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Simple Summary: We investigated the predictive factors for different patterns of residual disease
in the breast after neo-adjuvant chemotherapy and compared the long-term outcomes between the
scattered versus the circumscribed pattern. A total of 219 histologic sections of postoperative surgical
specimens were evaluated. Two independent predictive factors for the circumscribed pattern were
identified: discontinuation of neo-adjuvant chemotherapy cycles and a tumor size >18 mm. Over a
median follow-up of 74.7 months, disease-free survival and distant disease-free survival rates were
similar for both patterns; however, the scattered pattern showed significantly better overall survival.
Additionally, four independent factors associated with a higher risk of recurrence and worse survival
outcomes were identified: discontinuation of neo-adjuvant chemotherapy cycles, tumor size >18 mm,
triple negative breast cancer, and ypN+ disease. Our study highlights the importance of evaluating
the patterns of residual disease for better postoperative management of breast cancer patients.

Abstract: Backgrounds: The majority of breast cancer (BC) patients treated with neo-adjuvant
chemotherapy (NAC) achieves a pathologic partial response with different patterns of residual
disease. No clear correlation between these patterns and oncological results was described. Our
aims were to define the predictive factors for different patterns of residual disease and compare the
outcomes between the scattered versus the circumscribed pattern. Methods: We reviewed 219 post-
operative surgical specimens. Patients were divided into two groups: scattered versus circumscribed.
Disease-free survival (DFS), distant DFS (DDFS), and overall survival (OS) were analyzed. Results:
The scattered and circumscribed patterns were assessed in 111 (50.7%) and 108 (49.3%) patients.
Two independent predictive factors for the circumscribed pattern were identified: discontinuation of
NAC cycles (p = 0.011), and tumor size post-NAC >18 mm (p = 0.022). No difference was observed in
terms of DFS and DDFS. Patients with the scattered pattern exhibited a statistically significant better
OS. Discontinuation of NAC cycles, tumor size >18 mm, triple-negative BC, and ypN+ were associ-
ated with increased recurrence and poorer survival. Conclusions: Discontinuation of NAC cycles
and tumor size are independent factors associated with patterns of residual disease. The scattered
pattern presents better survival. Understanding the relationship between NAC, the residual pattern,
and differences in survival outcomes offers the potential to optimize the therapeutic approaches.
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1. Introduction

Currently, neo-adjuvant chemotherapy (NAC) has become increasingly employed for
the comprehensive care of breast cancer (BC) [1–3]. Since it has been demonstrated that NAC
has similar survival outcomes compared with adjuvant chemotherapy, an increased number
of BC patients has been treated with preoperative systemic therapy [4–6]. Neo-adjuvant
chemotherapy is particularly beneficial for patients with locally advanced BC [7,8], triple
negative BC, and human epidermal growth factor receptor 2 (HER2)-positive BC [9–13]. In
the age of de-escalation surgery for BC, it has been shown in many studies that NAC increases
the rate of breast conservative surgery (BCS) compared to mastectomy [14,15] and it leads to
a de-escalation of axillary surgical management in selected cases [16,17]. Consequently, NAC
has become a standard part of BC management and plays a crucial role in clinical decision-
making. Moreover, the prognostic significance of pathologic complete response (pCR) has
been deeply investigated and it is now widely known that achieving a pCR is significantly
associated with improvements in recurrence and survival outcomes [18–20]. Cortazar P
et al. [21] conducted a large meta-analysis including more than 11,000 BC patients which
confirmed the assumption that there is a significant association between the extent of tumor
response to NAC and long-term oncological results. However, the majority of BC patients
undergoing NAC achieve a pathologic partial response (pPR) with different patterns of
residual disease in the breast [22]. Additionally, the residual disease after NAC significantly
correlates with the clinical prognosis [23]. Machine learning models have also been used
in BC prognosis prediction [24,25]. Together these data highlight the clinical utility of
evaluating the treatment response to NAC, not only for prognostic information but also for
guiding therapeutic management in the era of increasingly tailored treatment strategies [26].
In this setting, different adjuvant therapies, tailored based on the biologic subtype of BC,
have been used to improve survival outcomes. For example, the routine use of T-DM1 for
HER2-positive BC with residual disease has been approved after the publication of the
results of the KATHERINE trial [27]. Despite these advancements, a definitive method
for evaluating posttreatment responses remains undeveloped and additional efforts are
needed to develop a clinically meaningful risk stratification for BC patients with pPR after
NAC, to better understand the different outcomes and refine treatment strategies further.
While some studies have characterized the radiological patterns of residual disease in the
breast [28–30], only two studies have focused on the histologic pattern of pPR, classifying
them as either scattered or circumscribed [26,31]. Our research aims to identify predictive
factors for these different patterns of residual disease in the breast after NAC and to compare
the different long-term outcomes between the scattered versus the circumscribed pattern.

2. Materials and Methods
2.1. Study Design

A detailed retrospective review of all the consecutive BC patients who presented pPR
after NAC at the Breast Unit of IRCCS Humanitas Research Hospital (Milan, Italy) between
October 2006 and April 2020 was performed. Patients with de novo metastatic disease
were excluded from the present analysis. Among 304 cases identified, histologic sections
of postoperative surgical specimens were available for review from 219 patients. Charac-
teristics extracted from the institutional database and the medical charts included various
patient characteristics: age, menopausal status, preoperative radiological staging, clinical
tumor size and stage, nodal status, systemic therapy details (type and number of cycles),
biologic subtype, histotype, vascular invasion presence, nodularity, pathologic tumor size
and stage, type of surgery, and postoperative treatment. Hormone receptor status was
assessed by immunohistochemistry (IHC). Estrogen and progesterone receptor status was
considered positive if expressed in >1% immune-reactive cells. HER2 status was assessed
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by IHC (0, 1+, 2+, or 3+ score) and by fluorescent in situ hybridization (FISH), the latter
performed in all patients with a HER2 IHC score of 2+. HER2 overexpression positivity
was defined according to ASCO-CAP guidelines [32] for a membrane staining IHC score
of 3+ or 2+ with evidence of FISH amplification. HER2 IHC scores of 1+ and 0 defined
a HER2-negative status. Biologic subtype was defined based on the combination of hor-
mone receptor status and HER2 status. A multidisciplinary tumor board, including breast
surgeons, breast oncologists, breast pathologists, radiotherapists, oncoplastic surgeons,
and radiologists gave indication to preoperative systemic therapy based on the tumor
size, stage, and BC subtype and after the end of NAC discussed the surgical management
of every patient. Discontinuation of NAC cycles was defined as to either prematurely
ending the entire chemotherapy regimen or skipping one or more of the planned cycles. All
patients underwent either BCS or mastectomy. Regarding axillary surgical management,
all patients underwent either direct axillary lymph node dissection (ALND) or sentinel
lymph node biopsy (SLNB); in the latter group, a subsequent ALND was performed if
the sentinel lymph node was macrometastatic at intraoperative pathological evaluation.
Hematoxylin and eosin-stained sections of the posttreatment surgical specimens were
reviewed by three breast pathologists, blinded to the pretreatment clinical characteristics, to
the histologic features and hormone receptor status, and to the oncological outcomes. They
evaluated post-NAC tumor dimension, biologic subtype, histotype, and vascular invasion.
The histologic patterns of response were evaluated based on the analysis performed by
Pastorello R.G. et al. [31] and patients were divided into two different groups: scattered
versus circumscribed patterns (Figure 1). The circumscribed pattern was defined either as a
single focus of residual cancer within the tumor bed, or as small residual nests confined
into a circumscribed area of the tumor bed. The scattered pattern, on the other hand, was
described either as two or more foci of residual cancer within the tumor bed recognizable
as distinct ones, or as small residual nests or single residual cells scattered across the tumor
bed, within a broad area of treatment-related fibrosis. Each patient gave informed consent
for operation and clinical data collection.
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Figure 1. Scattered pattern (a), circumscribed pattern (b).

2.2. Statistical Analysis

Descriptive statistics were used to characterize the overall cohort, with continuous
variables reported as medians and ranges and categorical variables as frequencies and
proportions. After central pathology review, clinic-pathological characteristics of the
two different groups of patterns of residual disease in the breast were compared using the
chi-square test. After that, a multivariate analysis was performed using a logistic regression
model to identify independent predictors for patterns of residual disease. The multivariate
analysis included any variable associated with the result in the univariate analysis (inclusion
cutoff value p < 0.10). The Kaplan–Meier method was used to determine the recurrence and
survival probabilities and the log-rank test was used to compare the two different groups
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of BC patients who presented pPR after NAC (scattered versus circumscribed pattern).
Disease-free survival (DFS) was defined as the period from the date of surgical treatment to
the date of any tumor progression including loco-regional recurrence or distant metastases.
Distant disease-free survival (DDFS) was defined as the period from the date of surgery
and the date of detection of distant metastases. Overall survival (OS) was defined as the
time interval from surgical treatment to death from any cause or to the date of last contact.
Additionally, multivariate analyses were performed using the Cox proportional hazards
model to identify independent risk factors for DFS, DDFS, and OS. Hazard ratios (HR)
and 95% confidence intervals (95%CI) were calculated. Statistical significance was set at
p < 0.05; all statistical tests were two-tailed. The last follow-up was updated to 1 November
2023. Data analyses and figures were performed with IBM SPSS 25.0 software.

3. Results
3.1. Characteristics and Treatment of Breast Cancer Patients with Pathologic Partial Response after
Neo-Adjuvant Chemotherapy

A total of 219 histologic sections of postoperative surgical specimens of BC patients
who presented pPR after NAC were reviewed. The mean age of the patients was 50 years
(range, 26–84), and 116 (53.0%) were postmenopausal. The majority of the patients (n = 140,
63.9%) underwent preoperative mammography, whereas breast magnetic resonance imag-
ing was performed only in 65 (29.7%) patients. An ultrasound-guided biopsy of suspicious
axillary lymph nodes was performed in 40 (18.3%) patients. The median size of the tumor
pre-NAC was 33 mm (range, 12–115), and 132 (60.2%) patients presented a cT2 BC before
NAC. The standard NAC treatment protocol, received by 157 (71.7%) patients, consisted
of anthracycline and taxane (90 mg/m2 epirubicin or 60 mg/m2 doxorubicin combined
with 600 mg/m2 cyclophosphamide every 3 weeks for four cycles followed by 75 mg/m2

docetaxel for four cycles or by 80 mg/m2 paclitaxel for twelve cycles). A total of 49 (22.4%)
patients were treated solely with anthracycline-based NAC (FEC, EC or AC: 600 mg/m2

fluorouracil plus 600 mg/m2 cyclophosphamide plus 90 mg/m2 epirubicin or 60 mg/m2

doxorubicin, administered every 3 weeks for four cycles). Additionally, 52 (23.7%) and 8
(3.7%) HER2+ BC patients received either trastuzumab (loading dose of 8 mg/kg followed
by 6 mg/kg in subsequent cycles) ± pertuzumab (loading dose of 840 mg followed by
420 mg in subsequent cycles) in combination with taxanes. Overall, 24 (11.0%) patients
experienced discontinuation of NAC cycles before surgery. Luminal-like BCs were the most
frequent biologic subtype (n = 114, 52.1%). The majority of the patients were treated with
mastectomy (n = 130, 59.4%), and 141 (64.4%) patients underwent ALND either direct or
following SLNB. The median size of the tumor post-NAC was 18 mm (range, 1–120), and 95
(43.4%) patients achieved ypN0 after NAC. Post-NAC treatments included capecitabine in
22 (10.1%) patients and T-DM1 in 50 (22.8%) patients. Regarding residual disease patterns,
111 (50.7%) patients exhibited a scattered pattern, whereas the circumscribed pattern was
assessed in 108 (49.3%) patients. The overall population characteristics are detailed in
Table 1.

3.2. Identification of Predictive Factors for Different Patterns of Residual Disease in the Breast after
Neo-Adjuvant Chemotherapy

For further analysis, patients were divided into two different groups based on their pat-
tern of residual disease in the breast after NAC: scattered versus circumscribed. Their clinic-
pathologic characteristics were compared and multivariate analysis identified
two independent predictive factors which were significantly associated with the circum-
scribed pattern: discontinuation of NAC cycles (scattered 4.5% versus circumscribed
17.6%, odds ratio (OR) = 0.255, 95%CI = 0.089–0.729, p = 0.011), and size of the tumor
post-NAC > 18 mm (scattered 37.8% versus circumscribed 62.0%, OR = 2.013,
95%CI = 1.108–3.655, p = 0.022). The relationship between clinic-pathologic character-
istics and patterns of residual disease is shown in Table 2.
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Table 1. Characteristics of 219 patients with pathologic partial response after neo-adjuvant chemother-
apy for breast cancer.

Characteristics Number (%)/Median (Range)

Patients
Age (years) 50 (26–84)
Postmenopausal 116 (53.0%)
Preoperative staging
Mammography 140 (63.9%)
Breast and axillary US 495 (100%)
Axillary biopsy 40 (18.3%)
MRI 65 (29.7%)
PET 116 (53.0%)
Dimension pre-NAC (mm) 33 (12–115)
Stage pre-NAC
cT1 20 (9.1%)
cT2 132 (60.2%)
cT3 39 (17.8%)
cT4 28 (12.9%)
cN0 73 (33.3%)
cN1 146 (66.7%)
NAC with anthracycline only 49 (22.4%)
NAC without anthracycline 13 (5.9%)
NAC with anthracycline and taxanes 157 (71.7%)
Trastuzumab 52 (23.7%)
Pertuzumab 8 (3.7%)
Complete NAC cycles 195 (89.0%)
Pattern of residual disease
- Scattered
- Circumscribed 111 (50.7%)
Tumor 108 (49.3%)
Subtype
- Luminal-like
- HER2-positive 114 (52.1%)
- Triple negative 53 (24.2%)
Histotype 52 (23.7%)
- Ductal
- Lobular 195 (89.0%)
- Other 15 (6.9%)
Vascular invasion 9 (4.1%)
Single nodule 89 (40.6%)
Dimension post-NAC (mm) 168 (76.7%)
Stage post-NAC 18 (1–120)
- ypTmi
- ypT1a 4 (1.8%)
- ypT1b 12 (5.5%)
- ypT1c 27 (12.3%)
- ypT2 62 (28.3%)
- ypT3 83 (37.9%)
- ypT4 20 (9.1%)
- ypN0 11 (5.1%)
- ypNmi 95 (43.4%)
- ypN1 5 (2.3%)
- ypN2 51 (23.3%)
- ypN3 41 (18.7%)
Surgical treatment 27 (12.3%)
- BCS
- Mastectomy 89 (40.6%)
- SLNB not followed by ALND 130 (59.4%)
- SLNB followed by ALND 78 (35.6%)
- Direct ALND 28 (12.8%)
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Table 1. Cont.

Characteristics Number (%)/Median (Range)

Postoperative treatment 113 (51.6%)
- Taxanes
- Capecitabine 21 (9.6%)
- Radiotherapy 22 (10.1%)
- Endocrine 176 (80.4%)
- T-DM1 149 (68.0%)

50 (22.8%)
US: ultrasound, MRI: magnetic resonance imaging, PET: positron emission tomography, NAC: neo-adjuvant
chemotherapy, HER2: HER2 evaluated either on immunohistochemistry or on in situ hybridization, according to
the ASCO CAP guidelines, BCS: breast-conserving surgery, SLNB: sentinel lymph node biopsy, ALND: axillary
lymph node dissection, T-DM1: trastuzumab-emtansine.

Table 2. Correlation between clinic-pathological characteristics and of patterns of residual disease
after neo-adjuvant chemotherapy for breast cancer.

Characteristics
Scattered (No. 111)

Tot. (%)
Circumscribed

(No. 108) Tot. (%)
Univariate Analysis Multivariate Analysis

p-Value p-Value OR (95% CI)

Demographic
Age (years)
- ≤50 59 (53.2%) 56 (51.9%) 0.848 -
- >50 52 (46.8%) 52 (48.1%) -
Menopausal status
- Pre-menopausal 54 (48.7%) 49 (45.4%) 0.629 -
- Postmenopausal 57 (51.3%) 59 (54.6%) -
Preoperative staging
Dimension pre-NAC (mm)
- ≤33 54 (48.7%) 50 (46.3%) 0.550 -
- >33 57 (51.3%) 58 (53.7%) -
Single nodule
- Yes 89 (80.2%) 79 (73.2%) 0.220 -
- No 22 (19.8%) 29 (26.8%) -
Stage pre-NAC
- cT1-2 80 (72.1%) 72 (66.7%) 0.388 -
- cT3-4 31 (27.9%) 36 (33.3%) -
NAC
- Anthracycline and
taxanes 76 (68.5%) 81 (75.0%) 0.399 -

- Anthracycline only 27 (24.3%) 22 (20.4%) -
- Without anthracycline 8 (7.2%) 5 (4.6%) -
Complete NAC cycles
- Yes 106 (95.5%) 89 (82.4%) 0.002 a 0.011 a 0.255 (0.089–0.729)
- No 5 (4.5%) 19 (17.6%) - -
Tumor
Histotype
- Ductal 98 (88.3%) 97 (89.8%) 0.106 -
- Lobular 10 (9.0%) 5 (4.6%) -
- Other 3 (2.7%) 6 (5.6%) -
Subtype
- Luminal-like 58 (52.3%) 56 (51.9%) 0.362 -
- HER2-positive 32 (28.8%) 21 (19.4%) -
- Triple negative 21 (18.9%) 31 (28.7%) -
Dimension post-NAC
(mm)
- ≤18 69 (62.2%) 41 (38.0%) <0.0001 a 0.022 a 2.013 (1.108–3.655)
- >18 42 (37.8%) 67 (62.0%) - -
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Table 2. Cont.

Characteristics
Scattered (No. 111)

Tot. (%)
Circumscribed

(No. 108) Tot. (%)
Univariate Analysis Multivariate Analysis

p-Value p-Value OR (95% CI)

Stage post-NAC
- ypT1-2 103 (92.8%) 85 (78.7%) 0.003 a 0.074 2.328 (0.923–5.875)
- ypT3-4 8 (7.2%) 23 (21.3%) - -
Vascular invasion
- Yes 45 (40.5%) 44 (40.7%) 0.976 -
- No 66 (59.5%) 64 (59.3%) -

OR: odds ratio, 95% CI: 95% confidence interval, NAC: neo-adjuvant chemotherapy, HER2: HER2 evalu-
ated either on immunohistochemistry or on in situ hybridization, according to the ASCO CAP guidelines,
a: statistically significant.

3.3. Comparison of Long-Term Oncological Outcomes between Patients with Different Patterns of
Residual Disease in the Breast after Neo-Adjuvant Chemotherapy and Independent Factors
Influencing the Prognosis

After a median follow-up of 74.7 months (range, 44.3–182.6), 85 (38.8%) BC patients
who presented pPR after NAC experienced a recurrence. Of these, 14 (/85, 16.5%) patients
developed a loco-regional recurrence only, 51 (/85, 60.0%) patients developed metastases
only, and 20 (/85, 23.5%) patients had both loco-regional and distant recurrences. A total
of 37 (/111, 33.3%) and 48 (/108, 44.4%) patients developed a recurrence in the scattered
and circumscribed group, respectively. There were 63 (28.8%) deaths in total; 23 (/111,
20.7%) and 40 (/108, 37.0%) patients in the scattered and circumscribed group died over
the observation period, respectively. The DFS rate at 3, 5, and 10 years was 77.2%, 70.3%,
64.2%, and 65.4%, 59.3%, 54.2%, in the scattered and circumscribed groups, respectively.
The DDFS rate at 3, 5, and 10 years was 81.7%, 73.9%, 64.6%, and 70.1%, 65.0%, 54.8%,
in the scattered and circumscribed groups, respectively. The OS rate at 3, 5, and 10 years
was 87.1%, 83.2%, 75.3%, and 84.1%, 72.1%, 61.8%, in the scattered and circumscribed
groups, respectively. No difference was observed in terms of DFS and DDFS between
the scattered and the circumscribed patterns (p = 0.117, p = 0.155, respectively); however,
patients with the scattered pattern exhibited a statistically significant better OS compared
with the circumscribed pattern (p = 0.022). Comparisons of long-term oncological outcomes
between the scattered and circumscribed groups are summarized in Table 3 and Figure 2.

Table 3. Comparison of disease-free, distant disease-free, and overall survival in patients with
different patterns of residual disease after neo-adjuvant chemotherapy for breast cancer.

Outcomes Scattered Circumscribed p-Value

DFS rate
- 3-year 77.20% 65.40% 0.117
- 5-year 70.30% 59.30%
- 10-year 64.20% 54.20%
DDFS rate
- 3-year 81.70% 70.10% 0.155
- 5-year 73.90% 65.00%
- 10-year 64.60% 54.80%
OS rate
- 3-year 87.10% 84.10% 0.022 a

- 5-year 83.20% 72.10%
- 10-year 75.30% 61.80%

DFS: disease-free survival, DDFS: distant disease-free survival, OS: overall survival, a: statistically significant.
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Figure 2. Disease-free survival (a), distant disease-free survival (b), and overall survival (c) curves of
breast cancer patients with pathologic partial response after neo-adjuvant chemotherapy according
to their pattern of residual disease.

Four independent factors significantly associated with pPR patients’ risk of recurrence
and survival were identified. Discontinuation of NAC cycles (HR = 2.846,
95%CI = 1.002–8.085, p = 0.050, HR = 3.181, 95%CI = 1.112–9.101, p = 0.031) and size
of the tumor post-NAC >18 mm (HR = 2.691, 95%CI = 1.335–5.427, p = 0.006, HR = 3.130,
95%CI = 1.536–6.376, p = 0.002) were significantly associated with worse recurrence out-
comes in terms of DFS and DDFS, respectively. Moreover, triple negative BC (HR = 14.645,
95%CI = 1.630–131.553, p = 0.017, HR = 12.063, 95%CI = 1.401–103.864, p = 0.023, HR = 29.146,
95%CI = 1.327–639.945, p = 0.032) and presence of residual disease in the axillary lymph
nodes after NAC (HR = 3.566, 95%CI = 1.655–7.687, p = 0.001, HR = 3.873,
95%CI = 1.724–8.704, p = 0.001, HR = 2.565, 95%CI = 1.002–6.569, p = 0.050) were sig-
nificantly associated with worse recurrence and survival outcomes in terms of DFS, DDFS,
and OS, respectively. Independent risk factors related to recurrence and survival are
summarized in Table 4.

Table 4. Multivariate analysis of independent factors influencing the prognosis of patients with
pathologic partial response after neo-adjuvant chemotherapy for breast cancer.

Independent Factors DFS DDFS OS
HR (95%CI) p-Value HR (95%CI) p-Value HR (95%CI) p-Value

Patient
Age (years)
- ≤50 Reference Reference Reference
- >50 0.787 (0.304–2.035) 0.621 0.622 (0.234–1.649) 0.340 1.401 (0.379–5.172) 0.613
Menopausal status
- Pre-menopausal Reference Reference Reference
- Postmenopausal 1.204 (0.472–3.072) 0.697 1.264 (0.491–3.255) 0.627 0.732 (0.212–2.524) 0.622
Preoperative staging
Dimension pre-NAC (mm)
- ≤33 Reference Reference Reference
- >33 0.733 (0.355–1.516) 0.402 0.642 (0.322–1.282) 0.209 0.570 (0.244–1.331) 0.194
Single nodule
- Yes Reference Reference Reference
- No 0.729 (0.348–1.527) 0.402 0.812 (0.383–1.722) 0.586 0.692 (0.275–1.737) 0.433
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Table 4. Cont.

Independent Factors DFS DDFS OS
HR (95%CI) p-Value HR (95%CI) p-Value HR (95%CI) p-Value

Stage pre-NAC
- cT1-2 Reference Reference Reference
- cT3-4 1.507 (0.676–3.360) 0.316 1.467 (0.650–3.311) 0.356 0.709 (0.256–1.966) 0.509
NAC
- With anthracycline Reference Reference Reference
- Without anthracycline 0.829 (0.594–1.157) 0.270 0.929 (0.666–1.298) 0.667 0.876 (0.593–1.294) 0.506
Complete NAC cycles
- Yes Reference Reference Reference
- No 2.846 (1.002–8.085) 0.050 a 3.181 (1.112–9.101) 0.031 a 1.800 (0.555–55) 0.327
Tumor
Histotype
- Ductal Reference Reference Reference
- Other 0.941 (0.359–2.468) 0.902 1.003 (0.380–2.651) 0.995 1.523 (0.518–4.479) 0.445
Pattern of response
- Scattered Reference Reference Reference
- Circumscribed 1.423 (0.741–2.732) 0.290 1.302 (0.684–2.482) 0.422 1.410 (0.601–3.307) 0.429
Subtype
- HR+HER− Reference Reference Reference
- Other 1.892 (0.381–9.411) 0.436 2.113 (0.426–10.484) 0.360 2.360 (0.221–25.177) 0.477
- Triple negative Reference Reference Reference
- Other 14.645 (1.630–131.553) 0.017 a 12.063 (1.401–103.864) 0.023 a 29.146 (1.327–639.945) 0.032 a

Dimension post-NAC (mm)
- ≤18 Reference Reference Reference
- >18 2.691 (1.335–5.427) 0.006 a 3.130 (1.536–6.376) 0.002 a 2.159 (0.892–5.224) 0.088
Stage post-NAC
- ypT1-2 Reference Reference Reference
- ypT3-4 0.930 (0.393–2.198) 0.868 0.990 (0.417–2.352) 0.982 2.424 (0.911–6.448) 0.076
- ypN0 Reference Reference Reference
- ypN+ 3.566 (1.655–7.687) 0.001 a 3.873 (1.724–8.704) 0.001 a 2.565 (1.002–6.569) 0.050 a

Vascular invasion
- Yes Reference Reference Reference
- No 1.660 (0.889–3.101) 0.112 1.625 (0.849–3.112) 0.143 2.134 (0.973–4.679) 0.058
Treatment
Operation
- BCS Reference Reference Reference
- Mastectomy 1.101 (0.539–2.249) 0.793 1.108 (0.531–2.314) 0.784 1.265 (0.509–3.142) 0.612
Adjuvant radiotherapy
- Yes Reference Reference Reference
- No 1.111 (0.499–2.475) 0.796 1.045 (0.470–2.323) 0.913 1.110 (0.410–2.952) 0.796
Adjuvant chemotherapy
- Yes Reference Reference Reference
- No 1.370 (0.701–2.677) 0.357 1.257 (0.633–2.497) 0.514 1.271 (0.563–2.870) 0.564
Endocrine therapy
- Yes Reference Reference Reference
- No 1.385 (0.304–5.109) 0.608 1.278 (0.345–4736) 0.713 2.188 (0.259–18.477) 0.472
T-DM1
- Yes Reference Reference Reference
- No 2.703 (0.531–13.764) 0.231 2.409 (0.488–11.901) 0.281 1.574 (0.173–14.327) 0.687

DFS: disease-free survival, DDFS: distant disease-free survival, OS: overall survival, HR: hazard ratio, 95%CI: 95%
confidence interval, NAC: neo-adjuvant chemotherapy, HR: hormone receptor, HER2: HER2 evaluated either on
immunohistochemistry or on in situ hybridization, according to the ASCO CAP guidelines, BCS: breast-conserving
surgery, T-DM1: trastuzumab-emtansine, a: statistically significant.

4. Discussion

Our study focused on BC patients with pPR after NAC, specifically investigating the
patterns of residual disease in the breast. Through a central pathology review, we showed
that the identification of scattered and circumscribed residual disease patterns is clinically
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significant as these patterns serve as valuable prognostic indicators. After 74.7 months of
median follow-up, DFS and DDFS rates were similar between the two patterns of residual
disease; however, patients with the circumscribed pattern presented inferior OS.

Our multivariate analysis identified two independent predictive factors associated
with the circumscribed pattern, including the discontinuation of NAC cycles and a post-
NAC tumor size >18 mm. In a recent retrospective analysis, Pastorello R.G. et al. [31]
compared the characteristics of 389 BC patients treated with NAC to different patterns of
residual disease in the breast and showed that several BC features at presentation were
significantly associated with the pattern of residual carcinoma among patients who did
not achieve a pCR. They noted a significant association between the biologic subtype of
the tumor and its pattern of response; in fact, among patients with hormone receptor
positive/HER2-negative tumors, 89.4% had a scattered patter and only 10.6% had a circum-
scribed pattern. On the other hand, among patients with triple negative BC, 52.8% had a
circumscribed pattern and 47.2% had a scattered pattern (p < 0.001). Additionally, lower
tumor grade and larger tumor size pre-NAC were significantly associated with a scattered
pattern (p = 0.002, p = 0.010, respectively).

The previous study did not provide an analysis of oncological results; however, in our
analysis we showed that patients with the scattered pattern demonstrated a better OS com-
pared to those with the circumscribed pattern. In contrast to our findings, Laws A. et al. [26]
reported in their retrospective analysis that patients with a scattered residual tumor or
minimal response had poorer recurrence-free survival outcomes compared to those with a
concentric pattern, a trend that was also evident in terms of OS. After adjusted analyses for
biologic subtype, ypN status, and pCR, both a scattered pattern and no/minimal response
remained significantly associated with inferior recurrence-free survival and OS relative to
a concentric pattern. Similarly, Chen A.M. et al. [33] performed a retrospective analysis
on 340 BC patients treated with NAC followed by BCS and radiotherapy between 1987
and 2000 to determine patterns of loco-regional recurrence and ipsilateral BC recurrence.
The residual tumor was characterized as multifocal or a solitary mass, which similarly
correlated to the scattered or circumscribed patterns, respectively. Variables that positively
correlated with loco-regional recurrence and ipsilateral BC recurrence were cN2-3 disease,
post-NAC residual tumor >2 cm, lymphovascular space invasion, and a multifocal pattern
of residual disease.

Note that beyond the binary pCR classification and the different patterns of residual
disease, the MD Anderson Cancer Center developed the residual cancer burden (RCB)
index as a method to quantify residual disease after NAC for BC [34]. The RCB index
is based on histopathological variables such as number of involved nodes, size of the
largest nodal metastasis, and size and percentage cellularity of the primary tumor bed. In
subsequent studies, the RCB index proved to be a valid prognostic indicator for both DDFS
and OS [35–37].

Moreover, in our study, we performed an analysis to evaluate independent factors for
recurrence and survival, and we showed that the prognostic findings appeared to be driven
by patients with discontinuation of NAC cycles and post-NAC tumor size >18 mm for any
recurrence, as well as positive nodal status after NAC (ypN+) and triple negative BC for
any recurrence and/or death. These findings suggest that the histologic pattern of residual
disease in the breast may have implications beyond immediate recurrence and survival risk.
Our results warrant further exploration since the specific pattern of residual disease may
reflect a surrogate measure of treatment response, which would provide a biologic link to
the observed association with OS. Understanding the factors contributing to this survival
difference can inform targeted interventions and refine post-NAC management strategies.

While our study contributes valuable insights, it is essential to acknowledge its limita-
tions. The retrospective nature of the analysis and the single-institution focus may introduce
biases; in fact, the central pathologic evaluation of the different patterns of residual disease
was performed by internal breast pathologists and reproducibility of this measure is needed
before widespread adoption. Additionally, sections of postoperative surgical specimens of
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BC patients who presented pPR after NAC were not available for the entire cohort. Another
limitation of our study is the absence of data on tumor grade in our database. Consequently,
we were unable to evaluate its impact as a prognostic factor in our cohort of BC patients
treated with NAC. This omission restricts our ability to fully assess the influence of tumor
grade on long-term oncological outcomes.

5. Conclusions

In conclusion, our results indicate that the discontinuation of NAC cycles and the size
of the tumor post-NAC are significant and independent factors associated with patterns
of residual disease in the breast. Patients with a scattered pattern present better survival
outcomes. Triple negative BC and ypN+ disease are significantly associated with worse
recurrence and survival outcomes in patients with pPR after NAC. A better understanding
of the relationship between preoperative chemotherapy, the residual pattern of disease in
the breast, and the differences in survival outcomes may be of value in helping to guide
postoperative systemic management for BC patients.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/cancers16020376/s1, Table S1: Database.

Author Contributions: Conceptualization and design, C.T., B.F., A.Z., A.S., E.B., S.D.M.G., F.J., and
D.G.; formal analysis, C.T., B.F., A.Z., S.D.M.G., S.S.D., F.J., C.D.C., M.I., and D.G.; data curation,
C.T., S.D.M.G., S.S.D., F.J., C.D.C., M.I., and D.G.; writing—original draft preparation, C.T., B.F.,
A.Z., A.S., E.B., S.D.M.G., F.J., and D.G.; writing—review and editing, all authors; visualization, all
authors; supervision, C.T. and D.G. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board (EC23-12-CS, 1 December 2023).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data supporting reported results can be found in Supplementary Materials.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Thompson, A.M.; Moulder-Thompson, S.L. Neoadjuvant Treatment of Breast Cancer. Ann. Oncol. 2012, 23, x231–x236. [CrossRef]
2. Korde, L.A.; Somerfield, M.R.; Carey, L.A.; Crews, J.R.; Denduluri, N.; Hwang, E.S.; Khan, S.A.; Loibl, S.; Morris, E.A.; Perez, A.;

et al. Neoadjuvant Chemotherapy, Endocrine Therapy, and Targeted Therapy for Breast Cancer: ASCO Guideline. J. Clin. Oncol.
2021, 39, 1485–1505. [CrossRef] [PubMed]

3. Ofri, A.; Elstner, K.; Mann, G.; Kumar, S.; Warrier, S. Neoadjuvant Chemotherapy in Non-Metastatic Breast Cancer: The Surgeon’s
Perspective. Surgeon 2023, 21, 356–360. [CrossRef] [PubMed]

4. Shien, T.; Iwata, H. Adjuvant and Neoadjuvant Therapy for Breast Cancer. Jpn. J. Clin. Oncol. 2020, 50, 225–229. [CrossRef]
[PubMed]

5. Van Nes, J.G.H.; Putter, H.; Julien, J.P.; Tubiana-Hulin, M.; Van De Vijver, M.; Bogaerts, J.; De Vos, M.; Van De Velde, C.J.H.
Preoperative Chemotherapy Is Safe in Early Breast Cancer, Even after 10 Years of Follow-up; Clinical and Translational Results
from the EORTC Trial 10902. Breast Cancer Res. Treat. 2009, 115, 101–113. [CrossRef]

6. Mauri, D.; Pavlidis, N.; Ioannidis, J.P.A. Neoadjuvant versus Adjuvant Systemic Treatment in Breast Cancer: A Meta-Analysis. J.
Natl. Cancer Inst. 2005, 97, 188–194. [CrossRef] [PubMed]

7. Sun, Y.; Liao, M.; He, L.; Zhu, C. Comparison of Breast-Conserving Surgery with Mastectomy in Locally Advanced Breast Cancer
after Good Response to Neoadjuvant Chemotherapy. Medicine 2017, 96, e8367. [CrossRef]

8. Specht, J.; Gralow, J.R. Neoadjuvant Chemotherapy for Locally Advanced Breast Cancer. Semin. Radiat. Oncol. 2009, 19, 222–228.
[CrossRef]

9. Marra, A.; Curigliano, G. Adjuvant and Neoadjuvant Treatment of Triple-Negative Breast Cancer with Chemotherapy. Cancer J.
2021, 27, 41–49. [CrossRef]

10. Kwapisz, D. Pembrolizumab and Atezolizumab in Triple-Negative Breast Cancer. Cancer Immunol. Immunother. 2021, 70, 607–617.
[CrossRef]

https://www.mdpi.com/article/10.3390/cancers16020376/s1
https://www.mdpi.com/article/10.3390/cancers16020376/s1
https://doi.org/10.1093/annonc/mds324
https://doi.org/10.1200/JCO.20.03399
https://www.ncbi.nlm.nih.gov/pubmed/33507815
https://doi.org/10.1016/j.surge.2023.04.001
https://www.ncbi.nlm.nih.gov/pubmed/37088639
https://doi.org/10.1093/jjco/hyz213
https://www.ncbi.nlm.nih.gov/pubmed/32147701
https://doi.org/10.1007/s10549-008-0050-1
https://doi.org/10.1093/jnci/dji021
https://www.ncbi.nlm.nih.gov/pubmed/15687361
https://doi.org/10.1097/MD.0000000000008367
https://doi.org/10.1016/j.semradonc.2009.05.001
https://doi.org/10.1097/PPO.0000000000000498
https://doi.org/10.1007/s00262-020-02736-z


Cancers 2024, 16, 376 12 of 13

11. Poggio, F.; Bruzzone, M.; Ceppi, M.; Pondé, N.F.; La Valle, G.; Del Mastro, L.; de Azambuja, E.; Lambertini, M. Platinum-Based
Neoadjuvant Chemotherapy in Triple-Negative Breast Cancer: A Systematic Review and Meta-Analysis. Ann. Oncol. 2018, 29,
1497–1508. [CrossRef] [PubMed]

12. Takada, M.; Toi, M. Neoadjuvant Treatment for HER2-Positive Breast Cancer. Chin. Clin. Oncol. 2020, 9, 32. [CrossRef] [PubMed]
13. Harbeck, N. Neoadjuvant and Adjuvant Treatment of Patients with HER2-Positive Early Breast Cancer. Breast 2022, 62, S12–S16.

[CrossRef] [PubMed]
14. Spronk, P.E.R.; Volders, J.H.; van den Tol, P.; Smorenburg, C.H.; Vrancken Peeters, M.-J.T.F.D. Breast Conserving Therapy after

Neoadjuvant Chemotherapy; Data from the Dutch Breast Cancer Audit. Eur. J. Surg. Oncol. 2019, 45, 110–117. [CrossRef]
[PubMed]

15. Man, V.C.; Cheung, P.S. Neoadjuvant Chemotherapy Increases Rates of Breast-Conserving Surgery in Early Operable Breast
Cancer. Hong Kong Med. J. 2017. [CrossRef] [PubMed]

16. Vugts, G.; Maaskant-Braat, A.J.G.; de Roos, W.K.; Voogd, A.C.; Nieuwenhuijzen, G.A.P. Management of the Axilla after
Neoadjuvant Chemotherapy for Clinically Node Positive Breast Cancer: A Nationwide Survey Study in The Netherlands. Eur. J.
Surg. Oncol. 2016, 42, 956–964. [CrossRef] [PubMed]

17. Tinterri, C.; Sagona, A.; Barbieri, E.; Di Maria Grimaldi, S.; Caraceni, G.; Ambrogi, G.; Jacobs, F.; Biondi, E.; Scardina, L.; Gentile,
D. Sentinel Lymph Node Biopsy in Breast Cancer Patients Undergoing Neo-Adjuvant Chemotherapy: Clinical Experience with
Node-Negative and Node-Positive Disease Prior to Systemic Therapy. Cancers 2023, 15, 1719. [CrossRef] [PubMed]

18. Von Minckwitz, G.; Untch, M.; Blohmer, J.U.; Costa, S.S.D.; Eidtmann, H.; Fasching, P.A.; Gerber, B.; Eiermann, W.; Hilfrich, J.;
Huober, J.; 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, 1796–1804. [CrossRef]

19. Yoshioka, T.; Hosoda, M.; Yamamoto, M.; Taguchi, K.; Hatanaka, K.C.; Takakuwa, E.; Hatanaka, Y.; Matsuno, Y.; Yamashita, H.
Prognostic Significance of Pathologic Complete Response and Ki67 Expression after Neoadjuvant Chemotherapy in Breast Cancer.
Breast Cancer 2015, 22, 185–191. [CrossRef]

20. Broglio, K.R.; Quintana, M.; Foster, M.; Olinger, M.; McGlothlin, A.; Berry, S.M.; Boileau, J.F.; Brezden-Masley, C.; Chia, S.; Dent,
S.; et al. Association of Pathologic Complete Response to Neoadjuvant Therapy in HER2-Positive Breast Cancer with Long-Term
Outcomes Ameta-Analysis. JAMA Oncol. 2016, 2, 751–760. [CrossRef]

21. Cortazar, P.; Zhang, L.; Untch, M.; Mehta, K.; Costantino, J.P.; Wolmark, N.; Bonnefoi, H.; Cameron, D.; Gianni, L.; Valagussa, P.;
et al. Pathological Complete Response and Long-Term Clinical Benefit in Breast Cancer: The CTNeoBC Pooled Analysis. Lancet
2014, 384, 164–172. [CrossRef] [PubMed]

22. Gentile, D.; Sagona, A.; De Carlo, C.; Fernandes, B.; Barbieri, E.; Di Maria Grimaldi, S.; Jacobs, F.; Vatteroni, G.; Scardina, L.;
Biondi, E.; et al. Pathologic Response and Residual Tumor Cellularity after Neo-Adjuvant Chemotherapy Predict Prognosis in
Breast Cancer Patients. Breast 2023, 69, 323–329. [CrossRef] [PubMed]

23. Yau, C.; Osdoit, M.; van der Noordaa, M.; Shad, S.; Wei, J.; de Croze, D.; Hamy, A.-S.; Laé, M.; Reyal, F.; Sonke, G.S.; et al. Residual
Cancer Burden after Neoadjuvant Chemotherapy and Long-Term Survival Outcomes in Breast Cancer: A Multicentre Pooled
Analysis of 5161 Patients. Lancet Oncol. 2022, 23, 149–160. [CrossRef] [PubMed]

24. Tabl, A.A.; Alkhateeb, A.; ElMaraghy, W.; Rueda, L.; Ngom, A. A Machine Learning Approach for Identifying Gene Biomarkers
Guiding the Treatment of Breast Cancer. Front. Genet. 2019, 10, 256. [CrossRef]

25. Zhou, L.; Rueda, M.; Alkhateeb, A. Classification of Breast Cancer Nottingham Prognostic Index Using High-Dimensional
Embedding and Residual Neural Network. Cancers 2022, 14, 934. [CrossRef]

26. Laws, A.; Pastorello, R.; Dey, T.; Grossmith, S.; King, C.; McGrath, M.; Schnitt, S.J.; Mittendorf, E.A.; King, T. Impact of the
Histologic Pattern of Residual Tumor After Neoadjuvant Chemotherapy on Recurrence and Survival in Stage I–III Breast Cancer.
Ann. Surg. Oncol. 2022, 29, 7726–7736. [CrossRef]

27. von Minckwitz, G.; Huang, C.-S.; Mano, M.S.; Loibl, S.; Mamounas, E.P.; Untch, M.; Wolmark, N.; Rastogi, P.; Schneeweiss,
A.; Redondo, A.; et al. Trastuzumab Emtansine for Residual Invasive HER2-Positive Breast Cancer. N. Engl. J. Med. 2019, 380,
617–628. [CrossRef] [PubMed]

28. Zou, J.; Zhang, L.; Chen, Y.; Lin, Y.; Cheng, M.; Zheng, X.; Zhuang, X.; Wang, K. Neoadjuvant Chemotherapy and Neoadjuvant
Chemotherapy with Immunotherapy Result in Defferent Tumor Shrinkage Patterns in Triple-Negative Breast Cancer. J. Breast
Cancer 2023, 26, e49. [CrossRef]

29. Goorts, B.; Dreuning, K.M.A.; Houwers, J.B.; Kooreman, L.F.S.; Boerma, E.-J.G.; Mann, R.M.; Lobbes, M.B.I.; Smidt, M.L. MRI-
Based Response Patterns during Neoadjuvant Chemotherapy Can Predict Pathological (Complete) Response in Patients with
Breast Cancer. Breast Cancer Res. 2018, 20, 34. [CrossRef]

30. Fukada, I.; Araki, K.; Kobayashi, K.; Shibayama, T.; Takahashi, S.; Gomi, N.; Kokubu, Y.; Oikado, K.; Horii, R.; Akiyama, F.; et al.
Pattern of Tumor Shrinkage during Neoadjuvant Chemotherapy Is Associated with Prognosis in Low-Grade Luminal Early
Breast Cancer. Radiology 2018, 286, 49–57. [CrossRef] [PubMed]

31. Pastorello, R.G.; Laws, A.; Grossmith, S.; King, C.; McGrath, M.; Mittendorf, E.A.; King, T.A.; Schnitt, S.J. Clinico-Pathologic
Predictors of Patterns of Residual Disease Following Neoadjuvant Chemotherapy for Breast Cancer. Mod. Pathol. 2021, 34,
875–882. [CrossRef] [PubMed]

https://doi.org/10.1093/annonc/mdy127
https://www.ncbi.nlm.nih.gov/pubmed/29873695
https://doi.org/10.21037/cco-20-123
https://www.ncbi.nlm.nih.gov/pubmed/32527117
https://doi.org/10.1016/j.breast.2022.01.006
https://www.ncbi.nlm.nih.gov/pubmed/35148934
https://doi.org/10.1016/j.ejso.2018.09.027
https://www.ncbi.nlm.nih.gov/pubmed/30348601
https://doi.org/10.12809/hkmj164972
https://www.ncbi.nlm.nih.gov/pubmed/28484080
https://doi.org/10.1016/j.ejso.2016.03.023
https://www.ncbi.nlm.nih.gov/pubmed/27107791
https://doi.org/10.3390/cancers15061719
https://www.ncbi.nlm.nih.gov/pubmed/36980605
https://doi.org/10.1200/JCO.2011.38.8595
https://doi.org/10.1007/s12282-013-0474-2
https://doi.org/10.1001/jamaoncol.2015.6113
https://doi.org/10.1016/S0140-6736(13)62422-8
https://www.ncbi.nlm.nih.gov/pubmed/24529560
https://doi.org/10.1016/j.breast.2023.03.016
https://www.ncbi.nlm.nih.gov/pubmed/37001289
https://doi.org/10.1016/S1470-2045(21)00589-1
https://www.ncbi.nlm.nih.gov/pubmed/34902335
https://doi.org/10.3389/fgene.2019.00256
https://doi.org/10.3390/cancers14040934
https://doi.org/10.1245/s10434-022-12054-6
https://doi.org/10.1056/NEJMoa1814017
https://www.ncbi.nlm.nih.gov/pubmed/30516102
https://doi.org/10.4048/jbc.2023.26.e49
https://doi.org/10.1186/s13058-018-0950-x
https://doi.org/10.1148/radiol.2017161548
https://www.ncbi.nlm.nih.gov/pubmed/28737968
https://doi.org/10.1038/s41379-020-00714-5
https://www.ncbi.nlm.nih.gov/pubmed/33219297


Cancers 2024, 16, 376 13 of 13

32. Wolff, A.C.; Hammond, M.E.H.; Hicks, D.G.; Dowsett, M.; McShane, L.M.; Allison, K.H.; Allred, D.C.; Bartlett, J.M.S.; Bilous, M.;
Fitzgibbons, P.; et al. Recommendations for Human Epidermal Growth Factor Receptor 2 Testing in Breast. J. Clin. Oncol. 2013, 31,
3997–4013. [CrossRef] [PubMed]

33. Chen, A.M.; Meric-Bernstam, F.; Hunt, K.K.; Thames, H.D.; Oswald, M.J.; Outlaw, E.D.; Strom, E.A.; McNeese, M.D.; Kuerer,
H.M.; Ross, M.I.; et al. Breast Conservation After Neoadjuvant Chemotherapy: The M.D. Anderson Cancer Center Experience. J.
Clin. Oncol. 2004, 22, 2303–2312. [CrossRef] [PubMed]

34. Symmans, W.F.; Peintinger, F.; Hatzis, C.; Rajan, R.; Kuerer, H.; Valero, V.; Assad, L.; Poniecka, A.; Hennessy, B.; Green, M.; et al.
Measurement of Residual Breast Cancer Burden to Predict Survival after Neoadjuvant Chemotherapy. J. Clin. Oncol. 2007, 25,
4414–4422. [CrossRef]

35. Symmans, W.F.; Wei, C.; Gould, R.; Yu, X.; Zhang, Y.; Liu, M.; Walls, A.; Bousamra, A.; Ramineni, M.; Sinn, B.; et al. Long-Term
Prognostic Risk after Neoadjuvant Chemotherapy Associated with Residual Cancer Burden and Breast Cancer Subtype. J. Clin.
Oncol. 2017, 35, 1049–1060. [CrossRef]

36. Müller, H.D.; Posch, F.; Suppan, C.; Bargfrieder, U.; Gumpoldsberger, M.; Hammer, R.; Hauser, H.; Dandachi, N.; Prein, K.;
Stoeger, H.; et al. Validation of Residual Cancer Burden as Prognostic Factor for Breast Cancer Patients after Neoadjuvant Therapy.
Ann. Surg. Oncol. 2019, 26, 4274–4283. [CrossRef]

37. Peintinger, F.; Sinn, B.; Hatzis, C.; Albarracin, C.; Downs-Kelly, E.; Morkowski, J.; Gould, R.; Symmans, W.F. Reproducibility of
Residual Cancer Burden for Prognostic Assessment of Breast Cancer after Neoadjuvant Chemotherapy. Mod. Pathol. 2015, 28,
913–920. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1200/JCO.2013.50.9984
https://www.ncbi.nlm.nih.gov/pubmed/24101045
https://doi.org/10.1200/JCO.2004.09.062
https://www.ncbi.nlm.nih.gov/pubmed/15197191
https://doi.org/10.1200/JCO.2007.10.6823
https://doi.org/10.1200/JCO.2015.63.1010
https://doi.org/10.1245/s10434-019-07741-w
https://doi.org/10.1038/modpathol.2015.53

	Introduction 
	Materials and Methods 
	Study Design 
	Statistical Analysis 

	Results 
	Characteristics and Treatment of Breast Cancer Patients with Pathologic Partial Response after Neo-Adjuvant Chemotherapy 
	Identification of Predictive Factors for Different Patterns of Residual Disease in the Breast after Neo-Adjuvant Chemotherapy 
	Comparison of Long-Term Oncological Outcomes between Patients with Different Patterns of Residual Disease in the Breast after Neo-Adjuvant Chemotherapy and Independent Factors Influencing the Prognosis 

	Discussion 
	Conclusions 
	References

