
N eoadjuvant chemotherapy (NAC) was initially 
introduced to downstage locally advanced or 

inflammatory breast cancer and make it operable.  
However,  NAC is currently being extended to operable 
breast cancer to allow breast-conserving surgery and 
serve as an option for human epidermal receptor 2 
(HER2)-positive or triple-negative breast cancer.  
Patients with a pathological complete response (pCR) 
have better disease-free and overall survival than those 
with residual disease.  However,  cases of breast cancer 
metastases after achieving a pCR with NAC are some-
times encountered in clinical practice.  Prognostic fac-
tors in patients with pCR after NAC are not well known.  

Therefore,  we investigated the prognostic factors for 
pCR in patients with breast cancer after NAC.

Materials and Methods

This retrospective cohort study included 127 patients 
with localized breast cancer who underwent NAC fol-
lowed by surgery and achieved a pCR at the National 
Hospital Organization Shikoku Cancer Center between 
June 2004 and September 2020.  A pCR was defined as 
no residual invasive breast cancer in the histopatholog-
ical specimens of the breast and axillary lymph nodes 
(ypT0/ypTisypN0).  The analyzed clinical and biologi-
cal factors were age,  pre-NAC clinical T factor,  pre-

Acta Med.  Okayama,  2022
Vol.  76,  No.  2,  pp.  105-111
CopyrightⒸ 2022 by Okayama University Medical School.

http ://escholarship.lib.okayama-u.ac.jp/amo/Original Article

Pathological Complete Response Patients after Neoadjuvant Chemotherapy 
in Breast Cancer

Megumi Takaoka＊,  Shozo Ohsumi,  Haruka Ikejiri,  Tomohiro Shidahara,   
Yuichiro Miyoshi,  Mina Takahashi,  Seiki Takashima,  and Kenjiro Aogi

Department of Breast Oncology,  National Hospital Organization Shikoku Cancer Center,   
Matsuyama 791-0280,  Japan

Cases of breast cancer metastasis after achieving a pathological complete response (pCR) with neoadjuvant che-
motherapy (NAC) are sometimes encountered in clinical practice.  We investigated the prognostic factors for 
pCR in patients with breast cancer after NAC.  This retrospective cohort study included patients with localized 
breast cancer who underwent NAC followed by surgery between 2004 and 2020 and achieved a pCR.  The asso-
ciations between clinical factors and distant metastasis-free survival rate were statistically analyzed.  We ana-
lyzed data for 127 patients.  Twelve patients (9.4%) had distant metastases,  and seven (5.5%) died.  For estrogen 
receptor (ER)-positive patients,  the distant metastasis-free survival rate was 94.6% for both 5 and 8 years.  In 
contrast,  ER-negative patients had a distant metastasis-free survival rate of 87.6% and 85.4% for 5 and 8 years 
(p= 0.094),  respectively.  In cT0-2 patients,  the distant metastasis-free survival rate was 92.4% for 5 years and 
90.5% for 8 years,  whereas in cT3-4 patients,  the distant metastasis-free survival rate was 83.5% for 5 years and 
83.5% for 8 years (p= 0.301).  This study suggested that patients with ER-negative,  pre-NAC cT3 or T4 breast 
cancer who had achieved a pCR after NAC tended to have a worse prognosis.

Key words:  breast,  carcinoma,  neoadjuvant therapy,  prognosis

Received July 7, 2021 ; accepted October 4, 2021.
＊Corresponding author. Phone : +81-89-999-1111; Fax : +81-89-999-1100
E-mail : megumi.tkk0731@gmail.com (M. Takaoka)

Conflict of Interest Disclosures: No potential conflict of interest relevant  
to this article was reported.



NAC clinical N factor,  pre-NAC clinical stage,  estrogen 
receptor (ER) status,  HER2 status,  subtype,  and use of 
molecular targeted drugs.  We analyzed the association 
between these factors and the distant metastasis-free 
survival rate.  Since the survival rate of metastatic breast 
cancer is relatively good,  we used the distant metasta-
sis-free survival rate instead of survival-related indica-
tors such as overall survival.  At our hospital,  metastasis 
before NAC is evaluated by Positron Emission 
Tomography - Computed Tomography (PET-CT) in 
accordance with published guidelines [http://www.
nccn.org/professionals/physician_gls/. Accessed 2 
September,  2021].  If brain metastasis is suspected due 
to neurological symptoms,  contrast-enhanced head 
magnetic resonance imaging (MRI) is performed.  
Distant metastasis-free survival was defined as the time 
from operation to metastasis,  death,  or the last fol-
low-up without metastasis before these end points.  
Patient death without metastasis or recurrence was cen-
sored at the time of death.  One patient had a resected 
local recurrence and was alive without metastasis or 
recurrence at the time of writing.  We did not regard her 
as a case of distant metastasis.  We excluded patients 
who were diagnosed with stage IV breast cancer before 
NAC.  The median follow-up time was 79 months 
(range,  1-184 months).

ER and HER2 statuses were evaluated using immu-
nohistochemical (IHC) analysis.  For ER status,  posi-
tivity was defined as expression in > 1% of the tumor 
cells.  For HER2 status,  IHC staining with a score of  
3 + (moderate to intense complete membrane staining 
observed in 10% of the tumor cells) or a positive in situ 
hybridization test result for IHC staining with a score of 
2 + (weak to moderate complete membrane staining in 
10% of the tumor cells) was defined as positive.

Time-to-event endpoints were tested using log-rank 
tests (two-sided p-values).  We used the Kaplan–Meier 
method to estimate the annual event-free survival.  
Statistical significance (p) was set at < 0.05.  All statisti-
cal analyses were performed using JMP®16 (SAS 
Institute Inc.,  Cary,  NC,  USA).

This study was approved by the Institutional Review 
Board of the National Hospital Organization Shikoku 
Cancer Center (approval number: 2021-15).  We 
obtained informed consent for participation and data 
publication.

Results

We analyzed 127 patients with localized breast can-
cer who underwent NAC followed by surgery and 
achieved a pCR.  Table 1 shows the patient and tumor 
characteristics.  The median patient age was 52 years 
(range,  28-75 years),  and there were 95 (74.8%) pri-
mary tumors measuring ≤ 50 mm.  Further,  only 19 
(15.0%) patients did not have clinically involved ade-
nopathy,  45 (35.4%) had ER-positive tumors,  and 72 
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Table 1　 Patient and tumor characteristics

Female sex ― no.(%) 127 (100)
Median age ― year. (range) 52 (28-75)
Clinical T factor ― no. (%)
　≦T2 95 (74.8)
　≧T3 32 (25.2)
Clinical N factor ― no. (%)
　N0 19 (15.0)
　≧N1 108 (85.0)
Clinical Stage ― no. (%)
　≦StageⅡ 65 (51.2)
　StageⅢ 62 (48.8)
ER status ― no. (%)
　Positive 45 (35.4)
　Negative 81 (63.8)
　Unknown 1 (0.8)
HER2 status ― no. (%)
　Positive 72 (56.7)
　Negative 54 (42.5)
　Unknown 1 (0.8)
NAC regimen ― no. (%)
　Anthracycline plus taxane 104 (81.9)
　Anthracycline only 3 (2.4)
　Taxane only 19 (15.0)
　Non-anthracycline or taxane 1 (0.8)
Surgery ― no. (%)
　Bt+Ax or Bt+SN 47 (37.0)
　Bp+Ax or Bp+SN or Bp only 80 (63.0)
Postoperative whole breast irradiation ― no. (%)
　Yes 76 (95.0)
　No 4 (5.0)
Metastasis or local recurrence ― no. (%)
　Yes 17 (13.4)
　No 110 (86.6)
Metastatic organ ― no.
　Brain 7
　Bone 5
　Liver 3
　Lung 2
Breast cancer death ― no. 7

Bt,  breast total mastectomy; Ax,  axillary dissection; SN,  sentinel 
lymph node biopsy; Bp,  breast partial mastectomy.



(56.7%) had HER2-positive tumors.  Most of them used 
anthracycline and taxane-based regimens,  and HER2-
positive patients used trastuzumab and pertuzumab 
accordingly.  Eighty (63.0%) patients underwent breast- 
conserving surgery,  and 76 of them (95.0%) underwent 
radiotherapy.

Twelve (9.4%) patients had distant metastases and 
seven (5.5%) died.  The site of distant metastases was the 
brain in seven patients,  bone in five,  liver in three,  and 
lungs in two.  All seven patients with brain metastases 
were ER-negative,  and four of these were HER2-
positive.  In addition,  only brain metastases were found 
in four patients,  of whom three were HER2-positive.  
Further,  five (3.9%) patients had local recurrences,  
including three chest walls and two ipsilateral intrama-
mmary recurrences (Table 2).

In total,  the distant metastasis-free survival rate was 
90.1% for 5 years and 88.8% for 8 years.  Regarding 
ER-positive patients,  the distant metastasis-free sur-
vival rate was 94.6% for both 5 and 8 years.  In contrast,  
ER-negative patients had a distant metastasis-free sur-
vival rate of 87.6% for 5 years and 85.4% for 8 years 
(p = 0.094).  Patients with luminal tumors might have a 
tendency for a better prognosis.  In cT0-2 patients,  the 
distant metastasis-free survival rate was 92.4% for 5 
years and 90.5% for 8 years,  whereas in cT3-4 patients,  
the distant metastasis-free survival rate was 83.5% for 5 
years and 83.5% for 8 years (p = 0.301).  Hence,  this 
study suggests that patients with larger tumors have a 
worse prognosis.  There were no significant differences 
observed in age (< 52 years vs ≥ 52 years),  clinical T 
factor (≤ T2 vs > T2),  clinical N factor (N0 vs ≥ N1),  
clinical stage (≤ Stage II vs Stage III),  ER status (positive 
vs negative),  HER2 status (positive vs negative),  sub-
type (luminal-non HER2 vs HER2 vs triple negative,  
pure HER2 vs non-pure HER2),  and use of neoadju-
vant molecular targeted drugs (use vs non-use) (Table 3,  
Figure 1).

Discussion

NAC is recommended for locally advanced breast 
cancer.  Recently,  NAC has also found a role in treating 
operable breast cancers.  The National Surgical Adjuvant 
Breast and Bowel Project Protocol B-18,  a clinical trial 
comparing preoperative and postoperative chemother-
apy results,  showed no statistically significant between-
group differences in disease-free survival (DFS) or 

overall survival (OS) over a long-term follow-up [1].  
Currently,  NAC is an option for patients with early 
breast cancer when adjuvant chemotherapy is expected 
to be needed for the evaluation of tumor sensitivity to 
chemotherapy.  Advances in chemotherapy due to the 
availability of taxanes,  in addition to anthracyclines,  
have also promoted preoperative treatment.

pCR is generally considered a predictor of DFS and 
OS.  Previously,  pCR was defined in relation to the 
breast tumor only.  However,  several studies have 
shown that patients treated with NAC who achieve a 
pCR in both the breast and axilla have superior long-
term outcomes [2-4].  Therefore,  pCR was defined as 
the state of no residual invasive breast cancer in the 
breast or axillary lymph nodes.  This definition was 
adopted for the analysis in our study.

In the Capecitabine for Residual cancer as Adjuvant 
Therapy trial,  after standard NAC involving anthracy-
cline,  taxane,  or both,  the addition of adjuvant 
capecitabine therapy was effective in prolonging DFS 
and OS among patients with HER2-negative breast can-
cer who had residual invasive disease [5].  In the 
KATHERINE trial,  among patients with HER2-positive 
early breast cancer who had residual invasive disease 
after NAC,  the risk of recurrence of invasive breast can-
cer or death was 50% lower with adjuvant T-DM1 than 
with trastuzumab alone [6].  Thus,  the purpose of NAC 
is to increase the breast-conserving surgery rate and the 
precision of prognosis according to the efficacy of NAC.  
These developments make NAC more important than 
ever before.  With the progress of NAC,  the pCR rate 
has reached approximately 20% [7].

In the I-SPY2 trial,  patients who achieved a pCR 
showed a 3-year event-free survival (EFS) of 93-97%,  
with EFS being slightly higher in ER-positive patients 
[8].  In addition,  there has been a study on prognosis in 
non-pCR patients [9],  and another study has suggested 
that younger age (< 50 years) is a prognostic factor for 
locoregional recurrence-free survival [10].  However,  
the prognostic factors for death,  metastasis,  and local 
recurrence are not certain.  In our study,  ER negativity,  
cT3,  and T4 were probable factors associated with a 
poor prognosis.  However,  this result may apply not 
only to pCR patients but to breast cancer patients as a 
whole,  and no significant difference was found statisti-
cally.  Our sample size was prohibitively small.  
Therefore,  further studies such as comparisons with 
non-pCR patients would be useful.
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Previous studies have shown that bone is the most 
common distant metastatic organ in patients with breast 
cancer,  with the liver,  lung,  and brain also being com-
mon sites of distant metastasis [11 , 12].  In this study,  
the brain was the most common metastatic organ,  and 
most of these metastases were ER-negative and HER2-

positive.  In Japan,  molecular targeted drugs such as 
trastuzumab and pertuzumab are used as HER2-
positive neoadjuvant and adjuvant therapies.  These are 
large-molecule HER2 kinase inhibitors,  which may 
have a low inhibitory effect on brain metastasis.  
Although not approved in Japan,  small-molecule HER2 
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Table 2　 Patients of breast cancer metastases or recurrences after achieving a pCR with NAC

Age-year. Clinical
T factor

Clinical
N factor

Clinical
Stage

ER
status

HER2
status NAC regimen Srurgery RT

68 T2 N3c IIIC － ＋ EC→DTX+Trastuzumab Bt+Ax －
70 T4b N2a IIIB － ＋ EC→DTX+Trastuzumab Bp+Ax ＋
58 T2 N1 IIB － ＋ EC→DTX+Trastuzumab Bp+Ax ＋
48 T3 N3b IIIC － － ddAC→ddPTX Bt+Ax －
47 T4d N3a IIIC － ＋ FEC→DTX+Trastuzumab Bt+Ax －
46 T2 N0 IIA － － EC→DTX Bp+SN ＋
54 T2 N1 IIB － － ddAC→ddPTX Bt+Ax －
47 T4b N2a IIIB － ＋ EC→DTX+Trastuzumab Bt+Ax ＋
48 T2 N1 IIB － － FEC→DTX Bt+Ax ＋
36 T2 N1 IIB － ＋ FEC→DTX+Trastuzumab Bp+Ax ＋
46 T2 N1 IIB ＋ － EC→DTX Bp+Ax ＋
29 T2 N3a IIIC ＋ ＋ FEC→DTX+Trastuzumab Bp+Ax ＋
60 T4d N3b IIIC － － AC→wPTX Bt+Ax ＋
38 T2 N2a IIIA ＋ － FEC→DTX Bt+Ax －
58 T2 N0 IIA － － FEC→wPTX Bp+SN ＋
30 T2 N1 IIB ＋ － DTX→FEC Bp+Ax ＋
75 T1c N1 IIA ＋ ＋ EC→wPTX Bt+Ax ＋

Age-year. Metastatic organ or recurrence
Distant metastasis-free

or recurrence-free
survival-month

Outcome

68 brain 29 death
70 brain 10 death
58 brain 8 survival
48 brain 8 death
47 brain,  bone,  chest wall 2 death
46 brain,  bone,  liver,  lung,  distant lymph nodes 14 death
54 brain,  bone,  liver 8 survival
47 bone,  mediastinal lymph nodes 20 survival

48 bone,  axilla/parasternal/mediastinal/abdominal lymph 
nodes,  peritoneal/meningeal dissemination 61 death

36 liver 105 survival
46 lung,  axilla lymph nodes 22 survival
29 mediastinal lymph nodes,  lymphangiosis carcinomatosa 24 survival
60 chest wall 3 death
38 chest wall 101 survival
58 ipsilateral breast 13 survival
30 ipsilateral breast 77 survival
75 contralateral breast 14 survival
EC,  Epirubicin+Cyclophosphamide; DTX,  Docetaxel; ddAC,  dose-dense Adriamycin+Cyclophosphamide; ddPTX,  dose-dense 
Paclitaxel; FEC,  Fluorouracil+Epirubicin+Cyclophosphamide; wPTX,  weekly Paclitaxel; Bt,  breast total mastectomy; Ax,  axillary dis-
section; Bp,  breast partial mastectomy; SN,  sentinel lymph node biopsy; RT,  radiotherapy.



kinase inhibitors such as neratinib and tucatinib poten-
tially prevent brain metastases.  In ExteNET,  which 
compared the effects of 1-year administration of nerati-
nib with placebo in patients who had completed trastu-
zumab-based adjuvant therapy in women with HER2-
positive breast cancer,  the 5-year cumulative incidence 
of central nervous system events was 1.3% in the nerati-
nib group and 1.8% in the placebo group respectively 
(p = 0.333) [13].  In HER2CLIMB (which compared 
tucatinib with placebo,  in combination with trastu-
zumab and capecitabine,  in patients with HER2-
positive metastatic breast cancer previously treated with 
trastuzumab,  pertuzumab,  and trastuzumab emtan-
sine),  among patients with brain metastases involving 
untreated brain metastases of 2 cm in diameter,  pro-
gression-free survival (PFS) at 1 year was 24.9% in the 
tucatinib-combination group and 0% in the placebo- 

combination group (p < 0.001),  with median PFS values 
of 7.6 (95% CI,  6.2 to 9.5) and 5.4 months (95% CI,  4.1 
to 5.7),  respectively [14].

In this study,  of the 80 patients who underwent 
breast-conserving surgery,  2 had ipsilateral breast 
tumor recurrence and both received postoperative 
radiotherapy.  In postoperative radiotherapy,  the 
10-year locoregional recurrence rate of patients with 
clinical stage III who achieved a pCR significantly 
improved with radiotherapy (7.3% vs. 33.3%; p = 0.040) 
[15].  This study suggests that pretreatment conditions 
contribute to local and regional lymph node recurrence,  
regardless of the effect of NAC.  In this study,  the intra-
mammary recurrence rate was not low; therefore,  
postoperative whole-breast irradiation is essential.

There were some limitations to our study.  First,  the 
sample size was relatively small.  Second,  this study 

April 2022 pCR Patients after NAC in Breast Cancer 109

Table 3　 Distant metastasis-free survival rate in all patients

Number 5 year distant metastasis- 
free survival rate

8 year distant metastasis- 
free survival rate P value

Total 127 90.1% 88.8% -
Age
　≦51 63 89.2% 86.6% 0.445
　≧52 64 91.0% 91.0%
Clinical T factor
　≦T2 95 92.4% 90.5% 0.301
　≧T3 32 83.5% 83.5%
Clinical N factor
　N0 19 93.8% 93.8% 0.470
　≧N1 108 89.5% 88.0%
Clinical Stage
　≦Stage II 65 93.1% 90.1% 0.751
　Stage III 62 87.1% 87.1%
ER status
　Positive 45 94.6% 94.6% 0.094
　Negative 81 87.6% 85.4%
HER2 status
　Positive 72 90.1% 90.9% 0.578
　Negative 54 88.9% 85.0%
Luminal-non HER2 or HER2 or TN
　Luminal-non HER2 15 91.7% 91.7%
　HER2 72 90.9% 90.9% 0.524
　TN 39 87.9% 81.1%
pure HER2 or non pure HER2
　pure HER2 42 87.6% 87.6% 0.476
　non pure HER2 84 91.5% 89.2%
Use of neoadjuvant molecular targeted drugs
　Yes 74 90.7% 90.7%

0.65　No 53 89.2% 85.6%
TN,  triple negative.



involved retrospective analysis at a single institution,  
which might result in selection bias.  Third,  the follow- 
up time for data collection was short.

In conclusion,  patients with ER-negative,  pre-NAC 
cT3,  or T4 breast cancer who had achieved a pCR after 
NAC tended to have a worse prognosis.  The brain was 
the most common metastatic organ in patients with 
pCR after NAC,  and most of the metastases observed 
were ER-negative and HER2-positive.  Therefore,  
small-molecule HER2 kinase inhibitors such as nerati-
nib and tucatinib may have the potential to prevent 
brain metastases.  Larger prospective studies should be 
conducted in the future to draw more definitive conclu-
sions in this regard.
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factor,  C) clinical N factor,  D) clinical Stage,  E) ER status,  F) HER2 status,  G) luminal-non HER2 or HER2 or TN,  H) pure HER2 or 
non-pure HER2,  and I) use of neoadjuvant molecular targeted drugs.



Baselga J,  Perou C,  Blumenthal G,  Blohmer J,  Mamounas EP,  
Bergh J,  Semiglazov V,  Justice R,  Eidtmann H,  Paik S,  Piccart M,  
Sridhara R,  Fasching PA,  Slaets L,  Tang S,  Gerber B,  Geyer CE 
Jr,  Pazdur R,  Ditsch N,  Rastogi P,  Eiermann W and Minckwitz 
Gv: Pathological complete response and long-term clinical benefit 
in breast cancer: the CTNeoBC pooled analysis.  Lancet (2014) 
384: 164-172.

 4.  Mougalian SS,  Hernandez M,  Lei X,  Lynch S,  Kuerer HM,  
Symmans WF,  Theriault RL,  Fornage BD,  Hsu L,  Buchholz TA,  
Sahin AA,  Hunt KK,  Yang WT,  Hortobagyi GN and Valero V:  
Ten-Year Outcomes of Patients With Breast Cancer With 
Cytologically Confirmed Axillary Lymph Node Metastases and 
Pathologic Complete Response After Primary Systemic 
Chemotherapy.  JAMA Oncol (2016) 2: 508-516.

 5.  Masuda N,  Lee SJ,  Ohtani S,  Im YH,  Lee ES,  Yokota I,  Kuroi K,  
Im SA,  Park BW,  Kim SB,  Yanagita Y,  Ohno S,  Takao S,  Aogi K,  
Iwata H,  Jeong J,  Kim A,  Park KH,  Sasano H,  Ohashi Y and Toi 
M: Adjuvant Capecitabine for Breast Cancer after Preoperative 
Chemotherapy.  N Eng J Med (2017) 376: 2147-2159.

 6.  von Minckwitz G,  Huang CS,  Mano MS,  Loibl S,  Mamounas EP,  
Untch M,  Wolmark N,  Rastogi P,  Schneeweiss A,  Redondo A,  
Fischer HH,  Jacot W,  Conlin AK,  Arce-Salinas C,  Wapnir IL,  
Jackisch C,  DiGiovanna MP,  Fasching PA,  Crown JP,  Wulfing P,  
Shao Z,  Caremoli ER,  Wu H,  Lam LH,  Tesarowski D,  Smitt M,  
Douthwaite H,  Singel SM and Geyer CE Jr: Trastuzumab 
Emtansine for Residual Invasive HER2-Positive Breast Cancer.  N 
Eng J Med (2019) 380: 617-628.

 7.  Cortazar P,  Zhang L,  Untch M,  Mehta K,  Costantino JP,  
Wolmark N,  Bonnefoi H,  Cameron D,  Gianni L,  Valagussa P,  
Swain SM,  Prowell T,  Loibl S,  Wickerham DL,  Bogaerts J,  
Baselga J,  Perou C,  Blumenthal G,  Blohmer J,  Mamounas EP,  
Bergh J,  Semiglazov V,  Justice R,  Eidtmann H,  Paik S,  Piccart M,  
Sridhara R,  Fasching PA,  Slaets L,  Tang S,  Gerber B,  Geyer CE 
Jr,  Pazdur R,  Ditsch N,  Rastogi P,  Eiermann W,  von Minckwitz 
G Pathological complete response and long-term clinical benefit in 
breast cancer: the CTNeoBC pooled analysis.  Lancet (2014) 
384: 164-172.

 8.  I-SPY2 Trial Consortium.  Association of Event-Free and Distant 
Recurrence‒Free Survival With Individual-Level Pathologic Complete 
Response in Neoadjuvant Treatment of Stages 2 and 3 Breast 
Cancer Three-Year Follow-up Analysis for the I-SPY2 Adaptively 
Randomized Clinical Trial.  JAMA Oncol (2020) 6: 1355-1362.

 9.  Resende U,  Cabello C,  Ramalho SOB and Zeferino LC: Prognostic 
assessment of breast carcinoma submitted to neoadjuvant chemo-
therapy with pathological non-complete response.  BMC Cancer 
(2019) 19: 601.

10.  Chou HH,  Kuo WL,  Yu CC,  Tsai HP,  Shen SC,  Chu CH,  Yu 
MC,  Lo YF,  Dabora MA,  Chang HK,  Lin YC,  Ueng SH and 
Chene SC: Impact of age on pathological complete response and 
locoregional recurrence in locally advanced breast cancer after 
neoadjuvant chemotherapy.  Biomed J (2019) 42: 66-74.

11.  Kennecke H,  Yerushalmi R,  Woods R,  Cheang MCU,  Voduc D,  
Speers CH,  Nielsen TO and Karen Gelmon: Metastatic Behavior 
of Breast Cancer Subtypes.  J Clin Oncol (2010) 28: 3271-3277.

12.  Wang R,  Zhu Y,  Liu X,  Liao X,  He J and Niu L: The 
Clinicopathological features and survival outcomes of patients with 
different metastatic sites in stage IV breast cancer.  BMC Cancer 
(2019) 19: 1091.

13.  Martin M,  Holmes FA,  Ejlertsen B,  Delaloge S,  Moy B,  Iwata H,  
von Minckwitz G,  Chia SKL,  Mansi J,  Barrios CH,  Gnant M,  
Tomašević Z,  Denduluri N,  Šeparović R,  Gokmen E,  Bashford A,  
Borrego MR,  Kim SB,  Jakobsen EH,  Ciceniene A,  Inoue K,   
Overkamp F,  Heijns JB,  Armstrong AC,  Link JS,  Joy AA,  Bryce R,  
Wong A,  Moran S,  Yao B,  Xu F,  Auerbach A,  Buyse M and Chan 
A: Neratinib after trastuzumab-based adjuvant therapy in HER2-
positive breast cancer (ExteNET): 5-year analysis of a randomised,  
double-blind,  placebo-controlled,  phase 3 trial.  Lancet Oncol (2017) 
18: 1688-1700.

14.  Murthy RK,  Loi S,  Okines A,  Paplomata E,  Hamilton E,  Hurvitz 
SA,  Lin NU,  Borges V,  Abramson V,  Anders C,  Bedard PL,  
Oliveira M,  Jakobsen E,  Bachelot T,  Shachar SS,  Muller V,  
Braga S,  Duhoux FP,  Greil R,  Cameron D,  Carey LA,  Curigliano 
G,  Gelmon K,  Hortobagyi G,  Krop I,  Loibl S,  Pegram M,  Slamon 
D,  Palanca-Wessels MC,  Walker L,  Feng W and Winer EP:  
Tucatinib,  Trastuzumab,  and Capecitabine for HER2-Positive 
Metastatic Breast Cancer.  N Engl J Med (2020) 382: 597-609.

15.  McGuire SE,  Gonzalez-Angulo AM,  Huang EH,  Tucker SL,  Kau 
SWC,  Yu TK,  Strom EA,  Oh JL,  Woodward WA,  Tereffe W,  Hunt 
KK,  Kuerer HM,  Sahin AA,  Hortobagyi GN and Buchholz TA:  
Postmastectomy radiation improves the outcome of patients with 
locally advanced breast cancer who achieve a pathologic complete 
response to neoadjuvant chemotherapy.  Int J Radiat Oncol Biol 
Phys (2007) 68: 1004-1009.

April 2022 pCR Patients after NAC in Breast Cancer 111


