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Breast cancer is the most common malignancy among 
women worldwide, with an estimated >290,000 new 
cases and 43,000 deaths in the USA in 2022 (ref.1). These 
numbers are likely to be biased by the COVID-19 pan-
demic, which has led to reduced access to care and, con-
sequently, to delays in diagnosis. These delays translate 
into a short-​term lower incidence, albeit with a greater 
number of patients having more advanced-​stage disease 
at diagnosis and, ultimately, increased mortality2. Thus, 
breast cancer has long been and remains a major public 
health problem.

Decades of research have demonstrated that breast 
cancer is a complex and heterogeneous disease and have 
provided meaningful advances in treatment options for 
patients, with substantial improvements in clinical out-
comes over the years3. In this Review, we summarize 
the steps taken in the development of systemic thera
pies for patients with early-​stage breast cancer, from the 
pre-​genomic to the post-​genomic era and from the iden-
tification of novel active agents to a deeper understand-
ing of disease biology and the discovery of predictive 
biomarkers.

We provide critical insights into the design pitfalls of 
studies involving patients with early-​stage breast cancer, 

discuss the need for better end points and propose new 
ways of thinking in order to address these issues. Finally, 
we highlight the ability of new technologies to identify 
novel predictive markers of efficacy that are shaping the 
new era of early-​stage breast cancer trials.

The evolution of breast cancer treatment
The treatment of patients with breast cancer has evolved 
dramatically over the past century, from a strictly sur-
gical approach to a multidisciplinary one, including  
radiotherapy, chemotherapy, endocrine therapy, targeted 
therapy and immunotherapy. This evolution has arisen 
from a progressively deeper understanding of the dis-
ease and from the recognition of salient, peculiar fea-
tures that make it different to other cancer types4. Firstly, 
patients with node-​positive disease have a higher risk of 
relapse in the absence of specific therapies and derive 
the greatest magnitude of benefit from systemic adju-
vant treatments. Secondly, two-​thirds of patients with 
breast cancer have hormone receptor (HR)-​positive 
disease and benefit from the inhibition of oestrogen 
receptor (ER) signalling, using various endocrine ther-
apies. Thirdly, breast cancer is a tremendously hetero
geneous and complex disease and genetic alterations that 
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might occur and/or drive cancer development could be 
useful targets for specifically designed therapies. These 
achievements in understanding breast cancer have been 
mirrored by the successful development of drugs that 
have been demonstrated to reduce the risk of disease 
relapse and death in randomized trials.

The first large-​cohort studies in the adjuvant setting 
involving patients with early-​stage breast cancer focused 
on the role of adjuvant chemotherapy and were either 
non-​randomized or compared the use of chemotherapy 
with observation or placebo alone5–7. The findings of these 
seminal studies testing the role of adjuvant chemotherapy, 
which started in 1957 (refs.5,7,8), were confirmed in subse-
quent studies conducted by the National Surgical Adjuvant 
Breast and Bowel Project (NSABP)8 and, ultimately, 
by large meta-​analyses led by the Early Breast Cancer 
Trialists’ Collaborative Group (EBCTCG)6,9. These analy
ses demonstrated meaningful reductions in the annual 
incidence of breast cancer recurrence and mortality (28% 
and 16%, respectively) with adjuvant chemotherapy  
regimens comprising several different agents9.

A first step towards a more personalized treatment 
approach was the evaluation of adjuvant endocrine ther-
apy for patients with HR-​positive breast cancer. In the 
early 1980s, seminal studies led by the Nolvadex Adjuvant 
Trial Organisation (NATO)10,11 and the NSABP12 pro-
vided the first data indicating clinical benefit for patients 
with early-​stage breast cancer receiving adjuvant tamo
xifen. Some years later, the EBCTCG confirmed these 
improvements in survival outcomes based on the pooled 
data of 30,000 women coming from a worldwide collabo-
ration, where tamoxifen was associated with a highly sig-
nificant reduction in the annual incidence of both disease 
recurrence and mortality (25% and 17%, respectively)9.

Finally, the advent of HER2-​targeted therapies for 
patients with HER2-​positive breast cancer marked 
another milestone, based on fruitful cooperation 
between basic research scientists and clinical inves-
tigators, in the evolution towards more personalized 
treatment. The HERA trial13 demonstrated that 1 year 

of trastuzumab after adjuvant chemotherapy confers a 
significant survival benefit in these patients (10-​year 
disease-​free survival (DFS) benefit of 6–8% for patients 
receiving trastuzumab)14; this result was confirmed in 
similar adjuvant trials and in an EBCTCG meta-​analysis 
published in 2021 (ref.15).

Evolution of adjuvant clinical trials
This first wave of seminal clinical trials comparing can-
cer therapies with observation alone or placebo was fol-
lowed by a second generation of more sophisticated and 
refined studies comparing different interventions with 
each other, including different chemotherapy regimens 
(such as those based on anthracycline versus combi-
nations based on anthracycline and taxane)6, different 
endocrine therapies (such as tamoxifen versus aromatase 
inhibitors)16 and different targeted treatment strategies 
(such as single versus dual HER2 inhibition)17. The lim-
ited differences in magnitudes of benefit associated with 
these treatment modalities could not always be detected 
in cohorts of a suboptimal sample size. Therefore, the 
role of the EBCTCG in conducting periodic patient-​level 
meta-​analyses became vital in demonstrating small but 
significant risk reductions: the addition of a taxane 
to an anthracycline-​based regimen in patients with 
node-​positive breast cancer was associated with a reduc-
tion in 8-​year disease recurrence of 4.6%, a reduction 
in 8-​year breast cancer mortality of 2.8% and a reduc-
tion in 8-​year all-​cause mortality of 3.2%, respectively6. 
Similarly, 10-​year breast cancer mortality was found to 
be lower with aromatase inhibitors than with tamoxifen, 
albeit with a modest reduction of 2.1% (12.1% vs 14.2%; 
P = 0.009)6,16.

This second wave of studies led to a recognition of the 
need for a marked increase in trial sample size (of several 
thousands of patients), despite the exponentially higher 
costs associated with this change in approach and the 
continued lack of a guarantee of success. Some examples 
include the D-​care18, BEATRICE19 and ALTTO20 studies, 
all of which are randomized studies with large cohorts that 
nonetheless failed to demonstrate statistically significant 
improvements for patients receiving the experimental 
treatments (Supplementary Table 1). In the ALTTO trial20, 
investigators randomly assigned 8,381 patients to 1 year 
of adjuvant therapy with either trastuzumab, lapatinib  
(a small-​molecule inhibitor of both HER2 and EGFR),  
or both agents either in sequence or in combination. The 
lapatinib arm of ALTTO was closed in 2011 owing to inferi-
ority relative to trastuzumab and, at the protocol-​specified 
analysis cut-​off, dual inhibition of HER2 with trastu-
zumab plus lapatinib did not improve DFS compared 
with trastuzumab alone. By contrast, in the APHINITY 
trial, dual HER2 inhibition with trastuzumab plus pertu-
zumab conferred a significant improvement in invasive 
DFS relative to trastuzumab, albeit with an improvement  
in 6-​year event-​free survival (EFS) of only 2.8% (ref.17).

Notably, the magnitude of benefit derived from 
dual versus single HER2 inhibition was similar in the 
two studies (hazard ratio for DFS in ALTTO was 0.84, 
97.5% CI 0.70–1.02; P = 0.048; in APHINITY, the haz-
ard ratio for invasive DFS was 0.81, 95% CI 0.66–1.00; 
P = 0.045)20,21. The apparent failure of ALTTO and 

Key points

•	Systemic therapy for patients with early-​stage breast cancer has dramatically improved 
over the past eight decades, and the aims and designs of (neo)adjuvant clinical trials 
have consistently evolved.

•	The transition of clinical trials from the pre-​genomic to the post-​genomic era has been 
based on a deeper understanding of disease biology and a higher level of interest in 
the discovery of molecular markers associated with a response to treatment.

•	The currently adopted approach to the design of neoadjuvant trials requires a new 
wave of changes, with the implementation of validated end points with more robust 
predictive associations with survival outcomes and more personalized treatment 
strategies (escalation and/or de-​escalation).

•	The evolution towards a more personalized treatment approach is leading to increasing 
interest in the post-​neoadjuvant setting to investigate new drugs specifically in patients 
with high-​risk disease.

•	Optimizing the efficiency of the search for novel biomarkers that can guide treatment 
tailoring requires the establishment of large, well-​annotated databases of candidate 
biomarkers linked with clinical outcomes that are also easily accessible to the scientific 
community.

•	Early sharing of data from clinical trials should be based on joint efforts and reinforced 
collaboration between the pharmaceutical industry and academic entities.
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success of the same approach in APHINITY likely reflect 
differences in statistical assumptions22.

Increasing interest in neoadjuvant trials
Neoadjuvant approaches were initially developed for 
patients with locally advanced and/or inoperable can-
cers using radiotherapy, chemotherapy or a combina-
tion of the two in an attempt to render tumours operable 
and/or reduce tumour burden. However, data from 
preclinical models also suggested the potential for an 
additional therapeutic advantage for certain aggressive 
cancers as chemotherapy might decrease the replication 
rate of cancer cells23. Neoadjuvant systemic therapy was 
subsequently advocated as a method of increasing the 
feasibility of breast conservation in women considered 
ineligible for such an approach at diagnosis. With the 
landmark NSABP-​B18 trial24 demonstrating equivalent 
DFS and overall survival (OS) with pre-​surgical versus 
post-​surgical administration of four cycles of doxoru-
bicin plus cyclophosphamide, trust in the preoperative 
administration of systemic therapy grew rapidly.

Increasing interest was also motivated by other 
advantages of the neoadjuvant approach, including 
the possibility of rapid, direct evaluation of treatment 
effects based on measurements of tumour diameter 
and the research opportunities provided by compar-
ative investigations of tumour biology before, during 
and after treatment25 (Table 1). Widespread adoption of 
the neoadjuvant approach was ultimately conferred by 
use of the surrogate end point of pathological complete 
response (pCR) as a fast and ready-​to-​use surrogate for 
long-​term outcomes.

Interestingly, pCR has been supported by the FDA as 
a surrogate end point for the accelerated approval of new 
drugs tested in the neoadjuvant setting in randomized 
clinical trials26, although a ‘positive opinion’ has also 
been contingent on the results of clinical trials testing the 
same concept in another setting (such as in patients with 
metastatic disease). Therefore, the past 10 years have 
perhaps unsurprisingly witnessed exponential growth 
in the design and implementation of neoadjuvant tri-
als with small cohorts that were adequately powered to 
detect a difference in pCR but unable to demonstrate any 
difference in EFS.

In 2014, a relevant association between pCR and 
OS was demonstrated only at the patient level in an 
FDA-​sponsored seminal meta-​analysis27 and further 
evidence has since confirmed a lack of surrogacy of 
pCR at the trial level28, which raises questions regard-
ing the role of pCR as a primary end point in ‘pivotal’ 
neoadjuvant trials. Surrogate end points should only be 
accepted as evidence supporting drug approval when 
these end points have been sufficiently validated and 
are therefore known to accurately predict the effects of 
a drug over time. The role of neoadjuvant trials has also 
evolved over time, particularly with the transition from 
the pre-​genomic to the post-​genomic era.

Entering the post-​genomic era
The Human Genome Project29 and its efforts to 
sequence the entire human genome were a milestone in 
clinical research and marked the end of the so-​called 

pre-​genomic era and the beginning of the post-​genomic 
one. Analysis of DNA, RNA and protein sequence data is 
now an essential part of biomedical research30.

In breast cancer, these achievements have translated 
into a new way of thinking about neoadjuvant clinical 
trials. The key questions explored by neoadjuvant trials 
in the pre-​genomic era mainly focused on the possibil-
ity of identifying active agents and predicting their suc-
cess or on fine-​tuning their administration schedules. 
Seminal research in this setting has led to milestones  
in today’s clinical practice such as the use of docetaxel in  
sequence with an anthracycline-​based regimen instead 
of anthracycline-​based chemotherapy alone31, the 
administration of weekly instead of 3-​weekly paclitaxel32, 
and the superiority of adjuvant aromatase inhibitors 
compared to tamoxifen33,34.

All of these studies, conducted in the neoadjuvant 
setting, shared the peculiarity of being deemed ‘hypoth-
esis generating’, with confirmatory results obtained sub-
sequently in large adjuvant trials (Table 2). Neoadjuvant 
trials from the pre-​genomic era had merit in that they 
addressed important clinical questions; however, many 
of these trials were characterized by disappointing results 
in the search for predictive biomarkers and, ultimately, 
a failure to identify effective biomarkers of response  
with the potential to enable the tailoring of treatment with  
taxanes35,36 and/or aromatase inhibitors33,37.

Neoadjuvant trials from the post-​genomic era have 
maintained an important role in identifying new active 
agents worthy of further investigation in the adjuvant 
setting. An example of this role is provided by dual 

Table 1 | Evolution of neoadjuvant chemotherapy and 
endocrine therapy for patients with breast cancer

Era Major goals Outcome 
achieved?

Neoadjuvant chemotherapy

1980s Improved uptake of 
breast-​conserving 
surgery

Yes

1990s Improved survival 
outcomes owing to 
earlier treatment

No

2000s 
onwards

Identification of active 
novel therapies

Sometimes

2010s 
onwards

Treatment tailoring Poor effectiveness 
until now

Neoadjuvant endocrine therapy

1980s Improved treatment 
of elderly patients 
(>70–75 years)a

Yes

1990s Improved uptake of 
breast-​conserving 
surgery

Yes

2000s 
onwards

Identification of active 
novel therapies

Sometimes

2010s 
onwards

Treatment tailoring Poor effectiveness 
until now

aOf note, no consensus exists on the cutoff to be used, and 
age should be considered together with other variables, such 
as performance status, comorbidities, social support, and 
cognition and psychological status.
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inhibition of HER2 with pertuzumab plus trastuzumab, 
which was the first treatment to receive FDA acceler-
ated approval based on pCR results alone from a rela-
tively small (n = 417) neoadjuvant study (NeoSphere)38. 
The effectiveness of this approach was later confirmed 
in a larger cohort (n = 4,805) in the adjuvant setting 
(APHINITY)21, resulting in full approval for use in 
both settings in December 2017. We believe that the 
KEYNOTE-522 trial marks the beginning of a new era 
in the history of neoadjuvant trials: this large (n = 1,174), 
phase III study led to the approval of neoadjuvant 
pembrolizumab in combination with chemotherapy 
for patients with high-​risk, early-​stage triple-​negative 
breast cancer (TNBC) in July 2021, based on significant 
improvements in pCR and EFS, its two co-​primary end 
points39,40. An important lesson had been understood:  
a pCR improvement on its own is not a reliable surro-
gate of survival and should be supported by a survival 
end point for regulatory approval. Beyond the important 
role of identifying new active agents, the neoadjuvant 
trials of the post-​genomic era have prioritized another 
relevant objective: the deep dissection of disease biology 
and the search for clinically useful molecular markers 
of response.

Biomarkers and disease biology
HR-​positive, HER2-​negative breast cancer. Since the 
late 1980s, a strong preclinical rationale has supported 
the hypothesis that a short, preoperative course of endo-
crine therapy could improve outcomes in HR-​positive 
early-​stage breast cancer41. However, the choice of the 
best end point to predict patient outcomes after such 
therapy has been a topic of intense academic debate. 
Data from two small neoadjuvant studies, IMPACT42 

and Z1031 (ref.43), showed that levels of the nuclear 
protein Ki67, assessed 2–4 weeks after starting neoad-
juvant endocrine therapy, might better predict patient 
outcomes than Ki67 levels at baseline. In the POETIC 
trial44, 4,480 postmenopausal women with HR-​positive, 
HER2-​negative early-​stage breast cancer were ran-
domly assigned to receive either aromatase inhibitors 
or placebo for 14 days prior to surgery. Adjuvant treat-
ment was permitted as per standard local practice. The 
POETIC trial failed to show any significant differences 
in treatment outcomes; importantly, however, patients 
with a low Ki67 level at baseline (<10%) and/or after  
2 weeks of treatment had a significantly lower risk of dis-
ease recurrence compared with those with a high level  
at 2 weeks44, suggesting that ‘dynamic’ measurements 
of Ki67 levels could help select patients who might 
not need further treatment escalation (those showing 
substantial Ki67 suppression). For patients without a 
Ki67 response, current escalated treatments (such as 
chemotherapy) do not provide strong evidence of ben-
efit; for example, the Z1031 trial showed no improve-
ments in pCR for patients without a Ki67 response 
to short-​term neoadjuvant endocrine therapy who 
subsequently received chemotherapy43. Interestingly, 
the WSG-​ADAPT run-​in trial for patients with HR-​
positive, HER2-​negative disease45 confirmed that 
combining assessments of static (genomic recurrence 
score) and dynamic (endocrine proliferation response 
defined as a Ki67 level of ≤10% following induction) 
biomarkers is feasible and could guide individualized 
therapy decisions in patients with early-​stage breast 
cancer. Unfortunately, these results were not available at 
the time of the initiation of several very large adjuvant 
trials investigating the addition of CDK4/6 inhibitors to 

Table 2 | Examples of hypothesis-​generating trials and their related hypothesis-​confirming trials

Key question Hypothesis-​generating trial Key results Confirmatory adjuvant study

Anthracyclines 
followed by 
taxanes versus 
anthracyclines 
alone

ABERDEEN31, in which 162 
patients received neoadjuvant 
CVAP (four cycles), followed by 
randomization (1:1) to a further 
four cycles of CVAP versus 
docetaxel in the 97 patients with 
a PR or better on initial CVAP

Improved ORR (94% vs 64%; P = 0.001), 
pCR rate (34% vs 16%; P = 0.04) and 
3-​year OS (P = 0.05) in patients receiving 
sequential docetaxel

Taxanes plus anthracyclines significantly reduce 
the 8-​year risks of disease recurrence (30.2% vs 
34.8%; RR 0.84, 95% CI 0.78–0.91; P = 0.00001), 
disease-​specific mortality (21.1% vs 23.9%;  
RR 0.86, 95% CI 0.79–0.93; P = 0.0005) and  
overall mortality (23.5% vs 26.7%; RR 0.86, 95% CI 
0.79–0.93; P = 0.0002) relative to anthracyclines 
only in a patient-​level meta-​analysis of data from 
11,167 patients

Weekly versus 
3-​weekly 
paclitaxel

Green et al. (2005)32, in which 
258 patients were randomized 
(1:1) to receive four cycles of 
weekly versus 3-​weekly paclitaxel 
followed by four cycles of 
3-​weekly FAC

Improved pCR rate in patients receiving 
weekly paclitaxel (28.2% vs 15.7%; P = 0.02)

Weekly paclitaxel led to significant improvements 
in DFS (HR 0.84, 95% CI 0.73–0.96; P = 0.011) 
and OS (HR 0.87 , 95% CI 0.75–1.02; P = 0.09) in a 
cohort of 4,954 patients receiving either weekly 
or 3-​weekly paclitaxel or docetaxel following four 
cycles of doxorubicin plus cyclophosphamide116

Aromatase 
inhibitors versus 
tamoxifen

Ellis et al. (2001)33, in which 324 
patients were randomized (1:1) 
to 4 months of neoadjuvant 
letrozole versus tamoxifen

Significantly improved ORR (60% vs 41%; 
P = 0.004) and BCS rates (48% vs 36%; 
P = 0.036) with aromatase inhibitors

Aromatase inhibitors significantly reduce 
the 10-​year risk of disease recurrence (19.1% 
vs 22.7%, 95% CI 1.7–5.4; P < 0.00001), 
cancer-​specific mortality (12.1% vs 14.2%,  
95% CI 0.5–3.7; P = 0.009) and all-​cause mortality 
(21.3% vs 24.0%, 95% CI 0.1–4.7; P = 0.01) in a 
patient-​level meta-​analysis of data from  
31,920 patients16

Dowsett et al.34,42, in which 330 
patients were randomized (1:1:1) 
to 3 months of neoadjuvant 
tamoxifen, anastrozole, or 
tamoxifen plus anastrozole

No significant difference in ORRs 
between groups (ORRs 37%, 36% and 
39%, respectively); significantly more 
patients in the anastrozole group became 
eligible for BCS relative to the tamoxifen 
group (46% vs 22%, respectively; P = 0.03)

BCS, breast-​conserving surgery; CVAP, cyclophosphamide plus vincristine, doxorubicin and prednisone; DFS, disease-​free survival; FAC, fluorouracil plus 
doxorubicin and cyclophosphamide; ORR, overall response rate; OS, overall survival; pCR, pathological complete response; PR, partial response.
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endocrine therapy, namely PALLAS46 and MonarchE47, 
of which only the latter had positive results albeit in 
a patient population defined by a high disease burden 
rather than by insufficient sensitivity to endocrine 
therapy.

The addition of CDK4/6 inhibitors to endocrine ther-
apy has also been explored in the neoadjuvant setting 
for patients with HR-​positive, HER2-​negative early-​stage 
breast cancer. These trials revealed a low pCR rate 
(0–5%) but also demonstrated that CDK4/6 inhibitors 
induced more profound reductions in Ki67 levels from 
baseline to 2 weeks and to surgery48–53.

Next to Ki67 levels, the preoperative endocrine prog-
nostic index (PEPI) score is another tool that allows 
patients to be selected as candidates for treatment esca-
lation. The PEPI score is determined by summing the 
partial scores corresponding to pathological tumour 
and nodal stages, Ki67 levels, and ER status following 
neoadjuvant endocrine therapy and has been shown to 
predict recurrence-​free survival in the context of the 
IMPACT trial54. In the ALTERNATE study55,56, women 
with locally advanced luminal breast cancer were ran-
domly assigned to receive either anastrozole, fulvestrant 
or a combination of the two; the primary end point was 
endocrine-​sensitive disease rate, defined as the propor-
tion of patients with a PEPI score of 0 among all eligible 
patients who started neoadjuvant endocrine therapy. 
Of note, patients were removed from randomization if 
their 2-​week Ki67 levels did not decline from baseline 
in response to endocrine therapy. Neither fulvestrant 
nor fulvestrant plus anastrozole significantly improved 
endocrine-​sensitive disease rate compared with anastrozole  
alone56. Relapse-​free survival data remain immature.

The search for gene expression signatures that might 
enable patients receiving endocrine therapy to safely 
avoid chemotherapy has been another area of intense 
research interest. Owing to the more widespread use 
of screening, which has modified the epidemiology of 
breast cancers, the question of de-​escalation has become 
crucial. The risk of disease relapse can now be charac-
terized by transcriptomic signatures, two of which 
(Oncotype-​DX and MammaPrint) have proven clinical 
utility in the selection of patients who will have excellent 
outcomes on adjuvant endocrine therapy alone57–59.

The intrinsic tumour subtype is also being inves-
tigated as a potential predictive biomarker. In a retro-
spective, exploratory analysis of data from patients with 
luminal metastatic breast cancer from the MONALEESA 
phase III studies, all PAM50 intrinsic subtypes were 
associated with a consistent OS benefit with the addi-
tion of ribociclib to endocrine therapy, except for the 
basal-​like subtype60. Similar data from patients with 
early-​stage disease are not yet available.

Further complexity exists when questioning the 
optimal definition of ER positivity. Although 1% of 
cells staining ER positive on immunohistochemistry 
is considered the official cut-​off for ER-​positive breast 
cancer, a cut-​off of 10% is often used to guide clini-
cal decision-​making, which is supported by literature 
reports indicating that tumours with 1–9% ER expres-
sion (so-​called ER-​low tumours) have similar clinical 
characteristics to those classed as ER-​negative (<1%)61.

HER2-​positive breast cancer. The discovery that 15–20% 
of breast cancers have an aggressive clinical course 
linked to overexpression of HER2 marked the begin-
ning of an era of steady progress, with the registration of 
four HER2-​targeted therapies in the early-​stage disease 
setting62. Based on a growing understanding of both the 
HER2 signalling pathway and the mechanism of action 
of HER2-​targeted therapies, translational research 
efforts have focused on identifying predictive biomark-
ers of response that are both directly related to HER2 
itself (such as the ratio of ERBB2 copy number to CEP17 
determined using FISH, polysomy, mRNA and protein 
expression) and go beyond HER2, namely evaluating 
other receptors and/or ligands (such as HER3, EGFR, 
EGF, IGFR), HER2 downstream signalling pathways 
(such as PIK3CA/PTEN or RhoA), features associated 
with the tumour stroma (such as tumour-​infiltrating 
lymphocytes (TILs) or immune-​related gene signa-
tures), and other patient-​specific variables (such as the 
presence of HER2 and/or Fcγ receptor polymorphisms). 
Unfortunately, none of these putative biomarkers has 
thus far reached clinical utility62, although some have 
generated early promising results, for example, in the 
WSG-​ADAPT trial63,64.

Stratification based on tumour-​intrinsic subtypes 
is another attractive strategy that could be incorpo-
rated into patient selection for treatment escalation or 
de-​escalation. The PAM50-​based HER2-​enriched intrin-
sic subtype is associated with a higher likelihood of a 
pCR following neoadjuvant therapy65, and tools com-
bining traditional clinical, pathological and molecular 
characteristics to better predict clinical outcomes in 
patients with early-​stage HER2-​positive breast cancer 
are currently in development66.

DECRESCENDO (NCT04675827) is an ongoing,  
single-​arm, prospective trial testing de-​escalation of  
chemotherapy for patients with HER2-​positive, 
HR-​negative and node-​negative early-​stage breast can-
cer. After neoadjuvant taxane-​based chemotherapy and 
dual HER2 blockade, patients with a pCR will receive an 
additional 14 cycles of adjuvant pertuzumab plus tras-
tuzumab but no further chemotherapy. This approach 
is based on the hypothesis that the HER2-​enriched 
subtype (roughly 65–70% of the trial population) has 
‘HER2-​addicted’ tumours that are therefore good candi-
dates for anthracycline omission. Nonetheless, an ambi-
tious 3-​year invasive recurrence-​free survival of at least 
94% will have to be demonstrated in this molecularly 
defined subpopulation for this trial to meet the primary 
end point.

Triple-​negative breast cancer. TNBC has been tradi-
tionally considered a ‘targetless’ breast cancer subtype, 
for which chemotherapy has long been the only effec-
tive and available treatment strategy67. Nevertheless, 
advances in clinical research in the past decades have 
been changing the treatment landscape of TNBC, both 
in terms of chemotherapy options (such as the intro-
duction of dose-​dense regimens and platinum-​based 
therapies in the neoadjuvant setting) and in terms 
of other therapies that are now available for patients 
with this tumour type, including PARP inhibitors, 

NaTure ReviewS | Clinical Oncology

R e v i e w s

	  volume 19 | December 2022 | 767



0123456789();: 

immune-​checkpoint inhibitors and antibody–drug 
conjugates. Immune-​checkpoint inhibitors, in particular, 
have revolutionized the treatment and clinical trajectory 
of several cancer types, and relevant efforts are being 
made to identify predictive biomarkers of response, 
including in breast cancer. PD-​L1 (ref.68), TILs68, a high 
tumour mutational burden (typically ≥10 mutations 
per megabase)69, mismatch repair deficiency70, immune 
gene signatures71 and intrinsic molecular subtypes71 
are under investigation, but, so far, no biomarkers have 
been proven to have a clear role in predicting response 
to immune-​checkpoint inhibitors in early-​stage TNBC. 
A further level of complexity derives from the existence 
of several different diagnostic assays, scoring algorithms, 
intersample and intrasample heterogeneity, and differ-
ences according to the site of evaluation (metastatic 
versus primary lesions)72. Furthermore, beyond tumour 
characteristics, several additional factors could affect 
the outcomes of patients receiving immune-​checkpoint 
inhibitors73, including the general characteristics of the 
patient (including immune function74, obesity75 and/or 
the microbiota76). Thus, the search for biomarkers capa-
ble of predicting a response to immune-​checkpoint 
inhibitors in patients with early-​stage TNBC remains a 
huge challenge.

A portion of the tumours that were traditionally 
considered to be TNBCs match the definition of the 
so-​called HER2-​low category (namely those with a 
HER2 immunohistochemistry score of 1+ or 2+ with-
out detectable amplification on FISH)77. Robust evi-
dence so far supports the use of the HER2-​targeted 
antibody–drug conjugate trastuzumab deruxtecan in 
these patients78, thus underlining that the traditional 
distinction between these three breast cancer subtypes 
might be too simplistic and unhelpful in certain scenar-
ios given that the level of expression of both HER2 and 
hormone receptors is not binary but rather a continuous 
spectrum of expression, which intrinsically limits most 
attempts at classification.

Time to re-​think trial design?
Improving the end points of neoadjuvant trials. The 
establishment of an accelerated approval pathway for 
drugs designed to treat serious diseases that are also 
unmet medical needs dates back to the early 1990s and 
clearly addressed the need to expedite the entire process 
in the best interest of patients79,80. Such pathways typ-
ically rely on improvements on one or more surrogate 
end points to provide an early indication of efficacy. 
However, considerable academic debate exists on how 
and when a surrogate end point can truly be consid-
ered as ‘validated’. According to certain international 
guidelines81,82, surrogate validation should be based on 
robust correlation with survival end points, both at the 
study level and at an individual patient level.

As explained previously, pCR is only weakly corre-
lated with OS at the study level28, thus questioning the 
role of pCR as a valid surrogate end point. Moreover, 
pCR appears to lose some of its prognostic power when 
used to assess the efficacy of drugs that are not chemo-
therapies. This limitation applies to immune-​checkpoint 
inhibitors. For example, the GeparNUEVO study69,83 was 

a randomized, phase II study testing the addition of dur-
valumab to neoadjuvant chemotherapy for patients with 
early-​stage TNBC. No significant improvement in pCR 
rate was observed69; however, after a median follow-​up 
duration of 43.7 months, durvalumab was associated 
with a significant improvement in survival outcomes 
(3-​year OS 95.1% vs 83.1%, hazard ratio 0.26, 95% CI 
0.09–0.79; P = 0.0076)83. This observation might reflect 
that immune-​checkpoint inhibitors have a different 
mechanism of action to that of cytotoxic agents, and, 
by activating an immune response against cancer cells 
instead of acting directly against them, they are able 
to produce more durable and, in some cases, delayed 
responses84–86. Furthermore, pCR might also not be the 
best end point for the evaluation of responses to neoad-
juvant endocrine therapy. Compared with other breast 
cancer subtypes, HR-​positive, HER2-​negative tumours 
are characterized by lower pCR rates than neoadjuvant 
therapies and a simple distinction between pCR versus 
non-​pCR might be not useful because few patients reach 
a pCR. Compared with other breast cancer subtypes, 
HR-​positive, HER2-​negative tumours are traditionally 
characterized by lower pCR rates than neoadjuvant 
therapies87. Thus, a dichotomous distinction between 
pCR and non-​pCR could be an overly simplistic and 
inaccurate indicator of patient outcome, while the extent 
of residual disease could provide important additional 
information.

The issues with pCR justify a renewed interest in 
residual cancer burden (RCB). RCB is a continuous index 
based on the assessment of pathological measurements 
of the primary tumour (dimensions and cellularity frac-
tion) and nodal metastases (number and size). Based on 
these parameters, the RCB index can be divided into one 
of four categories: RCB 0 (pCR), RCB 1, RCB 2 and RCB 3  
(Fig. 1). The association between RCB and long-​term 
outcomes has been robustly demonstrated in all breast 
cancer subtypes (HR-​positive and HER2-​negative, 
HER2-​positive, and TNBC) independently of other clin-
ical and/or pathological characteristics88. Evaluations of 
the RCB index should increasingly be adopted as a clin-
ical end point in neoadjuvant trials involving patients 
with early-​stage breast cancer.

Considerable debate currently exists regarding the 
role of survival end points. In the list of surrogate end 
points to be used for regulatory approval purposes 
released by the FDA in 2018, beyond pCR, DFS, EFS, 
objective response rate and PFS are all permitted89. 
The initial justification for this approach comes from  
the desire to expedite the approval process owing to the 
shorter time required for assessments based on these end 
points compared with OS, thus allowing patients with 
unmet medical needs earlier access to drugs that might 
be effective. However, the strength of the associations 
of these surrogate end points with OS is not well docu-
mented. In 2020, Gyawali et al. explored the underlying 
evidence for these surrogate end points90, showing that 
considerable variability exists and that, in some scenarios, 
the association with OS is either weak or absent.

With the exponential increase in cancer drug costs 
in the past years, agreeing on a ‘prioritization’ list based 
on the real added value of such drugs is a legitimate 
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response. This much-​needed but difficult exercise has 
been conducted by ASCO, with the development of the 
ASCO Value Framework91, and by ESMO with the devel-
opment of the ESMO Magnitude of Clinical Benefit Scale 
(MCBS)92, which values improvements in OS and/or 
quality of life far more heavily than improvements in 
ORR or extension of PFS. Interestingly, DFS has been 
the subject of an intense debate, leading to a reasonable 
consensus: living additional months or years without 
detectable disease has greater value than living some-
what longer with stable, non-​progressive disease; thus, 
improvements in median DFS of sufficient magnitude 
are credited with high scores on the ESMO-​MCBS until 
OS data become available, at which point a lack of OS 
benefit induces a one-​point downgrade (ESMO-​MCBS 
version 2.0 will soon be published93). Although the scale 
does not include a dimension of ‘cost’, its application 
might help health authorities to prioritize drugs that 
more strongly warrant financial investment.

The post-​neoadjuvant setting: a promising scenario 
gaining in popularity. Among the several advantages 
provided by the neoadjuvant approach is the possi-
bility of selecting patients for treatment escalation or 
de-​escalation based on their response to neoadjuvant 
therapy. Despite imperfect surrogacy, patients who do 
not have a pCR generally have worse long-​term survival 
outcomes than those with a pCR after the completion 
of neoadjuvant therapy27. Hence, the post-​neoadjuvant 
setting is an attractive scenario for the design of pivotal 
clinical trials as it involves selecting patients with high-​
risk residual invasive disease at surgery who might be 
candidates for treatment escalation. Furthermore, com-
pared to the traditional adjuvant setting, such trials are 
less likely to enrol patients already cured by standard 
therapy (Fig. 2). Two systemic post-​neoadjuvant treat-
ments for patients with residual invasive disease at 
surgery are already approved for use in clinical prac-
tice: capecitabine for patients with TNBC, based on 
the results of the CREATE-​X trial94, and trastuzumab 

emtansine (T-​DM1) for patients with HER2-​positive 
disease, based on the results of KATHERINE95.

In the CREATE-​X trial, 910 patients with early-​stage, 
HER2-​negative (HR-​positive or HR-​negative) breast 
cancer and residual disease after the completion of 
neoadjuvant chemotherapy were randomly assigned 
to either 6–8 cycles of capecitabine or to no treatment. 
In the overall population, post-​neoadjuvant capecit-
abine resulted in significant improvements in invasive  
DFS (hazard ratio 0.70, 95% CI 0.53–0.92; P = 0.01) 
and OS (hazard ratio 0.59, 95% CI 0.39–0.90; P = 0.01), 
respectively, with a greater magnitude of benefit in the 
TNBC subgroup (n = 286) (hazard ratio 0.58, 95% CI 
0.39–0.87 for invasive DFS, and hazard ratio 0.52, 95% 
CI 0.30–0.90 for OS, respectively)94. In the KATHERINE 
trial, 1,486 patients with early-​stage, HER2-​positive 
breast cancer and residual disease at surgery, after neo-
adjuvant chemotherapy and HER2-​targeted therapy, 
were randomly assigned to receive either T-​DM1 or 
trastuzumab for 14 cycles. T-​DM1 was associated with 
a significant improvement in invasive DFS (hazard ratio 
0.50, 95% CI 0.39–0.64)95.

In 2021, another study, OLYMPIA96, demonstrated 
a significant improvement in 3-​year invasive DFS 
(85.9% vs 77.1%, hazard ratio 0.58, 99.5% CI 0.41–0.82;  
P < 0.001) and OS (59 vs 86 events, hazard ratio 0.68, 
99% CI 0.44–1.05; P = 0.02) with olaparib in patients with 
high-​risk, BRCA-​mutated, HER2-​negative early-​stage 
breast cancer, including those previously treated in the 
neoadjuvant setting and who presented with residual 
disease at surgery.

Another attractive feature of the post-​neoadjuvant 
setting is the possibility to perform translational analyses 
on residual disease and thus tailor post-​surgical systemic 
therapy accordingly (Fig. 2). In other words, the evalua-
tion of residual disease could reveal potential biomark-
ers (such as Ki67, TILs, RCB, and/or changes in gene 
expression and genetic alterations) for risk assessment 
and enable further fine-​tuning of subsequent tailored 
treatments.

Regimen A

Surgery

0
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2
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RCB index

Randomization EFS

Post-neoadjuvant 
therapy based on 
RCB status
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Fig. 1 | Residual cancer burden as an end point for neoadjuvant clinical trials. Replacing pathological complete 
response (pCR) with a residual cancer burden (RCB) profile and event-​free survival (EFS) is likely to improve the accuracy  
of data from neoadjuvant clinical trials as an early indicator of clinical benefit. RCB is a validated surrogate88,117 of longer-​
term survival outcomes (such as EFS) that is also more granular than dichotomous comparisons of pCR versus non-​pCR, 
with improved survival durations often seen for patients with more limited residual disease. Thus, post-​neoadjuvant trials 
should increasingly explore treatment strategies directed at addressing the residual disease profile.
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The post-​neoadjuvant setting also features several 
promising treatment de-​escalation scenarios. The most 
prominent considerations involve omitting breast and/or  
axillary surgery for patients without residual disease. 
Ongoing studies are investigating the omission of breast 
and/or axillary surgery after neoadjuvant systemic 
therapy in patients with a complete response97,98, some 
of them with encouraging results99,100, although this 
approach is currently not considered to be the standard 
of care.

The new era: future directions
The application of emerging technologies, including 
genomics, proteomics, metabolomics, pharmacogenet-
ics and functional imaging, to the development of pre-
dictive biomarkers of efficacy is beginning to shape the 
new era of (neo)adjuvant clinical trials in patients with 
early-​stage breast cancer.

Liquid biopsy. Liquid biopsy is a non-​invasive method 
of obtaining information on tumour characteristics and 
thus informing on prognosis through the analysis of cir-
culating material present in blood, including circulating 
tumour DNA (ctDNA) and circulating tumour cells101. 
In particular, findings from the past 10 years support 
the use of ctDNA sequencing as a feasible technique for 
use in patients with early-​stage breast cancer101,102 and 
an increasing amount of emerging data are now sug-
gesting its clinical utility in this setting103,104. Thus, as 

liquid biopsy has shown promise to predict early dis-
ease relapse before imaging103,104, it could become an 
important tool to be implemented in study designs, to 
select patients requiring additional treatments and, ulti-
mately, to guide treatment escalation or de-​escalation in 
the post-​neoadjuvant setting.

The ongoing phase II c-​TRAK (NCT03145961) trial 
is using ctDNA mutation tracking to detect minimal 
residual disease and guide the use of pembrolizumab in 
patients with high-​risk early-​stage TNBC. Despite the 
inconclusive preliminary results presented at the San 
Antonio Breast Cancer Symposium 2021, c-​TRAK has 
undoubted merit in the potential to provide proof of ini-
tial clinical utility of a ctDNA assay to guide the selective 
use of a systemic treatment (that is, pembrolizumab) in 
patients with TNBC105.

At the 2022 ASCO Annual Meeting, data on the role 
of ctDNA in the detection of late disease recurrence 
(>5 years from diagnosis) in women with high-​risk 
HR-​positive breast cancer were presented106. Of 83 evalu
able patients, 10% had minimal residual disease identi-
fied via ctDNA. ctDNA was detected in all patients who 
had distant disease relapse within the study follow-​up 
period (n = 5), with a lead time (the time from first 
positive ctDNA sample to clinical recurrence) of up to  
37.6 months (median 12.4 months)106,107. Results from 
additional ongoing studies are needed to determine 
whether therapeutic intervention immediately after 
ctDNA detection can improve the clinical outcomes 

Neoadjuvant
chemotherapy

Residual 
invasive disease

Evaluation of invasive disease

Post-neoadjuvant systemic 
treatment strategies
• Chemotherapy
• Antibody–drug conjugates
• Immunotherapy
• CDK4/6 inhibitors
• PARP inhibitors

Ki67 LVI TILsctDNA
and NGS

Gene
expression

Surgery

Fig. 2 | The post-neoadjuvant setting: an attractive scenario for future 
clinical trials. The post-​neoadjuvant setting offers the possibility of 
selecting patients with residual invasive disease at surgery who might 
benefit from additional adjuvant treatments (white text box) and also the 
avoidance of enrolling patients who are not likely to benefit from further 
therapy owing to a complete response to neoadjuvant therapy. Moreover, 

this approach allows translational analyses to be performed on the residual 
tumour material, thus enabling potential biomarkers to be identified (such 
as Ki67 , tumour-​infiltrating lymphocytes (TILs), circulating tumour DNA 
(ctDNA), and/or genetic and genomic alterations) (sepia text boxes), which 
could subsequently be validated prospectively. LVI, lymphovascular 
invasion; NGS, next-​generation sequencing.
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of these patients (such as ASPRIA (NCT04434040), 
PERSEVERE (NCT04849364), DARE (NCT04567420) 
and LEADER (NCT03285412)).

Functional imaging. Early changes in 18F-​labelled fluoro
deoxyglucose (18FDG) uptake observed using PET-​CT 
during neoadjuvant therapy have been correlated with 
the presence or absence of pCR in several trials involving 
patients with early-​stage breast cancer108,109. Unfortunately, 
none of these studies has explored the feasibility of using 
suboptimal standardized uptake values (SUVs) after  
2–3 cycles of neoadjuvant therapy to adapt the treatment 
scheme and thus improve outcomes. The clinical utility 
of treatment de-​escalation in patients with an excellent 
response on 18FDG-​PET appears more promising.

TBCRC026 was a phase II trial designed to investi-
gate the correlation between 18FDG-​PET SUV corrected 
for lean body mass (SULmax) and pCR rate on neoad-
juvant pertuzumab plus trastuzumab (without chemo-
therapy) in patients with ER-​negative, HER2-​positive 
early-​stage breast cancer110. The primary objective was 
to demonstrate a correlation between early changes in 
SULmax, assessed at baseline and 15 days after the start  
of neoadjuvant therapy, and pCR. The primary objective of  
the study was not met according to the predefined sta-
tistical boundaries, although early changes in SULmax 
were found to predict the likelihood of a pCR, thus pro-
viding a promising strategy to guide the de-​escalation of 
neoadjuvant therapy based on early functional imaging 
findings110 in patients with tumours that appear to be 
highly sensitive to HER2-​targeted therapy alone.

PHERGain111 (NCT03161353) is a randomized, phase II  
study designed to assess early metabolic responses 
to neoadjuvant trastuzumab plus pertuzumab using 
18FDG-​PET. In PHERGain, 18FDG-​PET is used to identify 
patients with HER2-​positive breast cancer who are more 
likely to benefit from neoadjuvant dual HER2 inhibition, 
without chemotherapy. Interestingly, at a primary analy
sis, 18FDG-​PET responders (defined as a reduction of  
at least 40% of the maximum SUV after two cycles  
of treatment) had a pCR rate of 37.9% (95% CI 31.6–44.5;  
P < 0.0001 compared with the historical rate)111. Follow-​up 
for the survival end point (DFS) is ongoing and will ulti-
mately provide data on the possibility of selecting patients  
who might be able to avoid chemotherapy.

Spatial transcriptomics and single-​cell RNA sequencing. 
All organs of the human body, including breast tissues, 
are comprised of different subpopulations of cells with 
strictly interconnected functions. By characterizing the 
transcriptome of each individual cell, single-​cell RNA 
sequencing can identify distinct subgroups of cells 
within the same tissue. However, this information is 
obtained through the isolation of cells and therefore the 
destruction of information regarding their spatial local-
ization within the tissue. Spatial information is essential 
to understanding the interconnections existing among 
different cells. Hence, increasing efforts are being made 
to merge information coming from single-​cell RNA 
sequencing together with spatial transcriptomics112. 
The integration of such data can further help to iden-
tify both differences and similarities between malignant 

and non-​malignant breast tissues but also enable the  
dissection of intertumour and intratumour heterogeneity.

Integration and collaboration. Clinical and translational 
early-​stage breast cancer research remains highly frag-
mented despite the existence of several unique initiatives 
such as the EBCTCG, which started in 1985, the Breast 
International Group founded in 1999, and the National 
Clinical Trial Network launched in 2014 (formerly the 
North America Breast Cancer Group).

The process of biomarker discovery and validation 
likely requires access to very large, well-​annotated data-
bases of ‘candidate biomarkers’ linked with clinical out-
comes; nonetheless, no clinical trial on its own is able 
to achieve such a goal. For this and other reasons, the 
International Committee of Medical Journal Editors 
issued an important statement in 2016, namely that shar-
ing data from interventional clinical trials is an ethical 
obligation113. The time has come to go one step further: 
after a protected period of time to enable sponsors to 
exploit their intellectual property rights, biomarker data 
collected in trials with sufficient quality control proce-
dures should become freely accessible to the broader 
scientific community. The costs linked to this process 
will not be negligible but will be much lower than those 
associated with thousands of additional and increasingly 
sophisticated independent translational research efforts. 
Additionally, an increasingly active role for patient advo-
cates in the design of future trials is sought, both as a 
fundamental part of academic research and to provide  
a ‘counterweight’ to industry-​led research114,115.

The future landscape of clinical trials. Neoadjuvant 
and post-​neoadjuvant trials are expected to have an 
increasing role in the evaluation of systemic thera-
pies for patients with early-​stage breast cancer (Fig. 3). 
Nonetheless, a number of methodological improve-
ments in trial design and implementation are required. 
Those designing neoadjuvant strategies should aim to 
implement end points with more robust associations 
with survival outcomes and, thus far, RCB is the best 
candidate to replace pCR given the higher level of gran-
ularity for assessments of the extent of residual disease 
it provides. To optimize resources, increase efficiency 
and minimize the risks of exposing patients to subop-
timal and sometimes toxic therapies, neoadjuvant trials  
should first focus on ‘signal-​finding’, randomized, phase II  
designs involving limited numbers of patients. Results 
from these studies can subsequently be confirmed in 
larger-​cohort, randomized phase III studies that are 
powered to demonstrate improvements in EFS. In this 
regard, I-​SPY (NCT01042379), a US initiative, embraced 
this strategy many years ago by testing neoadjuvant and 
personalized adaptive novel agents in patients with 
early-​stage breast cancer to determine which new drugs 
are most effective in particular breast cancer subtypes 
and to identify early predictors of treatment success. At 
enrolment, each new patient is included in one of the 
ten specific molecular subtypes; then, the I-​SPY 2 ran-
domization engine assigns each participant to a study 
arm, giving more weight to treatments that have proved 
to be more successful in that specific tumour subtype. 
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When the predictive probabilities for an experimental 
agent reach a pre-​specified level of either efficacy or 
futility, the treatment is then either declared to be suc-
cessful or administration is stopped. Not surprisingly, 
RCB 0 (implying pCR) has been chosen as the primary 
end point because it enables fast turnaround and thus 
the rapid evaluation of new drugs. However, this design 
also probably explains, for reasons outlined previously, 
the relatively limited number of drugs declared as being 
‘successful’ that have ultimately entered clinical practice 
in patients with early-​stage disease.

The post-​neoadjuvant setting will likely gain further 
popularity owing to the possibility of treatment esca-
lation for patients with residual disease after the com-
pletion of neoadjuvant therapy. An in-​depth molecular 
dissection of residual disease, with or without systematic 
screening for ctDNA detection, will help in the design 
of large-​cohort, randomized, multi-​arm, phase III trials 
powered to demonstrate potential improvements in inva-
sive DFS. The pure adjuvant setting (that is, the admin-
istration of systemic treatment after surgery without 
patient selection based on response to a prior treatment) 
is expected to have a more marginal role, focusing on 
ways to improve treatment adherence and/or quality of 
life, although this approach will continue to be important 
for investigating ‘delayed’ treatment strategies designed 
to tackle the problems of tumour dormancy and/or late 
disease relapse in patients with HR-​positive disease.

Conclusions
Breast cancer investigators have paved the way towards 
reinforced collaboration on two fronts: conducting 
pooled analyses of individual patient data from com-
pleted trials, and reducing duplication of effort in their 
design and implementation. After two decades of sub-
stantial research interest in small-​cohort neoadjuvant 
trials thought to be the ideal replacement for expensive 
and risky adjuvant trials with larger cohorts that are 
‘contaminated’ by patients with low-​risk disease, a better 
understanding of the limitations of pCR as a surrogate 
end point for DFS is emerging. This observation has led 
to a willingness to improve the design of neoadjuvant 
trials, together with a growing interest in exploiting 
the post-​neoadjuvant setting as a way to ameliorate the 
prognosis of patients at the highest risk. Nonetheless, 
the weakest aspect of this new approach remains bio-
marker research for improved treatment tailoring: more 
powerful and expensive technologies are emerging that 
enable the more detailed dissection of both the biology 
of tumours and their microenvironments; however, their 
use within trials with moderate cohort sizes is unlikely to 
provide data that support clinical utility. An accelerated, 
responsible, and user-​friendly biomarker and clinical 
data-​sharing process must become a high priority for 
the next generation of trials.
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Fig. 3 | Proposed landscape of future post-(neo)adjuvant clinical trials in early-stage breast cancer. Neoadjuvant 
trials are increasingly adopting residual cancer burden (RCB) as a surrogate end point for survival and should aim to be 
large (n = ~1,000–1,500), randomized, adequately powered for survival end points (such as event-​free survival; EFS) and 
designed following successful phase II, ‘signal-​finding’ studies. Interest in such trials is currently increasing, especially 
those designed to identify patients with residual disease at surgery who might benefit from treatment escalation 
strategies based on in-​depth molecular dissection of residual invasive disease and/or the exploration of circulating 
tumour DNA (ctDNA) detection. Interest in traditional adjuvant strategies (without neoadjuvant treatment) is likely to 
decline, although such studies remain relevant to the assessment of quality-​of-​life (QOL) outcomes, adherence to study 
treatment and exploration of ‘delayed strategies’ designed to reduce the risk of late relapse (>5–10 years), especially in 
patients with hormone receptor-​positive disease. iDFS, invasive disease-​free survival.
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