteria for locally advanced inoperable breast carcinoma 
based on the massive extent of axillary disease. There is also a high likelihood of 
disseminated microscopic disease in this aggressive subtype of breast cancer. The 

a b

c

Fig. 14.10 Mammogram LMLO view demonstrated multiple asymmetrically prominent abnor-
mal lymph nodes (a). These nodes were not noted on screening mammogram 18 months prior (b). 
Ultrasound of the left axilla demonstrates multiple abnormal prominent lymph nodes correspond-
ing to the patient’s palpable concern (c)
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Fig. 14.11 MRI 
demonstrates two masses 
in the left breast 
representing biopsy-proven 
malignancy (blue arrow). 
There is extensive left 
axillary adenopathy 
involving levels 1 through 
3 (red arrow). No evidence 
of malignancy in the right 
breast

Fig. 14.12 PET-CT shows 
two mildly hypermetabolic 
left breast masses 
compatible with biopsy- 
proven invasive mammary 
carcinoma (blue arrow). 
Extensive hypermetabolic 
left axillary lymph node 
metastases (red arrow)
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patient is appropriate for neoadjuvant systemic chemotherapy with an anthracycline 
and a taxane containing regimen with the goal of reducing local-regional disease 
and addressing micro metastatic disease. Carboplatin can be considered in the neo-
adjuvant setting in patients with triple-negative breast cancer to increase the likeli-
hood of pathologic complete response.

Pathologic response to neoadjuvant systemic chemotherapy is highly prognostic 
in patients with high grade triple-negative breast carcinoma. If less than a complete 
pathologic response is achieved, the patient should be considered for adjuvant ther-
apy with capecitabine or considered for a clinical trial.

Patients with triple-negative breast cancer diagnosed before age 60 meet NCCN 
criteria for genetic testing [72]. Given the extent of lymph node involvement, adju-
vant radiation after surgery, including comprehensive nodal fields is recommended. 
Lymphedema evaluation is also recommended early in the management of patients 
with extensive nodal disease given the high risk for lymphedema related to the vol-
ume of disease at presentation and extent of local regional measures needed for 
management of disease.

 Neoadjuvant Systemic Therapy for Operable Breast Cancer

Beyond established use for inflammatory, unresectable, and potentially resectable 
disease, selected patients with operable breast cancer warrant consideration of neo-
adjuvant systemic therapy. In appropriately selected patients, neoadjuvant systemic 
therapy can allow for improved surgical outcomes, prognostic information, and 
optimization of adjuvant therapy.

 Downstaging Disease (Stage IIB–IIIA)—Tailoring 
Surgical Options

Neoadjuvant systemic therapy has been used for more than two decades in patients 
with operable but locally advanced disease where downstaging is desired to reduce 
the extent of surgery required for local regional management.

This would include patients with large but operable tumors (T3, select T4) with 
or without disease in the axilla (N0, N1). Patients with large T2 lesions relative to 
breast size where breast conservation is desired can also be considered in this sub-
group where downstaging of disease in the breast is the goal of neoadjuvant sys-
temic therapy to improve cosmetic outcome from surgery.

For patients who present with N1 nodal involvement, effective neoadjuvant sys-
temic therapy may allow downstaging to pN0 by sentinel lymph node biopsy with 
avoidance of axillary dissection, reducing morbidity and reducing risk of 
lymphedema.
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The choice between breast conservation and mastectomy after neoadjuvant treat-
ment is dependent on treatment response. In general, patients who experience local 
regional progression, but not distant spread while on neoadjuvant systemic therapy, 
should proceed with surgery rather than switching systemic therapy.

The choice of chemotherapy, endocrine therapy, or targeted therapy is guided by 
the same principles used to determine systemic treatment in the adjuvant setting, 
including tumor histology, grade, stage and estrogen, progesterone, and HER2 
expression.

 Prognostic Information

Several studies have highlighted the prognostic significance of pathologic complete 
response after neoadjuvant chemotherapy. Achievement of a pathologic complete 
response after neoadjuvant chemotherapy is associated with significantly improved 
event-free survival and overall survival, particularly for aggressive biologic subtype 
such as triple-negative and HER2-positive breast cancer. The achievement of patho-
logic complete response as defined as ypT0 ypN0 or ypT0/is ypN0 is highly prog-
nostic in this subgroup of patients and is thought to reflect tumor biology and 
systemic clearance of micro metastatic disease.

Patients with hormone-receptor-positive disease who achieve a pathologic com-
plete response to neoadjuvant systemic therapy also have an improved outcome 
relative to those who do not. However, pathologic complete response to neoadjuvant 
therapy is less common in patients with hormone-receptor-positive breast cancer 
and does not hold the same prognostic value in this subset of patients where pro-
longed exposure to an endocrine agent (5–10  years) plays a significant role in 
impacting micro metastatic disease [41].

 Impact on Adjuvant Systemic Recommendations—Tailoring 
Medical Therapy

There are select patients with operable breast cancer where downstaging per se is 
not necessary to accomplish surgical goals, but assessing the degree of response to 
therapy is useful in tailoring adjuvant therapy recommendations. Neoadjuvant sys-
temic therapy can be considered in high-risk HER2-positive (Stage IIA, cT2 N0 
or T0-1 N1), and triple-negative breast cancer (Stage IA if cT1c N0—IIA, 
cT0-1 N1 or cT2 N0), as presence or absence of residual disease in this subgroup 
of patients is highly prognostic and would guide recommendations for adjuvant 
therapy. Achieving complete pathologic response identifies patients who are highly 
sensitive to up-front chemotherapy. Patients in this subgroup with residual disease 
are at higher risk for distant relapse and benefit from tailoring adjuvant therapy 
strategies to improve long-term outcome.
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 Delay in Surgery Is Needed

Patients with operable breast cancer who are candidates for surgery and candidates 
for adjuvant systemic therapy but have a need to delay surgery, can be considered 
for neoadjuvant systemic therapy. Examples where patient may need to delay sur-
gery would include awaiting results of cancer genetic testing to assist with surgical 
decisions. Allowing time to consider options for breast reconstruction can represent 
another scenario where neoadjuvant systemic therapy can be considered. Intercurrent 
illness or operating room availability, as was affected in many centers during the 
height of the COVID 19 pandemic [53], may also represent a situation where neo-
adjuvant systemic therapy can be considered.

 Pretreatment Evaluation

Workup prior to preoperative systemic therapy should include a history and physi-
cal exam. Diagnostic bilateral mammogram with ultrasound as indicated. Breast 
MRI is a consideration, particularly for mammographically occult tumors and 
where extent of disease is not well defined on mammography or ultrasound.

Image-guided core biopsy of the breast abnormality with placement of an image 
detectable marker is necessary to confirm the histologic diagnosis of invasive breast 
carcinoma and to provide tissue to assess ER, PR, and HER2 status.

Axillary assessment should be performed with physical exam and dedicated axil-
lary ultrasound with image-guided biopsy of suspicious nodes. An image-detectable 
clip should be placed at the time of image-guided biopsy to permit verification that 
the biopsy-positive lymph node is removed at the time of definitive surgery.

Pathology review of the core specimens are performed to establish the histo-
pathologic type of invasive breast cancer with estimated grade when possible. ER, 
PR, and HER2 status should be determined.

Genetic counseling should be considered if patient is at risk for hereditary breast 
cancer. Counseling for fertility options should be addressed if the patient is 
premenopausal.

Laboratory testing should include CBC, comprehensive metabolic panel, includ-
ing liver function tests and alkaline phosphatase.

Evaluation of distant disease: Routine systemic staging is not indicated for early 
breast cancer in the absence of symptoms (stage I and II). Diagnostic contrast- 
enhanced CT scan of the chest and abdomen and bone scan should be performed if 
clinical concern for metastatic disease, unless there is a contraindication because of 
contrast allergy. It is not unreasonable to consider systemic staging imaging for 
patients with Stage III disease, even in the absence of symptoms, as there is a higher 
risk for systemic disease in this subgroup. FDG PET-CT can be considered if con-
trast enhanced CT cannot be performed or if standard staging studies are equivocal 
or suspicious. FDG PET-CT may also be helpful in identifying unsuspected regional 
nodal disease in cases of locally advanced breast cancer when used in addition to 
standard staging studies [58].
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 Multidisciplinary Management

Management of patients recommended neoadjuvant systemic therapy optimally 
involves a multidisciplinary team that should include surgery, medical oncology, radi-
ation oncology, pathology, radiology and, in certain cases, plastic surgery, genetics 
provider, and research staff. As optimization of systemic and local therapies contin-
ues to evolve, participation in clinical trial should be considered for eligible patients.

Communication between the patient and clinician is very important when recom-
mending neoadjuvant systemic therapy for breast cancer. Clear communication 
regarding goals of delivering systemic treatment prior to surgery must be aligned 
with the patient’s goals of care whether for downstaging to reduce extent of surgery, 
allowing time for genetic results or plastics referral, or individualizing adjuvant 
therapy. Clinicians recommending neoadjuvant systemic therapy must also have a 
clear understanding of the goals of therapy and work closely with the multidisci-
plinary breast care team to assure that the team is also aligned regarding goals of 
care for an individual patient.

As there are differences in goals and indications for neoadjuvant systemic ther-
apy in patients with operable breast carcinoma depending on breast cancer subtype, 
the next sections will provide guidelines for selection of patients who are hormone- 
receptor positive, HER2 positive, and triple negative.

 Hormone-Receptor-Positive Breast Carcinoma

Hormone-receptor-positive breast cancer is the most common subtype of breast 
cancer, comprising 70–80% of all breast cancers. For women participating in rou-
tine screening, most of these cancers are screen detected at an early stage (T1-T2-N0) 
where up-front surgery can be performed without the need to downstage for optimal 
surgical results. When possible, patients diagnosed with early-stage hormone- 
receptor- positive breast (Stage IB-IIA) cancer should be offered surgery first to 
allow for assignment of clinical risk based on complete pathologic assessment 
(tumor size, nodal status, grade, degree of ER/PR expression). Where results of a 
gene expression assay would be useful in considering the use of systemic chemo-
therapy versus endocrine therapy alone for operable lower stage hormone-receptor- 
positive breast cancer, surgery should, in most situations, be performed first. Results 
from the long-term analysis of the phase III MINDACT trial and TAILORx trial 
have provided high quality data to help inform treatment decisions for many women 
with early stage breast cancer [20–23].

The main indication for neoadjuvant systemic therapy in hormone-receptor- 
positive breast cancer is to downstage disease in more locally advanced patients 
allowing for less extensive surgery needed to achieve local regional management. 
Patients with locally advanced breast cancer, stage IIIA (T3, N1) as well as a subset 
of stage IIB cancers with T2, N1 or T3, N0 disease would fall in this category [55, 
63, 70].
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For patients with stage IIA disease, either primary surgery or neoadjuvant ther-
apy may be used in patients who desire breast-conserving surgery and are not can-
didates up-front due to a high tumor size (large T2) relative to breast size.

Hormone-receptor-positive, HER2-negative cancers are less likely to respond to 
neoadjuvant chemotherapy than other biologic subtypes, such as HER2-positive or 
triple-negative breast cancer. Lower grade hormone-receptor-positive cancers are 
less likely to respond to neoadjuvant chemotherapy than higher grade tumors. This 
observation does not necessarily negate a benefit of systemic chemotherapy 
in locally advanced disease if downstaging is desired, but should serve to set expec-
tations when selecting patients for this approach.

Pathologic complete response is not common in hormone-receptor breast cancer 
compared to other biologic subtypes, such as HER2-positive or triple-negative 
breast cancer where the greatest benefit of pCR is observed. Among hormone- 
receptor- positive tumors, pCR rates with neoadjuvant systemic chemotherapy are 
higher and the relationship with long-term outcomes is stronger among grade 3 
tumors compared to lower grade tumors. Although response to therapy has some 
prognostic value in this subgroup as a whole, it is less tied to long-term outcome 
than in HER2-positive or triple-negative breast cancer given the important role of 
subsequent adjuvant endocrine therapy in long-term disease control. While tradi-
tionally neoadjuvant chemotherapy has been used to downstage locally advanced 
and unresectable breast carcinomas, several studies have highlighted the role of 
neoadjuvant endocrine therapy as an alternative option to chemotherapy and 
hormone- receptor-positive, postmenopausal women [63, 70].

Case scenarios are provided to highlight selection of hormone-receptor-positive 
patients appropriate to consider for neoadjuvant systemic therapy.

 Clinical Scenario 1: Hormone-Receptor-Positive, Postmenopausal Patient. 
Clinical Stage IIIA cT2, cN2b, cM0

Goal: Downstaging—Tailoring Surgical Options

A postmenopausal female in her late 60s presents with a palpable mass inferior 
medial aspect left breast. Last participated in screening 6  years ago. Diagnostic 
bilateral mammograms (Fig. 14.13a, b) with targeted ultrasound (Fig. 14.14a) dem-
onstrate a 2.6 cm mass lower inner quadrant posterior depth with benign appearing 
axillary nodes. Ultrasound-guided core biopsy right breast demonstrates invasive 
ductal carcinoma, high grade with tumor infiltrating lymphocytes. ER strongly posi-
tive, PR negative, Ki-67 positive; percentage of positive nuclei 70%. HER2 nega-
tive. There is a maternal family history of breast cancer, lymphoma, and pancreatic 
cancer and a paternal family history of breast cancer. Genetic testing with a broad 
cancer gene panel is negative. Breast MRIs (Figs. 14.14b and 14.15a) demonstrate 
a multilobulated enhancing mass in the inferomedial left breast at posterior depth, 
8:00 position which at least abuts the chest wall with question of possible pectoralis 
muscle invasion. No axillary lymphadenopathy is noted. A 6 mm left internal mam-
mary lymph node is noted (Fig. 14.15b).

K. Bobolis



317

PET CT—demonstrates a multilobulated enhancing mass posterior left breast 
8:00 abutting the chest wall (Fig. 14.16a). Mild FDG uptake on PET-CT (Fig. 14.16c) 
correlates with the 6 mm internal mammary lymph node.

Clinical prognostic stage IIIA, cT1, cN2b, cM0, grade 3 invasive ductal carci-
noma, ER positive, PR negative HER2 negative.

This patient presents with a high-grade hormone-receptor-positive T2 primary 
breast cancer with a highly suspicious internal mammary node. Neoadjuvant sys-
temic chemotherapy is recommended in this scenario with the goal of improving the 
extent of surgery needed for breast conservation given the size of the tumor in the 

a b

Fig. 14.13 Diagnostic mammograms CC view (a) and MLO view (b) demonstrate a partially 
visualized 3 cm irregular mass left lower inner quadrant posterior depth (arrow)

a b

Fig. 14.14 Targeted ultrasound (a) demonstrates a 2.3  cm irregular mass 8:00 position with 
benign appearing lymph nodes left axilla. MRI (b) demonstrated a multilobulated enhancing mass 
in the inferomedial left breast posterior depth at 8:00 measuring 2.4 × 2.6 × 2.6 cm. The mass at 
least abuts the chest wall—concern raised for possible pectoralis muscle involvement
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inferior breast which abuts and possibly invades the chest wall. The goal of therapy 
is to reduce the size of the primary and improve the likelihood of clear margins with 
breast conservation. One can comfortably offer systemic chemotherapy prior to sur-
gery, as this patient would be offered systemic chemotherapy in addition to a hor-
mone blocker were surgery to be performed first, given the size, grade, and stage of 
disease with internal mammary node involvement by imaging.

a b

c

Fig. 14.15 MRI demonstrates a 6 mm left internal mammary node (b). PET CT demonstrates an 
FDG-avid mass abutting the chest wall (a). Mild FDG on PET-CT correlates with the 6 mm inter-
nal mammary lymph node noted on breast MRI (c)

a b

Fig. 14.16 Restaging breast MRI demonstrates a good response to therapy with decrease in size 
of left breast mass from 2.6 cm prior to therapy (a) to 2.2 × 1.0 × 1.8 cm post-therapy (b) and 
decrease in size of left internal mammary lymph node now measuring 3 mm in short axis. There is 
continued extension of tumor posteriorly to the pectoralis without invasion
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MRI after therapy (Fig. 14.16b) demonstrates a good response to therapy with 
decreased size left 8:00 breast mass and decreased size left internal mammary 
lymph node compared to preoperative imaging (Fig. 14.16a).

The patient undergoes left axillary sentinel lymph node excision and left breast 
lumpectomy, revealing breast tissue with treatment-related changes and biopsy-
related changes with no residual malignancy identified (pCR). Sentinel lymph 
nodes are negative for malignancy.

When pathologic complete response occurs in patients with hormone-receptor- 
positive breast cancer, it is associated with improved long-term outcome as with 
other aggressive subtypes of breast cancer. Adjuvant radiation and adjuvant endo-
crine therapy are both recommended post-lumpectomy. Given pretreatment knowl-
edge of a positive internal mammary node noted on MRI and PET-CT, the internal 
mammary region is included in treatment planning for adjuvant radiotherapy.

 Clinical Scenario 2: Hormone-Receptor-Positive, Premenopausal Patient. 
Clinical Stage IIB, cT2, cN1, cM0

Goal: Downstaging—Tailoring Surgical Options

A patient in her mid-40s presents with a palpable mass right breast. She reports hav-
ing a normal screening study 3 years ago. There is no family history of breast carci-
noma, although family history is limited. She meets NCCN guidelines for genetic 
counseling [72]. Cancer genetic testing is negative for a pathogenic variant in 36 
cancer genes analyzed.

Diagnostic mammogram and ultrasound demonstrate a highly suspicious mass 
upper outer right breast with a suspicious level I right axillary lymph node. 
Ultrasound-guided needle biopsy demonstrates grade 3, invasive mammary/ductal 
carcinoma. ER positive, PR positive, and HER2 negative. Right axillary lymph 
node core biopsy is also positive for metastatic carcinoma.

Breast MRI (Fig. 14.17) is requested to better assess extent of disease and dem-
onstrates a heterogeneously enhancing mass 12:00 measuring 3.4 × 2.7 × 2.8 cm. A 

Fig. 14.17 Breast MRI 
with a 3.4 × 2.7 × 2.8 cm 
irregular heterogeneously 
enhancing mass 12:00 p.m. 
right breast with an 
associated tissue 
marker clip
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right axillary node is noted with tissue marker clip. Patient desires consideration for 
breast conservation.

Clinical prognostic stage is IIB, cT2, cN1, grade 3 invasive ductal carcinoma, ER 
positive, PR positive, HER2 negative.

Given the size of the tumor relative to breast size, downsizing the tumor prior to 
surgery may allow for breast conservation. Neoadjuvant systemic chemotherapy 
would be a reasonable consideration in this scenario as this is a premenopausal 
patient with high grade, T2, node positive breast cancer who would be a candidate 
for systemic chemotherapy if surgery were to be performed first. One would not 
need to order a gene expression assay to assist with this recommendation.

As the primary tumor is high grade, it is reasonable to expect a clinical response 
from therapy. Among hormone-receptor-positive tumors, response rates to neoadju-
vant systemic chemotherapy rates are higher among grade 3 tumors compared to 
lower grade tumors. Although pathologic response can provide prognostic informa-
tion in high-grade, ER positive breast cancers, complete pathologic response is less 
commonly seen in this subgroup of patients compared to patients with triple- 
negative or HER2-positive breast cancer and is not requisite for long-term disease 
control, where endocrine therapy remains the mainstay of adjuvant treatment.

The main goal of neoadjuvant systemic therapy in this scenario is to downstage 
disease, allowing for breast-conserving surgery followed by adjuvant radiation. 
Although pCR is rare, it can sometimes be seen in this subgroup of patients. 
Regardless of degree of response to up-front systemic chemotherapy, all patients 
with hormone-receptor-positive cancers should be offered adjuvant endocrine ther-
apy for a prolonged period (5–10 years) to improve long-term disease control.

 Clinical Scenario 3: Low Grade ER Positive, Postmenopausal Patient. 
Clinical Stage IIB, cT2, cN1, cM0

Goal: Downstaging—Tailoring Surgical Options

A female in her late 60s presents with a palpable left breast mass and nipple inver-
sion. Diagnostic mammogram (Fig. 14.18a, b) and ultrasound demonstrate a highly 
suspicious 4.5 cm mass 1:00 left breast (Fig. 14.18c). Two small axillary nodes are 
noted in the lower outer aspect of the axillary tail on ultrasound (Fig. 14.18d).

Ultrasound-guided core needle biopsy demonstrates invasive lobular carcinoma, 
estimated low grade. ER strongly positive, PR strongly positive, HER2 negative. 
Core biopsy of one of the axillary nodes demonstrates metastatic carcinoma.

Clinical prognostic stage is Stage IIA, cT2, cN1, cM0, grade 1, invasive lobular 
carcinoma, ER positive, PR positive, and HER2 negative.

The patient desires attempt at breast conservation. Neoadjuvant endocrine ther-
apy with an aromatase inhibitor is prescribed. Significant clinical benefit is noted 
with 6 months of neoadjuvant endocrine therapy with resolution of the palpable 
mass on exam and resolution of nipple areolar inversion.
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Repeat diagnostic mammogram (Fig. 14.19a, b) and US (Fig. 14.19c) demon-
strate marked improvement in the mass. Breast MRI shows no suspicious enhance-
ment in either breast, specifically no suspicious enhancement seen around the 
biopsy marker at the site of the known biopsy-proven invasive lobular carcinoma.

Pathology findings at the time of breast-conserving surgery demonstrate evi-
dence of treatment effect, but residual invasive lobular carcinoma, essentially 

a b

c d

Fig. 14.18 Mammograms CC (a) and MLO views (b) show heterogeneously dense breast tissue 
with a focal asymmetry in the left upper outer breast (arrow). Ultrasound left breast (c) demon-
strates a solid hypoechoic mass 1:00 a.m. peri-areolar position corresponding to the palpable mass 
measuring 4.5 × 2.3 × 1.8 cm. Two closely adjacent left axillary lymph nodes noted lower outer 
aspect of the axillary tail (d), larger measuring 7 mm with near complete effacement of the fatty 
hilum and cortical thickness of 3.4 mm

a b c

Fig. 14.19 Mammogram findings MLO (a) and CC views (b) demonstrate marked improvement 
in the asymmetric density previously noted in the retro-areolar and upper outer middle to anterior 
one third of left breast. Ultrasound shows marked improvement as well with residual 4 × 6 mm 
irregular hypoechoic lesion 1 o’clock position 4 cm from the nipple (c)
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spanning the specimen, estimated at least 4.5 cm with multiple positive margins and 
metastatic carcinoma in 5 of 12 axillary nodes, largest measuring 0.7 cm with no 
extra-nodal extension. Although clinical response is impressive, this case illustrates 
the challenges in treating diffuse invasive lobular carcinoma as imaging findings 
often underestimate the extent of disease [63, 70]. Despite efforts at breast conser-
vation completion, mastectomy is necessary in this patient for local control as well 
as post-mastectomy radiotherapy with continued adjuvant endocrine therapy.

 Clinical Scenario 4: Hormone-Receptor-Positive (Premenopausal Patient) 
with Clinical Stage IIA, Multifocal cT2, cN1a, cM0 Grade 2 Invasive 
Ductal Carcinoma, ER Positive, PR Positive, and HER2 Negative

Goal: Reducing Delay in Initiating Systemic Therapy While Surgery 
and Reconstruction Are Being Planned

A patient in her mid-30s presents with a palpable mass left breast and axilla. She is 
16 months post-partum and breastfeeding at the time. Diagnostic mammogram and 
ultrasound demonstrate multiple solid masses within the left breast and axilla, the 
largest measuring 3.5 cm. Ultrasound-guided breast biopsy demonstrates invasive 
mammary carcinoma, estimated grade 3, with focal mucinous features. ER positive, 
PR positive, and HER2 negative. Biopsy of a left axillary node measuring 2.5 cm 
demonstrates metastatic carcinoma with mucinous features. MRI breast demon-
strates the biopsy-proven left breast carcinoma 12:00 position and metastatic left 
axillary lymph node with multiple additional enhancing masses involving all four 
quadrants, especially in the anterior one third of the left breast (Fig. 14.14a). There 
is a family history of colon cancer and lymphoma. Cancer genetic testing is nega-
tive. Staging CT scans and bone scan are negative for systemic disease.

Clinical prognostic stage IIA, cT2, cN1, cM0, grade 2 invasive ductal carcinoma, 
ER positive, PR positive, HER2 negative.

The patient is not a candidate for breast conservation given multifocal extent of 
disease in the breast. Pathology demonstrates a grade 2 invasive ductal carcinoma 
where neoadjuvant systemic chemotherapy is expected to be less effective at reduc-
ing local-regional disease than higher grade ER positive tumors and would not 
result in a change in surgery needed for local regional management. Delay in sur-
gery is desired, however, while exploring surgical options, including reconstruction. 
Given the young age and stage of disease, this patient would be offered systemic 
chemotherapy in addition to adjuvant endocrine therapy if surgery were performed 
first. It is thus reasonable to offer neoadjuvant systemic chemotherapy with the goal 
of therapy of initiating systemic therapy while awaiting surgical planning. It is 
important to set the expectation that pathologic complete response is not expected 
and not tied to long-term outcome as adjuvant endocrine therapy will play an impor-
tant part of adjuvant systemic therapy.

The patient is treated with neoadjuvant chemotherapy while awaiting surgical 
planning. Overall imaging supports a favorable response to chemotherapy 
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(Fig. 14.20b) with improvement at all sites of measurable disease, but with residual 
multicentric disease as well as left axillary adenopathy.

Mastectomy with left axillary dissection and first stage reconstruction is accom-
plished with placement of a tissue expander. Pathology demonstrates invasive carci-
noma with focal mucinous features, grade 2, multifocal with at least 8 foci present. 
The largest tumor size is 2.4 cm in greatest dimension with metastatic carcinoma in 
2 of 15 lymph nodes. There is evidence of treatment effect. Pathologic stage clas-
sification: ympT2, pN1a, cM0.

Referral for post-mastectomy radiotherapy is appropriate in this patient given 
positive axillary nodes at time of axillary dissection. Referral for lymphedema eval-
uation is also appropriate given the risk of developing lymphedema related to local- 
regional disease. Extended adjuvant endocrine therapy will be the mainstay of 
adjuvant therapy.

 HER2-Positive Breast Cancer

 Locally Advanced, Node Positive or High-Risk Node Negative

HER2-positive breast cancer is a particularly aggressive subtype which accounts for 
20–25% of breast cancer cases diagnosed yearly. This is also a heterogeneous sub-
type of breast cancer defined by HER2 oncoprotein overexpression as detected by 
IHC staining or amplification of the HER2 oncogene by in situ hybridization and 
includes both ER positive and ER negative cancers.

HER2-positive breast cancer used to carry the worst outcome before effective 
therapy was developed for this subtype of disease. HER2-overexpression tumors 

a b

Fig. 14.20 MRI breast demonstrates the biopsy-proven left breast carcinoma 12:00 position and 
metastatic left axillary lymph node with multiple additional enhancing masses involving all four 
quadrants, especially in the anterior one third of the left breast. No areolar, pectoral, or skin 
involvement seen (a). Post-neoadjuvant chemotherapy MRI (b) with favorable response at all sites 
of measurable disease although residual multicentric disease is noted (b) as well as left axillary 
adenopathy (not pictured)
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display increased sensitivity to cytotoxic chemotherapy. A higher percentage of 
HER2-positive patients achieve a complete pathologic response to neoadjuvant che-
motherapy, particularly when combined with HER2-directed therapy when com-
pared to other subtypes of breast cancer.

Neoadjuvant chemotherapy is the favored approach for patients with operable 
locally advanced HER2-positive breast cancer. This would be defined by patients 
with stage IIIA cancer (cT3, N1) as well as the subset of IIB cancers with (T3, N0 
and T2, N1) disease.

Patients with Stage IIA (T2, N0) disease may also be candidates for neoadjuvant 
systemic therapy, particularly if the patient is not an optimal candidate for breast- 
conserving surgery up-front due to tumor location or size relative to the size of the 
patient’s breast (T2).

Patients with limited axillary nodal involvement (N1) may be also be considered 
for neoadjuvant systemic therapy with the goal of downstaging to pN0 by sentinel 
lymph node biopsy with avoidance of axillary node dissection [68].

Patients with stage II–IIIA operable HER2-positive breast cancer should be 
offered polychemotherapy with anti-HER2-directed antibodies, including trastu-
zumab and pertuzumab if node positive. Given the high sensitivity of this sub-group 
of breast cancer to cytotoxic chemotherapy, particularly combined with HER2- 
targeted antibodies, patients are likely to respond and can expect an improvement in 
surgical options. This can translate to less extensive surgery, fewer mastectomies, 
and potentially less extensive axillary surgery.

Approximately 50–60% of patients with HER2-positive tumors achieve a patho-
logic complete response after neoadjuvant therapy with higher response rates if ER 
negative and HER2 positive. Given the highly prognostic significance of achieving 
a complete pathologic response in the HER2-positive breast cancer subgroup, 
response to neoadjuvant systemic therapy is useful in guiding recommendations for 
adjuvant therapy. Patients with highly sensitive disease who achieve a complete 
pathologic response are expected to do well with continued adjuvant anti-HER2- 
directed antibody therapy. For patients with residual disease, the long-term progno-
sis is less favorable [71]. Based on improved outcomes reported in patients with 
residual disease in the KATHERINE trial, patients can be offered a switching strat-
egy to adjuvant TDM1 [65]. Additional adjuvant strategies depend on ER status and 
nodal status at presentation and will be discussed in a subsequent chapter. There are 
ongoing trials looking at minimizing therapy for highly sensitive patients [72], as 
well as trials looking to improve the outcome in high-risk individuals with residual 
disease [73].

Patients with clinical stage I disease should be offered surgery first. This is 
because chemotherapy and HER2-directed therapy can be withheld in patients with 
T1a disease. Patients with pT1b-T1c, N0 can be offered more minimal systemic 
therapy with paclitaxel and Herceptin for 12 weeks followed by Herceptin for a year 
with excellent reported outcomes [74].

In circumstances where surgery will be postponed while awaiting plastics con-
sultation or results of genetic testing, neoadjuvant systemic therapy can be consid-
ered in this subgroup of patients if they meet criteria for which adjuvant therapy 
would be recommended.
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 Clinical Scenario 1: HER2-Positive Breast Carcinoma. Clinical Stage IIIA, 
cT2, cN2a, cM0, ER Negative, PR Negative, HER2 Positive

Goal: Downstage Disease to Improve Surgical Options and to Tailor Adjuvant 
Therapy Recommendations Based on Pathologic Response to Therapy

A patient in her late 60s is diagnosed with Clinical Stage IIIA (cT2, cN2) high- 
grade invasive ductal carcinoma left breast, ER negative, PR negative, and HER2 
positive, 3+, 100% by IHC. Presents with a palpable mass lower outer left breast. 
Last participated in screening 5  years ago. Diagnostic breast imaging including 
MRI demonstrate a 3 cm mass in the lower outer left breast (Fig. 14.21a, b) with 
enlarged axillary nodes level 1 and 2. Systemic staging, including PET-CT, con-
firms an intensely hypermetabolic mass in the left lateral breast with numerous 
hypermetabolic lymph nodes in the left axilla and left lateral subpectoral regions 
(Fig. 14.22).

This patient is not an optimal candidate for up-front surgery due to stage of dis-
ease with extensive axillary adenopathy involving levels 1 and 2. Neoadjuvant poly 
chemotherapy is recommended combined with dual anti-HER-2 antibodies.

The patient derives an excellent clinical response to neoadjuvant systemic che-
motherapy with HER2-targeted dual antibody although therapy was abbreviated 
because of side effects and challenges getting through the entire course of treat-
ment. Restaging MRI demonstrates interval resolution of the biopsy-proven mass 
(Fig. 14.23b) and axillary adenopathy.

Lumpectomy using a non-wire localization technique is performed with sentinel 
node and limited axillary dissection, including the node where a marker was placed 
at the time of biopsy. There is evidence of treatment effect and complete pathologic 
response in the breast and nodes. Adjuvant radiotherapy to the left breast and 
regional lymphatics is recommended post-lumpectomy as part of local regional 

a b

Fig. 14.21 Breast MRI demonstrates a mass at 4–5 o’clock, 3 cm from the nipple, measuring 
2.9 × 1.7 × 2.6 cm (a) with heterogeneous enhancement including washout kinetics (arrow). Left 
axillary adenopathy is noted. A biopsy marker is noted in the 1.3 cm biopsy-proven axillary node 
metastases (b) with closely adjacent enlarged lymph nodes at both level 1 and 2 (arrow)
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management. Given high sensitivity demonstrated to neoadjuvant therapy with pCR 
achieved, continued adjuvant dual anti-HER2 antibody therapy is recommended for 
1 year. Referral for lymphedema evaluation is warranted as the risk of lymphedema 
is high in this individual given extent of nodal involvement at presentation, extent of 
axillary surgery, and radiation therapy.

Fig. 14.22 PET-CT with 
intensely hypermetabolic 
2.2 cm density left lateral 
breast consistent with the 
patient’s known left breast 
carcinoma (blue arrow). 
Numerous, approximately 
12–15 hypermetabolic 
lymph nodes in the left 
axillary and left lateral 
subpectoral regions (red 
arrow), consistent with 
relatively extensive local 
regional and nodal disease

a b

Fig. 14.23 MRI shows the 3 cm left breast mass prior to systemic therapy (a) with interval resolu-
tion of biopsy-proven left 4:00 carcinoma (b) and abnormal left lymph nodes (not pictured) follow-
ing neoadjuvant chemotherapy. No discrete suspicious residual enhancement, mass, or adenopathy 
is noted
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 Clinical Scenario 2: Clinical Stage IIB HER2-Positive Breast, ER Positive 
Breast Cancer

Goal: Downstage Disease to Improve Surgical Options and to Tailor Adjuvant 
Therapy Based on Pathologic Response to Therapy

A patient in her mid-40s is diagnosed with Clinical Stage IIB, cT3, cN2a, cM0, 
high-grade invasive ductal carcinoma of the left breast, ER moderately positive, PR 
moderately positive, and HER2 3+ 100% positive, by immunohistochemistry. She 
presents with several small palpable masses left breast and left axillary adenopathy. 
Diagnostic breast imaging including breast MRI (Fig. 14.24a) demonstrates exten-
sive non-mass enhancement occupying the lower outer and upper outer quadrants of 
the left breast spanning more than 8  cm with left axillary adenopathy at levels 
1 and 2.

Systemic polychemotherapy with dual anti-HER2 antibody therapy is initiated in 
this scenario with the goal of improving surgical options and to tailor adjuvant sys-
temic therapy based on response to neoadjuvant therapy. The patient is not a candi-
date for breast conservation or nipple sparing mastectomy given the proximity of 
this process to the nipple areolar region, but the patient is more likely to achieve 
clear margins and may require less extensive axillary surgery with up-front systemic 
therapy.

Restaging breast MRI after completing 6 cycles of neoadjuvant systemic therapy 
demonstrates near complete resolution of carcinoma in the upper outer and lower 
outer quadrants of the breast with scattered residual non mass enhancement and 
near complete resolution of left axillary adenopathy (Fig. 14.24b).

At the time of mastectomy, there is residual invasive ductal carcinoma and DCIS 
spanning more than 6 cm with treatment effect and involvement of 2 of 3 sentinel 

Lefta b

Fig. 14.24 Breast MRI demonstrates extensive non-mass enhancement occupying the lower outer 
and upper outer quadrants of the left breast spanning more than 8 cm with left axillary adenopathy 
at levels 1 and 2 (a). Restaging breast MRI after completing 6 cycles of neoadjuvant systemic 
therapy revealed near complete resolution of carcinoma in the upper outer and lower outer quad-
rants of the breast with scattered residual non mass enhancement and near complete resolution of 
left axillary adenopathy (b)
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and 2 of 10 axillary nodes. Adequate surgical margins are achieved. Adjuvant radio-
therapy is recommended as well as a switch to adjuvant TDM1 for 14 cycles given 
lack of pCR to up-front systemic therapy. Adjuvant endocrine therapy is recom-
mended as well. Long-term prognosis is less favorable in this scenario given extent 
of residual disease after neoadjuvant therapy.

 Clinical Scenario 3: Clinical Stage IIA HER2 ER Negative, HER2 Positive 
Breast Cancer

Goal: Downstage Disease to Improve Surgical Options and to Tailor Adjuvant 
Therapy Based on Pathologic Response to Therapy

A female in her early 40s is diagnosed with Clinical Prognostic Stage IIA, right 
breast carcinoma, cT1, cN1, cM0 grade 3 invasive ductal carcinoma, ER negative, 
PR negative, HER2 3+ positive, 100% by IHC. She presents with a palpable mass 
in the lower outer right breast. Screening mammograms 18 months prior were nega-
tive. Diagnostic breast imaging including MRI (Fig. 14.25) demonstrates a 1.9 cm 
mass right breast lower outer quadrant with a 4.3 cm right axillary mass consistent 
with known axillary metastases. Staging PET-CT (Fig. 14.26) demonstrates find-
ings consistent with biopsy-proven lower outer quadrant right breast carcinoma 
with right axillary lymph node metastases.

The patient has a history of thyroiditis and a paternal family history of breast 
cancer in several relatives. Genetic testing with a 35 gene cancer panel is negative.

Clinical pathologic stage is IIA cT1c, cN1, cM0, grade 3 invasive ductal carci-
noma, ER negative, PR negative, and HER2 negative.

Neoadjuvant systemic polychemotherapy with dual HER-2-directed antibody 
therapy is recommended with several goals in mind. The likelihood of response to 

Fig. 14.25 Breast MRI 
demonstrates a 1.9 cm 
mass lower outer quadrant 
right breast (blue arrow) 
with 4.3 cm right axillary 
mass (arrow) consistent 
with known axillary 
metastasis. Additional 
nodes noted measuring up 
to 1.3 cm
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therapy is high in individuals with high grade ER negative, HER2-positive breast 
cancer. Less extensive surgery would be required in the breast and axilla by down-
staging with systemic therapy prior surgery. The effectiveness of systemic therapy 
would also provide prognostic information and inform options for adjuvant sys-
temic therapy recommendations based on extent of residual disease after neoadju-
vant chemotherapy. The patient is also afforded more time to complete genetic 
testing and explore surgical opinions while deciding whether to pursue breast- 
conserving surgery or mastectomy for local regional management as she was ini-
tially leaning toward.

Restaging MRI after neoadjuvant systemic therapy revealed marked diminution 
of the right breast mass and axillary adenopathy. The patient underwent a lumpec-
tomy and axillary node surgery with targeted axillary node dissection. A complete 
pathologic response to neoadjuvant therapy is achieved. Pathologic stage ypT0, 
ypN0, cM0. Post-lumpectomy radiotherapy is recommended with continued sys-
temic therapy with dual anti-HER2 antibody therapy for 1 year.

Fig. 14.26 Findings 
consistent with biopsy- 
proven lower outer 
quadrant right breast 
carcinoma (blue arrow) 
with right axillary lymph 
node metastasis (red 
arrow). Diffuse uptake 
noted in both lobes of 
thyroid consistent with 
patient’s history of 
thyroiditis
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 Clinical Scenario 4: Clinical Stage IA, cT1c, cN0 Breast Carcinoma, ER 
Negative, HER2 Positive

Upfront Surgery Is Preferred for Accurate Staging with Adjuvant Systemic 
Therapy Based on Pathologic Staging

A patient in her mid-40s is diagnosed with clinical stage IA, cT1c(m), cN0, high- 
grade invasive ductal carcinoma of the left breast, ER negative, PR negative, and 
HER2 positive associated with extensive high-grade ductal carcinoma in situ. She 
presents with a small palpable mass in the upper outer left breast.

Diagnostic mammograms (Fig. 14.27a, b) reveal linear branching calcifications 
within the left upper inner quadrant extending to the nipple. An irregularly shaped 
mass is identified in the posterior 3rd of the left breast at the 2 o’clock position 
(Fig. 14.27c) corresponding to the palpable mass with an additional 1.2 cm mass 
noted on ultrasound at 12 o’clock. Biopsy of the mass at 2:00 demonstrates high- 
grade infiltrating ductal carcinoma (Fig.  14.27e) ER negative, PR negative, and 
HER2 positive, 3+, 100% by IHC. Core biopsy of calcifications demonstrates ductal 

a b

Fig. 14.27 Exaggerated Left CC mammogram highlighting palpable mass (a) with LCC mam-
mogram demonstrating linear branching calcifications (b). An irregularly shaped mass measuring 
0.9 cm was identified 2:00 on US corresponding to the palpable mass (c). MRI demonstrates mul-
tifocal invasive breast carcinoma with extensive non-mass enhancement (d). Biopsy of the mass 
noted on US demonstrates high-grade infiltrating ductal carcinoma, ER, 0, PR 0, HER2 positive 
(e). Stereotactic core biopsy of calcifications demonstrated ductal carcinoma, high nuclear grade 
with necrosis (f)
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carcinoma in situ, high nuclear grade (Fig. 14.27f). An MRI supports the findings of 
multifocal invasive carcinoma with extensive non-mass-like enhancement within 
the left breast (Fig. 14.27d).

There is a maternal family history of breast cancer and ovarian cancer. Genetic 
testing with a 35-gene panel is negative.

The patient is not a candidate for breast conservation given the extent of high- 
grade DCIS. Neoadjuvant systemic therapy is not clearly indicated in this patient 
who presents with clinical stage IA disease. Even with downstaging of disease, 
mastectomy would be indicated, regardless of response to therapy. It is challenging 
to precisely stage this patient with extensive DCIS and multifocal invasive carci-
noma. Pathologic staging would be most helpful in defining precise stage of disease 
with adjuvant therapy recommendations based on firm clinical data.

The patient undergoes mastectomy with final pathology revealing multifocal 
invasive ductal carcinoma with extensive high-grade ductal carcinoma in situ span-
ning an area of 11 cm (Fig. 14.27f) corresponding to the microcalcifications seen in 
the upper inner quadrant. The invasive carcinoma is described as grade 3 measuring 
1.2 cm and 0.9 cm, respectively (Fig. 14.27e). Five sentinel nodes are negative. First 
stage implant-based reconstruction is accomplished at the time of mastectomy. 

dc

e f

Fig. 14.27 (continued)
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Adjuvant systemic therapy is recommended with 12 weeks of single-agent pacli-
taxel and trastuzumab followed by trastuzumab to 1  year [76]. Radiation is not 
indicated post-mastectomy given node negative status and clear surgical margins.

 Clinical Scenario 5. Clinical Stage IA, cT1c, cN0, HER2-Positive, ER 
Positive Breast Carcinoma

Planned Surgery Is Expected to Be Delayed

A patient in her mid-30s presents with a palpable mass upper outer left breast. She 
is 10 months postpartum with her 5th child and is breastfeeding at the time she notes 
this mass. Diagnostic workup including mammograms and targeted ultrasound 
which demonstrate a 15 × 14 × 12 mm mass 2 o’clock position left breast corre-
sponding to the area of palpable concern. Core biopsy demonstrates invasive ductal 
carcinoma, grade 2, ER positive, PR positive, and HER2 positive. She discontinues 
breastfeeding with this diagnosis. Breast MRI (Fig.  14.28) confirms an irregular 
shaped mass at the 2:00 position measuring 1.4 × 1.3 × 1.7 cm in maximal dimen-
sion. A smaller mass is noted at 10:00 measuring 0.6 × 0.5 × 0.4 cm. Biopsy of the 
smaller mass demonstrates grade 2 invasive ductal carcinoma, ER positive, PR posi-
tive, and HER2 negative. Nodes are clinically negative by imaging. There is a fam-
ily history of breast cancer. Cancer genetic testing is negative.

Clinical Stage IA, cT1c(m), cN0, cM0, grade 2 invasive ductal carcinoma ER 
positive, PR positive, and HER2 positive at 2:00 left breast. A smaller T1b grade 2 
invasive ductal carcinoma is identified at the 10 o’clock position is ER positive, PR 
positive, and HER2 negative.

Fig. 14.28 MRI demonstrates a 1.4 × 1.3 × 1.7 cm enhancing mass left breast at 2:00, 11 cm from 
the nipple (blue arrow) with biopsy of this lesion under US demonstrating grade 2 invasive ductal 
carcinoma, ER, PR, and HER2 positive. There is also a smaller enhancing mass at 10:00, 12 cm 
from the nipple measuring 0.7 × 0.5 × 0.4 cm (red arrow) with US-guided biopsy demonstrating 
infiltrating ductal carcinoma, grade 2, ER, PR positive, and HER2 negative
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The patient is seeking multiple opinions regarding surgery and is contemplating 
bilateral mastectomies with reconstruction. She is not comfortable waiting to initi-
ate systemic therapy until this decision is made. She is not an appropriate candidate 
for a standard neoadjuvant systemic regimen, which is polychemotherapy with 
trastuzumab. This would represent overtreatment in this individual. One could 
extrapolate from adjuvant data for patients with favorable node negative HER2- 
positive breast cancer with primaries less than 2 cm and consider providing weekly 
paclitaxel with trastuzumab prior to surgery with continued trastuzumab and an 
endocrine agent postoperatively.

 Triple-Negative Breast Cancer

 Locally Advanced, Node Positive or High-Risk Node Negative

Triple-negative breast cancer is defined as a type of breast cancer that lacks expres-
sion of the estrogen receptor, progesterone receptor, and HER2 oncoprotein. Breast 
carcinomas that do not express ER, PR, and HER2 represent a heterogeneous group 
of breast carcinoma with respect to histology, genomics, prognosis, and response to 
treatment. Triple-negative breast carcinoma in general is considered an aggressive 
subtype of breast carcinoma and account for approximately 15% of breast cancers 
diagnosed yearly. Triple-negative breast carcinoma is more commonly diagnosed in 
women under 40 years of age compared to women over 50 and appears to be rela-
tively more common among Black women compared to white women. Risk factors 
associated with the diagnosis of triple-negative breast carcinoma include presence 
of a germline pathogenic variant in BRCA, particularly in BRCA1. Up to 20% of 
patients with triple-negative breast carcinoma are found to harbor a pathogenic vari-
ant in a cancer risk allele vs. less than 6% of other breast cancer subtypes. For this 
reason, patients with triple-negative breast carcinoma, including patients age 60 and 
younger, should be offered cancer genetic counseling and testing for identification 
of a BRCA germline mutation in BRCA.

Triple-negative breast cancer presents with rapid growth and are more likely to 
be diagnosed clinically rather than mammographically than ER-positive breast can-
cers or as interval cancers. Triple-negative breast cancer is usually high grade with 
infiltrating ductal carcinoma representing the most common histology. Rare histo-
logic subtypes such as medullary carcinoma and metaplastic and adenoid cystic 
carcinomas are typically triple-negative. Triple-negative breast cancers can exhibit 
geographic necrosis, a pushing border of invasion and presence of stromal lympho-
cytic infiltration. Unlike other subtypes of breast cancer (Hormone-receptor- 
positive, HER2 positive) there are no approved targeted treatments for non-metastatic 
triple-negative breast carcinoma. However, this subtype is associated with a rela-
tively high PCR rate following chemotherapy [77].

Preferred regimens for triple-negative breast cancer are listened in the NCCN 
guidelines and commonly consist of anthracycline-, alkylator-, and taxane-based 
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regimens—typically administered in a dose-dense fashion. Non-anthracycline- 
based regimens are appropriate alternatives for patients with lower-risk triple- 
negative breast cancer, such as node-negative or less than 1  cm, or those with a 
contraindication to anthracyclines. As PCR is highly prognostic in this subgroup, 
platinum agents such as carboplatin can be offered to select higher risk/stage 
patients with triple-negative breast cancer in the neoadjuvant setting to increase the 
likelihood of complete pathologic response. There can be increased nausea and 
myelosuppression when platinum agents are incorporated into neoadjuvant regi-
mens and the effect on long-term outcome is less clear. Immune checkpoint inhibi-
tors have also been studied in this setting, although there is currently not sufficient 
evidence to support incorporation into standard neoadjuvant therapy regimens.

Patients with residual disease at the end of treatment are at increased risk of 
recurrence. This relationship is particularly true of patients with triple-negative 
breast carcinoma as well as HER2-positive disease. If there is residual disease after 
preoperative therapy with taxane-, alkylator-, and anthracycline-based chemother-
apy, adjuvant capecitabine can be offered versus participation on a clinical trial. As 
additional information from ongoing clinical trials assessing the role of immuno-
therapy mature, these treatment recommendations are expected to evolve.

Administration of neoadjuvant systemic therapy is the favored approach in 
patients with locally advanced breast cancer, Stage IIB–III to downstage disease, 
improve surgical options, and to monitor effectiveness of systemic treatment. 
Prognostic information is also gained by assessing the extent of residual disease 
after neoadjuvant chemotherapy and can guide recommendations for adjuvant ther-
apy. For patients with highly sensitive disease to neoadjuvant chemotherapy, achiev-
ing a pathologic complete response is associated with improvement in disease-free 
survival [74, 75]. Additionally, patients with less advanced but high-risk disease, 
such as T1c or N1 disease, may be offered neoadjuvant therapy, particularly if a 
candidate for additional treatment in the adjuvant setting should residual disease be 
identified. Patients with small node-negative triple-negative breast carcinoma, T1a, 
or T1b should not routinely be offered neoadjuvant therapy.

 Scenario 1. Premenopausal Patient with Clinical Stage IIIC 
Triple- Negative Breast Cancer. BRCA2 Carrier

Goals: Downstage Disease to Improve Surgical Options and to Tailor Adjuvant 
Therapy Based on Pathologic Response to Therapy

A patient age 50 is diagnosed with Clinical Stage IIIC, cT2, cN1, cM0, grade 3, 
triple-negative infiltrating ductal carcinoma of the right breast. Presents with an 
asymptomatic screening abnormality demonstrating an ill-defined nodular density 
deep in the lateral aspect of the right breast. Screening 1 year prior demonstrated 
heterogeneously dense breast tissue, but no other findings concerning for 
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malignancy. Diagnostic mammogram (Fig.  14.29a, b) and targeted ultrasound 
(Fig.  14.29c) demonstrate an irregular lobulated hypoechoic mass on ultrasound 
highly suspicious for malignancy. A 1.9 cm lymph node is noted right axilla with 
lobulated cortical margins (Fig. 14.29d).

a b

c d

Fig. 14.29 Mammograms RCC (a) and RML views (b) right breast demonstrate an ill-defined 
nodular density lateral aspect right breast (arrow). There is a 1.8 × 1.0 × 0.7 cm irregularly mari-
nated lobulated hypoechoic mass right breast 11:00, 12 cm from the nipple (c). A 1.9 × 0.8 × 1.7 cm 
lymph node is noted right axilla with lobulated margins (d)
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Ultrasound-guided biopsy of the right breast mass demonstrates poorly differen-
tiated infiltrating ductal carcinoma, ER, PR, and HER2 negative. Biopsy of the right 
axillary node demonstrates metastatic poorly differentiated carcinoma.

Breast MRI (Fig. 14.30a, b) demonstrates a 3 × 2 cm mass upper outer right 
breast with additional areas of aggressive enhancement extending an additional 
4 cm anterior and inferior to the main mass and an area of enhancement extending 
2 cm anterior and inferior to the main tumor mass. All areas of abnormal enhance-
ment are in the upper outer quadrant. CT chest, abdomen, and pelvis, contrast 
enhanced, and bone scan are negative for systemic disease.

Clinical prognostic Stage IIIC, cT3, cN1, cM0, grade 3 invasive ductal carci-
noma right breast, ER negative, PR negative, and HER2 negative.

The patient is recommended neoadjuvant systemic chemotherapy with a regimen 
containing an anthracycline—with an alkylator, followed by a taxane delivered in a 
dose-dense fashion. Goals of therapy are to reduce local-regional disease prior to 
surgery, address management of micro metastatic disease and to monitor response 
to therapy.

Restaging breast MRI demonstrates no residual abnormal enhancement in the 
upper outer quadrant. Given initial extent of disease, right mastectomy sentinel 
node excision and limited axillary surgery, including removal of the clipped axillary 
node, is performed. There is evidence of treatment effect with no residual carcinoma 
within the breast or axilla—ypT0, ypN0.

She is referred for post-mastectomy radiotherapy given initial stage of disease. 
The patient meets criteria for cancer genetic counseling given histologic subtype of 
cancer [72]. Genetic testing identifies a pathogenic variant in BRCA2. Patient is 
referred for risk-reducing bilateral salpingo-oophorectomy and is followed with 
high-risk screening protocol for the remaining breast as she contemplates the option 
of prophylactic contralateral mastectomy with bilateral reconstruction.

a b

Fig. 14.30 MRI breast axial (a) and sagittal images (b) demonstrates a 3.2 cm mass upper outer 
right breast (arrow) with additional areas of aggressive enhancement extending 4 cm anterior an 
inferior to the main mass and 2 cm anterior and superior to the main mass, in total spanning over 
7 cm. All areas of enhancement were within the upper outer quadrant
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 Clinical Scenario 2. Anatomic Stage IIB (cT2, cN1) Triple-Negative 
Breast Carcinoma

Goals: Downstage Disease to Improve Surgical Options and to Tailor Adjuvant 
Therapy Based on Pathologic Response to Therapy

A female in her late 40s presents with a palpable mass right breast upper outer quad-
rant. She last participated in screening 5 years prior. Diagnostic mammograms and 
targeted ultrasound (Fig. 14.31) demonstrate a 3.5 cm oval mass in the posterior 
third right breast upper outer quadrant corresponding to the palpable mass with at 
least two enlarged right axillary nodes, each measuring close to 3 cm. Ultrasound- 
guided core biopsy right breast (with clip placement at the time of biopsy) demon-
strates invasive ductal carcinoma associated with a component of high-grade ductal 
carcinoma in situ. Estimated grade 3. ER negative, PR negative, and HER2 nega-
tive. Biopsy of the right axillary node (with clip placement) demonstrates metastatic 
carcinoma.

MRI breast (Fig. 14.32a) demonstrates a 3.4 cm necrotic mass right breast 10:30 
position and at least 6 abnormal right axillary level 1 lymph nodes. Mild right lateral 
breast subcutaneous edema is noted post-biopsy.

Staging with PET-CT demonstrates right breast carcinoma with multiple metas-
tasis to right axillary level 1 lymph nodes. Clinical prognostic stage is IIIB, cT2, 
cN1, cM0, grade 3, invasive ductal carcinoma, ER, PR, and HER2 negative. The 
patient reports no family history of cancer and cancer genetic testing is negative.

a b

Fig. 14.31 Diagnostic Mammogram confirms a highly suspicious mass in the right upper outer 
quadrant on CC view (a) and suspected right axillary metastatic lymphadenopathy on MLO 
view (b)

14 Guidelines for Neoadjuvant Systemic Therapy



338

Neoadjuvant systemic chemotherapy is recommended with a regimen containing 
an anthracycline—with an alkylator followed by a taxane delivered in a dose-dense 
fashion. Goals of therapy are to reduce local-regional disease to reduce the extent of 
surgery and to monitor response to therapy.

Response to neoadjuvant systemic chemotherapy is excellent on clinical exam, 
but incomplete on reimaging (Fig. 14.32b). The patient opts for right mastectomy, 
axillary dissection with the findings of residual invasive ductal carcinoma, 1.7 cm, 
grade 3 with LVI, associated ductal carcinoma in situ comprising less than 5% of 
the carcinoma and metastatic carcinoma in 6 of 13 axillary nodes with the largest 
focus measuring 0.7 cm. Treatment effect is noted. Pathologic Stage classification 
(ypT1c, ypN2a, cM0).

As pathologic response to therapy is highly prognostic in this subgroup of 
patients, adjuvant systemic therapy is recommended with capecitabine versus par-
ticipation in a clinical trial. The patient is a candidate for post-mastectomy radio-
therapy and is at high risk for lymphedema given extent of axillary involvement, 
extent of axillary surgery and need for post-mastectomy radiotherapy as part of 
local regional management.

a b

Fig. 14.32 Breast MRI demonstrates a 3.5 cm necrotic mass at the right 10:30 position corre-
sponds to the biopsy-proven index carcinoma (arrow). Approximate 3 cm non mass enhancement 
extends anterolaterally from the mass. At least 6 abnormal right axillary level I lymph nodes (a). 
MRI post-neoadjuvant chemotherapy (b) demonstrates marked interval response to therapy with 
decrease in index lesion to 1.4 cm (arrow) and resolution of the anterolateral non mass enhance-
ment. Marked interval decrease in right axillary adenopathy
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 Clinical Scenario 3. Clinical Stage IIB, cT2, cN1 Triple-Negative 
Breast Carcinoma

Goal: Downstage Disease to Improve Surgical Options and to Tailor Adjuvant 
Therapy Based on Pathologic Response to Therapy

A female in her early 40s presents with a palpable mass left breast. Diagnostic 
mammograms and targeted ultrasound demonstrate heterogeneously dense breast 
tissue with a new asymmetry in the retro areolar region of the left breast. Ultrasound 
demonstrates a mass at 12:00, 3 cm from the nipple measuring 3.4 × 2.7 × 3.5 cm 
with a single left axillary node with asymmetric lobular cortex. Ultrasound-guided 
core biopsy of the left breast mass demonstrates invasive, poorly differentiated duc-
tal carcinoma, estimated grade 3. ER 0, PR 0, and HER2 negative. Image-guided 
biopsy of the left axillary node with clip placement demonstrates metastatic carci-
noma. Breast MRI (Fig. 14.33a) demonstrates an intensely hypermetabolic 3.3 cm 
mass left breast with a left axillary node measuring 3 × 1.5 × 1.9 cm.

Clinical prognostic stage is IIIA, cT2, cN1, high-grade invasive ductal carci-
noma, ER/PR and HER2 negative.

The patient is of African Ancestry. She meets criteria for cancer genetic testing 
[72] with reported results negative for a pathogenic mutation in 47 genes analyzed. 
The patient receives neoadjuvant systemic chemotherapy with dose dense 
Adriamycin and Cytoxan followed by weekly Taxol with the goals of downstaging 

a b

Fig. 14.33 MRI prior to neoadjuvant systemic therapy (a) demonstrates an intensely hypermeta-
bolic 3.3 cm mass—left superior breast with a left axillary node measuring 3.0 × 1.5 × 1.9 cm. 
Following neoadjuvant systemic therapy, breast MRI (b) demonstrates 1 cm residual transverse 
enhancement in the area of the biopsy marker corresponding to known breast cancer. Corresponding 
to biopsy-proven metastatic left axillary level 1 node, residual lymph node measures up to 1 cm 
cranial caudal
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disease and assessing degree of pathologic response. She appears to have a near 
complete response on restaging MRI (Fig. 14.33b).

Breast-conserving surgery is performed. Pathology reveals residual invasive duc-
tal carcinoma, poorly differentiated, grade 3 measuring 1.3 cm in greatest dimen-
sion. Treatment effect is noted in the breast. Three axillary sentinel nodes, including 
the node with the biopsy marker, are all negative for carcinoma. Pathologic stage 
classification is ypT1c, ypN0, cM0. Repeat tumor profile testing demonstrates ER 
0, PR 0, and negative HER2 status. Adjuvant radiotherapy is administered. As 
pathologic complete response is prognostic in this subtype of breast cancer, the 
patient should be offered adjuvant systemic therapy with capecitabine or participa-
tion on a clinical trial.

 Clinical Scenario 4: Clinical Stage IIB, cT2, cN0, Triple-Negative 
Breast Carcinoma

Goals: To Downstage Local-Regional Disease and Assess Pathologic Response 
to Therapy

A patient in her early 60s is diagnosed with clinical stage IIA, cT2, cN0, grade 2 
invasive ductal carcinoma left breast, ER negative, PR negative, and HER2 nega-
tive. Patient presents with a palpable mass left breast. Diagnostic breast imaging, 
including mammograms (Fig.  14.34), demonstrate heterogeneously dense breast 
tissue with mass close to 3 cm in the superior left breast. Most recent screening 
mammograms 18 months prior demonstrated were negative.

Targeted left breast ultrasound demonstrates a mass close to 3 cm in upper outer 
left breast (Fig. 14.35a). Additional diagnostic breast imaging with Breast MRI con-
firms a mass 3.5 × 2.6 × 3 cm in size left breast (Fig. 14.35b).

There is a family history of prostate cancer. Patient is referred for cancer genetic 
testing with negative results.

Clinical prognostic stage is IIB, cT2, cN0, grade 2, infiltrating ductal carcinoma 
left breast, ER, PR, and HER2 negative.

Although patient is a candidate for breast-conserving therapy up-front, neoadju-
vant systemic chemotherapy is the preferred approach with the goal of reducing 
the surgery needed for breast conservation and to assess response to therapy.

A left breast lumpectomy with sentinel node biopsy is performed with findings 
of a complete pathologic response to therapy. Adjuvant radiotherapy is recom-
mended post-lumpectomy. As the patient achieved a pathologic complete response 
to neoadjuvant therapy, there is no role for adjuvant systemic therapy.
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a b

c d

Fig. 14.34 Diagnostic mammograms (a–d) demonstrate heterogeneously dense breast tissue with 
a 2.7 cm mass in the 12:00 position posterior third of the left breast (b, d) (arrow)
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 Clinical Scenario 5: Clinical Stage IB, cT1c, cN0, cM0 Triple-Negative 
Breast Carcinoma

Goals: To Assess Response to Therapy and Inform Options 
for Adjuvant Therapy

A patient in her mid-40s is diagnosed with clinical pathologic stage IB, triple- 
negative breast carcinoma. She presents with a palpable mass left breast 6 months 
after normal screening mammograms.

Diagnostic mammograms (Fig.  14.36a–d) demonstrate heterogeneously dense 
breast tissue with a new hyperdense mass with lobulated margins in the area of the 
palpable lump. Targeted left breast ultrasound (Fig.  14.36e) demonstrates a 
hypoechoic heterogeneous lesion with irregular margins measuring 14 × 20 × 13 mm 
in diameter. Axillary nodes appear normal by ultrasound. Breast MRI demonstrates 
an enhancing mass with central necrosis corresponding to the biopsy-proven carci-
noma at the 11 to 12 o’clock position left breast. The mass measures 
2.0 × 1.5 × 2.0 cm. There is no evidence of adenopathy or chest wall involvement 
(Figs. 14.37 and 14.38).

The patient has no family history of cancer but meets criteria for cancer genetic 
testing [72] with results reported as negative.

Clinical prognostic stage is IB, cT1c, cN0, cM0 grade 3 invasive ductal carci-
noma, ER, PR, and HER2 negative.

Although the patient is a candidate for breast-conserving therapy up-front, neo-
adjuvant systemic chemotherapy is the preferred approach with the goal of assess-
ing response to therapy for prognostic purposes and guiding recommendations 
for adjuvant therapy if indicated. The patient receives neoadjuvant systemic 
therapy with Adriamycin Cytoxan followed by a taxane. There is a partial clinical 
response to Adriamycin and Cytoxan therapy, but the patient develops clinical 

a b Right

1ST PHASE

Fig. 14.35 Targeted US right breast palpable mass confirms a 2.4 × 2.7 × 1.9 cm hypoechoic mass 
at 12:00 (a). MRI breast demonstrates a 3.5 × 2.6 × 3 cm nodular ring enhancement surrounding 
an area of low signal within the 12:00 position consistent with patients known malignancy with a 
component of central necrosis (b). A mildly prominent node is noted left axilla measuring 
1.3 × 0.8 cm with second look US and biopsy showing benign findings
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a b

c d

e

Fig. 14.36 Patient 
presents with a new 
hyperdense mass left breast 
(arrows) on diagnostic 
mammograms (b, d) 
representing an interval 
finding compared to 
screening study 6 months 
prior (a, c). Sonographic 
evaluation demonstrated a 
hypoechoic heterogeneous 
lesion with irregular 
margins measuring 
14 × 20 × 13 mm in 
diameter 12:00 position, 
4–5 cm from nipple (e)
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progression while receiving a taxane. Carboplatin is added without substantial 
response. Further neoadjuvant systemic therapy is abandoned and the patient under-
goes left breast lumpectomy and axillary surgery. Pathology findings demonstrate a 
3.8 cm triple-negative breast carcinoma with metastatic carcinoma in 1 of 7 axillary 
nodes. Pathologic stage classification ypT2, ypN1, cM0. She receives postoperative 
radiation therapy. It is important to remember that some patients are resistent to up-
front therapy. If progression occurs, it is best to move to surgery for local regional 
management before the patient becomes inoperable [38]. Progression on neoadju-
vant systmeic therapy carries a poor prognosis. Adjuvant systemic therapy, prefer-
ably as part of a clinical trial is indicated.

a b

Fig. 14.37 Ultrasound-guided needle biopsy of the left breast mass demonstrates infiltrating duc-
tal carcinoma with extensive necrosis (a, b). Estimated grade 3, ER negative, PR negative, and 
HER2 negative

a b

Fig. 14.38 MRI breast demonstrates an enhancing mass axial view (a) and sagittal view (b) with 
central necrosis (arrow) corresponding to the biopsy-proven carcinoma at the 11 to 12 o’clock 
position left breast. The mass measures 2.0 × 1.5 × 2.0 cm. There is no evidence of adenopathy or 
chest wall involvement
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 Clinical Scenario 6: Clinical Stage IA, cT1a, cN0 Triple-Negative 
Breast Carcinoma

Upfront Surgical Management Is Indicated for Accurate Staging with Adjuvant 
Systemic Therapy If Indicated Based on Pathologic Staging

A patient in her early 50s presents for cancer risk assessment. She has a history of 
DCIS right breast, intermediate grade, ER, PR positive presenting 5 years prior with 
clustered microcalcifications on screening mammograms. DCIS spanned 1  cm. 
Patient was managed with breast-conserving therapy and received 5 years of tamox-
ifen. She reports a family history of breast cancer in several maternal relatives. She 
is referred for cancer genetic counseling and genetic testing reveals a pathogenic 
mutation in BRCA 1.

Breast MRI is ordered for screening in this high-risk patient and demonstrates a 
new nodular focus of enhancement in the left breast. This is not visible sonographi-
cally and was not seen on screening mammograms 6 months prior (Fig. 14.39).

Patient undergoes MRI-guided biopsy demonstrating infiltrating ductal carci-
noma, estimated grade 3, ER negative, PR negative, and HER2 negative. Clinical 
stage IA, cT1a, cN0, cM0. This patient should not receive neoadjuvant systemic 
therapy, but should be undergo surgery first to assess pathologic stage of disease.

Given BRCA 1 mutation status, the patient opts for bilateral mastectomies with 
sentinel node procedure on the left. Final pathology reveals a focus of residual infil-
trating ductal carcinoma, grade 3, measuring 1.2 mm. There is no lympho-vascular 
invasion and the left axillary sentinel lymph nodes are negative. Patient’s prognosis 
is excellent, given early detection of her cancer. There is no indication for adjuvant 
systemic therapy. She is referred for prophylactic salpingo-oophorectomy and cas-
cade testing is offered to her family.

Fig. 14.39 In the central 
posterior aspect of the 
breast there is a new 
enhancing nodule 
measuring approximately 
5 mm in greatest 
dimension (arrow)
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 Summary

Guidelines for use of neoadjuvant systemic therapy have evolved over the past 
50 years. The goal of systemic therapy, whether administered prior to or after sur-
gery to patients with non-metastatic invasive breast carcinoma, is to reduce the 
risk of emergence of distant disease and improve the likelihood of long-term 
disease- free survival. The additional goals of administering neoadjuvant systemic 
therapy prior to surgery are several. For locally advanced inoperable disease, the 
goal is to convert patients to operable candidates as part of local regional manage-
ment of disease. Neoadjuvant therapy is considered standard of care for patients 
with inflammatory breast cancer, given the poor outcomes noted when surgery is 
attempted first, due to local regional extent of disease, involvement of skin lym-
phatics with tumor emboli, and propensity for disseminated microscopic disease at 
presentation.

In individuals with operable locally advanced disease, neoadjuvant systemic 
allows the tailoring of surgical options to reduce the extent of surgery needed to 
provide local regional control of disease. This may allow for breast conservation 
rather than mastectomy, less extensive axillary surgery, or improvement in cosmetic 
outcomes by reducing the size of lumpectomy for larger tumors. Administering sys-
temic therapy prior to surgery allows for monitoring of response, including discon-
tinuing therapy in the uncommon event of progression. Neoadjuvant delivery of 
systemic therapy also allows for evaluation of effectiveness of systemic therapy as 
determined by pathologic response. This information can be used to tailor adjuvant 
therapy recommendations, particularly in HER2-positive and triple-negative breast 
carcinoma, where pathologic response to initial therapy has strong prognostic impli-
cations. Ongoing guidelines will continue to change as information from ongoing 
clinical trials become available [49, 74, 75].

For patients that are candidates for surgery and candidates for adjuvant systemic 
therapy, but have a need to delay surgery, neoadjuvant systemic therapy can be con-
sidered. Examples where patient may need to delay surgery would include, awaiting 
results of cancer genetic testing to assist with surgical decisions, allowing time to 
consider options for breast reconstruction or operating room availability as was 
affected in many centers during the height of the COVID 19 pandemic [69].

The use of chemotherapy, endocrine therapy, or targeted therapy is guided by the 
same principles used to determine systemic treatment in the adjuvant setting, includ-
ing tumor histology, grade, stage, and estrogen, progesterone, and HER2 expres-
sion. Although there is interest in use of gene expression assays (such as Oncotype 
Dx Recurrence Score and MammaPrint) in guiding clinical decisions [64], there 
have not been prospective trials assessing the clinical utility of using a gene expres-
sion assay in the setting of locally advanced breast cancer. Future guidelines and 
recommendations how best to utilize this clinical approach will continue to evolve 
as results from ongoing clinical trials mature.
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Chapter 15
Ongoing Clinical Studies and Future 
Directions

Azadeh Nasrazadani, Juan Luis Gomez Marti, Tara Hyder, Vikram Gorantla, 
and Adam M. Brufsky

 Introduction

The philosophy of the neoadjuvant approach can be traced back to NSABP B-18 [1] 
and 27 [2], which demonstrated that neoadjuvant therapy reduces the size of breast 
tumors and decreases incidence of positive nodes at time of surgery. Logical appli-
cation of the neoadjuvant approach was to downsize the primary and axilla to 
improve surgical outcomes and reduce morbidity, especially in cancers that were 
deemed chemosensitive. As understanding and practice of neoadjuvant approach 
and outcomes grew, so did our realization of the implications of the in vivo response 
to neoadjuvant treatment vis-à-vis pathologic complete response as a marker of 
prognosis and surrogate marker for overall survival. Trials evaluating adjuvant ther-
apies for non-responders showed benefit which led to the approval of adjuvant ther-
apy to improve outcomes. These reasons have made the neoadjuvant paradigm an 
attractive option, allowing for a personalized approach to escalation and de- 
escalation of care.
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Key ongoing trials in this arena are summarized in the following sections and 
provide insight into the direction toward which the field is moving. Table 15.1 lists 
details central to study design for all described studies herein.

 Hormone-Receptor-Positive Breast Cancer

While neoadjuvant chemotherapy (NAC) is commonly utilized for purposes of 
tumor shrinkage and downstaging, the role of neoadjuvant endocrine therapy (NET) 
is less clear. Strongly, estrogen receptor (ER) positive tumors are thought to be 
prime examples with potential for response to NET in an overall attempt to avoid or 
reduce need for more toxic therapies. Identification of appropriate cases, however, 
is key, and in the setting of NET, has led to the development of the preoperative 
endocrine prognostic index (PEPI). PEPI incorporates recurrence-free survival 
(RFS) associated factors, including pathological tumor size, pathological node sta-
tus, clinical response (complete plus partial clinical response vs. stable disease plus 
progressive disease), surgical specimen ER status (Allred score ≥3 vs. 0 or 2), his-
tological grade (grade 1 vs. grade 2/3), and the Ki-67 level. Validated by the 

Table 15.1 Summary of ongoing breast cancer trials in the neoadjuvant setting

ClinicalTrials.gov
Number identifier

Number 
of 
patients Phase Treatment arms Primary endpoint

Hormone-receptor-positive

NCT01953588
(alternate)

N = 1473 3 Arm 1: Anastrazole
Arm 2: Fulvestrant
Arm 3: Anastrazole +fulvestrant

1.  Rate of 
endocrine- 
resistant disease

2.  pCR
3.  RFS

NCT02206984 N = 170 2 Arm 1: Tamoxifen
Arm 2: Anastrazole
Arm 3: Fulvestrant

Ki-67 level changes 
from baseline to 
post-treatment in 
ILC patients

NCT03969121 N = 200 3 Arm 1: 
Placebo+tamoxifen+leuprorelin or 
goserelin (postmenopausal also 
receive letrozole)
Arm 2: Palbociclib+tamoxifen+le
uprorelin or goserelin 
(postmenopausal also receive 
letrozole)

1.  PEPI score
2.  EndoPredict 

EPclin score

NCT03447132
(SAFIA)

N = 400 3 Arm 1: 
Placebo+fulvestrant+goserelin
Arm 2: Palbociclib+fulvestrant+go
serelin

pCR
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Table 15.1 (continued)

ClinicalTrials.gov
Number identifier

Number 
of 
patients Phase Treatment arms Primary endpoint

NCT03628066
(NSABP FB-13)

N = 24 2 Premenopausal women divided 
into 2 cohorts based on baseline 
breast recurrence score (RS) 
(cohort 1: RS < 11 or cohort 2: RS 
11–26)
Both cohorts receive 
letrozole+palbociclib+goserelin 
for 6 weeks
If core-cut biopsy at 6 weeks has a 
Ki67 <10% then continue study 
therapy. If Ki67 ≥10%, then begin 
neoadjuvant chemotherapy or 
surgery

Percentage of 
patients with 
Ki67 < 2.7%

NCT02764541
(PELOPS)

N = 195 2 Premenopausal women with IDC 
or ILC.
Arm 1: Tamoxifen +endocrine 
therapy
Arm 2: Letrozole + endocrine 
therapy
Arm 3: Tamoxifen + endocrine 
therapy + palbociclib
Arm 4: Letrozole + endocrine 
therapy + palbociclib

1.  Ki67 changes 
from baseline to 
day 15

2.  Residual cancer 
burden

NCT04109066 
(Checkmate 7FL)

N = 1200 3 Arm 1: Placebo + neoadjuvant 
chemotherapy → surgery → 
placebo + adjuvant endocrine 
therapy
Arm 2: Nivolumab + neoadjuvant 
chemotherapy → surgery → 
nivolumab + adjuvant endocrine 
therapy

1. pCR
2. EFS

NCT03725059 
(KEYNOTE-756)

N = 1140 3 Arm 1: Placebo + neoadjuvant 
chemotherapy → surgery → 
placebo + adjuvant endocrine 
therapy
Arm 2: Pembrolizumab + 
neoadjuvant chemotherapy → 
surgery → nivolumab + adjuvant 
endocrine therapy

1. pCR
2. EFS

HER2 positive breast cancer

NCT01996267
(TRAIN-2)

N = 437 3 Arm 1: Fluorouracil + epirubicin 
+cyclophosphamide + trastuzumab 
+ pertuzumab
Arm 2: Paclitaxel + trastuzumab + 
carboplatin + pertuzumab

pCR

(continued)
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Table 15.1 (continued)

ClinicalTrials.gov
Number identifier

Number 
of 
patients Phase Treatment arms Primary endpoint

NCT02003209 N = 312 3 Arm 1: Docetaxel + carboplatin + 
trastuzumab + pertuzumab → 
surgery + radiation → trastuzumab
Arm 2: Docetaxel + carboplatin + 
trastuzumab + pertuzumab + 
(premenopausal receive goserelin 
+ AI and postmenopausal receive 
AI) → surgery + radiation → 
trastuzumab

pCR

NCT04425018
(MARGOT)

N = 171 2 Arm 1: Paclitaxel + pertuzumab + 
margetuximab
Arm 2: Paclitaxel + pertuzumab + 
trastuzumab

pCR

NCT04553770 N = 88 2 Arm 1: Trastuzumab deruxtecan
Arm 2: Trastuzumab deruxtecan + 
anastrazole

pCR

NCT03595592
(APTneo)

N = 650 3 Arm 1: Trastuzumab + 
pertuzumab + carboplatin + 
paclitaxel → surgery → 
trastuzumab + pertuzumab
Arm 2: Doxorubicin + 
cyclophosphamide + 
atezolizumab→ trastuzumab + 
pertuzumab + carboplatin + 
paclitaxel → surgery → 
trastuzumab + pertuzumab + 
atezolizumab
Arm 3: Trastuzumab + 
pertuzumab + carboplatin + 
paclitaxel + atezolizumab → 
surgery → trastuzumab + 
pertuzumab + atezolizumab

EFS

NCT03726879
(IMpassion050)

N = 453 3 Arm 1: Atezolizumab + 
doxorubicin cyclophosphamide → 
atezolizumab + paclitaxel + 
trastuzumab + pertuzumab → 
surgery → pertuzumab + 
atezolizumab
Arm 2: Placebo + doxorubicin 
cyclophosphamide →placebo + 
paclitaxel + trastuzumab + 
pertuzumab → surgery → placebo 
+ pertuzumab + trastuzumab

pCR
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Table 15.1 (continued)

ClinicalTrials.gov
Number identifier

Number 
of 
patients Phase Treatment arms Primary endpoint

NCT02061423 N = 7 1 HER2 pulsed dendritic cell 
vaccine

1. Compliance
2.  Treatment 

related adverse 
events

Triple negative

NCT02425891
(IMpassion130)

N = 900 3 Arm 1: Atezolizumab + 
nab-paclitaxel
Arm 2: Placebo + nab-paclitaxel

1.  PFS in all 
randomized 
participants

2.  PFS in 
participants with 
detectable 
PD-L1

3.  OS in all 
randomized 
participants

4.  OS in 
participants with 
detectable 
PD-L1

NCT03036488
(KEYNOTE 522)

N = 1174 3 Arm 1: Pembrolizumab + 
chemotherapy → surgery → 
pembrolizumab
Arm 2: Placebo + chemotherapy 
→ surgery → placebo

1. pCR
2. EFS

NCT03281954 
(NSABP B-59/
GBG 
96-GeparDouze)

N = 1520 3 Arm 1: Placebo → surgery → 
placebo
Arm 2: Atezolizumab → surgery 
→: Atezolizumab

1. pCR
2. EFS

NCT02620280 
(NeoTRIPaPDL1)

N = 278 3 Arm 1: Carboplatin + abraxane → 
surgery → chemotherapy
Arm 2: Carboplatin + abraxane + 
atezolizumab → surgery → 
chemotherapy

EFS

NCT03150576 
(PARTNER)

N = 527 2/3 Arm 1: Paclitaxel + carboplatin
Arm 2: Paclitaxel + carboplatin + 
olaparib

1.  Treatment- 
related adverse 
events

2. pCR
3. Completion rate

(continued)
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Table 15.1 (continued)

ClinicalTrials.gov
Number identifier

Number 
of 
patients Phase Treatment arms Primary endpoint

NCT01057069
(neo-TN)

N = 310 2/3 Arm 1: HRD positive tumors: 
ddAC × 4 cycles + tCTC × 2 
cycles
Arm 2: HRD positive tumors: 
ddAC × 3 cycles → carboplatin + 
paclitaxel × 3 cycles
Arm 3: Non-HRD positive tumors: 
ddAC × 3 cycles →unfavorable 
response → carboplatin + 
paclitaxel × 3 cycles
Arm 4: Non-HRD positive tumors: 
ddAC × 3 cycles → favorable 
response → ddAC × 3 cycles
Arm 5: Non-HRD positive tumors: 
ddAC × 3 cycles → favorable 
response → carboplatin + 
paclitaxel × 3 cycles

1.  HRD tumors: 
Average NRI 
after intensified 
alkylating 
therapy in 
comparison to 
that after 
‘standard’ 
neoadjuvant 
chemotherapy.

2.  Non-HRD 
tumor: NRI

NCT04230109
(NeoSTAR)

N = 100 2 Arm 1: Sacituzumab govitecan
Arm 2: Sacituzumab govitecan + 
pembrolizumab

pCR

Surgical management and de-escalation

NCT03820063
(TRAIN-3)

N = 462 NA Paclitaxel + trastuzumab + 
carboplatin + pertuzumab × 3 or 
6 cycles based on rCR → surgery

3-year EFS

NCT04301375
(ELPIS)

N = 27 NA Paclitaxel + trastuzumab + 
pertuzumab → if achieve pCR, 
then no surgery; if do not achieve 
pCR, then surgery

3-year loco- 
regional DFS

NCT04289935
(VISION-I)

N = 420 NA Neoadjuvant treatment → vacuum 
assisted biopsy

Sensitivity 
[proportion of true 
positive patients 
(non pCR by both 
VAB and surgery) 
given patients with 
non pCR assessed 
using surgical 
specimen]

NCT02800317
(RISAS)

N = 248 NA RISAS → axillary lymph node 
dissection

1.  Sensitivity of 
RISAS for 
identifying 
axillary pCR

2.  NPV of RISAS 
for identifying 
axillary pCR

3.  FNR of RISAS 
for identifying 
axillary pCR
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IMPACT trial, the risk of relapse is then correlated to scores of 0, 1–3, and ≥4 cor-
responding to 10, 23, and 48%, respectively [3]. A score of 0 effectively identifies a 
very low risk population, where NAC can effectively be omitted. The benefit of 
NET with regard to long term outcomes based on utilization of this index is yet 
unknown, prompting trial design incorporating PEPI and other biomarkers, namely, 
Ki-67 to understand this.

Table 15.1 (continued)

ClinicalTrials.gov
Number identifier

Number 
of 
patients Phase Treatment arms Primary endpoint

NCT04109079
(ATNEC)

N = 1900 NA Arm 1: Axillary treatment 
(axillary lymph node dissection or 
axillary radiotherapy)
Arm 2: No axillary treatment 
(axillary lymph node dissection or 
axillary radiotherapy)

1. DFS
2.  Patient reported 

lymphedema

NCT01901094 
(Alliance A01120)

N = 1660 3 Arm 1: Axillary lymph node 
dissection + nodal radiation 
therapy
Arm 2: Axillary radiation + nodal 
radiation therapy

RFS

NCT01872975
(NSABP B-51)

N = 1636 3 Arm 1: Participants with 
lumpectomy: No regional nodal 
XRT with WBI
Arm 2: Participants with 
mastectomy: No regional nodal or 
chest wall XRT
Arm 3: Participants with 
lumpectomy: Regional nodal XRT 
with WBI
Arm 4: Participants with 
mastectomy: Regional nodal XRT 
and chest wall XRT

RFS

Novel strategies

NCT03357120
(ALIENOR)

N = 180 NA Neoadjuvant chemotherapy → 
surgery → ctDNA mutations 
analysis post-surgery and then 
every 6 months for 5 years

Prognostic value of 
ctDNA mutations 
on 3-year RFS

I-SPY2 NA 2 Multiple standard or intervention 
arms used to assess novel agents

1. pCR
2. EFS
3.  Distant 

recurrence-free 
survival

AI aromatase inhibitor, ddAC dose-dense doxorubicin + cyclophosphamide, DFS disease-free sur-
vivaI, EFS event-free survival, FNR false negative rate, HRD homologous recombination defect, 
IDC infiltrating ductal carcinoma, ILC infiltrating lobular carcinoma, NPV negative predictive 
value, NRI neoadjuvant response index, pCR pathological complete response, PEPI preoperative 
endocrine prognostic index, PFS progression-free survival, rCR radiologic complete response, 
RFS recurrence-free survival, WBI whole breast irradiation, XRT external radiotherapy
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ALTERNATE follows suit of assessing tumor response to NET utilizing Ki-67 
levels more or less than 10% as a surrogate to identify ER+, HER2- cases more 
likely to require more aggressive therapies, including chemotherapy, while further 
evaluating endocrine-sensitive disease rates (ESDR) in cases continuing with NET 
[4]. ESDR is derived as a proportion of cases with a modified PEPI (mPEPI) of 0 at 
time of surgery (defined as pT1–2, pN0, and Ki-67 <2.7%, or achieving a patho-
logic complete response (pCR)). Between groups treated with neoadjuvant anastro-
zole, fulvestrant, or both, no discernable differences were reported in ESDR or rate 
of breast-conserving surgeries, although RFS data is lacking at this time [5]. As 
compared to historical data from similar cohorts not receiving NET, RFS from these 
studies will clarify whether there is an added benefit to this approach in lieu of cur-
rent practices employing endocrine therapy in the adjuvant setting alone.

Among pathologic factors appreciated for a heightened response to endocrine 
therapy, lobular histology tumors are consistently found to be more frequently 
hormone- receptor-positive (HR+) with a less robust response to neoadjuvant che-
motherapy as compared to invasive ductal carcinomas [6]. Collectively, this signals 
a preferential response to endocrine therapy (ET), which is further being explored 
in a phase II study (NCT02206984), exclusively investigating the change in Ki-67 
levels in invasive lobular carcinomas (ILC) after neoadjuvant therapy with either 
tamoxifen, anastrozole, or fulvestrant. Meaningful decreases in Ki-67 levels conse-
quent to NET may lead to changes in the clinical approach to ILC, which currently 
follows standard of care algorithms, utilized irrespective of histology.

The synergistic role of combination CDK4/6 inhibition and ET has cemented 
this relatively new treatment paradigm in the management of metastatic HR+, 
HER2- patients. Building on the successes achieved with CDK4/6 inhibitors 
(CDKIs) in this setting, PALLET [7] and neoMonarch [8] phase II trials indepen-
dently demonstrated that the addition of a CDK4/6 (ribociclib or abemaciclib, 
respectively) to ET in the neoadjuvant setting led to enhanced decreases in Ki-67 
levels status after a short course of treatment, although in PALLET, no difference in 
clinical response was observed. A phase III trial (NCT03969121) is currently under-
way that continues to investigate the benefit of CDK4/6 inhibition (utilizing palbo-
ciclib) in combination with ET and will compare PEPI and EndoPredict EPclin 
scores to assess efficacy. In contrast, the phase III SAFIA trial will include patients 
on the basis of oncotype dx RS < 31 to investigate the efficacy with regard to pCR 
upon addition of palbociclib to fulvestrant +/− goserelin (in pre- and peri- 
menopausal patients; NCT03447132) [9]. Similarly, NSABP FB-13 seeks to expand 
on PALLET in premenopausal patients with the addition of goserelin to letrozole 
and palbociclib in an effort to identify patients that achieve Ki-67 <10% as appro-
priate candidates to continue NET where NAC can safely be omitted [10]. PELOPS 
is an ongoing phase II trial that specifically enriches for ILC patients and compares 
fold changes in Ki-67 and pCR in cohorts given neoadjuvant tamoxifen vs. letrozole 
+/− palbociclib. While cohorts are not stratified by histology (lobular vs. ductal) in 
PELOPS, emphasis on recruitment of ILC patients ensures more generalizable find-
ings in this sizable subpopulation.
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Given advances achieved with immunotherapy (IO) in triple negative breast can-
cer (TNBC), multiple studies continue to investigate whether IO has a place in the 
management of HR+ patients. Checkmate 7FL is a phase III study utilizing 
nivolumab in high-risk ER+, HER2- patients in the neoadjuvant setting vs. placebo 
in combination with paclitaxel, then an anthracycline plus cyclophosphamide, and 
continuation of IO vs. placebo with standard ET in the adjuvant setting [11]. Planned 
primary endpoints include pCR and event-free survival (EFS) rates. Keynote 756 
follows a similar design also in high-risk patients, although utilizing pembroli-
zumab [12]. Interim analysis of these studies has not yet been performed.

 HER2-Positive Breast Cancer

Neoadjuvant chemotherapy constitutes the standard of care for stage II-III HER2+ 
early breast cancer with efficacy largely determined by pCR rates which reliably 
correlate with patient outcomes [13] as well as influence of adjuvant management. 
Current guidelines encourage the use of dual HER2 blocking agents, trastuzumab 
and pertuzumab (HP), with chemotherapy [14, 15]; preferably a taxane and carbo-
platin [16]. In the adjuvant setting, presence of a single HER2 blocking agent 
(trastuzumab) combined with carboplatin and taxane regimens have similar efficacy 
and reduced toxicity as compared to the combination with an anthracycline and 
taxane [17]. Given significant improvements noted in pCR with dual HER2 block-
ade [13], TRYPHAENA went on to demonstrate that the combination of trastu-
zumab and pertuzumab together with an anthracycline was not associated with 
increased cardiac toxicity when compared to non-anthracycline dual HER2 block-
ade in the neoadjuvant setting [18]. With the apparent absence of added cardiac 
toxicity when incorporating anthracyclines to HER2-directed regimens, TRAIN-2 
continues to evaluate the combination of epirubicin with trastuzumab and pertu-
zumab (NCT01996267). TRAIN-2 trial is a phase III, multicenter, open label, ran-
domized study that compares pCR rates between anthracycline- and 
non-anthracycline-treated cohorts with largely non-significant findings to date. 
Toxicity has been notably higher in the anthracycline group with higher rates of 
grade 4 febrile neutropenia (18% vs. 6%, respectively), arguing for the omission of 
anthracyclines during neoadjuvant therapy, although long-term data is pending [15].

The benefit of chemotherapy and HER2-directed therapy in the neoadjuvant set-
ting is clear with regards to prognosis prediction. In cases of triple positive disease 
(HR+, HER2+), however, timing of ET is not well defined. The combination of 
chemotherapy and HER2-directed therapy achieves high pCR rates in HR-, HER2+ 
patients, although this has consistently been found to be comparatively lower in 
HR+, HER2+ patients [13, 17, 19–21], suggesting resistant mechanisms more likely 
to benefit from endocrine therapies and alternative pathways.

The addition of endocrine therapy to HER2-directed therapies in the metastatic 
and adjuvant settings has been clearly associated with improved outcomes [22, 23, 
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24]. However, data is lacking in the neoadjuvant setting. In a small study evaluating 
neoadjuvant HER2-directed targeted therapies without chemotherapy, a 21% pCR 
rate was seen in ER+ patients in which letrozole was also given, compared to 36% 
pCR in the ER- group [25].

Similarly, in PerELISA, chemotherapy was omitted in “molecular responder” 
triple positive cases in which Ki-67 was relatively reduced by at least 20% after a 
2-week neoadjuvant treatment of letrozole. pCR was seen in 20.5% after patients 
continued to receive 5 cycles of HP prior to undergoing definitive surgery [26]. In 
an ongoing phase III randomized trial, estrogen deprivation therapy (goserlin ace-
tate) and an aromatase inhibitor (AI) will be added in premenopausal patients with 
AI added alone to postmenopausal HR+ patients receiving standard of care 
docetaxel, carboplatin, and HP (TCHP). This study will elucidate the added benefit 
of ET in the neoadjuvant setting for triple positive disease (NCT02003209). Of 
note, the ADAPT protocol (NCT01745965) previously evaluated the efficacy of 
T-DM1 with or without standard ET, compared to trastuzumab with ET. While a 
significantly higher pCR rate was reported for TDM-1 with or without ET compared 
to the trastuzumab arm, the addition of ET did not appear to have a significant added 
benefit [27].

Further challenging the standard TCHP regimen is the Neopeaks study, which is 
a randomized, neoadjuvant phase II study comparing TCHP to T-DM1 and pertu-
zumab (TDM1 + P), or TCHP followed by T-DM1 and pertuzumab (T-DM1 + P) in 
both HR+ and HR- patients. Superior pCR rates were achieved with the T-DM1 + P 
cohort that was notably more prominent among ER+ groups (69% vs. 43.3% pCR 
rates in TCHP-T-DM1 + P vs. TCHP alone, respectively, p = 0.047). Differences 
were not significant between groups among patients with ER- disease [28]. 
Altogether, the aforementioned findings indicate that HR+/HER2+ patients may 
benefit from a modified approach to traditional regimens.

As the role of T-DM1 continues to expand, particularly after KATHERINE [29], 
Margetuximab is highlighted as another emerging antibody-drug conjugate, which 
displays enhanced antibody-dependent cell-mediated cytotoxicity (ADCC). 
Margetuximab is thought to have a higher affinity for both alleles of the Fc receptor 
CD16A, having shown increased PFS as compared to trastuzumab in advanced 
HER2-positive BC [30, 31]. In an early phase I study evaluating margetuximab in 
HER2+ solid tumors where no standard therapy was available, tumor reductions 
occurred in over half of response-evaluable patients with breast cancer. In addition, 
analysis of peripheral blood mononuclear cells showed that margetuximab enhanced 
antibody-dependent cell-mediated cytotoxicity (ADCC), as compared to trastu-
zumab [32]. The currently recruiting phase II trial (MARGOT, MARGetuximab Or 
Trastuzumab, NCT04425018) will evaluate pCR rates after treatment with pacli-
taxel, pertuzumab, and margetuximab (TMP); or paclitaxel, pertuzumab, and trastu-
zumab (THP), in patients with stage II-III HER2+ breast cancer. Patients will be 
followed for 10 years after surgery, with some candidates receiving margetuximab 
for a year post-surgery if response to 12-week treatment is acceptable [33].

On the heels of promising findings reported from another novel HER2-directed 
agent, trastuzumab-deruxtecan, in DESTINY-Breast 01 in metastatic patients [34], 
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a newly recruiting phase II study (NCT04553770) aims to explore the role of 
trastuzumab- deruxtecan with or without anastrozole specifically in HER2 low, HR+ 
patients in the front-line neoadjuvant setting.

The addition of PD-L1 inhibitors to promote adaptive T-cell antitumor activity 
constitutes a novel approach that has been encouraged by prior experimental and 
clinical evidence. In HER2+ disease, presence of intratumoral PD-L1 serves as an 
independent poor prognostic marker of disease-free survival (HR  =  1.866, 
p = 0.001), with lower expression of PD-1 among tumor-infiltrating lymphocytes 
(TILs; p = 0.011) [35]. However, recent studies suggest that trastuzumab increases 
adaptive antitumor immunity, which is further facilitated by anti-CTLA-4 antibod-
ies [36, 37], ultimately leading to the development of the APTneo trial 
(NCT03595592). This is a phase III, randomized, open-label study that will com-
bine trastuzumab, pertuzumab, carboplatin, and paclitaxel with or without atezoli-
zumab in women with early high-risk and locally advanced HER2+ disease who are 
suitable for neoadjuvant therapy. The primary outcome will be EFS; whereas, the 
secondary outcomes will include pCR, clinical objective response (COR), distant 
event-free survival (DEFS), OS, and adverse events. Of note, the phase II KATE2 
trial (NCT02924883) previously evaluated the role of atezolizumab in combination 
with trastuzumab in the metastatic setting, which did not demonstrate a significant 
difference in PFS and was stopped due to futility and elevated frequency of adverse 
events among patients receiving atezolizumab [38]. Despite the discouraging results 
of KATE2, it remains to be elucidated if the APTneo trial will provide more promise.

Impassion050 (NCT03726879) will similarly evaluate the efficacy and safety of 
atezolizumab in patients with early HER2+ breast cancer. Patients will be given 
atezolizumab in combination with dose-dense doxorubicin plus cyclophosphamide, 
followed by paclitaxel plus trastuzumab plus pertuzumab. The primary outcome is 
the percentage of pCR among the PD-L1-positive population. Secondary outcomes 
will include pCR among PD-L1 negative population, pCR based on HR sta-
tus, and OS.

Dendritic cell vaccines constitute a different avenue to overcome HER2 therapy 
resistance. HER-2 peptide-pulse dendritic cell type 1 (DC1) specifically promotes 
T-cell responses against HER2, which is manipulated by a strategy termed Immune.

Conditioning via Activated Innate (autologous) Transfer (ICAIT). Briefly, 
ICAIT consists of rapidly activating immature CD14+ peripheral blood monocytes 
into fully functional DCs in vitro. DCs are then pulsed with stimulatory molecules 
and peptide antigens based on the HER-2/neu sequence, which are then adminis-
tered back into the patient’s lymph nodes [39]. A currently active clinical trial 
(NCT02061423) is providing a pulse DC1 vaccine to high-risk HER2+ breast can-
cer patients with residual disease post neoadjuvant therapy. Primary outcomes 
assessed include participation, compliance, and occurrence of treatment-related 
adverse events, with immunogenicity and anti-HER2 immunity considered as sec-
ondary outcomes.

As HER2-directed therapies seem to be less effective against ER+ than ER- 
tumors, analysis of Th1-mediated cytokine response has also been studied. 
Interestingly, no significant differences in Th1 response have been found in blood 
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after DC1 vaccination based on HR status, with or without antiestrogen therapy. 
Nonetheless, the anti-HER2 Th1 response is higher in ER+ patients treated with 
anti-HER2 vaccination and antiestrogen therapy, compared to those not treated with 
antiestrogen therapies. These results were very similar in terms of pCR. Patients 
with ER+ disease who were vaccinated and treated with antiestrogen therapy had a 
similar pCR to those with ER- disease (28.6% vs. 31.4%), but significantly higher 
pCR than those who did not receive anti-estrogen therapy (4%, p = 0.03). These 
results encourage the development of further studies in the neoadjuvant setting [40].

 Triple Negative Breast Cancer

Triple negative breast cancer is an active area of research given its comparatively 
aggressive natural history with no clear biomarkers. Despite the lack of targeted 
therapies for this patient population, immunotherapy has been found to be uniquely 
effective. Furthermore, TNBC patients have a higher propensity to harbor BRCA1/2 
mutations, which suggests they may exhibit a preferential response to inhibitors 
targeting the DNA damage repair pathway.

Impassion130 first established a role for immunotherapy in the management of 
metastatic TNBC. The addition of atezolizumab to paclitaxel in the first-line meta-
static setting demonstrated prolonged PFS and a trend for improved OS [41]. 
NSABP B-59/GBG 96-GeparDouze and NeoTRIPaPDL1 are phase III trials that 
seek to explore the benefit of atezolizumab in the neoadjuvant setting and notably 
stratify patients based on PDL1 status. Impassion031 similarly incorporates atezoli-
zumab in the intervention arm with primary analysis demonstrating higher pCR, 
with the addition of atezolizumab to NAC (57.6% vs. 41.1%; Δ16.5%; 5.9, 27.1; 
1-sided P = 0.0044) that appears numerically more enhanced in the PDL1-positive 
cohort (68.8% vs. 49.3%; Δ19.5%; 4.2, 34.8; 1-sided P = 0.021, not significant) 
[42]. The addition of pembrolizumab vs. placebo to NAC, as opposed to atezoli-
zumab, has heralded comparable findings in Keynote-522. At first interim analysis, 
64.8% of patients in the pembrolizumab-chemotherapy arm had achieved pCR as 
compared to 51.2% in the placebo-chemotherapy arm (95% CI, 5.4 to 21.8; 
P < 0.001) [43].

Overlapping molecular features of TNBC and BRCA1/2 mutated tumors have 
encouraged incorporation of PARP inhibitors in TNBC study designs, which pref-
erentially impact tumors with underlying deficiencies in homologous DNA repair. 
The addition of veliparib to a platinum containing neoadjuvant regimen did not 
enhance pCR rates in BrighTNess [44], although multiple trials continue to expand 
on this central supposition. PARTNER incorporates Olaparib in a platinum contain-
ing NAC regimen specifically in basal type TNBC or patients with germline BRCA 
mutations. Neo-TN (NCT01057069), on the other hand, focuses on whether a more 
intensified NAC regimen with regard to alkylating agent use will lead to improved 
responses in tumors with homologous repair-deficient (HRD) tumors.
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Finally, sacituzumab govitecan (SG) is a novel antibody-drug conjugate which 
delivers a topoisomerase 1 inhibitor SN-38 containing the active metabolite of iri-
notecan, coupled to a humanized monoclonal antibody directed toward tumor anti-
gen Trop-2. SG was recently found to significantly extend OS in the third-line 
metastatic setting [45] in TNBC and is now being evaluated in the neoadjuvant 
setting in NeoSTAR (NCT04230109).

 Surgical Management and De-Escalation

Early-stage breast cancer patients boast exceptionally high 5-year and 10-year sur-
vival and recurrence-free survival rates, which is especially striking compared to 
most other solid tumors. High success rates status post-multi-modality treatment is 
largely a function of aggressive therapies that reflect decades of clinical trials. It is 
becoming increasingly apparent that not all patients benefit equally from the extent 
of standard of care therapies that are recommended. As a result, multiple trials have 
been developed to better decipher those patients in whom de-escalation of therapy 
can be considered.

TRAIN-3 approaches de-escalation in patients with early stage HER2+ disease 
with the intent of minimizing preoperative chemotherapy. In this single arm, multi-
center study, patients that achieve radiologic complete response (rCR) after either 
cycle 3 or 6 of neoadjuvant therapy, including paclitaxel, trastuzumab, carboplatin, 
and pertuzumab, may undergo early surgery. The primary endpoint will be 3-year 
EFS, results of which may encourage further trial design to minimize need for toxic 
therapies [46].

In the ELPIS study, a prospective, single arm, open-label, unicenter, exploratory 
study in women with primary operable HER2-enriched breast cancer achieving a 
complete response following standard anti-HER2-based neoadjuvant therapy with 
paclitaxel/trastuzumab/pertuzumab, omission of surgery and sentinel lymph node 
dissection will be evaluated. The primary objective will be to estimate the 3-year 
locoregional invasive DFS of patients who achieve a pCR based on imaging and 
stereotactic biopsy, with the intention of omitting loco-regional surgery. The experi-
mental arm will omit surgery, and the no intervention will include surgery. Both 
arms will be treated with paclitaxel, trastuzumab, and pertuzumab for 5 cycles. If no 
invasive tumor cells and no in situ disease are identified in the stereotactic biopsy, 
patients may be able to omit surgery. In addition, trastuzumab and pertuzumab will 
be continued to complete 1 year of treatment and adjuvant endocrine therapy will be 
indicated according to hormonal receptor status by immunohistochemistry [47].

While the prospect of forgoing invasive surgery offers great appeal, the risk of 
encountering a false negative should be acknowledged, which, if present, may deny 
the patient the opportunity to receive adjuvant T-DM1 as per KATHERINE trial 
[26]. Thus, accurate interpretation of pCR is paramount. VISION-I (NCT04289935) 
utilizes a novel technique of vacuum-assisted biopsy (VAB) to more accurately 
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assess for residual tumor status post-neoadjuvant therapy. VAB offers the advan-
tages of a core needle biopsy with the added benefit of using a single insertion line 
from where multiple samples—including from the tumor center—can be cut and 
suctioned [48]. The sensitivity of VAB will be compared to regular surgery in 
assessing pCR status.

Further complicating surgical management in the setting of neoadjuvant therapy 
is the question of adequate lymph node interrogation and intervention. In this regard, 
the RISAS study (NCT02800317) investigates the ability of radioactive iodine 
seeds to predict detection of axillary pCR [49]. The novel procedure contains radio-
active iodine seed placement to the axilla prior to initiation of neoadjuvant chemo-
therapy. The primary outcome of the study is to identify the sensitivity, negative 
predictive value (NPV), and false negative rate (FNR) of the procedure for detecting 
axillary pCR. Moving forward, axillary node dissection may be omitted with higher 
levels of confidence utilizing this technique in the event this procedure is found to 
predict axillary pCR with high accuracy.

In the phase III British ATNEC study (NCT04109079), axillary radiotherapy in 
lieu of axillary lymph node dissection is considered for patients with axillary nodal 
disease present prior to NAC with no evidence of residual axillary disease post 
NAC. The authors hypothesize that this approach is non-inferior to axillary treat-
ment in terms of DFS and 5-year development of lymphedema, although this 
remains to be seen. Alliance A011202 (NCT01901094) addresses a similar ques-
tion, although aims to evaluate whether axillary and regional radiation therapy alone 
is non-inferior to radiation in addition to axillary lymph node dissection (ALND) in 
patients with a positive sentinel lymph node biopsy (SLNB) after administration of 
standard of care neoadjuvant chemotherapy. In contrast, NSABP B-51 
(NCT01872975) considers the possibility of radiotherapy omission in breast cancer 
patients known to be node positive (N1) prior to neoadjuvant chemotherapy that are 
found to be pathologically node negative (ypN0) at time of surgery. Patients under-
going mastectomy will be randomized to either receive chest wall and regional 
nodal radiotherapy or no radiation therapy, and patients undergoing breast- 
conserving surgery will receive whole breast irradiation either with or without 
regional nodal radiotherapy. Invasive breast cancer recurrence-free interval 
(IBCR-FI) will be evaluated as the primary outcome of interest and determine to 
what extent radiotherapy contributes to outcomes in this clinical scenario [50].

 Novel Strategies

To provide highly sensitive tools that objectively identify the presence of pCR after 
neoadjuvant therapy, studies have evaluated the presence of residual circulating 
tumor DNA (ctDNA). Longitudinal analysis of residual ctDNA during and after 
neoadjuvant treatment has shown that decrease in patient-specific mutations as 
measured by ctDNA correlates with response to neoadjuvant therapy, with largest 
decreases in ctDNA concentration among patients achieving pCR [51]. A 
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prospective, ctDNA collection study of women who received neoadjuvant therapy 
and surgery, or surgery followed by adjuvant chemotherapy for early breast cancer, 
irrespective of HER2 or HR status, found that detection of ctDNA during follow-up 
was associated with relapse (HR 25.2, p  < 0.001). Furthermore, the presence of 
ctDNA at diagnosis correlated with RFS (HR 5.8, p = 0.01), and distant extracranial 
metastasis could be detected by ctDNA in 96% of cases [52].

To expand on the value of ctDNA testing, ALIENOR (NCT03357120) is a trial 
in recruitment stage that aims to assess the prognostic value of mutations in 
ctDNA. Specifically, samples are to be obtained from patients with invasive breast 
cancer treated with neoadjuvant chemotherapy who have not achieved a complete 
pathologic response. The study will perform ctDNA analysis from after surgery 
every 6 months for 5 years. The primary outcome of the study is to determine the 
prognostic value of the presence of ctDNA mutations on recurrence-free interval at 
3 years. Secondary outcomes include OS and distant metastasis-free interval (DRFI) 
at 3 and 5 years.

Arguably the most novel strategy with regard to neoadjuvant therapy selection, 
however, remains to be the I-SPY trial model. In I-SPY 2, patients are classified by 
their molecular subtype, then randomized to a standard or intervention arm consist-
ing of novel therapies and novel agent combination. The association of pCR with 
EFS and distant recurrence-free survival (DRFS) is evaluated with information pro-
viding real-time randomization of incoming patients to the trial. This multicenter 
study includes women with operable stage II-III BC who have not had prior surgery 
or systemic therapy, and whose primary tumor is >2.5 cm. Patients who are not 
ERBB2 negative/HR positive and have a low 70-gene assay score were excluded. 
While the rate of pCR varies by subtype, strong associations between achieving 
pCR and EFS/DRFS (overall HR 0.19, CI 0.12–0.31) have been reported with a 
median follow-up of 3.8 years, regardless of molecular subtype [53, 54]. I-SPY 2 
embodies the goal of personalized medicine to provide patients with the most effec-
tive agent individualized in each case in the up-front neoadjuvant setting. Outcomes 
from individual therapy arms are not yet reported from this highly informative trial.

 Future Directions

The management of breast cancer has become increasingly sophisticated and con-
tinues to evolve as reported interim and final analyses of the many active clinical 
trials guide and re-direct the path forward. Advances in patient outcomes with the 
emergence of multiple novel agents have led to innovative strategies, which chal-
lenge standard of care regimens by utilizing these agents in earlier lines and now 
neoadjuvant settings. Comparatively high survival rates appreciated by breast can-
cer patients additionally put clinicians in the unique position of considering de- 
escalation for the appropriate patient. Neoadjuvant endocrine therapy is a particularly 
attractive avenue in HR+ patients that may spare need for more cytotoxic therapies, 
although our understanding of predictors to response is still in its infancy. Ultimately, 
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thoughtful trial design will be key in ensuring we can establish parameters for safe 
de-escalation that does not come at the expense of patient outcomes. The neoadju-
vant setting is furthermore distinctly optimal for exploration of the role of molecular 
and cellular assays, which enhance our ability to provide more personalized care.
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