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Abstract: Neoadjuvant treatment of breast cancer initially was
limited to patients with locally advanced breast cancer in which
downstaging was necessary. Now, neoadjuvant trials have become
an increasingly common way to facilitate the rapid assessment
of new cancer therapies. The appeal of neoadjuvant trials is that
they provide the opportunity to study translational science, tumor
biomarkers, and intermediate endpoints in response to systemic
therapy within a shortened period. This review summarizes the
data that contribute to our understanding of the association
between pathological complete response and long-term outcomes,
describes the implications of drug development and accelerated
approval in neoadjuvant treatment of breast cancer, and provides

a perspective on future neoadjuvant drug development.

Introduction

The use of preoperative or postoperative systemic chemotherapy as a
component of combined modality treatment has been the standard
of care for patients with early-stage breast cancer. It has been clearly
established that there is no difference in disease-free survival (DFS) or
overall survival (OS) based on the timing of chemotherapy relative to
surgery.' Historically, the approval of new agents to treat early breast
cancer has occurred up to 10 years after the initial approval in the
metastatic setting. Large randomized adjuvant trials with prolonged
follow-up for DFS and OS have formed the basis of early breast can-
cer approval. Neoadjuvant therapy has become increasingly popular,
and its use has expanded beyond its initial role in tumor downstag-
ing in order to accomplish surgery in patients with locally advanced
breast cancer. The neoadjuvant setting has been appealing because it
provides an ideal scenario for real-time examination of tumor tissue,
imaging results, and other biomarkers in response to systemic therapy.
Furthermore, it has become clear that neoadjuvant trials provide a
setting in which to assess drug efficacy more expeditiously, within a
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shorter time frame, and with a smaller sample size than
with adjuvant trials. The increase in drug development in
the neoadjuvant setting has underscored the need for a bet-
ter understanding of the neoadjuvant endpoints needed to
support regulatory approval.

Pathological Complete Response

Although pathological complete response (pCR) has
been proposed as a surrogate endpoint for prediction of
long-term clinical benefit, this surrogacy was not well
established. Despite the fact that pCR was the most
commonly used primary endpoint in neoadjuvant tri-
als, it was variably defined, which made interpretation
of data across clinical trials challenging. Furthermore,
neoadjuvant trials typically were not powered to evaluate
long-term outcomes.

To optimize the definition of pCR, enable the inter-
pretation of data across neoadjuvant trials, and investigate
the association between pCR and long-term outcome,
the US Food and Drug Administration (FDA) assembled
an international working group known as Collaborative
Trials in Neoadjuvant Breast Cancer (CTNeoBC). We
conducted a pooled analysis using primary source data
from nearly 12,000 patients enrolled in 12 international
neoadjuvant randomized controlled trials that contained
both pCR and long-term outcome data, along with a
median follow-up of at least 3 years.?

The CTNeoBC pooled analysis had 4 main results:
(1) it established pCR definitions that correlated best
with long-term outcome, (2) it confirmed a better long-
term outcome for individual patients who attained a pCR
compared with those without a pCR, (3) it found that
the prognostic value of pCR was greatest in patients with
aggressive tumor subtypes, and (4) it demonstrated a weak
association between long-term outcome and the magnitude
of improvement in pCR rate between treatment arms.?

With respect to optimizing a definition for pCR,
eradication of tumor from both the breast and axillary
lymph nodes with or without residual carcinoma in situ
(ypT0 ypNO or ypT0/is ypNO) had a stronger association
with improved event-free survival (EFS) and OS than
tumor eradication from the breast alone (ypT0/is). How-
ever, the presence or absence of residual in situ carcinoma
did not impact long-term outcome. By contrast, a Ger-
man pooled analysis of 7 neoadjuvant trials showed that
patients without residual carcinoma in situ had longer
OS than did patients with residual ductal carcinoma in
situ when all invasive disease was eradicated.’ To improve
consistency in future trials, the FDA proposed that pCR
be defined as either ypTO ypNO or ypT0/is ypNO.* The
CTNeoBC analysis also found that individual patients
who attained a pCR had a 64% reduction in the risk of

death compared with patients who had residual tumor at
the time of surgery, supporting the prognostic value of
pCR for use in clinical practice, which had been previ-
ously reported by several groups.”**

The pooled analysis also found that the prognostic
value of pCR (ypT0/is ypNO) varies according to breast
cancer subtype defined by tumor grade, estrogen recep-
tor status, and human epidermal growth factor receptor
2 (HER?2) status. The highest pCR (ypT0/is ypNO) rates
were found in aggressive tumor subtypes, such as triple-
negative breast cancer (TNBC; 33.6%; 95% CI, 30.9%-
36.4%), HER2-positive/hormone receptor—negative breast
cancer treated with trastuzumab (Herceptin, Genentech;
50.3%; 95% CI, 45.0%-55.5%) or without trastuzumab
(30.2%; 95% CI, 26.0%-34.5%), and grade 3 hormone
receptor—positive/HER2-negative breast cancer (16.2%;
95% CI, 13.4%-19.3%). The prognostic value of pCR was
also greatest in patients with aggressive tumor subtypes,
in which the risk of death was reduced by 84% (95%
CI, 75%-89%) in TNBC, 92% (95% CI, 78%-97%) in
HER2-positive/hormone receptor—negative breast cancer
treated with trastuzumab, 71% (95% CI, 50%-83%) in
those who did not receive trastuzumab, and 71% (95%
CI, 35%-87%) in high-grade hormone receptor—positive/
HER2-negative breast cancer. As expected, there was a
weak association between pCR and long-term outcome
in patients with hormone receptor—positive subtypes,
particularly those with low-grade breast cancer, in which
pCR (ypT0/is ypNO) rates were the lowest (7.5%; 95%
CI, 6.3%-8.7%).

All analyses mentioned above were patient-level anal-
yses, also referred to as responder analyses; they compared
the clinical outcome of patients with and without pCR,
irrespective of the treatment arm. Although these analy-
ses predicted improved outcome for patients who attain
pCR, they are not useful for comparisons of treatments at
a trial level. The CTNeoBC pooled analysis was the first
large analysis in which primary source data had been used
to examine the association between pCR and EFS and OS
at a trial level. Surprisingly, the pooled analysis could not
establish a trial-level correlation between pCR and long-
term outcome. There are several potential explanations
why an increase in pCR rate between treatment arms did
not predict improvement in EFS and OS. Most of the
trials included in the CTNeoBC pooled analysis enrolled
women with heterogeneous breast cancer tumor subtypes,
which could attenuate any possible association between
pCR and EFS and OS. Furthermore, absolute differences
in the pCR rates between treatment arms in these che-
motherapy trials were low (1%-11%), except for the 20%
difference in the NOAH (Neoadjuvant Herceptin) trial,
which compared trastuzumab plus chemotherapy with
chemotherapy alone.” Consistent with these results, at 5.4
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years of median follow-up, patients randomly assigned to
the trastuzumab arm had a 36% reduction in the risk of
recurrence or death, although postoperative trastuzumab
could have contributed to the improved long-term out-
comes in the investigational arm.'” The results of the
NOAH trial suggest that a trial-level correlation between
pCR and long-term outcome could be identified in future
trials with homogeneous populations that incorporate
targeted therapies achieving large absolute differences in
the pCR rates between treatment arms.

Although pCR has not been validated as a surrogate
endpoint for improved EFS or OS, it is considered rea-
sonably likely that an agent that significantly improves
pCR rate could predict long-term improvement in EFS or
OS. This concept supports the FDA’s decision to open the
neoadjuvant pathway for drug approval via the accelerated
approval mechanism, given the lack of a suitable endpoint
short of EFS or OS to support regular approval.* The use
of pCR as an endpoint to support accelerated approval
in the neoadjuvant setting has the potential to address an
unmet need in high-risk early breast cancer populations
in a shorter time frame than the conventional approach to
breast cancer drug development. The earlier availability of
promising agents made possible by accelerated approval
comes with the risk of approving an agent that ultimately
may not show clinical benefit. This uncertainty can be
justified for patients with early breast cancer who have a
substantial risk of recurrence or death despite the best cur-
rently available therapies. To further mitigate this risk, the
accelerated approval pathway will require confirmation of
clinical benefit in randomized clinical trials demonstrat-

ing improved EFS, DES, or OS.
Neoadjuvant Drug Approval

In September 2013, the FDA granted accelerated approval
to pertuzumab (Perjeta, Genentech) as a component of
neoadjuvant treatment for locally advanced, inflamma-
tory, or early-stage HER2-positive breast cancer.!' The
approval was based on NeoSphere (A Study of Pertuzumab
in Combination With Herceptin in Patients With HER2
Positive Breast Cancer), a randomized trial in 417 patients
with HER2-positive, operable, locally advanced, or inflam-
matory breast cancer that demonstrated a statistically
significant 18% absolute improvement in pCR rate with
the addition of pertuzumab to docetaxel and trastuzumab.’
Given the lack of experience with pCR as a regulatory
endpoint and uncertainty about the association between
pCR rate and long-term outcome, the bar for approval
in the neoadjuvant setting was set high. The pertuzumab
approval was evaluated within the context of the totality
of the efficacy and safety data for the drug. Critical to the
decision for the neoadjuvant approval of pertuzumab was

its comprehensive clinical development program, par-
ticularly the substantial improvement in OS in first-line,
metastatic, HER2-positive breast cancer with the addition
of pertuzumab to a backbone of docetaxel and trastuzumab
demonstrated in the phase 3 CLEOPATRA (A Study to
Evaluate Pertuzumab + Trastuzumab + Docetaxel vs. Pla-
cebo + Trastuzumab + Docetaxel in Previously Untreated
HER2-Positive Metastatic Breast Cancer) trial.!*!* Addi-
tionally, at the time of accelerated approval the adjuvant
confirmatory trial (APHINITY; Adjuvant Pertuzumab and
Herceptin in Initial Therapy of Breast Cancer), compar-
ing standard chemotherapy and trastuzumab plus 1 year
of pertuzumab vs chemotherapy and trastuzumab alone,
completed accrual of more than 4800 patients, with the
first DES results anticipated in late 2016. This robust
development program, with well-characterized efficacy and
safety in approximately 10,000 patients who had received
pertuzumab, mitigated the potential risks of accelerated
approval utilizing increased pCR rate.

The strength of pCR as an efficacy endpoint will
continue to be assessed as more data become available.
It is possible that randomized trials of targeted agents in
homogeneous tumor subtypes with larger differences in
pCR rates will demonstrate a relationship between pCR
and long-term outcome at the trial level. However, a recent
discrepancy between the pCR improvement achieved
with the addition of lapatinib (Tykerb, GlaxoSmithKline)
to neoadjuvant paclitaxel and trastuzumab (51.3%; 95%
Cl, 43.1%-59.5% vs 29.5%; 95% ClI, 22.4%-37.5%) in
the NeoALTTO (Neoadjuvant Lapatinib and/or Trastu-
zumab Treatment Optimisation) trial and the long-term
outcome with the same dual anti-HER?2 adjuvant therapy
in the ALTTO (Adjuvant Lapatinib and/or Trastuzumab
Treatment Optimisation) trial were reported.'*" With
4.5 years of median follow-up, DFS was not significantly
improved with the combination of lapatinib and trastu-
zumab compared with trastuzumab (hazard ratio, 0.84;
97.5% CI, 0.70-1.02; P=.048 with P<.025 required for
statistical significance). The lower-than-anticipated num-
ber of events at the time of the DFS analysis in the patient
population with a lower risk of recurrence could in part
account for the trial failing to meet its primary endpoint.
Though the results are disappointing, they are not sur-
prising in view of the modest contribution of lapatinib to
the efficacy of the dual anti-HER2 therapy in metastatic
breast cancer. Moreover, it is not clear why the results from
NeoALTTO also failed to predict the eventual inferiority
of the lapatinib arm in the ALTTO trial."

Although several studies have confirmed an increase
in the pCR rate with the addition of lapatinib and
trastuzumab compared with trastuzumab alone, there is a
wide range in the magnitude of pCR improvement with

this dual HER2 regimen across neoadjuvant trials.!®?
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Though the magnitude of pCR improvement needed to
improve long-term outcomes remains unclear, only the
CHER-LOB (Chemotherapy, Herceptin and Lapatinib
in Operable Breast Cancer) study replicated the magni-
tude of improvement seen in the NeoALTTO study, and
3 studies (NSABP-41, CALGB 40601, and LAPATAX)
showed a small increase in pCR after neoadjuvant dual
HER?2 blockade with lapatinib and trastuzumab.'®'? The
differences in pCR among the various studies can be in
part attributed to the different chemotherapy backbone
used in each study, including the variable durations of
preoperative anti-HER2 therapy. The CTNeoBC group
is in the process of conducting analyses of additional anti-
HER? trials that will enable the interpretation of data to
investigate the relationship between pCR and long-term
outcome at a trial level. In the meantime, the FDA will
continue to evaluate pCR as a potential surrogate end-
point in populations known to remain at high risk for
disease recurrence and death, particularly when support-
ive darta exist in the metastatic setting, as was seen with the
pertuzumab program.

Though patients who attain pCR regardless of treat-
ment arm had a better survival outcome, it is important to
emphasize the challenges associated with the interpretation
of pCR in neoadjuvant trials. For example, 14% of patients
who achieved pCR in the CTNeoBC pooled analysis had
a subsequent recurrence or death within 5 years, whereas
a substantial number of patients with residual disease
remained event-free.? Despite the low pCR rates in patients
with low-grade, hormone receptor—positive tumors, these
patients have a favorable long-term prognosis and are more
likely to be cured with currently available therapy, rendering
pCR a poor predictor of clinical benefit in this population.
Furthermore, patients with hormone receptor—positive
breast cancer typically receive postoperative endocrine ther-
apy, which contributes to the favorable long-term outcome.
Unfortunately, there is currently no way to distinguish
patients who can be cured with existing treatments from
patients who will have disease relapse. Consequently, inten-
sive efforts are being devoted to identify novel molecular
biomarkers that can better identify high-risk patients and
predict tumor response to neoadjuvant therapy in order to
facilitate the development of treatments that can improve
long-term clinical benefit.

Biomarkers

The recent increase in biomarker-targeted drug develop-
ment underscores the need for independent validation
studies to establish novel prognostic and predictive
biomarkers. Progress in predictive markers and further
studies on the molecular background of patients with
a poor prognosis can facilitate the development of new

effective therapies for patients resistant to neoadjuvant
therapies. Likewise, prognostic biomarkers also could
identify patients with good prognostic signatures for
whom aggressive therapies would not be necessary.
Estrogen receptor (ER) and HER2 status are the only
well-established prognostic and predictive biomarkers
in breast cancer.**'** Therefore, there is a great need to
validate additional predictive and prognostic biomarkers
in better defined breast cancer subtypes to help establish
drug efficacy and expedite development of highly effective
agents for patients with high-risk early breast cancer.

Newer techniques for assessing residual disease bur-
den have been studied. The residual cancer burden (RCB)
index and the clinical-pathologic stage + ER status/tumor
grade (CPS + EG) scoring system are prognostic tools
that incorporate response to therapy in addition to other
clinical and pathological factors. The RCB index describes
a spectrum of residual disease determined in the tumor
bed and lymph nodes, and the amount of residual disease
present has been shown to correlate with outcome.?* The
potential benefit of RCB over pCR is the ability to iden-
tify patients with minimal residual disease (RCB-I) for
whom prognosis and long-term outcomes are similar to
those who attain a pCR (RCB-0). The CPS + EG scoring
system uses clinical stage before treatment, pathological
stage after treatment, ER status, and tumor grade. Based
on the scoring system, patients are divided into 7 groups
(scores 0-6) with different 5-year long-term outcomes.”’

Neoadjuvant chemotherapy or endocrine therapy
in ER-positive breast cancer has been associated with a
slower response and a lower pCR rate, supporting the
need for alternative endpoints. Ki67 is an independent
prognostic proliferation marker and its suppression has
been observed following neoadjuvant endocrine or cyto-
toxic therapies.?®3' Von Minckwitz reported that patients
with a Ki67 level of greater than 35% after neoadjuvant
chemotherapy had a worse outcome than those with
levels of 35% or less.”® Additionally, the suppression of
Ki67 during neoadjuvant endocrine therapy predicted
recurrence-free survival in adjuvant endocrine trials with
matched treatment randomizations. 3% Despite several
studies indicating that Ki67 suppression in the neoadju-
vant setting could potentially be used to predict outcome,
Ki67 lacks scoring standardization and prospective valida-
tion has not been demonstrated.*

The preoperative endocrine prognostic index (PEPI)
model developed by Ellis and colleagues is another
attempt to understand the relationship between tumor
response and risk of relapse. The PEPI score integrates
information on pathological staging after neoadjuvant
endocrine therapy with ER status and levels of Ki67 in the
surgical specimen.? This model was studied in a cohort
of patients from the IMPACT neoadjuvant endocrine
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trial.* The authors concluded that patients with patho-
logical stage I or 0 tumors after neoadjuvant endocrine
therapy and a PEPI score of 0 had a low risk of relapse
and were unlikely to benefit from adjuvant chemotherapy.
The ongoing ALTERNATE trial will prospectively evalu-
ate the modified PEPI score in postmenopausal women
treated with neoadjuvant fulvestrant, anastrozole, or the
combination of both hormonal therapies. The PEPI tool
is not currently validated and the prognostic information
only becomes available after treatment. Earlier markers of
response to identify tumors that are not responding to
neoadjuvant endocrine therapy are needed.

It is important to consider that breast cancer is
molecularly heterogeneous. There are 4 intrinsic molecu-
lar subtypes of breast cancer that have been identified
using gene expression profiling: luminal A, luminal B,
HER2-enriched (HER2E), and basal-like.>”*® Several
trials have evaluated multigene assays as predictors of
response to therapy in the neoadjuvant setting, and
validation efforts are ongoing.®* Intrinsic subtypes
appear to differ in sensitivity to HER2-targeting agents,
with numerically highest pCR rates among the HER2E
subtype.”! Subset analyses from the CALGB (Cancer
and Leukemia Group B) 40601 and the NOAH trials,
using PAM50 to identify the intrinsic subtypes, indicated
the HER2E subgroup had the greatest pCR rates when
treated with anti-HER2-based chemotherapy, compared
with the other subtypes.”#* Recent gene expression
profiling has identified up to 6 distinct TNBC subtypes
(2 basal-like, 1 immunomodulatory, 1 mesenchymal, 1
mesenchymal stem-like, and 1 luminal androgen recep-
tor subtype).”* In the CALGB 40603 neoadjuvant trial,
a PAMS0 analysis performed on pretreatment TNBC
samples showed that the basal-like gene expression profile
predicted a greater pCR increment with the addition of

bevacizumab to carboplatin.®4¢

The BRCAI and BRCA2 genes, which are critical
in the homologous recombination DNA repair pathway,
have been studied as predictors of response in neoadju-
vant trials. Tumors with BRCAI and BRCA2 mutations
have decreased DNA repair and are highly sensitive to
DNA-damaging agents. Three studies have suggested the
association of BRCAI mutations with improved pCR
rates.””* Specific interest also has been related to the use
of platinum agents in patients with BRCA mutations.
Byrski and coinvestigators recently reported the results of
a prospective study with single-agent cisplatin that showed
a high pCR rate of 61% in BRCAI-mutated patients.”
The GeparSixto (Addition of Carboplatin to Neoadjuvant
Therapy for Triple-negative and HER2-Positive Early
Breast Cancer) study also demonstrated a higher pCR rate
after neoadjuvant anthracycline/taxane/carboplatin-based
chemotherapy in TNBC patients who are BRCA mutation

carriers.”! Additionally, the GeparSixto and PrECOG 0105
(Phase IT Study of Gemcitabine, Carboplatin, and Iniparib
as Neoadjuvant Therapy for Triple-Negative and BRCA1/2
Mutation-Associated Breast Cancer With Assessment of
a Tumor-Based Measure of Genomic Instability) studies
reported higher pCR rates with platinum-based regimens
in patients with elevated homologous recombination defi-
ciency (HRD) scores. Further confirmation of the effect
of neoadjuvant treatment regimens in BRCA mutation
carriers or in the homologous recombination pathway are
needed to establish the association of HRD scores with
response to neoadjuvant chemotherapy in patients with
TNBC.>>>

Specific pathways activated in breast cancer have
been examined in the neoadjuvant setting as potential
biomarkers. The activation of the phosphoinositide
3-kinase (PI3K) pathway has been associated with HER2-
targeted therapy resistance and with higher pCR.>* The
German Breast Group examined P/K3CA mutations in 3
large HER2-positive neoadjuvant studies (GeparQuattro,
GeparQuinto, and GeparSixto) and reported that patients
harboring a PIK3CA mutation achieved a lower pCR rate
(19.4%) compared with those with PIK3CA wild-type
tumors (32.8%).> Though confirmation of these results
was observed in a combined analysis from almost 1000
patients from the German Breast Group, NeoALTTO,
and CHER-LOB studies, there was no difference in
long-term outcome between the P/K3CA-mutant and
PIK3CA-wild-type cohorts.>

Considering one of the main challenges in drug
development of targeted therapies is the molecular het-
erogeneity of the tumors, understanding the role of the
immune system in eradicating or controlling cancer may
hold promise. Additionally, the unprecedented efficacy
recently reported with immune checkpoint inhibitors in
the treatment of melanoma and lung cancer has encour-
aged studies of tumor immunology in breast cancer. Recent
studies have found that the presence of tumor-infiltrating
lymphocytes (TILs) in tumor samples predicts response
to anthracycline/taxane-based neoadjuvant therapy.”*
In one study, the presence of TILs in the core biopsies
prior to neoadjuvant HER2-directed therapy was associ-
ated with a higher pCR rate.”” Although several studies
support TILs as a prognostic marker in TNBC,**¢" the
prognostic significance of TILs in HER2-positive disease
is controversial. A recent report from the NeoALTTO trial
in HER2-positive breast cancer supported the association
of high levels of stromal TILs with improved pCR and
EFS after neoadjuvant therapy. Likewise, the FinHER
(Finland Herceptin) trial also suggested a relationship
between a high level of TILs and long-term outcome after
adjuvant chemotherapy.’*®* In contrast, a large analysis
from the adjuvant Alliance N9831 trial did not associate
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a high level of TILs with trastuzumab benefit, but it was
predictive of chemotherapy benefit.** Further validation
of level of TILs will be needed before it can be reliably
used as a prognostic and/or predictive biomarker.

A key immune modulatory pathway is mediated by
the axis between programmed cell death 1 (PD-1) and
programmed cell death ligand 1 (PD-L1). The expression
of PD-L1 in tumor cells or in the tumor microenviron-
ment has been correlated with the presence of TILs.
Wimberly and colleagues recently reported that both
PD-L1 and TILs correlated with pCR, and high PD-L1
predicted pCR in a multivariate analysis.** Additionally,
in a pooled series, upregulated PD-L1 expression was cor-
related with pCR in basal and HER2-enriched cases, and
upregulated cytotoxic T-lymphocyte—associated antigen 4
(CTLA-4) was shown to demonstrate improved outcomes

after trastuzumab therapy.®>®

Conclusions

Recent findings from genomic studies suggest that breast
cancer is a group of diseases characterized by distinct
genomic abnormalities that have significant differences
in prevalence, risk factors, prognosis, and response to
treatment. Conventional drug development should be
adapted to utilize biomarkers that identify populations
who are at high risk for relapse and predict those who
will derive the most benefit in order to develop effec-
tive therapies for the patients with greatest unmet need.
Neoadjuvant trials present an opportunity to introduce
innovative approaches to improve the drug development
paradigm. Pathological response to preoperative therapy
reflects the complex interaction of tumor biology, tumor
microenvironment, and systemic therapy. Future neoad-
juvant trials conducted in more narrowly defined breast
cancer subtypes using validated biomarkers could result in
larger improvements in pCR rates and shed light on the
value of pCR in breast cancer drug development. Further
development and use of biomarkers in neoadjuvant breast
cancer trials can help to expedite the availability of highly
effective agents to the patients in greatest need.
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