
R E V I E W

Optimal Choice of Neoadjuvant Chemotherapy 
for HER2-Negative Breast Cancer: Clinical Insights
Mairi W Lucas1, Catherine M Kelly 2

1Royal College of Surgeons in Ireland, St Stephen’s Green, Dublin, Ireland; 2Mater Private Hospital, Dublin, Ireland

Correspondence: Catherine M Kelly, Consultant Medical Oncologist, UCD Clinical Professor, Mater Private Hospital, Eccles Street, Dublin, Ireland, 
Email Catherine.kelly@ucd.ie 

Abstract: The neoadjuvant setting provides immense opportunities for translational research and drug development. The acceptance of 
pathological complete response (pCR) as a surrogate endpoint for clinical benefit has led to the widespread use of neoadjuvant treatment. 
Optimal neoadjuvant therapies are determined based on their ability to achieve the highest rates of pCR. Predicted rates of pCR for triple 
negative breast cancer (TNBC) treated with sequential taxane/anthracycline regimens range from 35% to 48%. With the addition of 
a platinum agent pCR rates of 55% are predicted. Further increases have been observed with the addition of immune checkpoint inhibitors to 
this standard chemotherapy backbone. In the pivotal KEYNOTE-522 clinical trial pCR rates of 65% and 69% were reported for 
chemotherapy plus pembrolizumab in the overall and PD-L1-positive subgroup respectively. The role of the neoadjuvant chemotherapy 
is less clear in hormone receptor (HR)-positive, human epidermal growth factor receptor-2 (HER2)-negative breast cancer. In general, HR– 
positive cancers have the least chance of achieving a pCR after neoadjuvant chemotherapy, especially if they are low-grade. If neoadjuvant 
chemotherapy is given for high-risk HR-positive, HER2-negative breast cancer, standard adjuvant anthracycline/taxane regimens are 
appropriate. Optimum endocrine therapy is the standard-of-care in the adjuvant setting regardless of pCR. There are several genomic 
signatures available to guide decisions regarding adjuvant chemotherapy use however these assays are not routinely used in the neoadjuvant 
setting. For high-risk patients meeting the criteria for the monarchE trial adjuvant abemaciclib in addition to endocrine therapy is associated 
with an improvement in disease free survival (DFS) at 3 years. Based on the OlympiA trial patients with germline BRCA mutations should 
be considered for adjuvant olaparib therapy. In this article we review neoadjuvant clinical trials that guide optimum treatment options for 
TNBC and HR-positive, HER2-negative breast cancer. 
Keywords: neoadjuvant, pathological complete response, platinum agents, immune checkpoint inhibitors, PARP inhibitors, endocrine 
therapy

Introduction: The Clinical Rationale for Using Neoadjuvant Chemotherapy
Historically, the goal of preoperative or neoadjuvant chemotherapy was to downstage inoperable cancers to allow 
surgery. As this setting evolved, the focus became downstaging non-conservable cancers to allow breast conservation. 
Over 30 years ago the pivotal NSABP B-18 trial randomized 1523 patients with operable breast cancer to preoperative 
versus postoperative doxorubicin and cyclophosphamide (AC) chemotherapy. The study reported more breast conserving 
surgeries in the preoperative group compared to the post-operative chemotherapy group. At 9-years follow up there was 
no disease free survival (DFS) or overall survival (OS) difference whether the same chemotherapy regimen was given pre 
or post operatively. This was an important milestone as it allowed the exploration of the research opportunities offered by 
the neoadjuvant setting.1,2 Adding weight to this evidence the NSABP B-27 trial randomized 2411 patients with operable 
breast cancer to receive preoperative or postoperative chemotherapy. At 6.5 years follow-up again there was no 
difference in DFS or OS when the same chemotherapy was given pre- or postoperatively.3

Providing evidence that there was no loss of efficacy by administering chemotherapy before surgery enabled 
investigators to exploit the huge translational research opportunities of the neoadjuvant setting. This in turn paved the 
way for the contemporary practice-changing clinical trials that are improving breast cancer outcomes for the present 
generation of patients with breast cancer. These studies and others provided important early insights into the long-term 

Cancer Management and Research 2022:14 2493–2506                                                   2493
© 2022 Lucas and Kelly. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/ 
terms.php and incorporate the Creative Commons Attribution – Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing 

the work you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. 
For permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).

Cancer Management and Research                                                       Dovepress
open access to scientific and medical research

Open Access Full Text Article

Received: 15 May 2022
Accepted: 5 August 2022
Published: 17 August 2022

C
an

ce
r 

M
an

ag
em

en
t a

nd
 R

es
ea

rc
h 

do
w

nl
oa

de
d 

fr
om

 h
ttp

s:
//w

w
w

.d
ov

ep
re

ss
.c

om
/

F
or

 p
er

so
na

l u
se

 o
nl

y.

http://orcid.org/0000-0001-8355-6714
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com


prognostic implications of pathological complete response (pCR) and the importance of biological subtype in predicting 
chemotherapy-sensitivity and likelihood of achieving a pCR.1–6

Over the last two decades clinical trials conducted in the neoadjuvant setting have provided unprecedented translational 
research opportunities. In 2014 the US Food and Drug Administration (FDA) accepted pCR as a surrogate endpoint for 
clinical benefit for neoadjuvant therapies and acceptable for accelerated drug approval.7 This has led to the widespread use of 
the neoadjuvant setting as a means to rapidly incorporate novel therapeutic agents into smaller often biomarker-driven 
studies. This approach is epitomised by the I-SPY platform of studies. The adaptive, multi-agent design of I-SPY allows for 
several drugs (or combinations) to be evaluated in parallel. Drugs or regimens that show a high Bayesian predictive 
probability of being more effective than standard therapy graduate from the trial with their corresponding biomarker 
signature(s). New drugs enter when those that have undergone testing complete their evaluation.8 For example, by 
demonstrating a doubling in the pCR rate with the addition of pembrolizumab to standard chemotherapy the ISPY-2 trial 
accurately predicted a high likelihood of success in Phase III trials with this agent in triple negative breast cancer (TNBC).9

As neoadjuvant therapy has become the standard-of-care approach for TNBC and the HER2-positive breast cancer 
subtype so has the emergence of clinical trials designed exclusively for patients with subtype-specific residual disease 
post neoadjuvant therapy. Adjuvant therapy informed by success or failure to achieve a pCR in patients with HER2- 
positive and TNBC is now the standard-of-care based on the Katherine (NCT01772472) and CREATE-X 
(UMIN000000843) randomized trials respectively.10,11

The Residual Cancer Burden (RCB) Score as a Standardised Measure of Response to 
Neoadjuvant Therapy
The burden of residual disease post neoadjuvant treatment can be further stratified to provide more information regarding 
prognosis. The residual cancer burden score (RCB score) is a continuous variable but can be reported as 4 discrete 
categories, RCB-0 indicating a pCR and then RCB-I, RCB-II, RCB-III with increasing volume of disease post 
neoadjuvant treatment. The score incorporates measures of tumor bed area, cancer cellularity, percentage in situ disease, 
the number of positive lymph-nodes and the diameter of the largest metastasis.12

Relapse-free survival (RFS) is significantly different for each group with estimated 10-year relapse-free survival rates 
in TNBC of 86%, 81%, 55% and 23% for RCB-0, RCB-I, RCB-II and RCB-III respectively.12 The RCB is also 
consistent in providing prognostic information for each breast cancer subtype. A recent meta-analysis consolidated the 
value of the RCB score. The study included 5161 patients who received neoadjuvant therapy between 1994 and 2019 
across 12 sites.13 The overall event-free survival (EFS) estimates at 5-years were 88%, 80%, 65% and 45% for RCB-0, 
RCB-I, RCB-II, RCB-III, respectively. The association between RCB score and prognosis was consistent across the 
breast cancer subtypes. The hazard ratio for an event associated with a 1-point increase in RCB was 1.55 in ER-positive 
/HER2-negative breast cancer, and 2.16 in ER-negative/HER2-positive subgroup. The RCB score remained prognostic 
after adjustment for age, grade and tumor size and nodal status. The RCB score has become a standard for reporting 
response to neoadjuvant treatment in clinical trials.

What is the Optimal Neoadjuvant Regimen for TNBC?
The American Society of Clinical Oncology (ASCO) guidelines advise that for patients diagnosed with TNBC that is 
clinically lymph node-positive and/or at least T1c neoadjuvant anthracycline- and taxane-containing regimens should be 
offered.14 The EBCTCG meta-analysis of long-term outcomes for neoadjuvant versus adjuvant chemotherapy in early 
breast cancer found that the one regimen that included both anthracycline and taxane had the highest frequency of 
complete response.15 Recent studies have examined if rates of pCR can be increased further by incorporating a platinum 
agent and/or an immune checkpoint inhibitor (ICI).

Platinum Agents as a Component of Neoadjuvant Chemotherapy for TNBC
The role of platinum agents in the neoadjuvant setting has been the subject of much debate. However, recent meta- 
analyses have provided robust data on the important role of these agents. Poggio et al conducted a meta-analysis that 
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included 9 randomized controlled trials (RCTs) with a total of 2109 patients. The objective was to investigate platinum- 
based versus platinum-free neoadjuvant chemotherapy in TNBC. Platinum-based neoadjuvant chemotherapy significantly 
increased the pCR rate from 37.0% to 52.1% (odds ratio (OR) 1.96, 95% confidence interval (CI) 1.46–2.62, P < 0.001). 
Pathological complete response rates increased from 15% to 22% when the results were restricted to the three RCTs that 
used similar regimens. For weekly paclitaxel with or without carboplatin followed by anthracycline and cyclopho
sphamide chemotherapy, the pCR was 54.9% in the platinum-based chemotherapy group. It was 33.3% in the platinum- 
free chemotherapy group (OR 2.53, 95% CI 1.37–4.66, P = 0.003). Despite the notable increase in pCR associated with 
the addition of platinum agents this did not translate into an improvement in event free survival (EFS) or OS. However, 
survival data was only provided by two RCTs. Improvements in pCR with the addition of platinum agents came at the 
cost of increased haematological toxicity.

Although the numbers were relatively small (n = 98) this meta-analysis found that patients with BRCA-associated TNBC did 
not experience an increase in pCR with the addition of platinum agents. This might suggest that standard anthracycline-taxane 
chemotherapy incorporating cyclophosphamide is sufficient for patients with germline BRCA mutations.16

In a more recent meta-analysis published in 2022, Bian et al studied DFS and OS associated with the addition of 
a platinum to neoadjuvant chemotherapy. The meta-analysis included 7 RCTs, 4 were conducted in the neoadjuvant and 3 
were adjuvant RCTs. A statistically significant improvement in DFS (hazard ratio (HR) = 0.70, 95% CI 0.58–0.84), and OS 
(HR = 0.78, 95% CI 0.61–1.00) was observed in favour of the addition of platinum. This meta-analysis reported that the 
survival benefits held whether the platinum was given in the neoadjuvant or adjuvant setting. In a supplementary analysis 
the investigators incorporated survival data from the BrighTNess neoadjuvant clinical trial. This recently published study 
reported improved EFS in favour of the addition of carboplatin to weekly paclitaxel followed by doxorubicin and 
cyclophosphamide (AC) in patients with stage II and III TNBC. Patients who achieved a pCR experienced the best EFS. 
At 4.5 years, neoadjuvant carboplatin and paclitaxel followed by AC improved EFS in stage II–III TNBC.17 When the 
results of the BrighTNess trial were incorporated into the meta-analysis, the pooled results were unchanged with a final HR 
for DFS of 0.68 (95% CI 0.57–0.81) and for OS of 0.76 (95% CI 0.60–0.0.96).18

Both meta-analyses provide robust evidence supporting the addition of platinum agents to standard neoadjuvant 
chemotherapy for patients with TNBC. Furthermore, ASCO and the European Society of Medical Oncology (ESMO) 
Guidelines recommend offering carboplatin as part of a neoadjuvant chemotherapy regimen while simultaneously 
weighing up the potential harms and benefits.14,19 Based on these data some of the recent neoadjuvant clinical trials 
studying the role of immunotherapy have included carboplatin as a core component of the chemotherapy backbone.20

The Role of Neoadjuvant Immunotherapy in Treatment of Early Stage TNBC
Programmed cell death ligand-1 (PD-L1) is expressed on the surface of tumors and infiltrating immune cells and other cell 
types. Programmed cell death protein-1 (PD-1) is expressed predominately on T cells. Programmed cell death protein-1 
interacts with its ligands (PD-L1 and PD-L2). In doing this it directly inhibits apoptosis of tumor cells; promotes peripheral 
T effector cell exhaustion; and the conversion of T effector cells to immunosuppressive T regulatory cells.21

Immune checkpoint inhibitors (ICIs) are highly selective monoclonal antibodies that may be specific for PD-L1 e.g 
atezolizumab or for PD-1 e.g. pembrolizumab. Immune checkpoint inhibitors have revolutionized the treatment of many 
difficult to treat cancers such as lung and melanoma. Before the introduction of ICIs the OS for patients with metastatic 
melanoma or non-small cell lung cancer was approximately one year, now many patients are experiencing long-term 
remissions lasting years. As the most immunogenic subtype of breast cancer, the clinical benefit of ICIs has become 
a reality for patients with TNBC.

Immunotherapy in Metastatic TNBC
Results from Phase I and II clinical trials in metastatic TNBC found that ICIs had the highest activity when given in the 
first line setting. Clinical activity was increased with increasing PD-L1 expression and when ICIs were given in 
combination with chemotherapy.22 The Phase III IMpassion130 first line trial (NCT02425891) randomized 902 patients 
with metastatic TNBC to treatment with nab-paclitaxel with atezolizumab or placebo.23 The two primary end points were 
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PFS in the intention-to-treat population (ITT) and PD-L1–positive subgroup. Overall survival was according to the study 
protocol to be tested in the ITT; if the finding was significant, then it would be tested in the PD-L1–positive subgroup.

The trial reported a modest improvement in PFS in the ITT population. The median PFS was 7.2 months with 
atezolizumab compared to 5.5 months with placebo (HR = 0.80; 95% CI 0.69 to 0.92; P = 0.002). Among patients with 
PD-L1–positive tumors, the median PFS was 7.5 months and 5.0 months, in favour of atezolizumab (HR = 0.62; 95% CI 
0.49 to 0.78; P < 0.001). In the ITT population, the median OS was 21.3 months with atezolizumab and 17.6 months with 
placebo (HR for death, 0.84; 95% CI 0.69 to 1.02; P = 0.08). The improvement in OS in the ITT analysis did not reach 
statistical significance so as per protocol the OS analysis could not be tested in the PD-L1-positive group. However, this 
was presented and showed an almost 10-month improvement in median OS in favour of atezolizumab (25.0 months and 
15.5 months) with a HR of 0.62; 95% CI 0.45 to 0.86. Accelerated approval was granted for atezolizumab in March 2019 
based on these results. However, this approval was contingent upon results of the IMpassion131 trial (NCT03125902).24 

Unfortunately, this trial failed to meet the primary end point of PFS superiority in the frontline treatment of patients with 
PD-L1 positivity (HR = 0.82; 95% CI 0.60–1.12; P = 0.20). There was no difference in survival advantage in the PD- 
L1–positive (HR 1.11, 95% CI 0.76–1.64) nor the intention to treat population. As a result, the indication for 
atezolizumab in combination with nab-paclitaxel for PD-L1-positive metastatic TNBC was withdrawn by Roche, the 
company responsible for the agent, following consultation with the FDA. This combination is still available in Europe.

In the KEYNOTE-355 trial patients were randomized to pembrolizumab or placebo and could receive any one of 
a number of chemotherapy options. These options were nab-paclitaxel, paclitaxel, gemcitabine, and carboplatin. The final 
OS results were presented at ESMO in 2021. In the subset of patients who were PD-L1-positive with a combined positive 
score (CPS) of at least 10 (38% of the trial population), the median overall survival was 23.0 months in the 
pembrolizumab arm compared to 16.1 months in the control arm (HR = 0.73; 95% CI 0.55–0.95; P = 0.0093). 
Median progression-free survival was 9.7 months vs 5.6 months, respectively (HR = 0.66; 95% CI = 0.50–0.88).25

Neoadjuvant Trials of Immune Checkpoint Inhibitors in Early Stage TNBC
Data from early phase trials in the metastatic setting provided strong rationale to study ICIs in early-stage breast cancers 
treated with curative intent. A recent comprehensive review provides an in-depth analysis into why the neoadjuvant 
rather than the adjuvant setting might be the most effective time to administer these agents.22 Treating upfront with 
chemotherapy and ICIs provides an opportunity for enhanced immune priming through the generation and release of 
neoantigens. Furthermore, due to lack of prior exposure of the tumor and microenvironment to chemotherapy there may 
exist a more immune-permissive tumor microenvironment that enhances adaptive immune engagement.22

Two early-phase studies reported pCR rates in the order of 60% when pembrolizumab was added to chemotherapy 
(Table 1).9,26 In the Phase II ISPY-2 trial pCR more than doubled from 22% to 60% in patients with TNBC.9 The Phase II 
GeparNUEVO study showed a more modest increase in pCR in overall study cohort however the rate of pCR approached 
60% in the PD-L1-positive subgroup with the addition of neoadjuvant durvalumab to chemotherapy. However despite the 
overall modest increase in pCR there was an improvement in invasive-DFS, distant-DFS and OS in favour of durvalumab.27

Three Phase III trials evaluating the role of ICIs in combination with neoadjuvant chemotherapy in early stage TNBC 
have reported (Table 1).20,28,29 The largest of these studies is the KEYNOTE-522 trial which accrued 1174 patients with 
stage II–III TNBC. Patients were randomized in a 2:1 fashion to four cycles of pembrolizumab at 200mg every three 
weeks in combination with carboplatin (AUC 5 mg/mL per minute) every three weeks or AUC 1.5 mg/mL per minute 
every week) and weekly paclitaxel followed by doxorubicin and cyclophosphamide or epirubicin and cyclophosphamide 
for 4 cycles or all of the above with placebo. Post-surgery patients received adjuvant pembrolizumab or placebo every 3 
weeks for up to nine cycles.20 Primary endpoints were pCR at time of surgery and EFS in the ITT population. The first 
results showed an improvement in pCR of 13.6% in favour of pembrolizumab (pCR 64.8% versus 51.2%). Rates of pCR 
were higher again in the PD-L1-positive population 68.9% versus 54.9%. Patients with PD-L1-negative breast cancers 
also benefitted from pembrolizumab 45.3% versus 30.3%. This is in contrast to the metastatic setting were benefit from 
immunotherapy was associated with PD-L1-positivity only.23,30

The second primary endpoint of EFS was reported earlier this year and observed an EFS of 84.5% (95% CI 81.7 to 
86.9) in the pembrolizumab arm compared to 76.8% (95% CI 72.2 to 80.7) in the placebo arm. The final hazard ratio for 

https://doi.org/10.2147/CMAR.S341466                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2022:14 2496

Lucas and Kelly                                                                                                                                                      Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Improvements in pCR with the Addition of Platinum and Immunotherapeutic Agents

Study Intervention Arm Intervention Arm Control Arm

Addition of a carboplatin to standard taxane-anthracycline backbone

BrighTNess17 

(NCT02032277) 

N=634

WP x 12 + Cb q3w x 4 + velip →AC q2-3w 

x 4 → Sx

WP x 12 + Cb q3w 

x 4 + velip pbo →AC 

q2-3 w x 4 →

WP + Cb pbo q3w x 4 + velip pbo →AC q2-3w 

x 4 → Sx

pCR (%) 58 53 31

4-year EFS % 78.2 79.3 68.5

Addition of an immune check point inhibitor to standard neoadjuvant taxane-anthracycline backbone

GeparNuevo27,58 

(NCT02685059) 

N=174

Durva 2w pre chemo (window-phase) 

→durva q4w + nab-pac q1w x 12 →durva 

q4w + EC q2 w x 4 → Sx

Pbo durva 2w window phase →durva pbo q4w 

+ nab-pac q1w x 12 →durva pbo q4 w + EC x 4 

→ Sx

pCR (%)

Overall 53.4 44.2

PD-L1 negative 44.4 18.2

PD-L1 positive 58.0 50.7

3-year iDFS 84.9 76.9 

79.5 

83.1

3-year DDFS 91.4

3-year OS 95.1

I-SPY29 

(NCT01042379) 

N= 29 TNBC 

(pembro) 

N=180 control 

population

WP x 12 + pembro x 4 q3w →AC x 4 q2-3w WP x 12→AC x 4 q2-3w

Estimated pCR (%)

Overall 60 22

Addition of immune check point inhibitor to platinum, taxane, anthracycline backbone followed by adjuvant ICI

KEYNOTE- 

52220,30 

(NCT03036488) 

N=1174

Pembro q3w + WP and Cb for 12w → 4 

x q3w pembro and 4 x AC or EC → Sx 

→q3w pembro x 9

Pembo Pbo q3w + WP and Cb for 12w →4 

x q3w pembro pbo and 4 x AC or EC → Sx 

→q3w pembro pbo x 9

pCR (%)

Overall 64.8 51.2

PD-L1 negative 45.3 30.3

PD-L1 positive 68.9 54.9

(Continued)
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an event or death was 0.63 (95% CI 0.48 to 0.82) P < 0.001. The most frequent event was a distant recurrence. Median 
OS has not been reached in either arm at this time. Immune-mediated adverse events of grade 3 or higher occurred in 
12.9% and 1% of the intervention and placebo arms respectively. There were two immune-mediated deaths in the 
pembrolizumab arm (0.3%) and none in the placebo arm. Based on these results there was an ASCO Guideline Rapid 
Recommendation Update endorsing the use of pembrolizumab as per KEYNOTE-522 for patients with T1cN1-2 or T2- 
4N0 (stage II or III), early-stage TNBC.31

In KEYNOTE-522 the EFS was higher than expected for the improvement in pCR observed. In KEYNOTE-522 this 
improvement has carried through to those who received pembrolizumab but did not achieve a pCR in comparison to 
those who also did not achieve a pCR and received placebo. This is similar to the finding from the GeparNUEVO trial 
were an improvement in DFS and OS was also observed despite a relatively small improvement in the rate of pCR with 
the addition of pembrolizumab.27 These observations suggest that pCR as a surrogate for EFS in trials that include 

Table 1 (Continued). 

Study Intervention Arm Intervention Arm Control Arm

3-year EFS 84.5 76.8

Addition of immune check point inhibitor to taxane, anthracycline backbone followed by adjuvant ICI

IMpassion03128 

(NCT03197935) 

N=455

Atezo q2w + nab-pac q1w x 12 → AC q2w 

x 4 + Atezo q2w → Sx → atezo q3 w x 11

Pbo q2w + nab-pac q1w x 12 → AC q2w x 4 + 

pbo q2w → Sx → monitored *

pCR (%)

Overall 58 41

PD-L1 negative 48 34

PD-L1 positive 69 49

Addition of immune check point inhibitor to neoadjuvant platinum-taxane-regimen followed by surgery then the anthracycline component

NeoTRIPaPDL129 

(NCT002620280) 

N=280

Cb AUC 2 and nab-pac d1, 8 q3w x 8 + 

atezo q3w x 8→ surgery → anthra regimen 

x 4

Cb AUC 2 and nab-pac d1,8 q 3w x 8 → 
surgery → anthra regimen x 4

pCR (%)

Overall

PD-L1 negative 33.9 35.4

PD-L1 positive 59.5 51.9 

69.2PD-L1 2+/3+ 71.4

Notes: *Patients not achieving pCR in either arm could follow standard-of-care guidelines, including the use of adjuvant capecitabine. Patients randomly assigned to the 
atezolizumab plus chemotherapy group could continue to receive atezolizumab concomitantly with this adjuvant therapy. PD-L1 testing by Trial: GeparNUEVO: used 
VENTANA SP263 antibody and evaluated PD-L1 expression as percentage of tumour cells with membranous staining (PD-L1-TC) and percentage of TILs with membranous or 
cytoplasmic staining (PD-L1-IC; relative to total TILs). PD-L1 positivity was defined as ≥1% in one or both of these percentages. KEYNOTE-522: used IHC 22C3 pharmDx assay 
(Agilent Technologies). Expression was characterized according to the combined positive score (CPS), defined as the number of PD-L1–positive cells (tumor cells, lymphocytes, and 
macrophages) divided by the total number of tumor cells multiplied by 100; specimens with a combined positive score of 1 or greater were considered PD-L1–positive. 
IMpassion031: used VENTANA SP142 assay, with PD-L1 positive defined as PD-L1-expressing tumor infiltrating immune cells covering 1% or more of the tumour area. NeoTRIP: 
used the VENTANA SP142 assay with PD-L1 positive defined as PD-L1 expression in IC testing [yes (IC 1+, 2+, 3+) versus no (IC0)]. The PD-L1 scoring was defined as follows: IC 0 
(IC <1%),C 1+ (IC ≥1% and <5%) and IC 2+/3+ (IC ≥5%). 
Abbreviations: pCR, pathological complete response; WP, weekly paclitaxel; Cb, carboplatin; velip, veliparib; q3w, every three weeks; q2-3w, every two to three weeks; AC, 
doxorubicin and cyclophosphamide; pbo, placebo; Sx, surgery; Durva, durvalumab; nab-pac, nabpaclitaxel; EC, epirubicin and cyclophosphamide; Pembro, pembrolizumab; 
Atezo, atezolizumab; anthra, anthracycline; EFS, event free survival; DFS, disease free survival; iDFS, invasive DFS; DDFS, distant DFS; PD-L1, programmed death-ligand.
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immunotherapy may not be as robust as previously considered and that even if a pCR is not achieved a benefit may still 
be observed.

Leading on from this another important clinical question that has arisen from KEYNOTE-522 is, how much the 
adjuvant pembrolizumab portion adds to the overall benefit gained after neoadjuvant pembrolizumab? Unfortunately, 
KEYNOTE-522 was not designed to answer this question. The GeparNUEVO study reported an increase in pCR rates 
and improved long-term outcomes even though durvalumab was given only in the neoadjuvant setting. Long term 
outcomes from the IMpassion031 and NeoTRIP studies will provide further insights into this question.28,29

At this time if following the KEYNOTE-522 protocol adjuvant pembrolizumab should be continued independent of 
pCR results. The optimal treatment for patients with residual disease after neoadjuvant chemotherapy and ICI is an area 
of uncertainty. Adjuvant capecitabine has been shown to improve OS in patients with residual disease after neoadjuvant 
chemotherapy and recent data would also support the use of a PARP inhibitor for patients with germline BRCA1 or 2 
(gBRCA1/2) mutations in this setting.

The IMpassion031 trial randomized patients with stage II–III TNBC to receive atezolizumab versus placebo in 
combination with nab-paclitaxel followed by doxorubicin and cyclophosphamide for 4 cycles (Table 1). After surgery 
and completion of pathological evaluation, unblinding occurred. Patients in the atezolizumab plus chemotherapy group 
continued to receive intravenous atezolizumab at 1200 mg every 3 weeks for 11 cycles for approximately 12 months. 
Management of patients for whom a pCR was not found followed standard-of-care guidelines, including the use of 
adjuvant capecitabine. Patients randomly assigned to the atezolizumab plus chemotherapy group could continue to 
receive atezolizumab concomitantly with this adjuvant therapy. In the placebo plus chemotherapy group, post-surgery 
patients who did not achieve a pCR were treated as per standard-of-care. Co-primary endpoints were pCR in all- 
randomized and PD-L1-positive (ie, patients with PD-L1-expressing tumor infiltrating immune cells covering ≥1% of 
tumor area) populations.

There were 455 patients enrolled of whom 333 were eligible and randomized. The pCR rate was 58% versus 41% 
representing a 17% increase in pCR (P = 0.0044) in favour of atezolizumab. For PD-L1-positive cancers the pCR was 
69% versus 49% in favour of atezolizumab. No results relating to EFS have been presented to date.

The NeoTRIP neoadjuvant open label trial randomized 280 patients with high-risk early stage or locally advanced 
TNBC (Table 1). Patients were randomized to neoadjuvant carboplatin and nab-paclitaxel on days 1 and 8, with or 
without atezolizumab. Cycles were every 21 days eight were given in total, pre-surgery. Post-operatively patients 
received 4 cycles of an anthracycline regimen per investigator choice. The primary aim of the study was to compare 
EFS 5 years after randomization of the last patient and this has not been reported. A secondary endpoint of pCR has been 
reported and shows a numerical but statistically non-significant difference in between the two arms. Specifically 48.6% in 
the atezolizumab arm compared to 44.4% in the standard-of-care arm (p = 0.48). Multivariate analysis of pCR identified 
that tumors positive for PD-L1 expression were twice as likely to achieve a pCR compared to PD-L1-negative cancers 
(OR 2.08;95% CI 1.64–2.65 P < 0.0001). For PD-L1-positive cancers the addition of atezolizumab increased the pCR 
rate by 7.6%. There were equal numbers of patients discontinuing treatment in each treatment arm.

Understanding the reason behind reported differences in the rates of pCR between atezolizumab containing arms in 
NeoTRIP and IMpassion031 is complex. In IMpassion031 the rate of pCR increased by 17% compared to just 4.2% in 
NeoTRIP. These trials however are very different. The IMpassion031 trial included an anthracycline component in both 
neoadjuvant treatment arms whereas NeoTRIP reserved the anthracycline component for the adjuvant setting. It may be 
that by omitting anthracyclines their potent immunogenic effects were lost. The investigators also observed an imbalance 
for tumor infiltrating lymphocytes (TILs) with higher TILs in the chemotherapy-only arm. The implication from this 
observation is that as TILs are associated with increased likelihood of pCR then the fact TILs were higher in the control 
arm may have resulted in a higher-than-expected pCR in this arm. Event-free-survival results are greatly anticipated. If 
there is an improvement in EFS despite a non-significant increase in pCR then it points to a weakness in pCR being used 
as a surrogate for long term outcome in neoadjuvant immunotherapy studies. The NeoTRIP results were also presented 
with pCR given by level of PD-L1 expression and for those patients who received atezolizumab and were PD-L1 +2/+3 
the rate of pCR achieved was 70%.
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Neoadjuvant PARP-Inhibition for Germline BRCA-Mutation-Positive Breast Cancer
Litton et al from MD Anderson Cancer Center recently presented the results of a Phase II non-randomized open-label 
neoadjuvant trial. The trial examined the efficacy of the poly(ADP-ribose) polymerase (PARP)-inhibitor talazoparib in 
patients with gBRCA1/2 mutation-positive, early HER2-negative breast cancer. Patients were given talazoparib mono
therapy for 24 weeks followed by surgery. Of the 48 evaluable patients all had TNBC. The primary endpoint of pCR was 
45.8% and in the ITT population it was 49.2%. This early phase trial could represent an exciting non-chemotherapy 
option given the similarity of the rate of pCR to standard chemotherapy but larger confirmatory studies with long-term 
outcomes will be needed to bring this approach forward.32

Adjuvant Treatment Guided by Response to Neoadjuvant Therapy in TNBC
The CREATE-X trial was an open label, Phase III trial that examined the role of capecitabine for patients with residual 
disease post neoadjuvant chemotherapy.10 The trial involved 910 patients with HER2-negative breast cancer who had 
received neoadjuvant anthracycline/taxane or anthracycline/taxane-based chemotherapy and had residual disease at the 
time of surgery.

The final analysis showed that DFS was longer in the capecitabine group than in the control group (74.1% vs 67.6% 
of the patients were alive and free from recurrence or second cancer at 5 years; HR for recurrence, second cancer, or 
death, 0.70; 95% CI 0.53 to 0.92; P = 0.01). Overall survival was longer in the capecitabine group compared to the 
control group (89.2% vs 83.6% of the patients were alive at 5 years; HR for death, 0.59; 95% CI 0.39 to 0.90; P = 0.01). 
Among patients with TNBC, DFS was 69.8% in the capecitabine group compared to 56.1% in the control group (HR for 
recurrence, second cancer, or death, 0.58; 95% CI 0.39 to 0.87), and OS was 78.8% versus 70.3% (HR for death 0.52; 
95% CI 0.30 to 0.90).

A recent meta-analysis of randomized studies on the basis of individual patient data found that the addition of 
capecitabine to standard adjuvant chemotherapy regimens prolongs DFS, whereas replacing a standard agent with 
capecitabine did not improve it.33

Adjuvant PARP-Inhibition for Germline BRCA-Mutation-Positive Breast Cancer with 
Residual Disease After Neoadjuvant Chemotherapy
The OlympiA study was a multicentre, randomized, double-blind-placebo controlled Phase III trial.34 The trial enrolled 
patients with gBRCA1/2 mutations with HER2-negative, high-risk disease post local treatment and chemotherapy either in the 
adjuvant or neoadjuvant setting. Patients who received neoadjuvant chemotherapy were eligible if they had TNBC and had 
residual disease or if they had HR-positive disease they had to have residual disease in addition to other high-risk features.

Patients were randomized to receive olaparib 300 mg twice daily versus placebo for 12 months. In the cohort that 
received neoadjuvant therapy the 3-year DFS in the olaparib arm was 82.5% compared with 68.0% in the placebo arm 
(HR 0.56 95% CI 0.41–0.75). These results are considered practice-changing and the US FDA approved the use of 
olaparib for the adjuvant treatment of patients with gBRCA1/2-mutated, HER2-negative high-risk early-stage breast 
cancer who have been treated in the (neo)adjuvant setting in March 2022.

Other Agents Being Studied as Adjuvant Treatment Post NAC
Antibody drug conjugates (ADCs) are comprised of an antibody with a chemotherapeutic agent linked to it. Once the 
antibody binds to its cell surface target the ADC is internalised, the linker cleaved and the chemotherapeutic agent released 
to kill the cell with often some associated “bystander” kill. These agents made their initial impact predominantly in HER2- 
positive breast cancer. The ADC, trastuzumab emtansine (T-DM1) is now the standard-of-care in patients with residual 
disease post-neoadjuvant trastuzumab, pertuzumab-based regimens.11 Recent ADCs such as trastuzumab deruxtecan 
(T-DXd) have greater potency and are more efficacious than T-DM1 in the metastatic setting.35 This agent is now being 
studied head-to-head with T-DM1 in the residual disease setting (DESTINY- Breast05, NCT04622319) and T-DXd is also 
showing promise in HER2-low cancers ie breast cancers with immunohistochemical expression of 1+ and 2+.36
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Sacituzumab govitecan is an ADC. It is composed of an anti-trophoblast cell-surface antigen 2 (Trop-2) IgG1 kappa 
antibody linked to the active metabolite of irinotecan. Trop-2 is a transmembrane calcium signal transducer that is highly 
expressed in multiple tumor types, including breast cancer (>90%).37,38 This ADC was shown to improve the median 
PFS (5.6 versus 1.7 months with a HR for disease progression or death, 0.41; 95% CI 0.32 to 0.52; P < 0.001) compared 
to standard chemotherapy in relapsed or refractory metastatic TNBC. The median OS was 12.1 months (95% CI, 10.7 to 
14.0) with sacituzumab govitecan and 6.7 months (95% CI 5.8 to 7.7) with chemotherapy (HR for death, 0.48; 95% CI 
0.38 to 0.59; P < 0.001). This ADC is now being studied in patients with HER2-negative residual disease post 
neoadjuvant chemotherapy in the SASCIA trial (NCT04595565) Phase III trial.

Optimal Neoadjuvant Treatment for Hormone Receptor-Positive Breast Cancer
In general, HR-positive cancers (luminal A and B) have the least chance of a pCR after neoadjuvant chemotherapy, 
especially if they are low-grade. A meta-analysis of almost 12,000 patients in a dozen neoadjuvant studies reported the 
pCR rate for low-grade tumors was only 7%, and it was 16% for grade 3 tumors.39 Most importantly however is the 
finding that the prognostic implications of a pCR differs depending on the breast cancer subtype. The German Breast 
Group studied pCR and DFS by intrinsic subgroup and showed no impact of pCR in the luminal A group or among 
luminal B cancers that are HER2-positive. The achievement of pCR was predictive in the three other subsets: luminal B, 
HER2-negative, HER2-positive/HR-negative, and TNBC.40

As a result some guidelines recommend proceeding directly to surgery for stage I disease. Neoadjuvant therapy may 
be considered in stage II and III disease if the chemotherapy decisions can be made without surgical pathological data.14

The pivotal NSABP B-18 and NSABP B-27 RCTs provide the evidence that there is no loss of efficacy administering 
chemotherapy in the neoadjuvant versus adjuvant setting.1,3 It is the extrapolation of evidence from studies such as these 
which allows us to consider neoadjuvant chemotherapy as a non-inferior alternative to adjuvant therapy in HR-positive 
HER2-negative early-stage breast cancer for those patients with clinical indications for adjuvant therapy.14

Typically the type of chemotherapy regimen used in HR-positive HER2-negative breast cancer in the neoadjuvant 
setting is the same as regimens used in the adjuvant setting.14 The large Early Breast Cancer Trialists’ Collaborative 
Group (EBCTCG) meta-analysis compared long-term outcomes associated with different polychemotherapy regimens for 
early-stage breast cancer.41 The EBCTCG meta-analysis compared over 100,000 patients from over 123 trials that 
compared different chemotherapy regimens (ie anthracycline vs CMF, anthracycline + taxane vs anthracycline) or 
compared polychemotherapy to no chemotherapy. The overall outcome showed that on average the taxane-plus- 
anthracycline-based regimens had a small but significantly improved outcome in comparison with an anthracycline- 
based control regimen, RR 0.86 (P = 0.0005).41 Unlike in TNBC, further studies have shown the addition of carboplatin 
results in more toxicities without significant impact in the rate of pCR or EFS for HR-positive HER2-negative breast 
cancer.16 Therefore the chemotherapy regimen of choice in high risk HR-positive, HER2-negative breast cancer remains 
anthracycline/taxane-based. Non-anthracycline-based regimens may also have a role in (neo)adjuvant therapy. Based on 
the joint analysis from the ABC trials, although TC had an inferior four-year invasive DFS (88.2 versus 90.7%; HR 1.23, 
95% CI 1.01–1.50) compared to the anthracycline and taxane-based regimen however the anthracycline-based therapy 
did not meaningfully improve outcomes in lower-risk, HR-positive breast cancers.42 Similarly, the West German Study 
Group PlanB trial reported that six cycles of TC were non-inferior to four cycles of epirubicin and cyclophosphamide, 
followed by four cycles of docetaxel (EC-T).43 Treatment-related deaths were however higher in the TC arm (5 versus 1) 
compared to the EC-T arm.

Considerations for Neoadjuvant Chemotherapy Based on 21-Gene Assay Results
There are several breast cancer biomarker assays endorsed by ASCO to guide decisions around adjuvant chemotherapy 
and endocrine therapy in HR-positive, HER2-negative breast cancer.44 Two large randomized controlled trials have 
established the role of Oncotype DX for predicting benefit from adjuvant chemotherapy in women with HR-positive, 
HER2-negative, lymph node-negative and -positive breast cancer.45,46 Specifically recent results from the RxPONDER 
trial show that postmenopausal women with a recurrence score (RS) of ≤25 do not benefit from adjuvant chemotherapy.45 

This is important as, unlike TNBC and HER2-positive breast cancer where neoadjuvant chemotherapy is indicated for 
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palpable lesions >2 cm with or without positive lymph nodes, based on the results of RxPONDER, postmenopausal 
women with up to 3 positive lymph nodes do not derive benefit from adjuvant chemotherapy. Therefore, upfront surgery 
may be appropriate for most postmenopausal women with up to 3 positive lymph nodes as if the RS in ≤25 then adjuvant 
chemotherapy will not be required. The role of prognostic signatures in guiding neoadjuvant therapy remains uncertain 
and has not yet been adopted in clinical practice. Retrospective studies have reported an association between higher 
Oncotype DX RS and improved pCR rate compared to having a lower RS.47 A lower RS may indicate that if 
a neoadjuvant approach is required endocrine therapy may be a better approach.48

Most of the currently established prognostic signature scores have shown a similar ability to predict response to 
chemotherapy in the neoadjuvant setting with high scores, likely reflective of more proliferative tumors.49 Further studies 
are underway to determine the clinical utility of multi-gene prognostic signature scores in the neoadjuvant setting 
however currently they are not used to guide neoadjuvant therapy.14,50

Estrogen receptor (ER)-positive breast cancers are defined as having >1% staining for ER by IHC, however a small 
subgroup of patients have 1–9% ER-staining and are considered “ER low positive” and have a clinical phenotype similar 
to TNBC.51,52

Role of Immune Checkpoint Inhibitors in the Neoadjuvant Treatment of HR-Positive, 
HER2-Negative Breast Cancer
Compared to TNBC, HR-positive, HER2-negative breast cancer is less immunogenic, has fewer TILs and a lower tumor 
mutational burden.22 However there are some promising data indicating there may be a role for ICIs in this breast cancer 
subtype also. The I-SPY2 study examined the addition of pembrolizumab to neoadjuvant chemotherapy.9 In HR-positive, 
HER2-negative patients, the addition of pembrolizumab increased the pCR rate from 13% to 34%.9 The currently 
accruing Phase III clinical trial, CheckMate 7FL (NCT04109066) aims to explore the benefit of neoadjuvant nivolumab 
added to chemotherapy in HR-positive, HER2-negative breast cancer.53

Adjuvant Therapy Guided by Response to Neoadjuvant Therapy in HR-Positive, 
HER2-Negative Breast Cancer Using the CPS-EG Score
Determining prognosis after neoadjuvant treatment is complex. Achieving a pCR is associated with a better prognosis 
particularly in TNBC and HER2-positive breast cancer but less informative in HR-positive, HER2-negative breast 
cancer. The RCB score is generated by pathological information only obtained post neoadjuvant therapy and can be 
used to calculate long-term outcome. An additional prognostic scoring system is the Clinical-Pathologic Scoring System 
incorporating estrogen receptor–negative disease and nuclear grade 3 tumor pathology; ER, estrogen receptor (CPS-EG). 
This scoring system awards points based on the clinical stage at presentation, pathologic staging parameters post 
neoadjuvant chemotherapy, ER-negative disease and having a tumor that is high grade to generate a score that predicts 
prognosis.54

In order to try and improve outcome for patients with HR-positive, HER2-negative and residual disease post 
neoadjuvant chemotherapy the German Breast Group led the PENELOPE-B trial (NCT01864746). The trial identified 
patients who were at a high risk of relapse based on their CPS-EG score and sought to determine if adding the CDK 4/ 
6-inhibitor, palbociclib for one year to standard endocrine therapy would improve DFS.55 Unfortunately, there was no 
improvement to DFS with the addition of palbociclib to standard endocrine therapy.

However, the monarchE Phase III RCT randomized high risk (≥4 positive lymph nodes, or 1–3 positive nodes and either 
tumor size ≥5 cm, histologic grade 3, or central Ki-67 ≥ 20%) HR-positive, HER2-negative patients to standard-of-care 
adjuvant endocrine therapy with or without abemaciclib (150 mg twice daily for 2 years). Almost 40% of each treatment arm 
had received neoadjuvant treatment. At 3-year follow-up invasive disease–free survival rates were 88.8% and 83.4% for 
abemaciclib plus endocrine therapy compared to endocrine therapy alone respectively (hazard ratio [HR] = 0.696; P < 0.0001). 
The distant recurrence–free survival rate was 90.3% vs 86.1%, respectively HR = 0.687; P < 0.0001).56

The OlympiA trial also used the CPS-EG score to identify a high-risk group of patients with gBRCA mutations with 
HR-positive, HER2-negative breast cancer.34 Patients with a CPS-EG score of 3 were eligible for the trial. As previously 
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discussed, the OlympiA trial showed a benefit in 3-year DFS in the favour of olaparib compared to placebo (82.5% vs 
68.0%) and while the majority of the patients had TNBC, this benefit was still seen in the HR-positive, HER2-negative 
subgroup who were able to continue their endocrine therapy concurrently.

Discussion
Response to neoadjuvant treatment provides important prognostic information. It also guides adjuvant treatment options 
shown to improve breast cancer survival.10,11 Pathological complete response is an accepted surrogate endpoint for 
clinical benefit to neoadjuvant therapies. Achieving a pCR is associated with significantly better EFS and OS, particularly 
for triple-negative and HER2-positive breast cancer.57

When considering optimal neoadjuvant regimens for TNBC with the goal of achieving the highest rate of pCR the 
addition of platinum drugs to standard anthracycline-taxane regimens have increased pCR from 33% to 55%.16,17 

Building upon this the addition of ICIs represent another very significant advance. In the PD-L1-positive, ICI-treated 
patients from the KEYNOTE-522, IMpassion031, and NeoTRIP (PD-L1 2+/3+) trials pCR rates of 68.9%, 69% and 
71.4% were observed respectively.28–30 Statistically significant improvements in EFS associated with the addition of ICIs 
to neoadjuvant chemotherapy have been reported so far in the KEYNOTE-522, and the Phase II GeparNUEVO. The 
long-term outcome results are greatly anticipated for IMpassion031 and NeoTRIP.27–30 Interestingly, KEYNOTE 522 
observed an improvement in EFS even in patients who received pembrolizumab but did not achieve a pCR compared to 
those who did not receive pembrolizumab and also did not achieve a pCR.30 This could Indicate that while pCR remains 
an important prognostic biomarker others may be needed in the setting of neoadjuvant ICI treatment.

There is uncertainty about the optimum approach for patients who do not achieve a pCR after receiving an ICI as 
a component of neoadjuvant therapy. In IMpassion031 patients not achieving pCR in either arm of the trial could go on to 
receive adjuvant capecitabine or other treatment considered standard-of-care in this setting.28 Patients randomly assigned 
to the atezolizumab plus chemotherapy group could continue atezolizumab concomitantly with this adjuvant therapy. 
However, this remains an area of controversy as both adjuvant capecitabine and for gBRCA-associated breast cancer, 
olaparib have been approved for patients with residual disease post-neoadjuvant therapy.10,34

The role of the neoadjuvant chemotherapy is less clear in HR-positive HER2-negative breast cancer. In general, HR- 
positive cancers (luminal A and B) have the least chance of a pCR after neoadjuvant chemotherapy, especially if they are 
low-grade. If neoadjuvant chemotherapy is given for high-risk, HR-positive, HER2-negative breast cancer, standard 
adjuvant anthracycline-taxane regimens are appropriate. Optimum endocrine therapy is standard-of-care in the adjuvant 
setting regardless of whether a pCR is achieved or not. There are several genomic signatures available to guide decisions 
regarding adjuvant chemotherapy use however these assays are not routinely used in the neoadjuvant setting.44

Conclusion
A neoadjuvant regimen containing an anthracycline, taxane, platinum and an ICI provides the highest likelihood of 
achieving a pCR for patients with TNBC. Programmed cell death ligand-1 has been measured using different assays, 
platforms and scoring systems across studies. However, the data are consistent in showing the highest rates of pCR in 
patients who are PD-L1 positive. In KEYNOTE 522 patients with early-stage disease who were PD-L1-negative also 
benefitted from the addition of an ICI. For high-risk, HR-positive, HER2-negative disease who require neoadjuvant 
chemotherapy, standard anthracycline-taxane regimens are appropriate. For patients with TNBC with residual disease 
post-neoadjuvant chemotherapy and being treated as per the KEYNOTE-522 trial then pembrolizumab should be 
continued. Other options include adjuvant capecitabine, or if gBRCA1/2 adjuvant olaparib or a clinical trial. 
Endocrine therapy is standard-of-care for patients with HR-positive, HER2-negative breast cancer with or without 
a pCR. For high risk premenopausal patients receiving ovarian suppression or postmenopausal patients the optimal 
endocrine therapy may include an AI with the CDK4/6 inhibitor abemaciclib, as per the monarchE trial or if gBRCA 
mutated then olaparib as per the OlympiA trial.34,56
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