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Introduction

Neoadjuvant chemotherapy or preoperative systemic 
therapy was initially introduced for patients with inoperable 
breast cancer. Several clinical trials have demonstrated that 
neoadjuvant therapy increases the proportion of patients 
who are suitable candidates for breast-conserving surgery 
and shows the same survival benefit compared with adjuvant 
therapy (1,2). In addition, neoadjuvant therapy provides 
information about tumor response in vivo. Several trials 

and meta-analyses showed a strong correlation between 
pathological response and prognosis after neoadjuvant 
therapy (3,4). Patients who achieve a pathological complete 
response (pCR) after neoadjuvant therapy showed 
significantly better event-free survival than those with 
residual disease, especially in patients with HER2-positive 
and triple-negative breast cancer. In our cohort study of 
patients with HER2-positive breast cancer treated with 
neoadjuvant chemotherapy plus trastuzumab, failure to 
achieve pCR was associated with significantly poorer disease-

Neoadjuvant treatment for HER2-positive breast cancer

Masahiro Takada, Masakazu Toi

Department of Breast Surgery, Kyoto University Hospital, Kyoto, Japan

Contributions: (I) Conception and design: M Takada; (II) Administrative support: M Takada; (III) Provision of study materials or patients: M Takada; 

(IV) Collection and assembly of data: M Takada; (V) Data analysis and interpretation: M Takada; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors. 

Correspondence to: Masahiro Takada, MD, PhD. Department of Breast Surgery, Kyoto University Hospital, 54 Kawaharacho, Shogoin, Sakyo-ku, 

Kyoto, 606-8507, Japan. Email: masahiro@kuhp.kyoto-u.ac.jp.

Abstract: Neoadjuvant therapy has become a standard clinical practice to downsize the tumor and increase 
the breast-conserving rate. The addition of trastuzumab to neoadjuvant chemotherapy roughly doubles 
the proportion of patients with HER2-positive breast cancer who achieve pathological complete response 
(pCR). Patients with pCR show better prognosis compared with those with residual disease after neoadjuvant 
therapy. Targeting the HER2 pathway with trastuzumab and pertuzumab can further increase the pCR rate. 
Several studies have shown that neoadjuvant chemotherapy with trastuzumab plus pertuzumab is tolerable, 
increases the pCR rate compared with trastuzumab alone, and results in about 50–70% pCR rate. One of 
the most important studies on neoadjuvant therapy is the KATHERINE trial, in which improved prognostic 
outcome for patients with residual disease after neoadjuvant therapy was observed. In the trial, improved 
invasive disease-free survival (DFS) was observed with the administration of postoperative trastuzumab 
emtansine in patients with HER2-positive breast cancer who had residual disease after neoadjuvant therapy. 
The indication of neoadjuvant therapy in patients with HER2-positive breast cancer may be changed because 
the opportunity for residual disease-guided approach, demonstrated in the KATHERINE trial, will be lost 
when patients had first undergone surgery. Translational studies are promising for further patient selection 
for HER2-targeted therapy and the development of a novel treatment strategy including PI3K-targeted 
therapy and immune checkpoint inhibitors. Feasibility studies to evaluate the ability of needle-biopsy to 
predict pCR after neoadjuvant therapy suggested that standardization and refinements in biopsy procedure 
(i.e., needle size, number of samples, etc.) are essential for the design of clinical trials of omitted surgery for 
patients with radiologic complete response. 

Keywords: Breast neoplasms; neoadjuvant therapies; ErbB-2; trastuzumab; pertuzumab

Submitted Mar 20, 2020. Accepted for publication May 25, 2020.

doi: 10.21037/cco-20-123

View this article at: http://dx.doi.org/10.21037/cco-20-123

9

Review Article on Neoadjuvant/adjuvant Treatment for Early Breast Cancer

https://crossmark.crossref.org/dialog/?doi=10.21037/cco-20-123


Takada and Toi. Neoadjuvant treatment for HER2-positive breast cancer

© Chinese Clinical Oncology. All rights reserved.   Chin Clin Oncol 2020;9(3):32 | http://dx.doi.org/10.21037/cco-20-123

Page 2 of 9

free survival (DFS) than those with pCR [hazard ratio (HR) 
1.98, 95% confidence interval (CI): 1.22–3.24] (5).

In the CTNeoBC pooled analysis, there was a slight 
association between the magnitude of improvement of pCR 
and the incremental benefit of event-free survival or overall 
survival (3). In the HER2-positive subgroup of the pooled 
analysis, only three trials (NOAH trial, TECHNO trial, and 
GeparQuattro trial) involved trastuzumab administration, 
and 55% of the patients in the analysis did not receive 
trastuzumab. In the NOAH trial, in which patients were 
randomly assigned to neoadjuvant chemotherapy with 
or without trastuzumab, the addition of trastuzumab 
increased pCR rate from 19% to 38%. This was associated 
with significant improvement in event-free survival (HR 
0.64, 95% CI: 0.44–0.93) and borderline improvement in 
overall survival (HR 0.66, 95% CI: 0.43–1.01) (6,7). The 
interaction between trastuzumab administration and pCR 
on event-free survival was statistically significant.

Increasing the proportion of patients who 
achieve pCR with dual HER2 blockade

Because of the association between pCR after neoadjuvant 
therapy and the improved survival outcomes, several trials 
have been conducted to investigate new treatment regimens 
which can increase the proportion of patients with pCR. 
The addition of trastuzumab to neoadjuvant chemotherapy 
roughly doubles the pCR rate compared to chemotherapy 
alone (3). The NeoALTTO trial investigated the co-
administration of trastuzumab and lapatinib in patients 
with HER2-positive breast cancer (8). In the NeoALTTO 
trial, dual inhibition showed higher pCR (ypT0/is+ypN0) 
rate compared with trastuzumab alone (46.8% vs. 27.6%, 
P=0.0007). In other dual inhibition trials with trastuzumab 
and lapatinib, increased pCR rate was observed compared 
with trastuzumab alone, but there was no statistically 
significant difference (9,10). In the ALTTO trial, the co-
administration of lapatinib and trastuzumab in adjuvant 
setting did not improve DFS compared with trastuzumab 
alone (11).

Targeting the HER2 pathway with trastuzumab and 
pertuzumab can further increase the pCR rate (Table 1). 
In the NeoSphere trial, patients were randomly assigned 
to four treatment regimens: (I) trastuzumab and docetaxel 
(control arm); (II) pertuzumab, trastuzumab, and docetaxel; 
(III) pertuzumab and trastuzumab; and (IV) pertuzumab and 
docetaxel (12). Group B showed significantly higher pCR 
(ypT0/is) rate than group A (45.8% vs. 29.0%, P=0.014). 

The number of serious adverse events was similar in groups 
A and B. In all the groups, patients with hormone receptor-
negative disease showed higher pCR rate than those with 
hormone receptor-positive disease. Interestingly, pCR 
rate was 16.8% in group C in which chemotherapy was 
not administered. After a 5-year follow-up, an exploratory 
analysis showed better progression-free survival and DFS 
for group B than group A; however, the analysis did not 
have enough power to show the statistical significance (13).

The TRYPHAEA trial investigated the tolerability and 
activity of pertuzumab and trastuzumab in combination 
with anthracycline- or carboplatin-based neoadjuvant 
chemotherapy (14). The trial confirmed a high rate of pCR 
(ypT0+ypN0) with the dual-HER2 blockade in combination 
with any chemotherapy regimen (45.3–51.9%) and showed a 
low rate of symptomatic left ventricular systolic dysfunction 
for the anthracycline-based chemotherapy.

The BERENICE trial investigated cardiac safety 
of pertuzumab and trastuzumab in combination with 
anthracycline-based chemotherapy regimens (15). This 
study showed cardiac safety in both dose-dense and standard 
regimens. The proportions of patients who achieved pCR 
(ypT0/is+ypN0) were 61.8% and 60.7% for dose-dense and 
standard regimens, respectively.

In HER2-positive subgroup of the GeparSepto trial, 
patients received paclitaxel or nab-paclitaxel followed by 
anthracycline-based regimen with concurrent administration 
of pertuzumab and trastuzumab (16). The pCR rate, defined 
as ypT0+ypN0, were 53.8% and 61.8% for paclitaxel arm 
and nab-paclitaxel arm, respectively.

The TRAIN-2 trial investigated whether the addition 
of anthracyclines would improve pCR compared with a 
carboplatin-taxane regimen (17). In this trial, patients 
were randomly assigned to paclitaxel and carboplatin 
with trastuzumab and pertuzumab for nine cycles or 
anthracycline-based regimen for three cycles, followed by 
paclitaxel and carboplatin with trastuzumab and pertuzumab 
for six cycles. The proportion of patients with pCR (ypT0/
is+ypN0) were 68% for non-anthracycline group and 67% 
for anthracycline group (P=0.95).

The KRISTINE trial  compared the eff icacy of 
trastuzumab emtansine (T-DM1) plus pertuzumab, which 
did not contain systemic chemotherapy regimen, with 
docetaxel, carboplatin, and trastuzumab plus pertuzumab (18).  
The proportion of patients with pCR (ypT0/is+ypN0) did 
not increase with T-DM1 plus pertuzumab, compared with 
docetaxel, carboplatin, and trastuzumab plus pertuzumab 
(44% vs. 56%, respectively). Traditional neoadjuvant 
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Table 1 Neoadjuvant trials involving pertuzumab

Trial Phase Regimens N pCR rate (%) Definition of pCR

NeoSphere rII DTX+H 107 29 ypT0/is

DTX+HP 107 45.8

HP 107 16.8

DTX+P 96 24

TRYPHEANA rII FEC+HP → DTX+HP 73 50.7 ypT0+ypN0

FEC → DTX+HP 75 45.3

TCbHP 77 51.9

BERENICE rII ddAC → PTX+HP 199 61.8 ypT0/is+ypN0

FEC → DTX+HP 201 60.7

GeparSepto III PTX+HP → EC+HP 199 53.8 ypT0+ypN0

nab-PTX+HP → EC+HP 203 61.8

TRAIN-2 III TCbHP x9 206 68 ypT0/is+ypN0

FEC x3 → TCbHP x6 212 67

KRISTINE III TCbHP 221 56 ypT0/is+ypN0

T-DM1+P 223 44

JBCRG-20 rII TCbHP 51 56.9 ypT0/is+ypN0

TCbHP → T-DM1+P 52 71.2

T-DM1+P (responder) 80 62.5

T-DM1+P → FEC (non-responder) 21 38.1

rII, randomized phase II; III, phase III; DTX, docetaxel; H, trastuzumab; P, pertuzumab; FEC, 5-FU + epirubicin + cyclophosphamide;  
TCbHP, docetaxel + carboplatin + trastuzumab + pertuzumab; PTX, paclitaxel; nab-PTX, nab-paclitaxel; EC, epirubicin + cyclophosphamide; 
T-DM1, trastuzumab emtansine.

systemic chemotherapy plus trastuzumab and pertuzumab 
resulted in significantly more patients with pCR than 
HER2-targeted therapy alone.

In the JBCRG-20 trial, patients were randomly assigned 
to three treatment regimens: (I) docetaxel, carboplatin, and 
trastuzumab plus pertuzumab for six cycles; (II) docetaxel, 
carboplatin, and trastuzumab plus pertuzumab for four 
cycles followed by T-DM1 plus pertuzumab for four cycles; 
(III) T-DM1 plus pertuzumab for four cycles, followed by 
two cycles of same regimen for responders or four cycles 
of anthracycline-based regimen for non-responders (19).  
The pCR rates were 57%, 71%, and 57% for group A, 
group B, and group C, respectively. Group B (69%) showed 
significantly higher pCR rate than group A (43%) and 
C (51%) in patients with ER-positive cancer, however 
the pCR rate was not significantly different between the 
treatment groups in patients with ER-negative cancer  

(67–76%). 
In  summary,  neoad juvant  chemotherapy  wi th 

trastuzumab plus pertuzumab is tolerable, increases the 
pCR rate compared with trastuzumab alone, and results in 
about 50–70% pCR rate.

Treatment for patients with pCR after 
neoadjuvant therapy

Patients who achieved pCR after neoadjuvant therapy have 
a significantly better prognosis compared with those with 
residual disease. The de-escalation of adjuvant treatment 
may not impair prognosis after surgery for patients with 
pCR.

There is a debate over if patients with pCR after 
neoadjuvant therapy with trastuzumab and pertuzumab 
should only receive adjuvant trastuzumab or receive both 
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trastuzumab and pertuzumab. In a CTNeoBC pooled 
analysis, although pCR was associated with a favorable 
event-free survival, a substantial number of patients with 
pCR experienced disease recurrence after surgery (3). 
Huober et al. (20) investigated prognostic factors among 
patients who achieved pCR after neoadjuvant therapy using 
the data from five clinical trials conducted by German 
Breast Group, and presented the results at San Antonio 
Breast Cancer Symposium 2018. They showed that 
baseline clinical nodal and tumor stage were independently 
correlated with DFS after surgery in patients with pCR (HR 
1.70, 95% CI: 1.2–2.4 for nodal stage, and HR 1.61, 95% 
CI: 0.97–2.7 for tumor stage). The results indicate that 
patients with large tumor size or positive node at disease 
presentation have a certain risk of recurrence even if they 
achieve pCR after neoadjuvant therapy. The APHINITY 
trial, an adjuvant randomized trial, has been able to show 
that the administration of pertuzumab for 1 year in addition 
to adjuvant chemotherapy with trastuzumab improved 
invasive DFS (21). As most of the patients who are 
recommended for neoadjuvant therapy have node-positive 
or ≥ T2 tumor, it is acceptable to administer both adjuvant 
pertuzumab and trastuzumab for patients who underwent 
neoadjuvant therapy. However, its cost-effectiveness should 
be carefully evaluated.

Improvement of survival in patients with residual 
disease after neoadjuvant therapy

One of the most important studies on neoadjuvant therapy 
is the Phase 3 KATHERINE trial, which showed improved 
prognostic outcome for patients with residual disease after 
neoadjuvant therapy. The randomized trial evaluated the 
efficacy of adjuvant T-DM1 versus trastuzumab in patients 
with HER2-positive breast cancer and residual disease 
after neoadjuvant chemotherapy plus HER2-targeted  
therapy (22). The primary end point was invasive DFS. 

A total of 1,486 patients with residual disease were 
enrolled. Of those, 18% were administered trastuzumab 
plus pertuzumab as neoadjuvant therapy. At the interim 
analysis, T-DM1 showed significantly better invasive DFS 
than trastuzumab (HR 0.50, 95% CI: 0.39–0.64, P<0.001). 
T-DM1 also reduced distant recurrence compared with 
trastuzumab (HR 0.60, 95% CI: 0.45–0.79). A subgroup 
analysis revealed a consistent benefit of T-DM1 across 
all the subgroups, even in patients with minimal residual 
disease after neoadjuvant therapy. Although more adverse 
events were associated with T-DM1 than with trastuzumab 
alone, the safety profile was consistent with the previous 
studies of T-DM1.

About 80% of participants in the KATHERINE trial 
received neoadjuvant chemotherapy plus trastuzumab alone. 
Currently, neoadjuvant chemotherapy with trastuzumab 
plus pertuzumab is recommended for most patients who are 
candidates for neoadjuvant therapy. In metastatic HER2-
positive breast cancer, T-DM1 has clinical activity in patients 
who have previously received trastuzumab and pertuzumab 
treatment (23). A subgroup analysis of the KATHERINE 
trial showed the benefit of T-DM1 in patients who have 
previously received trastuzumab plus additional HER2-
directed agent (HR 0.54, 95% CI: 0.27–1.06).

Indication of neoadjuvant therapy

Residual disease after neoadjuvant therapy can be used to 
guide adjuvant therapy to improve prognostic outcome (24).  
For most patients who require systemic chemotherapy 
with HER2-directed agents, neoadjuvant administration 
of the planned therapy by using residual disease-guided 
approach may provide survival advantages (Figure 1). One 
of the important clinical advantages of neoadjuvant therapy 
is the downstaging of tumor which reduces the extent of 
surgical therapy. Patients with multifocal tumors will often 
be offered mastectomy even if they receive neoadjuvant 

Figure 1 Residual disease-guided approach for HER2-positive breast cancer. Residual disease after neoadjuvant therapy can be used to 
guide adjuvant therapy to improve prognostic outcome. For most patients who require systemic chemotherapy with HER2-directed agents, 
neoadjuvant administration of the planned therapy, using the residual disease-guided approach, may provide survival advantages.
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therapy. However, they will have an option to receive 
neoadjuvant therapy, through the residual disease-guided 
approach, to improve the survival outcome. Patients whose 
tumors are good candidates for breast-conserving surgery 
at disease presentation (T1 or T2) also have an option to 
receive neoadjuvant therapy due to the same reason.

It is also important not to overtreat patients with low-
risk early stage breast cancer. The adjuvant paclitaxel 
and trastuzumab (APT) trial is a single-arm adjuvant 
study involving a weekly administration of paclitaxel 
plus trastuzumab for 12 weeks followed by 9 months of 
trastuzumab monotherapy (25). In this trial, patients with 
HER2-positive tumors measuring up to 3 cm were enrolled. 
Of the 406 patients included, over 90% had tumor less than 
2 cm, most patients had node-negative disease, and 64% had 
estrogen-receptor positive tumor. The 7-year DFS rate was 
93% (95% CI: 90–96%) with four distant recurrences (26). 
These data show that patients with stage I tumor, especially 
for estrogen receptor-positive tumor, have excellent long-
term outcomes with APT. Therefore, patients with low-risk 
stage I tumor should first undergo surgery, and consider 
adjuvant therapy based on the pathological stage.

Translational researches

Several studies have shown the heterogeneity of HER2-
positive breast cancer as defined by the ASCO-CAP 
guideline. In CALBG 40601 and PAMELA trials, patients 
with HER2-positve tumors were treated with neoadjuvant 
therapy including trastuzumab and lapatinib, and intrinsic 
molecular subtype defined by PAM50 was assessed using 
baseline biopsy specimens (10,27). In these studies, the 
proportion of patients with HER2-enriched subtype was 
31% and 67% for CALBG 40601 and PAMELA trials, 
respectively, and the distribution of the intrinsic subtype 
was significantly different between hormone receptor-
positive and -negative disease. In both studies, the basal-
like subtype was identified only in patients with hormone 
receptor-negative disease. Patients with HER2-enriched 
subtype showed significantly higher pCR rate than non-
HER2 enriched subtype (70% for the CALBG 40601 study 
and 41% for the PAMELA study).

A pooled analysis of five trials of trastuzumab and 
lapatinib showed that PIK3CA mutation is associated with 
reduced pCR rate in patients with HER2-positive breast 
cancer (28). In the NeoSphere trial, a non-significant 
decreased pCR rate was observed consistently across 
groups in patients with PIK3CA mutation, and especially, 

PIK3CA exon 9 mutations were associated with residual 
disease (29). 

Several studies have shown that tumor infiltrating-
lymphocytes (TILs) are predictive for pCR after neoadjuvant 
therapy in patients with HER2-positive breast cancer 
(30-33). In a pooled analysis of neoadjuvant studies, 
pCR was achieved in 32% for low TILs group, 39% for 
intermediate TILs group, and 48% for high TILs group (34).  
In the multivariate analysis, TILs as a continuous marker 
was predictive for pCR (OR 1.12, 95% CI: 1.06–1.17, 
P<0.0001). 

Several studies have shown that circulating tumor 
cell (CTC) detection is an associated prognosis in both 
metastatic and primary breast cancer. A meta-analysis 
showed that the detection of CTC before starting 
neoadjuvant therapy is associated with overall survival (35).  
Circulating tumor DNA (ctDNA) analysis has shown 
promise for the monitoring of treatment response. 
Two studies showed that the detection of ctDNA after 
neoadjuvant therapy is associated with the existence of 
residual disease (36,37). Rothe et al. showed that ctDNA 
detection before neoadjuvant therapy is associated 
with decreased pCR rate in a translational study in the 
NeoALLTO trial (38).

The aforementioned biomarkers are promising for 
further patient selection for HER2-targeted therapy and 
in the development of a novel treatment strategy including 
PI3K-targeted therapy and immune checkpoint inhibitors.

Omission of surgery for patients with radiologic 
complete response

In a meta-analysis, neoadjuvant chemotherapy was 
associated with more frequent local recurrence than 
adjuvant chemotherapy (39). Increase in local recurrence 
was evident in the two clinical trials in which many patients 
did not have breast surgery after neoadjuvant chemotherapy. 
The meta-analysis indicates that careful tumor localization 
and adequate local therapy may mitigate local recurrence 
after neoadjuvant therapy.

As mentioned above, pCR rate after neoadjuvant therapy 
with trastuzumab and pertuzumab can be up to 70%, and 
patients with pCR after neoadjuvant therapy have excellent 
long-term survival. If we could precisely predict pCR after 
neoadjuvant therapy, we may omit surgery after neoadjuvant 
therapy, which would eliminate post-surgical complications 
and improve quality-of-life. However, current standard 
imaging modalities cannot accurately predict the status of 
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residual disease after neoadjuvant therapy (40,41).
The results of four prospective studies which assessed 

the accuracy of image-guided breast biopsy to predict 
residual cancer after neoadjuvant therapy were presented at 
the San Antonio Breast Cancer Symposium 2019 (Table 2).  
Unfortunately, false negative rate ranged from 17% to 
50%. These studies suggested that standardization and 
refinements in biopsy procedure (i.e., needle size, number 
of samples, etc.) is essential in designing the clinical trials of 
omitted surgery.

Researchers also have to decide how much false negative 
rate can be allowed for the prediction of pCR when 
designing clinical trials of omitted surgery after neoadjuvant 
therapy. In case of false negative, the opportunity for 
residual disease-guided approach which was demonstrated 
in the KATHERINE trial would be lost. As mentioned 
above, there may be substantial risk of recurrence for 
patient with large tumor size or positive-node at disease 
presentation even if they achieve pCR after neoadjuvant 
therapy. It is essential to develop a novel approach to 
accurately predict prognosis after neoadjuvant therapy.

Prediction of prognosis after neoadjuvant 
therapy in HER2-positive breast cancer

We developed a mathematical model to predict risk of DFS 
event and brain metastasis (BM) within 5 years after surgery 
using a multicenter cohort data of 776 patients with HER2-
positive breast cancer (42). All of the patients received 
neoadjuvant chemotherapy plus trastuzumab. The area 
under the receiver operating characteristics curve values 
were 0.785 for the model to predict DFS and 0.871 for the 
model to predict BM. What should be noted was that the 
models could discriminate the prognosis independent of 
pathological response.

Although our model could discriminate the prognosis at 

the patient level accurately, there is room for improvement. 
The integration of novel biomarkers, such as TILs, CTCs, 
or ctDNA, may enhance the accuracy of the prediction 
models.

Conclusions

Neoadjuvant chemotherapy with trastuzumab plus 
pertuzumab increased pCR rate compared with trastuzumab 
alone. Residual disease-guided approach, demonstrated 
in the KATHERINE trial, can improve the prognostic 
outcome in patients with residual tumor after neoadjuvant 
therapy. Although clinical advantage of the neoadjuvant 
therapy is to reduce the extent of surgery by tumor 
downstaging, neoadjuvant administration of the therapy 
should be considered as the standard of care for most 
patients who require adjuvant systemic chemotherapy 
with HER2-directed agents. Translational researches are 
promising for further patient selection for HER2-targeted 
therapy and for the development of a novel treatment 
strategy including PI3K-targeted therapy and immune 
checkpoint inhibitors.
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