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Special Articles

Standardized Definitions for Efficacy End Points in
Neoadjuvant Breast Cancer Clinical Trials: NeoSTEEP
Jennifer K. Litton, MD1 ; Meredith M. Regan, PhD2 ; Lajos Pusztai, MD, PhD3 ; Hope S. Rugo, MD4 ; Sara M. Tolaney, MD5 ;
Elizabeth Garrett-Mayer, PhD6 ; Laleh Amiri-Kordestani, MD7 ; Reva K. Basho, MD8 ; Ana F. Best, PhD9 ; Jean-Francois Boileau, MD10 ;
Carsten Denkert, MD11 ; Jared C. Foster, PhD9 ; Nadia Harbeck, MD, PhD12 ; Heather A. Jacene, MD13 ; Tari A. King, MD14;
Ginny Mason, RN, BSN15; Ciara C. O’Sullivan, MBBCH16 ; Tatiana M. Prowell, MD7,17 ; Andrea L. Richardson, MD, PhD18;
Karla A. Sepulveda, MD19; Mary Lou Smith, JD, MBA20; Judy A. Tjoe, MD21; Gulisa Turashvili, MD22 ; Wendy A. Woodward, MD, PhD23 ;
Lynn Pearson Butler, MS24; Elena I. Schwartz, MD, PhD25; and Larissa A. Korde, MD, MPH26

DOI https://doi.org/10.1200/JCO.23.00435

ABSTRACT

PURPOSE The Standardized Definitions for Efficacy End Points (STEEP) criteria, estab-
lished in 2007 and updated in 2021 (STEEP 2.0), provide standardized defini-
tions of adjuvant breast cancer (BC) end points. STEEP 2.0 identified a need to
separately address end points for neoadjuvant clinical trials. The multidisci-
plinary NeoSTEEP working group of experts was convened to critically evaluate
and align neoadjuvant BC trial end points.

METHODS TheNeoSTEEPworkinggroup concentratedonneoadjuvant systemic therapy end
points in clinical trials with efficacy outcomes—both pathologic and time-to-
event survival end points—particularly for registrational intent. Special con-
siderations for subtypes and therapeutic approaches, imaging, nodal staging at
surgery, bilateral and multifocal diseases, correlative tissue collection, and US
Food and Drug Administration regulatory considerations were contemplated.

RESULTS The working group recommends a preferred definition of pathologic complete
response (pCR) as the absence of residual invasive cancer in the complete resected
breast specimen and all sampled regional lymph nodes (ypT0/Tis ypN0 per AJCC
staging). Residual cancer burden should be a secondary end point to facilitate
future assessment of its utility. Alternative end points are needed for hormone
receptor–positive disease. Time-to-event survival end point definitions should
pay particular attention to the measurement starting point. Trials should include
end points originating at random assignment (event-free survival and overall
survival) to capture presurgery progression and deaths as events. Secondary end
points adapted from STEEP 2.0, which are defined from starting at curative-
intent surgery, may also be appropriate. Specification and standardization of
biopsy protocols, imaging, and pathologic nodal evaluation are also crucial.

CONCLUSION End points in addition to pCR should be selected on the basis of clinical and
biologic aspects of the tumor and the therapeutic agent investigated. Consistent
prespecified definitions and interventions are paramount for clinically mean-
ingful trial results and cross-trial comparison.

INTRODUCTION

The Standardized Definitions for Efficacy End Points
(STEEP) criteria were established in 2007 by a group of
breast cancer (BC) clinical trial experts from the National
Cancer Institute and the National Clinical Trials Network1 to
provide consistent, standardized definitions for end points
in adjuvant BC trials. In 2021, STEEP was updated (STEEP
2.0) to address advances in cancer treatment, imaging, and
clinical trial design.2 STEEP 2.0 emphasized that the end

points used for neoadjuvant trials added a layer of com-
plexity that should be addressed separately. The NeoSTEEP
working group was formed to critically evaluate and align
neoadjuvant trial end points.

Historically, neoadjuvant systemic therapy was considered
in the setting of locally advanced disease to achieve oper-
ability, but its use evolved to include downstaging operable
tumors to allow for breast conservation. There was early
recognition that response to neoadjuvant chemotherapy
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(NAC) was prognostic,3 which led to the use of pathologic
response as an end point, and to trials of adjuvant therapy
focusing on patients with residual disease after NAC. Neo-
adjuvant therapy has become the standard of care for triple-
negative breast cancer (TNBC) and human epidermal growth
factor receptor 2–positive (HER21) BC because pathologic
response–guided adjuvant therapy has shown improvement
in survival.4 The prognostic and clinical value of pathologic
response is more limited in hormone receptor–positive
(HR1) BCs. Although the US Food and Drug Administration
(FDA) and others have provided guidance on using pathologic
complete response (pCR) as an end point in neoadjuvant BC
trials,5 there is a lack of standardization for definitions of both
pathologic response and long-term efficacy end points,
presenting challenges in cross-trial comparison and with
meta-analyses.6,7 In addition, study designs have become
more complicated as biologic subtypes and targeted therapies
were incorporated. In this article, we propose standardized
end points for clinical trials of neoadjuvant treatment for early
BC and outline trial design considerations affecting end point
assessment. The NeoSTEEP working group concentrated on
neoadjuvant therapy end points in clinical trials with efficacy
outcomes, particularly when there is registrational intent.
Special considerations for neoadjuvant studies, such as timing
of random assignment and interventions, were reviewed by
the working group and incorporated into these guidelines.

RECOMMENDED PATHOLOGIC END POINTS

Recent neoadjuvant clinical trials6,7 have used varying defi-
nitions of both end points and the elements comprising each
end point (reviewed in Appendix Table A1, online only). Here,
we recommend standardized definitions of end points for
neoadjuvant BC trials. The proposed end points for neo-
adjuvant BC trials are summarized in Table 1. The working
group notes that there are ongoing international efforts to
standardize pathologic reporting for numerous cancer types.9

pCR Definition

pCR is strongly associated with long-term survival outcomes,
most notably in HER21 and TNBC, and is commonly used as
the primary end point in neoadjuvant clinical trials.10 The FDA
performed a pooled analysis evaluating the three most
commonly used definitions of pCR7 and recommended either
of two definitions, which differ only on the basis of whether
residual ductal carcinoma in situ (DCIS) is considered5:

pCR (ypT0/Tis ypN0) is defined as the absence of residual
invasive cancer on hematoxylin and eosin evaluation of
the complete resected breast specimen and all sampled
regional lymph nodes following completion of neo-
adjuvant systemic therapy

or

pCR-no DCIS (ypT0 ypN0) is defined as the absence of
residual invasive and in situ cancer on hematoxylin and
eosin evaluation of the complete resected breast speci-
men and all sampled regional lymph nodes following
completion of neoadjuvant systemic therapy.

Werecommend that thefirst definition, pCR (ypT0/Tis ypN0),
is the preferred definition for neoadjuvant systemic therapy
trials.11 However, the absence of DCIS may be valuable in
specific clinical situations, such as trials evaluating omitting
local therapies. Should a trial preferpCR-noDCIS (ypT0ypN0)
as the primary end point, this should be defined a priori in the
protocol, used consistently in the pathologic assessment, and
clearly stated in resulting publications.

Additional Considerations for pCR

For the clinical trial end point definition, a patient who re-
quires further preoperative therapy because of lack of

TABLE 1. Standardized Definitions for Breast Cancer Clinical Trial End Points in the Neoadjuvant Setting (NeoSTEEP)

End Point Definition Values Breast Lymph Nodes

pCR ypT0/Tis ypN0 Yes, noa Absence of residual invasive cancer on H&E
of the completely resected breast
specimen

Absence of residual metastatic cancer in all
sampled regional nodes by H&E with or
without immunohistochemical assessment

pCR-no DCIS ypT0 ypN0 Yes, noa Absence of residual invasive and in situ
cancer on H&E of the completely resected
breast specimen

Absence of residual metastatic cancer in all
sampled regional nodes by H&E with or
without immunohistochemical assessment

RCB score;
RCB class

RCB Calculator
(mdanderson.org)8

Continuous score
and classes RCB
0b, I, II, III

Considers primary tumor bed dimensions
and overall cancer cellularity including the
percentage of cancer that is in situ
disease in tumor bed

Number of positive lymph nodes and size of
largest metastatic deposit

NOTE. End points on the basis of pathologic assessment of resected breast and regional lymph nodes after completion of neoadjuvant systemic
therapy.
Abbreviations: DCIS, ductal carcinoma in situ; H&E, hematoxylin and eosin; pCR, pathologic complete response; RCB, residual cancer burden.
aNo should include the following situations: requirement for additional preoperative therapy because of lack of response to the investigational
treatment being studied regardless of surgical outcomes, inadequate final pathologic assessment, no surgery regardless of reason, presence of
isolated tumor cells, and micrometastases in axillary lymph nodes.
bRCB of 0 is the same as pCR (ypT0/Tis ypN0).
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response to the treatments being studied should be consid-
ered not to have obtained a pCR regardless of the ultimate
surgical outcome, and it should be prespecified in the protocol
as an event-free survival (EFS) event (discussed below). This
may include trial designs with protocol-specified treatment
change on the basis of response, in which a core biopsy
showing residual invasive disease would document non-pCR.
Similarly, patients inwhom thefinal pathologic assessment is
inadequate, or surgery is not performed, should be catego-
rized as having non-pCR. The presence of isolated tumor cells
and micrometastases in axillary nodes after neoadjuvant
therapy is not considered a pathologic complete response and
has been associated with worse outcomes compared with
node-negative patients, especially in invasive lobular
carcinoma.7,10,12 If relevant in a given trial, these terms should
be defined prospectively and consistently reported as present
or absent in addition to pCR.13

Novel trial designs, such as those with intrapatient escala-
tion because of nonresponse, present additional nuances. In
these types of studies, pCR and EFS will be problematic to
interpret for regulatory purposes because such a design
cannot isolate the individual contribution of a given agent.
Given the complexity of intrapatient escalation designs, if
one is being contemplated in a registration trial, a meeting
should be requested with regulatory agencies in advance.

Residual Cancer Burden andOther Pathologic EndPoints

Although many studies have shown that pCR is associated
with an excellent prognosis, additional nuances must be
considered among patients who do not obtain a pCR. Several
nonbinary end points have been proposed and may provide
additional information. However, the current evidence base
for these is less robust.14,15 Residual cancer burden index (RCB)
incorporates additional pathologic characteristics at the time

of definitive surgery and therefore provides more granular
information when pCR is not attained. RCB can be used as a
continuous variable or to define response classes: RCB-0
(pCR [ypT0/Tis ypN0]), RCB-I (minimal residual disease),
RCB-II (moderate residual disease), and RCB-III (extensive
residual disease or progression on neoadjuvant therapy). RCB
score and class have been demonstrated inmultiple studies to
be associated with long-term survival outcomes in patients
receiving NAC.16,17 The clinical utility of RCB score as a con-
tinuous variable for comparison of treatment arms is cur-
rently under investigationandwill require further validation.18

We have reviewed the available supporting data for RCB and
other nonbinary end points (Table 2) and recommend that
RCB, both score and class, be included whenever feasible as a
secondary end point for neoadjuvant trials to facilitate future
assessment of its utility.

Survival End Points

Investigational treatments can be considered promising on the
basis of increasing pCR rate over standard therapy. However,
neoadjuvant registration trials should also include time-to-
event survival end points that begin at random assignment,
such as EFS and overall survival (OS), as these include both
progression and deaths because of toxicity before surgery as
events. If a trial includes both pre- and postsurgical therapies,
end points that begin at the time of definitive surgery, as
defined in STEEP 2.0, should also be reported. Table 3 details
the starting point (time origin) and events included in each
proposed end point definition. EFS events occurring post-
surgery align with the invasive disease-free survival (IDFS)
events as defined by STEEP 2.0, and similarly, BC-EFS aligns
with the invasive breast cancer–free survival (IBCFS) endpoint.
Other adaptations of STEEP 2.0 end points to the neoadjuvant
settingmay be appropriate, on the basis of standardized STEEP
2.0 definitions and nomenclature.

TABLE 2. Residual Cancer Burden and Other Pathologic End Points

Variable RCB16,a AJCC (ypTNM)19 Miller/Payne20

Comparison with pretreatment tumor X

Tumor cellularity X X

Size or volume of tumor in the breast X X

Axillary involvement X X

Semiquantitative measure X X

Continuous variable X

Categorical measure X X X

Measure of treatment response X

Prognostic post-therapy X X X

Slide requirements Postsurgical specimen only Postsurgical specimen only Pre-and postsurgical specimens

NOTE. Several other classification systems are also available.14,15

Abbreviations: AJCC, American Joint Committee on Cancer; RCB, residual cancer burden; ypTNM, pathologic TNM staging of the extent of cancer
after neoadjuvant therapy.
aRCB calculator.8
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TABLE 3. Standardized Definitions for Breast Cancer Clinical Trial End Points in the Neoadjuvant Setting (NeoSTEEP)

End Point Origin

Local-Regional
Progression

Before Surgerya

Distant
Progression

Before Surgery

Invasive
Ipsilateral

Breast Tumor
Recurrence

Local/
Regional
Invasive

Recurrence
Distant

Recurrence

Death
From
BC

Death
From

Non-BC
Cause

Death From
Unknown
Cause

Invasive
Contra-

lateral BC
Ipsilateral

DCIS
Contralateral

DCIS

Second
Primary
Invasive
Cancer

(nonbreast)

EFS Random
assignment

Xa X X X X X X X X X

BC-EFS Random
assignment

Xa X X X X X X X X

OS Random
assignment

X X X

DP/DRFS Random
assignment

X X X X X

IDFS Surgery X X X X X X X X

IBCFS Surgery X X X X X X X

DRFS Surgery X X X X

NOTE. STEEP 2.0 should be referenced for other adjuvant end points, for which surgery is the time origin.2 Time-to-event survival end point origins and defining events.
Abbreviations: BC, breast cancer; BC-EFS, breast cancer event-free survival; DCIS, ductal carcinoma in situ; DP/DRFS, distant progression and recurrence-free survival; DRFS, distant recurrence-free
survival; EFS, event-free survival; IBCSFS, invasive breast cancer–free survival; IDFS, invasive disease–free survival; OS, overall survival.
aThe working group recommends that investigators should predefine specific time points for breast imaging if it is to be used outside of clinical suspicion of progression and specify progression
thresholds in the protocol. Should those progression thresholds be met during the neoadjuvant therapy, that would be considered an EFS event.
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Theworkinggroup recognizes that clinical progressionduring
neoadjuvant therapy does not always result in inoperability,
whereas EFS commonly refers only to progression that pre-
cludes surgery as an event. Clinical progression may be
evaluated and defined differently. The working group rec-
ommends investigators predefine specific times for breast
imaging, whether it is to be used outside of clinical suspicion
of progression, and specify thresholds for progression in the
protocol. Should those thresholds be met during neoadjuvant
therapy, that would be considered an EFS event as defined in
the protocol.

IMAGING CONSIDERATIONS IN NEOADJUVANT
CLINICAL TRIALS

Determining Clinical Stage at Baseline

Baseline clinical and imaging evaluation of the breast and
regional nodes should be considered standard for all neo-
adjuvant trials.21 Conventional breast imaging performed
before initiation of neoadjuvant therapy includes mam-
mography and ultrasound.22 Dynamic contrast-enhanced
breast magnetic resonance imaging (DCE-MRI) may also
be used in the baseline evaluation and is the most sensitive
modality for BC detection.23 Contrast-enhanced mammog-
raphy is currently being evaluated. While each imaging
modalitymight havemerit on the basis of the trial objectives,
the selected imaging protocol should be clearly stated and
applied consistently throughout the course of the trial. A core
biopsy or fine-needle aspiration of suspicious accessible
axillary lymph nodes should be completed before random
assignment per standard staging guidelines.21,24 Sentinel
lymph node biopsy (SLNB) and/or nodal dissection should
not be performed before neoadjuvant treatment if pCR is the
primary end point as this precludes evaluation of nodal
response.

Response Assessment During Treatment

Imaging evaluation during neoadjuvant treatmentmay serve
three distinct purposes: assess treatment response, sub-
stantiate clinical suspicion of disease progression, and assist
in surgical treatment planning. The same imaging modality
used at baseline should be performed for the measurement
of clinical response to therapy. Although ultrasound is
commonly used to measure changes in tumor size during
neoadjuvant therapy because of its availability and low
cost, DCE-MRI offers higher diagnostic accuracy in pri-
mary tumor response assessment than other currently
established methods (physical examination, mammogra-
phy, and ultrasonography).25-28 However, no current im-
aging method predicts pCR accurately enough to obviate the
need for surgery.29-31 Multiple emerging functional and
molecular imaging techniques, using advanced magnetic
resonance imaging and/or radionuclide imaging to assess
physiologic changes induced by treatment, as well as ma-
chine and deep learning applications, are under investigation
to improve the assessment of treatment response.22,32

Disease progression is observed in 3%-5% of patients during
NAC.33 Protocols should clearly specify the management,
including required imaging, for patients in whom disease
progression is suspected. Treatment recommendations, if
progression is confirmed, should be predefined in the re-
search plan. In neoadjuvant trial designs, regardless of
whether intrapatient treatment escalation is permitted on
protocol, patients with progression who discontinue study
treatment should be categorized as having non-pCR for
regulatory and reporting purposes. The protocol should also
specify that progression during neoadjuvant therapy that
precludes surgery or meets prespecified criteria is an EFS
event.5

SPECIAL CONSIDERATIONS IN NEOADJUVANT
CLINICAL TRIALS

Local Therapy End Points

In early NAC trials, the proportion of patients whose disease
was downstaged—either from inoperable to operable or from
requiring mastectomy to becoming breast conservation
candidates—was considered clinically meaningful and
therefore was often reported as a study end point.34,35 As
clinical trials in the neoadjuvant setting expand into earlier-
stage disease, these end points are less relevant. However, in
neoadjuvant clinical trials that accrue large numbers of locally
advanced BCs, reporting breast conservation eligibility rates
(yes vno) before and after neoadjuvant therapy as a secondary
end point is encouraged. If a trial includes eligibility for breast
conservation as an end point, the protocol should include
specific parameters to define eligibility for breast-conserving
surgery, taking into account that some patients who are el-
igible for breast conservation may opt for mastectomy.21,24

Nodal Staging Considerations at Surgery

In patients treated with neoadjuvant therapy, axillary surgery
paradigms are dependent on presenting clinical nodal status
and treatment response. The NeoSTEEP working group ac-
knowledges that management of the axilla after neoadjuvant
therapy is evolving; however, inadequate axillary evaluation—
either before or after neoadjuvant therapy—may affect pCR as
an outcome. The staging of the axilla should use the American
Joint Committee on Cancer (AJCC) staging system19 at diag-
nosis, and management should be predefined in the protocol
andused consistently throughout the trial with the following as
suggested considerations according to the clinical staging of
the lymph nodes (cN):

• For patients with cN0 disease, no further surgery is indi-
cated in the setting of negative sentinel nodes. For cN1
diseasewith evidence of response to neoadjuvant therapy, a
surgical axillary staging procedure—SLNB with or without
targeted excision of the pretreatment biopsied lymph
node(s)—can be pursued, provided that technical elements
are incorporated tominimize the false-negative rate. While
multiple ongoing studiesmay influence this guidance in the
future, currently, any patient with positive node(s)

Journal of Clinical Oncology ascopubs.org/journal/jco | Volume 41, Issue 27 | 4437

NeoSTEEP Efficacy End Points for Neoadjuvant Breast Cancer Clinical Trials

http://ascopubs.org/journal/jco


postneoadjuvant therapy or an inadequate surgical axillary
staging procedure should undergo axillary node dissection.

• For patients with cN2 disease at diagnosis, there is in-
sufficient evidence to support limited axillary evaluation
(SLNB with or without targeted excision of the pretreat-
ment biopsied lymph node) and at a minimum, level 1 and
2 axillary dissection should be prespecified.

• For patients presenting with cN3 disease, there are no data
to support limited axillary evaluation. Level 1 and 2 axillary
lymph node dissection with intraoperative palpation of
level 3 nodes anddissection if clinically indicated should be
performed after neoadjuvant therapy, irrespective of re-
sponse to therapy. Inclusion of patients with cN3 disease
in trials with a primary or coprimary end point of pCR
should be carefully considered with well-defined imaging
parameters for assessing response to therapy as all sites of
disease will not be pathologically examined.

HR1 Disease

The likelihood of pCR varies widely among BC subtypes.
HR1 cancers are less likely than triple-negative or HER21/
estrogen receptor (ER)–negative disease to achieve a pCR
with chemotherapy. However, as with other subtypes, pCR in
HR1 disease is associated with better long-term prognosis
compared with non-pCR.10 Reported pCR rates for unselected
HR1 disease range from approximately 7% to 11% in che-
motherapy trials7,10,36-38 and from 2% to 6% with endocrine
therapy alone or combined with targeted therapy, despite
high clinical response rates.39-41 Given these low pCR rates,
other end points have been sought for evaluation of neo-
adjuvant treatment efficacy in HR1 disease.

Currently, the working group does not recommend a spe-
cific end point associated as a registrational end point for
neoadjuvant endocrine therapy (NET). Ki-67 is a measure
of proliferation and has been associated with response to
NET. Several studies have investigated changes in Ki-67
after short-term NET as a continuous measure, as a binary
measure below a threshold of ≤10%, as Preoperative En-
docrine Prognostic Index (PEPI) score in combination with
clinical tumor size and level of ER expression, or as a
surrogate marker for long-term efficacy with endocrine
therapy alone.42,43 Results of phase II trials with change in
Ki-67 as the primary end point seem to mirror results of
larger phase III adjuvant studies.44-47 The PEPI score
combines clinical tumor size, Ki-67, and level of ER ex-
pression after NET and has been evaluated in several
studies, but data have not yet correlated PEPI score with
long-term outcomes, and therefore, we are not recom-
mending it as a regulatory end point.48,49 In ameta-analysis
of patients treated with NAC,48 higher RCB was associated
with worse EFS in patients with unselected HR1 tumors. In
contrast to other subtypes, in which EFS is superior with
RCB-0 (pCR) than with any degree of residual disease,
patients with HR1 disease had similar EFS with RCB-0

and RCB-I. This highlights the complexity of using inter-
mediate neoadjuvant end points in HR1 disease and the
heterogeneity of this subset. Thus, although several
measures have demonstrated prognostic value, further
studies are required to fully validate surrogate end points
for long-term outcome in HR1 disease before being con-
sidered as primary end points in definitive trials.43,50

Further complicating pathologic response assessment in
HR1 disease is the degree of heterogeneity of this subtype.
Tumors with a luminal B or basal intrinsic subtype (even with
high expression of HRs), higher Ki-67, high-risk gene ex-
pression score, and lower quantitative expression of HRs
(<10%) are more likely to have a pCR after NAC.51,52 Multiple
arms of the I-SPY 2 trial suggested that among HR1 cancers,
MammaPrint Ultra-High status might define a subset where
pCR rate improvement could serve as a useful early predictor of
long-term outcome51,53,54 However, in the current studies,
patient selection may heavily influence response rates and
long-term outcomes. Neoadjuvant clinical trials including or
focusing on HR1 disease should therefore carefully define the
biologic subset to be included to facilitate identification of
appropriate pathologic end points.55-57

Immunotherapy Trials

Treatment with neoadjuvant immunotherapy combined with
chemotherapy for TNBC may improve long-term outcome
even in patients who do not achieve a pCR.58 Current data
suggest that the burden of residual disease, as measured by
RCB, may predict survival benefit of immunotherapy among
patients who do not achieve pCR,59 highlighting the impor-
tance of including both pCR and EFS as end points in neo-
adjuvant registrational trials, especially for patients receiving
immunotherapy.60

Inflammatory Breast Cancer

Recent international, multi-institutional consensus state-
ments on the clinical management of invasive breast cancer
(IBC) recommend NAC as the standard of care61,62 and
highlight the paucity of trials that include IBC, leading to
limited data on efficacy of new regimens in this patient
population. While pCR is associated with improved survival
and remains a relevant end point, the magnitude of benefit is
less than that of non-IBC pCR.63,64 Modified radical mastec-
tomy continues to be the standard-of-care surgery for this
patient population,61 and as such, breast conservation rates
are not relevant. Patients with IBC often have cN3 disease at
diagnosis and may be unnecessarily excluded from trials
assessing pCR out of concern that the unresected cN3 disease
is unevaluable. Disease control in unresected regional nodes is
excellent, with adequate radiotherapy targeting all diseases
visible on pretreatment imaging.65 This highlights the critical
importance of adequate clinical staging with cross-sectional
imaging through the neck in all patients with cN3 disease.
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Bilateral and Multifocal Diseases

The incidence of synchronous bilateral BC is between 1.5% and
3% of all newly diagnosed BCs, and the histologic type and
receptor statuses of these cancers may differ from one an-
other.66Molecular evidence supports viewing the two tumors as
two distinct primary lesions and not as one disease with
metastatic spread.67 Discordant ER or HER2 receptor status,
which is observed in 10%-20% of cases, creates an eligibility
conundrum for clinical trials that are BC receptor subtype-
specific and may confound results.68 Should investigators
choose to include these patients in a neoadjuvant clinical trial,
each cancer should be evaluated independently for pathologic
response and both the end points and measurements must be
carefully predefined. In patients with molecularly distinct
synchronous bilateral BCs, the origin of recurrent ormetastatic
lesions may be challenging to ascertain and postoperative
systemic therapy could include multiple agents that would
differ from the rest of the trial population; therefore, excluding
these patients from trial eligibility may be appropriate.

Improved sensitivity of breast imaging modalities has resulted
in an increase in the clinical diagnosis of unilateral multifocal
BC. In these cases, the diameter of the largest contiguous lesion
is used to assign clinical stage (AJCC 8th edition).19 According to
the College of American Pathologists (CAP), when assigning
receptor subtype, receptor characterization of only the largest
lesion is required (because of >90% concordance in receptor
status and other molecular features across distinct foci, indi-
cating singular cellular origin), unless the grade and/or his-
tology are different between the lesions, in which case each
distinct histologic lesion should be assessed separately.69,70

Neoadjuvant trials may also include non–standard-of-care
imaging to assess response and to explore biologic correlates of
response and resistance. These modalities might have in-
creased sensitivity to discernmultifocal/multicentric cancers. If
the imaging modality used to determine trial eligibility differs
from that used to assess on-treatment response, these could
generate discordant results; thus, use of a consistent imaging
modality is preferred. However, if this is not desirable or fea-
sible, rules to adjudicate discordant results should be clearly
outlined in the study protocol.

Planned Correlative Tissue Collection

The inclusion of correlative science and specimen collection
during a clinical trial is imperative to elucidate factors
associated with treatment response and resistance. How-
ever, removal of tissue could affect a primary end point of
pCR (eg, multiple core biopsies of a very small tumor may
eliminate all residual diseases). There is also a concern that
optional biopsiesmay be distributed unequally if not agreed
on before random assignment. We therefore recommend
specifying a limited number and size of cores to be obtained.
If biopsies are optional, then whether the patient agreed to
undergo a biopsy should be considered as a stratification
factor.

QUALITY OF LIFE AND PATIENT-REPORTED OUTCOMES

Many aspects of assessing quality of life (QOL) and
patient-reported outcomes (PRO) are shared between
neoadjuvant and adjuvant systemic therapy trials al-
though neoadjuvant trials have some unique therapeutic
aspects. Tumor shrinkage and/or eradication of nodal
disease after neoadjuvant therapy allows less extensive
surgical therapy, which may lead to increased rates of
breast conservation and less surgical morbidity (lower
rates of lymphedema) with improved cosmetic outcomes.71

Patient-reported satisfaction with outcome and QOL after
breast surgery is an important patient-level outcome. Leaders
in the domain of PROs after breast surgery have developed a
validated multidomain tool, the BREAST-Q,72 to study the
impact of different local therapy strategies (breast-con-
serving surgery vmastectomywithorwithout reconstruction)
and the impact of axillary treatment on PROs.73

Capturing patient satisfaction with surgical outcome is an
important end point in neoadjuvant trials, particularly if
the therapies that are compared between the trial arms
have different cosmetic outcomes (ie, drugs that might
interfere with wound healing, or patients in one trial arm
continue to receive an experimental therapy concurrent
with radiation therapy).

FDA REGULATORY CONSIDERATIONS

Products that are safe and effective for the treatment of BC
should be incorporated into the curative setting,where theywill
provide the greatest benefit to patients, as efficiently as pos-
sible. FDA supports the use of neoadjuvant trials as a means of
expediting drug development for high-risk, early-stage BC and
encourages the use of pCR as the key pathologic end point in
preoperative studies conducted with registrational intent.74 It is
expected that the association between pCR and long-term
outcome may differ between BC subtypes and classes of ther-
apeutic products. Although achieving pCR portends an im-
proved prognosis for individual patients, the difference in pCR
thatmay translate into a reduced risk of recurrence or death for
agiven therapeutic agent remainsunclear at this time.Given the
uncertainties regarding the association of pCR with long-term
outcomes, pCR is considered in the context of the totality of data
regarding efficacy and safety. Time-to-event endpoints such as
EFS, IDFS, and OS remain essential for risk-benefit assessment
to support regulatory approval. Finally, FDAnotes thatnon-pCR
in the preoperative setting is a valuable prognostic biomarker
for enrichment of adjuvant clinical trials for patients with high
unmetmedical need.75 All neoadjuvant registration trials should
be discussed in advance with regulatory agencies.

In summary, the NeoSTEEP working group reviewed clinical
trial designs and herein provides recommendations and defi-
nitions for end points for neoadjuvant BC trials. Uniform
definitions for events and timeof origin for each time-to-event
endpoint are critical andwill allow for consistent evaluations of
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treatment benefit across studies. Nonbinary pathologic end
pointswere reviewed and considered; RCB is currently themost
well-studied. The working group recommends that pCR be
defined as the absence of residual invasive cancer in the
complete resected breast specimen and all sampled regional
lymph nodes (ypT0/Tis ypN0 per AJCC staging). We recognize
that the binary outcome of pCR may not fully capture the
benefits of therapies and interventions, particularly in HR1
disease. While the working group determined that there is no
sufficient justification to support RCB as a recommended
primary end point for registrational purposes, we recommend
that RCB be included as a secondary end point for neoadjuvant
BC trials to enable potential validation of this end point for
future use, especially when evaluating novel therapeutics and
immunotherapies.

Both pCR and time-to-event end points that begin at random
assignment should be included as end points in neoadjuvant
trials with registrational intent. Additional end points should

be chosen on the basis of clinical and biologic aspects of the
tumor and the therapeutic agent under investigation. Speci-
fication and standardization of biopsy protocols, imaging
modalities, time points for data collection, and approaches
to pathologic evaluation are also crucial. Consistent pre-
specified definitions and interventions are paramount to a
well-designed and well-conducted trial that will provide
clinically meaningful results.

Although there are many factors involved in designing ro-
bust neoadjuvant clinical trials, the working group focused
the scope of NeoSTEEP on end points in registrational trials
and acknowledges that therapeutics will evolve and more
questions regarding trial design will emerge. This further
necessitates the consistent use of long-term outcome end
pointswithwell-defined starting time points and the need to
revisit and revise guidelines such as NeoSTEEP over time. As
with the STEEP criteria in adjuvant BC, it is expected that
NeoSTEEP will similarly require future updates.
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APPENDIX

TABLE A1. Reviewed Trials

Study

pCR Long-Term Outcome

CommentsUse Definition
End

Pointa Use Origin

CALGB 40601b Primary ypT0/Tis RFS Secondary Surgery pCR in breast and axilla was a
secondary end point; patients who
did not undergo surgery were not
assessable for RFS

GeparSeptoc,d Primary ypT0/Tis ypN0 EFS Secondary Random assignment

GeparSixtoe Primary ypT0/Tis ypN0 DFS Secondary Random assignment DFS defined from the time of random
assignment, but progression under
therapy was not considered a DFS
event

Intensf Primary ypT0/Tis DFS Secondary Surgery DFS did not include distant
recurrences

SWOG S0800g Primary ypT0/Tis ypN0 DFS Secondary Surgery Patients who did not undergo surgery
because of early progression were
not assessable for DFS

TRAIN-2h Primary ypT0/Tis ypN0 RFS Secondary Random assignment End point not named EFS, but does
begin at random assignment

BrighTNessi Primary ypT0/Tis ypN0 EFS Secondary Random assignment

CALGB 40603j Primary ypT0/Tis RFS Secondary Surgery Patients who did not undergo surgery
were not assessable for RFS; EFS
added post hoc

KEYNOTE-52260,k Primary ypT0/Tis ypN0 EFS Primary Random assignment

Impassion 031l Primary ypT0/Tis ypN0 EFS Secondary Random assignment

NOAHm Secondary ypT0 ypN0 EFS Primary Random assignment Does not describe how DCIS was
handled for pCR

KRISTINEn,o Primary ypT0/Tis ypN0 EFS Secondary Random assignment

GeparQuintop Primary ypT0 DFS Secondary Surgery

WSG-Adapt—HR1/HER2242 Not reported not reported EFS Primary Registration

WSG-Adapt—all othersq,r,s,t Primary ypT0/Tis ypN0 EFS Secondary Registration Comparison of EFS described as a
primary outcome for umbrella trial

I-SPY2u Primary ypT0/Tis ypN0 RFS Secondary Treatment initiation EFS included in publication; definition
not in the original protocol

NOTE. Trials for review were aligned with those reviewed by the ASCO Guideline: Korde LA, Somerfield MR, Carey LA, et al: Neoadjuvant
Chemotherapy, Endocrine Therapy, and Targeted Therapy for Breast Cancer: ASCOGuideline. J Clin Oncol 39:1485-1505, 2021. Includedwere phase
II and III randomized clinical trials reported as of August 2020; for NeoSTEEP, we limited trials to those published since approximately 2015,
excluded neoadjuvant endocrine therapy as few had time-to-event survival end points, and added WSG-Adapt and I-SPY2 trials.
Abbreviations: DCIS, ductal carcinoma in situ; EFS, event-free survival; HER22, human epidermal growth factor receptor 2–negative;
HR1, hormone receptor–positive; pCR, pathologic complete response.
aEnd point as labeled in the article, but may not conform to STEEP (Tolaney et al2) definitions.
bCarey LA, Berry DA, Cirrincione CT, et al: Molecular heterogeneity and response to neoadjuvant human epidermal growth factor receptor 2 targeting
in CALGB 40601, a randomized phase III trial of paclitaxel plus trastuzumab with or without lapatinib. J Clin Oncol 34:542-549, 2016.
cUntch M, Jackisch C, Schneeweiss A, et al: Nab-paclitaxel versus solvent-based paclitaxel in neoadjuvant chemotherapy for early breast cancer
(GeparSepto-GBG 69): A randomised, phase 3 trial. Lancet Oncol 17:345-356, 2016.
dUntch M, Jackisch C, Schneeweiss A, et al: NAB-paclitaxel improves disease-free survival in early breast cancer: GBG 69-GeparSepto. J Clin Oncol
37:2226-2234, 2019.
evon Minckwitz G, Schneeweiss A, Loibl S, et al: Neoadjuvant carboplatin in patients with triple-negative and HER2-positive early breast cancer
(GeparSixto; GBG 66): A randomised phase 2 trial. Lancet Oncol 15:747-756, 2014.
fVriens B, Vriens IJH, Aarts MJB, et al: Improved survival for sequentially as opposed to concurrently delivered neoadjuvant chemotherapy in
nonmetastatic breast cancer. Breast Cancer Res Treat 165:593-600, 2017.
gNahleh ZA, Barlow WE, Hayes DF, et al: SWOG S0800 (NCI CDR0000636131): Addition of bevacizumab to neoadjuvant nab-paclitaxel with
dose-dense doxorubicin and cyclophosphamide improves pathologic complete response (pCR) rates in inflammatory or locally advanced breast
cancer. Breast Cancer Res Treat 158:485-495, 2016.
hvan Ramshorst MS, van der Voort A, van Werkhoven ED, et al: Neoadjuvant chemotherapy with or without anthracyclines in the presence of dual
HER2 blockade for HER2-positive breast cancer (TRAIN-2): A multicentre, open-label, randomised, phase 3 trial. Lancet Oncol 19:1630-1640, 2018.
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iLoibl S, O’Shaughnessy J, Untch M, et al: Addition of the PARP inhibitor veliparib plus carboplatin or carboplatin alone to standard neoadjuvant
chemotherapy in triple-negative breast cancer (BrighTNess): A randomised, phase 3 trial. Lancet Oncol 19:497-509, 2018.
jSikov WM, Berry DA, Perou CM, et al: Impact of the addition of carboplatin and/or bevacizumab to neoadjuvant once-per-week paclitaxel followed
by dose-dense doxorubicin and cyclophosphamide on pathologic complete response rates in stage II to III triple-negative breast cancer: CALGB
40603 (Alliance). J Clin Oncol 33:13-21, 2015.
kSchmid P, Cortes J, Pusztai L, et al: Pembrolizumab for early triple-negative breast cancer. N Engl J Med 382:810-821, 2020.
lMittendorf EA, Zhang H, Barrios CH, et al: Neoadjuvant atezolizumab in combination with sequential nab-paclitaxel and anthracycline-based
chemotherapy versus placebo and chemotherapy in patients with early-stage triple-negative breast cancer (IMpassion031): A randomised,
double-blind, phase 3 trial. Lancet 396:1090-1100, 2020.
mGianni L, Eiermann W, Semiglazov V, et al: Neoadjuvant and adjuvant trastuzumab in patients with HER2-positive locally advanced breast cancer
(NOAH): Follow-up of a randomised controlled superiority trial with a parallel HER2-negative cohort. Lancet Oncol 15:640-647, 2014.
nHurvitz SA, Martin M, Jung KH, et al: Neoadjuvant trastuzumab emtansine and pertuzumab in human epidermal growth factor receptor 2-positive
breast cancer: Three-year outcomes from the phase III KRISTINE study. J Clin Oncol 37:2206-2216, 2019.
oHurvitz SA, Martin M, Symmans WF, et al: Neoadjuvant trastuzumab, pertuzumab, and chemotherapy versus trastuzumab emtansine plus
pertuzumab in patients with HER2-positive breast cancer (KRISTINE): A randomised, open-label, multicentre, phase 3 trial. Lancet Oncol
19:115-126, 2018.
pUntchM, vonMinckwitz G, Gerber B, et al: Survival analysis after neoadjuvant chemotherapy with trastuzumab or lapatinib in patients with human
epidermal growth factor receptor 2-positive breast cancer in the GeparQuinto (G5) study (GBG 44). J Clin Oncol 36:1308-1316, 2018.
qGluz O, Nitz U, Kolberg-Liedtke C, et al: De-escalated neoadjuvant chemotherapy in early triple-negative breast cancer (TNBC): Impact of molecular
markers and final survival analysis of the WSG-ADAPT-TN trial. Clin Cancer Res 28:4995-5003, 2022.
rGluz O, Nitz U, Liedtke C, et al: Comparison of neoadjuvant nab-paclitaxel 1 carboplatin vs nab-paclitaxel 1 gemcitabine in triple-negative breast
cancer: Randomized WSG-ADAPT-TN trial results. J Natl Cancer Inst 110:628-637, 2018.
sNitz U, Gluz O, Graeser M, et al: De-escalated neoadjuvant pertuzumab plus trastuzumab therapy with or without weekly paclitaxel in
HER2-positive, hormone receptor-negative, early breast cancer (WSG-ADAPT-HER21/HR-): Survival outcomes from a multicentre, open-label,
randomised, phase 2 trial. Lancet Oncol 23:625-635, 2022.
tNitz UA, Gluz O, Christgen M, et al: De-escalation strategies in HER2-positive early breast cancer (EBC): Final analysis of the WSG-ADAPT HER21/HR-
phase II trial: efficacy, safety, and predictive markers for 12 weeks of neoadjuvant dual blockade with trastuzumab and pertuzumab 6 weekly
paclitaxel. Ann Oncol 28:2768-2772, 2017.
uYee D, DeMichele AM, Yau C, et al: Association of event-free and distant recurrence-free survival with individual-level pathologic complete response
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