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Predictors of recurrence in breast cancer patients with
pathological partial response
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SUMMARY

OBJECTIVE: Patients with residual disease after neoadjuvant chemotherapy have a relative risk of developing recurrence. This study investigates
the risk factors for recurrence in locally advanced breast cancer patients with residual disease and evaluates survival analysis.

METHODS: This is a retrospective, single-center study. Breast cancer patients who failed to achieve a pathological complete response after
neoadjuvant chemotherapy were included. Demographic, clinicopathological, and treatment characteristics were evaluated to identify predictive
factors of recurrence and survival analysis.

RESULTS: We included 205 patients in this study. After a median of 31 months of follow-up, 10 patients died, and 20 developed distant metastasis.
Disease-free survival and disease-specific survival were 73.8% and 83.1%, respectively. Lymphovascular invasion and non-luminal subtype were
independent predictors of locoregional recurrence. In situ carcinoma, lymphovascular invasion, ypTllI stage, and non-luminal molecular subtypes

were independent predictors of disease-free survival. The only independent factor affecting disease-specific survival was cNII-Ill. The number of
involved lymph nodes was an independent predictor of disease-free survival in patients without complete axillary response.
CONCLUSION: Factors affecting disease-specific survival and disease-free survival were cNII-I1l and the number of involved lymph nodes, respectively.

Patients with non-luminal, large residual tumors with in situ carcinoma, lymphovascular invasion, clinically positive axilla, and residual nodal involvement
have a high relative risk for recurrence and may benefit from additional treatments.
KEYWORDS: Breast cancer. Pathologic complete response. Neoadjuvant chemotherapy. Disease free survival. Locoregional neoplasm recurrences.

INTRODUCTION

Neoadjuvant chemotherapy (NAC) is the standard approach
for managing locally advanced breast cancer (LABC) (stages IIB
and III)"%. NAC downstages tumors by allowing breast-con-
serving surgery (BCS) instead of mastectomy and avoids axil-
lary lymph node dissection (ALND)-associated lymphedema
by allowing sentinel lymph node biopsy (SLNB)!3. NAC is
recommended for triple-negative breast cancer (TNBC) and
human epidermal growth factor receptor 2 (HER2)-positive
cancer because these subtypes have higher rates of pathologi-
cal complete response (pCR)*~.

In LABC patients, pCR following NAC can serve as a sur-
rogate marker of treatment efficacy'?. However, not all patients
achieve pCR and may develop locoregional recurrence (LRR).

Patients with a partial response may avoid recurrence by the

addition of regimens that will sensitize their tumors to ongoing
chemotherapy’. Therefore, identifying patients at high risk of
recurrence is critical for early intervention. This study aimed
to identify factors that predict recurrence in LABC patients
who failed to achieve pCR after NAC and to conduct a sur-

vival analysis.

METHODS

Study design and patient selection

This retrospective study was conducted in a tertiary care hos-
pital. Patients diagnosed and treated for LABC (>18 years)
between January 2011 and June 2019 were selected and those
who received NAC and failed to achieve pCR were identified.
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Recurrence prediction in partial response

Patients with incomplete axillary response according to tumor
features were also evaluated.
LABC was defined as stage III and stage IIB (T3NO0) disease®.
Notable exclusions were male patients, patients with met-
astatic disease at presentation, those who received only neoad-
juvant hormonotherapy, and patients with pCR.
Demographic, clinicopathological, and treatment charac-
teristics were recorded. The source of medical records was our

hospital’s electronic database.

Pathology

Diagnosis of invasive breast cancer in the breast and axilla was
histopathologically confirmed and defined according to WHO
classification’. ER, PR, and HER2 statuses were evaluated by
immunohistochemistry or fluorescence in situ hybridization
before NAC administration. Tumor subtypes were defined as
follows [12]: luminal A; ER(+) or PR(+), HER2-neu (-), Ki67
<20%; luminal B, ER(+) or PR(+), and/or HER2-neu (+), Ki67
>20%; non-luminal HER2-neu(+), ER(-) PR(-) HER2-neu
(+); and triple-negative, ER(-) PR (=) HER2-neu (-).

Treatment

The multidisciplinary team decided on NAC and the type of
surgery post-NAC. Most patients received anthracycline-based
regimens, followed by a taxane (four cycles of doxorubicin
and cyclophosphamide every 3 weeks and 12 cycles of pacl-
itaxel or docetaxel weekly). Patients with HER2-positive
tumors received trastuzumab simultaneously with NAC
for 1 year>'®. No patients received adjuvant chemotherapy.
After NAC, patients underwent either BCS or mastectomy.
Intraoperative pathological examination was performed to
analyze SLNB and surgical margins''. Patients with clini-
cally, radiologically, and pathologically positive lymph nodes
underwent ALND.

All patients underwent adjuvant radiotherapy. Radiotherapy was
applied at 50 Gy in 25 fractions over 4 weeks and 10 Gy boost
to the tumor bed for patients who underwent BCS, and periph-
eral lymph nodes (axillary, supra, and supra infra-clavicular and
internal mammary lymph nodes). Patients with ER-positive
tumors received adjuvant endocrine therapy with tamoxifen

or aromatase inhibitors for at least 5 years'’.

Assessment of response

Pathological response after NAC was assessed using the Miller-
Payne classification. pCR (ypT0 and ypNO) was defined as no
residual invasive disease in the breast or axilla. Residual duc-
tal carcinoma in situ was included in the pCR category.
Partial response was defined as any response besides pCR'2.
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Statistical analysis

The endpoint analyses were LRR, distant metastases, and dis-
ease-specific survival (DSS). LRR was defined as a recurrent
disease in the ipsilateral breast or peripheral lymph nodes.
Distant metastasis was considered any recurrence in distant
organs or other lymph nodes.

SPSS Version 22.0 (SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. The study data were evaluated
using descriptive methods (number, percent, and median).
Survival calculations were made by the Kaplan-Meier anal-
ysis. With the log-rank univariate analysis test, the effects of
prognostic factors related to tumor and patient characteris-
tics on disease-free survival (DFS) and DSS were investigated.
The effects of prognostic factors on DFS and DSS were inves-
tigated using the Cox regression test in multivariate analysis.
Proportional differences between the groups were calculated
with the chi-square test. Results were evaluated within a 95%

confidence interval and a significance level of p<0.05.

Ethics

The study protocol was approved by the Istanbul Education and
Training Hospital (approval no. 2020-2675). The study was con-
ducted under the 1975 Declaration of Helsinki, as revised in 2013.

RESULTS

A total of 1,247 patients with breast cancer were diagnosed and
treated between January 2011 and June 2019. We identified
205 patients with LABC who received NAC. Among them,
54 (26.3%) achieved pCR in the breast, 94 (45.9%) in the
axilla, and 43 (21%) in both breast and axilla. Notably, 151
patients with incomplete response in the breast and 111 with
incomplete response in the axilla were included in this study.

Demographic and clinicopathological features of patients
with partial response are shown in Table 1. The median age at
diagnosis was 52 years (range 25-77 years), and 44% (n=67)
were younger than 50 years. Notably, 61 (40%) patients under-
went BCS and 90 (60%) underwent mastectomy. As for the
axillary approach, 92 (61%) patients underwent ALND and
59 (39%) underwent SLNB.

The rate of partial response in the breast was 74%. Evaluation of
residual tumors in the breast revealed that 45 (30%) patients
had high-grade tumors, 65 (43%) had lymphovascular inva-
sion (LVI), 92 (61%) had coexisting in situ carcinoma, and 100
(66%) had residual tumor in lymph nodes (Table 1).

After a2 median of 31 months of follow-up (range
12-115 months), 10 patients (6.6%) died and 20 (13.2%)
developed distant metastasis. The 5-year DFS and DSS were 73.8
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Table 1. Demographic and clinicopathological features of patients who
achieved partial response in the breast.

Patients
Features Category n=151 (%)
<50 67(44.4)
Age (years)
>50 84(55.6)
[-11 111(73.5)
cT stage
[11=1V 40(26.5)
0-1 130(86.1)
cN stage
[1=111 21(13.9)
Invasive ductal carcinoma | 126(83.4)
Histological type
Others 25(16.6)
Breast-conserving surgery | 61(40.4)
Surgical type
Mastectomy 90(59.6)
[=11 106(70.2)
Tumor grade
1] 45(29.8)
L PeNERE Ty Positive 65(43.0)
invasion
In situ carcinoma Yes 92(60.9)
| 101(66.9)
ypT stage [l 37(24.5)
1] 13(8.6)
Lymph node invasion Positive 100(66.2)
Estrogen receptor Positive 115(76.2)
Progesterone receptor Positive 96(63.6)
HER2 Positive 33(21.9)
<20% 26(17.2)
Ki-67
>20% 125(82.8)
Luminal-A 15(9.9)
Luminal B/HER2(-) 85(56.3)
Molecular subtype Luminal B/HER2(+) 17(11.3)
Non-luminal B/HER2(+) 16(10.6)
Triple-negative 18(11.9)
Luminal 117(77.5)
Molecular subtype
Non-luminal 34(22.5)
Breast 0(0.0)
Loco-regional Thorax wall 6(4.0)
recurrence
Axilla 1(0.7)
Systemic recurrence Yes 20(13.2)

and 83.1%, respectively (Figures 1B and 1C). Seven patients
(4.6%) developed LRR, including six chest wall recurrence and
one axillary nodal recurrence. The last LRR occurred in the
34th month. The 5-year locoregional free survival was 92.8%.
The nodal failure occurred in a patient who underwent ALND.
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All chest wall recurrences occurred in patients who underwent
mastectomy. LRR rate was significantly higher in patients who
underwent mastectomy than patients who underwent BCS (8%
vs. 0%; p=0.042, respectively).

On univariable analysis, mastectomy, high-grade tumors,
LVI, non-luminal tumors, and HER2 overexpression were asso-
ciated with LRR. On multivariate analysis, independent fac-
tors associated with LRR were LVI [HR: 22.35 (1.42-352.62);
p=0.027] and non-luminal molecular subtype [HR: 27.34
(2.99-249.14); p=0.003] (Tables 2 and 3).

As for 5-year DFS rates, patients who underwent mastectomy
with high-grade tumors, LVI, residual yp TIII, residual in situ car-
cinoma, and residual tumor in lymph nodes had lower DES rates
than those without these features. Independent factors affecting
DES were LVI [HR: 4.35 (1.18-15.94); p=0.027], residual in
situ carcinoma [HR: 7.37 (1.52-35.71); p=0.013], yp TIII stage
[HR: 5.42 (1.69-17.35); p=0.004], and non-luminal molecular
subtype [HR: 4.41 (1.33-14.58); p=0.015]. We observed that
in cases of partial axillary response, higher numbers of metastatic
lymph nodes were associated with lower 5-year DES [(1-3 involved
lymph nodes: 81%, 4-9: 70.4% and >10: 46.7%) (p=0.025)]
(Tables 2—4). However, metastatic tumor size and axillary extran-
odal extension (ENE) were not associated with survival.

DSS rate of patients with cNII-III stages, LVI, coexisting in
situ carcinoma, ypT III stage, and positive lymph nodes were sig-
nificantly lower than those without these features. We determined
that the only independent factor affecting 5-year DSS was cN
II-TII stage [HR: 5.14 (1.22-21.59; p=0.025] (Tables 2 and 3).

DISCUSSION

This retrospective study evaluates predictive factors for recur-
rence in LABC patients without pCR after NAC. We found
that LVI and non-luminal subtypes were independent predic-
tors of LRR. LV, in situ carcinoma, yp TIII stages, and non-lu-
minal molecular subtypes were independent predictors affect-
ing DFS. The only independent factor affecting DSS was cN
[I-II1. Our results demonstrate that the number of involved
axillary lymph nodes were independent predictors of LRR and
DSS for patients without axillary pCR.

Patients with residual disease post-NAC have a higher risk
of developing LRR than patients with pCR>!2%,

In many studies, the presence of LVI increases recurrence
risk in patients without pCR'*'. QOur results support this by
showing that LVI was a predictor of LRR for patients with-
out axillary pCR.

ENE, which is defined as an extension of neoplastic cells

through the nodal capsule into perinodal tissue, is associated
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LRFS: Local Recurrence Free Survival, DFS: disease-free survival, DSS: disease-specific survival.

Figura 1. The 5-year locoregional free survival. (A) the 5-year disease-free survival, (B) and the 5-year disease-specific survival and (C) of the

patients who failed to achieve pathologic complete response.

with recurrence and mortality. Tumors with ENE persisting
after NAC may be more likely to recur®. Unlike the reported
literature, we did not observe any relationship between ENE
and survival in patients without axillary pCR.

Although patients with luminal-type, especially hor-
mone-positive, or non-HER2-like tumors are less likely to
achieve pCR than patients with non-luminal and HER2-
like tumors, they are not necessarily more likely to develop
LRR. In fact, studies show that patients with TNBC with
residual disease after NAC have a higher recurrence risk*'>.
Supporting literature, this study shows that hormone-positive
tumors, especially luminal B-type tumors, were less likely to
achieve pCR than non-luminal tumors. However, the non-lu-
minal subtype was an independent predictor of local or sys-
temic recurrences.

In patients with residual disease post-INAC, lymph node pos-
itivity and LVI are predictors of distant metastasis'>!. The only

4

nodal failure in this study occurred in the axilla of a patient
who underwent ALND. Similarly, all chest wall recurrences
occurred among patients who underwent mastectomy, and
no in-breast failure occurred among patients who underwent
BCS. Based on this, we concluded that more extensive surgeries
result in more aggressive tumors. This study also showed that
high numbers of involved lymph nodes are predictors of axillary
recurrence. Extensive axillary dissections showed no additional
benefit in avoiding LRR. As no relapses occurred after SLNB,
ALND may be less considered after NAC and SLNB may be
preferred even for patients with a partial response.

Ovur study has several limitations. First, data were collected
retrospectively. Second, no formal power analysis was performed
to determine the sample size. However, all eligible patients with
LABC in our hospital database were recruited. Third, this is a
single-center study and does not contain different therapeutic
approaches. Therefore, the generalizability of our results may
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Table 2. Risk factors associated with 5-year locoregional recurrence-free survival, disease-free survival, and disease-specific survival of patients

who achieved partial response in breast (univariate analysis).

LRRFS DFS DSS
facop (S (92.8%) P (73.8%) P (83.1%) P
<50 91.3 78.3 91.2
Age (years) 0.485 0.449 0.290
>50 94.0 70.2 84.6
[-11 934 70.7 83.7
cT stage 0.932 0.509 0.321
-1V 90.5 82.0 85.9
0-1 94.3 75.6 88.9
cN stage 0.326 0421 0.005*
[1=111 85.5 65.0 69.3
Invasive ductal carcinoma 93.0 718 81.3
Histological type 0.978 0.447 0.219
Others 91.7 88.0 100.0
_ Breast-conserving surgery 100.0 86.8 96.9
Surgical type 0.040* 0.044* 0.108
Mastectomy 88.9 66.8 77.7
[-11 100.0 75.6 83.9
Tumor grade <0.001* 0.033* 0.351
111 784 552 79.8
Positive 85.9 53.9 62.6
Lymphovascular invasion - 0.018* <0.001* <0.001*
Negative 97.9 89.1 100.0
Yes 91.4 61.5 74.3
In situ carcinoma 0.546 0.005* 0.012*
No 94.9 94.9 100.0
[l 92.8 77.0 86.8
pT stage 0.754 0.007* 0.034*
I 91.7 53.3 77.1
Yes 894 68.5 75.1
Lymph node invasion 0.058 0.021* 0.024*
No 100.0 82.6 100.0
Positive 97.3 73.5 83.1
Estrogen receptor - 0.002* 0.235 0.325
Negative 78.8 70.1 81.4
Positive 98.7 74.5 82.0
Progesterone receptor - 0.005* 0.169 0.444
Negative 82.4 711 83.0
Positive 81.7 77.7 93.0
HER2 - 0.003* 0.590 0.567
Negative 96.5 71.7 78.8
<20% 100.0 87.5 100.0
Ki-67 0.239 0.110 0.659
>20% 91.5 714 88.2
Luminal-A 100.0 83.3 100.0
Luminal B/HER2(-) 98.5 75.2 81.0
Molecular subtype Luminal B/HER2(+) 91.7 0.002* 91.7 0.507 100.0 0.637
Non-luminal B/HER2(+) 71.3 63.2 85.7
Triple-negative 80.0 72.9 68.6
Luminal 97.3 74.3 834
Molecular subtype 0.001* 0.153 0.259
Non-luminal 774 67.8 80.1

*p<0.05, p-value given refer to log-rank test. DFS: disease-free survival; DSS: disease specific survival; LRRFS: locoregional recurrence free survival.

be limited due to varying treatment guidelines according to
local regulations and resource availability.

In conclusion, our study demonstrated that LVI and non-lu-
minal subtypes are independent predictors of LRR. LV, in situ

carcinoma, ypTTII stage, and non-luminal molecular subtypes

are independent predictors of DFS. The only independent fac-
tor affecting DSS was cN II-III. Additionally, the number of
involved axillary lymph nodes was an independent predictor of

LRR and DSS. Residual tumor size and ENE did not demon-

strate a significant risk for recurrence in patients without axillary
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Table 3. Risk factors associated with 5-year locoregional recurrence free survival, disease free survival and disease specific survival of patients
who achieved partial response in breast (multivariate Cox regression analysis).

Factors

Category

Loco-regional
recurrence-free
survival
HR (95%Cl)

Disease-free
survival
HR (95%ClI)

Disease-specific
survival
HR (95%Cl)

<50 3.55(0.44-28.94) Reference (1) Reference (1)
Age (years) 0.237 0.617 0.125
>50 Reference (1) 1.30(0.46-3.65) 3.41(0.71-16.34)
|- Reference (1) Reference (1) Reference (1)
cT stage 0.135 0.003* 0.358
[11=1V 5.65(0.58-54.88) 5.66(1.77-18.09) 2.06(0.44-9.62)
O-I Reference (1) Reference (1) Reference (1)
cN stage 0.791 0.803 0.025*
[1=111 1.34(0.15-11.87) 1.14(0.40-3.27) 5.14(1.22-21.59)
i i Invasive ductal carcinoma Reference (1 Reference (1 Reference (1
Histological (1) 0237 (1) 0,607 (1)
type Others 5.66(0.39-82.06) 1.49(0.32-6.88) *
Breast-conserving surgery Reference (1) Reference (1) Reference (1)
Surgery 0.444 0.200
Mastectomy o 1.67(0.45-6.17) 4.23(0.47-38.44)
[-I1 Reference (1) Reference (1) Reference (1)
Tumor grade 0.180 0.941
11 * 2.02(0.72-5.64) 1.06(0.24-4.68)
Positive 22.35(1.42-352.62 4.35(1.18-15.94 e
!_ympbovascular . ( ) 0027* ( ) 0.027*
Invasion Negative Reference (1) Reference (1) Reference (1)
i Yes 1.04(0.15-6.98) 7.37(1.52-35.71) *
] 0972 0013
carcinoma No Reference (1) Reference (1) Reference (1)
|- Reference (1) Reference (1) Reference (1)
pT stage 0.499 0.004* 0.089
] 2.58(0.17-40.34) 5.42(1.69-17.35) 3.87(0.81-18.45)
Lymph node Yes * 3.70(0.77-17.87) Q68 e
invasion No Reference (1) Reference (1) ’ Reference (1)
Luminal Reference (1 Reference (1 Reference (1
Moleuler : 0 0.003* W1 015 &) 0.233
subtype Non-luminal 27.34(2.99-249.14) 4.41(1.33-14.58) 2.75(0.52-14.55)

*p<0.05; hazard ratio (HR) is presented with their 95% confidence interval (Cl) and p-value. **As there is no event, it is not included in Cox regression modeling.

Table 4. Results of 5-year disease-free survival and overall survival related to axillary lymph node status (number of positive lymph nodes, size
of the metastasis, and extranodal extension) of patients with axillary partial response.

DFS DSS
Factors Category (67.8%) (75.8%)
=3 81.0 92.1
Number of metastatic lymph nodes 4-9 704 0.025* 81.8
>10 46.7 62.5 0.453
) ) ITC and micrometastasis 79.1 90.0
Size of metastasis - 0421
Macrometastasis 65.3 734 0.603
) Yes 62.5 68.0
Extra nodal extension 0.385
No 76.5 93.8 0.148

*p<0.05, p-values given refer to log-rank test. DFS: disease-free survival; DSS: disease-specific survival; ITC: isolated tumor cells.

pCR. As patients with residual disease are prone to recurrence, residual tumors in the breast and axilla, with in situ carcinoma
identifying these patients is essential for monitoring and early

intervention. Our study also showed that BCS and SLNB are

or LVI, may benefit from adjuvant chemotherapy with agents
that sensitize tumors to chemotherapy and radiotherapy to
safe after NAC, as no recurrence occurred in patients who lower recurrence risk. Future prospective, powerful, and genet-

underwent these procedures. Patients with non-luminal large ic-based studies are warranted.
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ETHICS APPROVAL STATEMENT

'The study protocol was approved by the Clinical Research Ethics
Committee of Istanbul Education and Training Hospital in
accordance with the ethical standards of the institutional and/
or national research committee and with the 1964 Helsinki
Declaration (approval no. 2020-2675).

PATIENT CONSENT STATEMENT

The form of concern was not obtained because the data were
analyzed anonymously. The ethics committee waived the require-

ment for informed consent.
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MATERIAL FROM OTHER SOURCES
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REFERENCES

1. KordelA Somerfield MR, Carey LA, Crews JR, Denduluri N, Hwang
ES, et al. Neoadjuvant chemotherapy, endocrine therapy, and
targeted therapy for breast cancer: ASCO guideline. J Clin Oncol.
2021;39(13):1485-505. https://doi.org/10.1200/JC0O.20.03399

2. ZhaoY, Chen L, Zheng X, Shi Y. Quality of life in patients with breast
cancerwith neoadjuvant chemotherapy:asystematicreview.BMJ Open.
2022;12(11):e061967.https://doiorg/10.1136/bmjopen-2022-061967

3.  Asaoka M, Gandhi S, Ishikawa T, Takabe K. Neoadjuvant
chemotherapy for breast cancer: past, present, and future. Breast
Cancer (Auckl). 2020;14:14:1178223420980377. https://doi.
org/10.1177/1178223420980377

4.  LeeJS,Yost SE, YuanY. Neoadjuvant treatment for triple negative
breast cancer: recent progresses and challenges. Cancers (Basel).
2020;12(6):1404. https://doi.org/10.3390/cancers1206 1404

5. Gunasekara ADM, Anothaisintawee T, Youngkong S, Ha NT, McKay
GJ, Attia J, et al. Neoadjuvant treatment with HER2-targeted
therapies in HER2-positive breast cancer: a systematic review and
network meta-analysis. Cancers (Basel). 2022;14(3):523. https://
doi.org/10.3390/cancers14030523

6. ChenAM,Meric-Bernstam F, Hunt KK, Thames HD, Oswald MJ, Outlaw
ED, etal.Breast conservation after neoadjuvant chemotherapy: the MD
Anderson cancer center experience. J Clin Oncol. 2004:22(12):2303-
12. https://doi.org/10.1200/JC0O.2004.09.062

7. Chainitikun S, Espinosa Fernandez JR, Long JP, Iwase T, Kida K,
Wang X, et al. Pathological complete response of adding targeted
therapy to neoadjuvant chemotherapy for inflammatory breast
cancer: a systematic review. PLoS One. 2021;16(4):e0250057.
https://doi.org/10.1371/journal.pone.0250057

8. Wang M, Chen H, Wu K, Ding A, Zhang M, Zhang P. Evaluation
of the prognostic stage in the 8th edition of the American joint

7

ACKNOWLEDGMENTS

We would like to thank Atilla Bozdogan for his meticulous
statistical analyses.

AUTHORS’ CONTRIBUTIONS

FDCT: Conceptualization, Data curation, Formal Analysis,
Methodology Resources, Visualization, Writing — original
draft, Writing — review & editing. MAN: Conceptualization,
Methodology, Writing — original draft, Writing — review & edit-
ing. EA: Conceptualization, Data curation, Writing — original
draft, Writing — review & editing. OM: Conceptualization,
Data curation, Methodology, Writing — review & editing.
FD: Conceptualization, Formal Analysis, Writing — original draft.
BA: Conceptualization, Writing — review & editing. RUG: Data
curation, Methodology, Visualization. ECKT: Data curation,
Writing — review & editing. JNAC: Writing — review & editing.

committee on cancer inlocally advanced breast cancer: an analysis
based on SEER 18 database. Breast. 2018;37:56-63. https://doi.
org/10.1016/j.breast.2017.10.011

9. Lakhani SR, Ellis 1O, Schnitt SJ, Tan PH, Vijver MJ. World Health
Organization classification of tumors of the breast. 4th ed. Lyon:
IARC Press; 2012.

Kerr AJ, Dodwell D, McGale P, Holt F, Duane F, Mannu G,
et al. Adjuvant and neoadjuvant breast cancer treatments: a
systematic review of their effects on mortality. Cancer Treat Rev.
2022;105:102375. https://doi.org/10.1016/j.ctrv.2022.102375

11. Francissen CM, Parra RF, Mulder AH, Bosch AM, Roos WK.
Evaluation of the benefit of routine intraoperative frozen section
analysis of sentinel lymph nodes in breast cancer. ISRN Oncol.
2013;2013:843793. https://doi.org/10.1155/2013/843793

12. ZhaoY, Dong X, Li R, Ma X, Song J, Li Y, et al. Evaluation of the
pathological response and prognosis following neoadjuvant
chemotherapy in molecular subtypes of breast cancer. Onco Targets
Ther. 2015;8:1511-21. https://doi.org/10.2147/0OTT.583243

13. Kennedy WR, Tricarico C, Gabani P, Weiner AA, Altman MB, Ochoa
LL, et al. Predictors of distant metastases in triple-negative breast
cancer without pathologic complete response after neoadjuvant
chemotherapy. J Natl Compr Canc Netw. 2020;18(3):288-96.
https://doi.org/10.6004/jnccn.2019.7366

Hamy AS, Lam GT, Laas E, Darrigues L, Balezeau T, Guerin J, et al.
Lymphovascular invasion after neoadjuvant chemotherapy is
strongly associated with poor prognosis in breast carcinoma. Breast
Cancer Res Treat. 2018;169(2):295-304. https://doi.org/10.1007/
$10549-017-4610-0

15. MaX, Yang X, Yang W, Shui R. Prognostic value of extranodal
extension in axillary lymph node-positive breast cancer. Sci Rep.
2021;11(1):9534. https://doi.org/10.1038/s41598-021-88716-4

10.

14.

Rev Assoc Med Bras. 2024;70(3):¢20231215


https://doi.org/10.1200/JCO.20.03399
https://doi.org/10.1136/bmjopen-2022-061967
https://doi.org/10.1177/1178223420980377
https://doi.org/10.1177/1178223420980377
https://doi.org/10.3390/cancers12061404
https://doi.org/10.3390/cancers14030523
https://doi.org/10.3390/cancers14030523
https://doi.org/10.1200/JCO.2004.09.062
https://doi.org/10.1371/journal.pone.0250057
https://doi.org/10.1016/j.breast.2017.10.011
https://doi.org/10.1016/j.breast.2017.10.011
https://doi.org/10.1016/j.ctrv.2022.102375
https://doi.org/10.1155/2013/843793
https://doi.org/10.2147/OTT.S83243
https://doi.org/10.6004/jnccn.2019.7366
https://doi.org/10.1007/s10549-017-4610-0
https://doi.org/10.1007/s10549-017-4610-0
https://doi.org/10.1038/s41598-021-88716-4

