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IMPORTANCE Pathologic complete response (pCR) is a known prognostic biomarker for
long-term outcomes. The I-SPY2 trial evaluated if the strength of this clinical association
persists in the context of a phase 2 neoadjuvant platform trial.

OBJECTIVE To evaluate the association of pCR with event-free survival (EFS) and pCR with
distant recurrence–free survival (DRFS) in subpopulations of women with high-risk operable
breast cancer treated with standard therapy or one of several novel agents.

DESIGN, SETTING, AND PARTICIPANTS Multicenter platform trial of women with operable
clinical stage 2 or 3 breast cancer with no prior surgery or systemic therapy for breast cancer;
primary tumors were 2.5 cm or larger. Women with tumors that were ERBB2
negative/hormone receptor (HR) positive with low 70-gene assay score were excluded.
Participants were adaptively randomized to one of several different investigational regimens
or control therapy within molecular subtypes from March 2010 through 2016. The analysis
included participants with follow-up data available as of February 26, 2019.

INTERVENTIONS Standard-of-care neoadjuvant therapy consisting of taxane treatment with
or without (as control) one of several investigational agents or combinations followed by
doxorubicin and cyclophosphamide.

MAIN OUTCOMES AND MEASURES Pathologic complete response and 3-year EFS and DRFS.

RESULTS Of the 950 participants (median [range] age, 49 [23-77] years), 330 (34.7%)
achieved pCR. Three-year EFS and DRFS for patients who achieved pCR were both 95%.
Hazard ratios for pCR vs non-pCR were 0.19 for EFS (95% CI, 0.12-0.31) and 0.21 for DRFS
(95% CI, 0.13-0.34) and were similar across molecular subtypes, varying from 0.14 to 0.18 for
EFS and 0.10 to 0.20 for DRFS.

CONCLUSIONS AND RELEVANCE The 3-year outcomes from the I-SPY2 trial show that,
regardless of subtype and/or treatment regimen, including 9 novel therapeutic combinations,
achieving pCR after neoadjuvant therapy implies approximately an 80% reduction in
recurrence rate. The goal of the I-SPY2 trial is to rapidly identify investigational therapies that
may improve pCR when validated in a phase 3 confirmatory trial. Whether pCR is a validated
surrogate in the sense that a therapy that improves pCR rate can be assumed to also improve
long-term outcome requires further study.
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N eoadjuvant therapy and adjuvant systemic therapy are
equally effective in improving breast cancer sur-
vival. However, neoadjuvant therapy improves rates

of breast-conserving surgery owing to tumor downstaging1,2

and allows assessment of response. The Collaborative Trials
in Neoadjuvant Breast Cancer (CTNeoBC) working group evalu-
ated the latter by conducting a pooled patient-level meta-
analysis of nearly 12 000 patients from 12 randomized trials,
largely with various regimens of standard chemotherapy, to
assess the relationship between pathologic complete re-
sponse (pCR) rates, event-free survival (EFS), and overall
survival.3 Overall, pCR was found to have long-term benefit
for patients (EFS hazard ratio, 0.48), with the strongest asso-
ciation observed for more aggressive breast cancer subtypes,
such as triple-negative breast cancer (hormone receptor [HR]–
negative, ERBB2 [formerly HER2]–negative disease) (EFS haz-
ard ratio, 0.24), and ERBB2-positive disease (EFS hazard ra-
tio, 0.39). Based on these data, the US Food and Drug
Administration and the European Medicines Agency issued
guidance for the use of pCR as a primary end point in support
of accelerated drug approval.4,5 Given the number of promis-
ing new agents, this provided the opportunity for new trial de-
signs to rapidly identify drugs with the greatest activity.

I-SPY2 is a neoadjuvant, adaptively randomized, multi-
center phase 2 platform trial evaluating investigational thera-
pies in combination with standard-of-care chemotherapy for
high-risk breast cancer,6-8 with pCR as the primary end point.
The trial’s goals are to match investigational therapies with re-
sponsive subtypes. Using a multiarm design and a master pro-
tocol, I-SPY2 has continuously enrolled patients since 2010 and
has completed the evaluation of 15 investigational therapies.
Here, we report the relationship between pCR status and 3-year
outcomes (EFS and DRFS) for the first 950 patients random-
ized across 10 therapies (including control).

Methods
Study Design
I-SPY2 (NCT01042379) is a multicenter platform trial (protocol
in Supplement 1; eFigure 1 in Supplement 2)7-9 that used
adaptive randomization across 8 subtypes defined by HR
expression, ERBB2 status, and genomic risk of recurrence per
the 70-gene assay (MammaPrint, Agendia) as previously
described.9,10 Twenty percent of patients in each of the 8
subtypes were randomized to control therapy.

The primary end point of I-SPY2 was pCR, defined as the
absence of invasive disease in breast and axillary nodes (ypT0/
is, ypN0) at time of surgery. Patients who progressed, with-
drew consent, or received nonprotocol therapy before sur-
gery are adjudicated as non-pCR. All patients were observed
for long-term outcome, reporting at least annually. Second-
ary end points include residual cancer burden,11 EFS, and DRFS.

The I-SPY2 trial receives institutional review board ap-
proval for the master protocol for each site. As new drugs are
added to the trial, each site receives approval for the amend-
ment, and amendment approval is required for continued en-
rollment on the trial. All participating sites received local in-

stitutional review board approval. The I-SPY2 Data and Safety
Monitoring Board met monthly to review patient safety and
study progress.

Participants
Eligible patients were 18 years and older and have clinical stage
2 or 3 breast cancer with no prior surgery or systemic therapy
for breast cancer. Primary tumors must be 2.5 cm or greater
as measured by imaging or physical examination with pa-
tient Eastern Cooperative Oncology Group performance sta-
tus 0 or 1.12 Tumors that are ERBB2 negative/HR positive with
low 70-gene assay score were excluded, as there is no benefit
of cytotoxic chemotherapy in this subpopulation.10 All pa-
tients provided written informed consent prior to screening
for the trial, and a second treatment consent was obtained af-
ter randomization to open-label treatment (before treatment
was initiated).

Treatment Arms
Control therapy was 12 weekly cycles of paclitaxel (80 mg/
m2) followed by 4 cycles of doxorubicin (60 mg/m2) and cy-
clophosphamide (600 mg/m2). Control therapy for ERBB2-
positive tumors also included weekly trastuzumab (4 mg/kg
loading dose followed by 2 mg/kg during weeks 2-12) in com-
bination with paclitaxel; pertuzumab treatment was an ex-
perimental arm. When pertuzumab received accelerated ap-
proval in September 2013, randomization to paclitaxel and
trastuzumab was stopped.13

From trial initiation in March 2010 until November 2016,
I-SPY2 completed evaluation of 10 experimental agents or com-
binations: neratinib,7 veliparib plus carboplatin,8 trebananib
(AMG386),14 ganitumab,15 MK2206,16 pertuzumab,17

trastuzumab emtansine plus pertuzumab,18 ganetespib,19 pexi-
dartinib (PLX3397),20 and pembrolizumab.21 Each arm in-
cluded paclitaxel except for the trastuzumab emtansine plus
pertuzumab arm. Pexidartinib was discontinued for safety
concerns,20 having accrued only 9 patients, and was there-
fore excluded from this analysis. Six of the 9 experimental
therapies “graduated” as described. The current analysis in-
cludes participants randomized to any of these 10 therapies
(including control) who had follow-up information available
as of February 26, 2019.

Key Points
Question Is there an association between pathologic complete
response (pCR) and survival end points in neoadjuvant treatment
of early breast cancer with various novel therapeutics?

Findings In this follow-up analysis of a randomized clinical trial of
950 patients with breast cancer, a strong individual-level
association was found between pCR and event-free survival and
distant recurrence–free survival. Excellent outcomes were
associated with pCR for all standard subtypes of breast cancer,
including pCR owing to experimental regimens.

Meaning The findings of this study suggest that pCR may be a
robust prognostic biomarker for excellent long-term outcomes at
the individual patient level for patients with early, high-risk breast
cancer.
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Pathology
Locations of lesions were marked with clips before therapy to
ensure identification of the tumor bed at surgery. Pathologic
assessment followed the residual cancer burden method,
where residual cancer burden of 0 is pCR.11 This is consistent
with the standardized procedures of the College of American
Pathologists as described in section IV.E of the US Food and
Drug Administration guidance.4,22

Statistical Analysis
Participants were grouped according to pCR status. Baseline
characteristics were compared using a χ2 test for categorical
variables and Wilcoxon rank sum test for continuous vari-
ables. Patients’ EFS was assessed as time from treatment con-
sent to any locoregional or distant recurrence or death from
any cause; DRFS was time to distant recurrence or death from
any cause. Patients without events were censored at last
follow-up.

Cox proportional hazard modeling, with significance as-
sessment using the score (log rank) test, was used to estimate
the hazard ratio for pCR vs non-pCR and its 95% CI. All P val-
ues are 2-sided, and significance level is P < .05. Kaplan-
Meier estimates of 3-year EFS and DRFS for the 2 groups are
presented. Analyses were performed over the entire popula-
tion and within HR/ERBB2 subtypes. Bayesian modeling of EFS,
stratified for subtype, was used to estimate the hazard ratios
for pCR vs non-pCR within individual treatment arms
(see eMethods in Supplement 2). Statistical analyses were
performed using Intel Fortran Compiler, version 19.0.2
(Intel Corporation).

Results
Patients
From March 3, 2010, to November 5, 2016, a total of 1896 pa-
tients were screened for eligibility for the trial, and 1123 were
randomized; 773 patients did not proceed to randomization
for various reasons (Figure 1). A total of 1038 patients re-
ceived treatment on 1 of 9 arms in this analysis. Of these, 950
had follow-up data available prior to the data cutoff date of Feb-
ruary 26, 2019. No statistical differences were observed in age
or race among patients who achieved pCR (median [range] age,
49 [25-73] years) vs those who did not (median [range] age, 49
[23-77] years) (eTable 1 in Supplement 2), nor were there sig-
nificant differences between the 2 groups in nodal status, time
from treatment consent to surgery, or length of follow-up.

Rates of pCR
Of the 950 patients, 330 (34.7%) achieved pCR. Rates of pCR
(Table) were lowest for HR-positive, ERBB2-negative tumors
(17.4% [63 of 361]), increasing approximately additively for
ERBB2 positivity and HR negativity, up to 68% (61 of 90) for
HR-negative, ERBB2-positive tumors. For patients receiving
control therapy, pCR rates were 19.3% for the entire popula-
tion (39 of 202), varying by subtype; 15% (14 of 92) for HR-
positive, ERBB2-negative tumors; 21% (17 of 80) in HR-
negative, ERBB2-negative tumors; 17% (3 of 18) for

HR-positive, ERBB2-positive tumors; and 42% (5 of 12) in HR-
negative, ERBB2-positive tumors. Rates of pCR were higher for
those in the investigational arms compared with those in the
control arms.

Association of pCR With EFS and DRFS
There were 1265 woman-years of follow-up for the 330 pa-
tients who achieved pCR, with 19 events reported (0.0150/y),
and 2125 woman-years of follow-up for the 620 patients not
achieving pCR, with 169 events reported (0.0795/y). Three-
year EFS was 95% for patients achieving pCR compared with
78% for non-pCR, with a hazard ratio of 0.19 (95% CI, 0.12-
0.31; Figure 2A and Table). Similarly, 3-year DRFS was 95% for
those with pCR vs 81% for those without, with a hazard ratio
of 0.21 (95% CI, 0.13-0.34; Figure 2B). Patients who achieved
pCR showed a 3-year EFS of 93% to 97% regardless of subtype
(Figure 2C). There were differences by subtype for those not
achieving pCR, with 3-year EFS ranging from 57% for
HR-negative, ERBB2-positive tumors to 89% for HR-positive,
ERBB2-positive tumors (Figure 2D).

Hazard ratios for EFS were consistent across all subtypes
of breast cancer, ranging from 0.14 (95% CI, 0.03-0.55) in HR-
positive, ERBB2-negative tumors to 0.18 (95% CI, 0.05-0.41)
in HR-positive, ERBB2-positive tumors regardless of the treat-
ment arm. Hazard ratios for DRFS varied similarly. Kaplan-
Meier plots of EFS and DRFS by subtype are provided in eFig-
ures 2 and 3 in Supplement 2. Bayesian modeled subtype-
adjusted EFS hazard ratios by pCR vs non-pCR within

Figure 1. CONSORT Diagram

1896 Patients assessed for eligibility 
prior to November 5, 2016

773 Excluded
527

61
145
40

Not meeting inclusion
criteria
Declined to participate
Other reasons
Randomized after the
cutoff date of 
November 5, 2016

1123 Randomized

76 Did not receive allocated
intervention

1047 Received allocated therapy 9 In arm with <10 patients

1038 In fully accrued experimental 
or control arms

30 Withdrew consent for EFS 
and OS

1008 Consented to be followed-up 
for EFS and OS

58 No follow-up data at cutoff 
date of February 26, 2019

950 Follow-up data available 
for analysis

EFS indicates event-free survival; OS, overall survival.
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individual arms are provided in eFigure 4 in Supplement 2, with
median (range) estimates ranging from 0.05 (0.003-0.24) to
0.45 (0.14-1.10).

Postsurgical Therapy
All patients were recommended to receive appropriate post-
surgical therapy for their disease subtype, administered per
the discretion of the treating physician. Of the 838 patients for
whom data were available, a higher proportion of non-pCR pa-
tients received additional adjuvant therapies when com-
pared with those who achieved pCR (eTable 2 in Supple-
ment 2). Thirty-six of 540 patients (6.7%) not achieving pCR
received additional adjuvant chemotherapy compared with
only 2 of 298 (0.7%) in the pCR group. More postneoadjuvant
therapy was given during the later years of the trial (eFigure 5
in Supplement 2). For example, in patients with triple-
negative breast cancer who did not achieve pCR, only 2 of 56
(4%) received additional systemic therapy from 2010 to 2012,
increasing to 5 of 68 (7%) during 2013 to 2014 and to 11 of 43
(25%) during 2015 to 2016.

Discussion
Since the start of enrollment in 2010, the rate of pCR varied
across the molecular subtypes of breast cancer in the I-SPY2
trial. Regardless of subtype or treatment regimen, a strong and
consistent association between individual pCR and EFS/
DRFS with an overall hazard ratio of 0.19 (95% CI, 0.12-0.31)
with median follow-up of 3.8 years was observed. After 3 years
of follow-up, a clear separation of the curves suggests that these
results will persist over time, but this awaits further analysis
and follow-up.

Our results are consistent with the findings of the CT-
NeoBC (Collaborative Trials in Neoadjuvant Breast Cancer)
pooled analysis. We did observe smaller EFS hazard ratios with
a somewhat shorter follow-up period, a difference that in part
may be explained by differences in patient populations. The
I-SPY2 trial does not enroll patients with tumors smaller than
2.5 cm or HR-positive, ERBB2-negative, 70-gene–assay (Mam-
maPrint) low-risk tumors. Only a small number of patients with
HR-negative or ERBB2-positive (n = 17) genomic low-risk tu-
mors were enrolled. The I-SPY2 trial focused on a group with

high risk of early recurrence, as demonstrated in 2 validation
series.24,25 The MINDACT (Microarray in Node-negative Dis-
ease May Avoid Chemotherapy) trial, which evaluated the 70-
gene assay to predict benefit of adjuvant therapy, demon-
strated that women with clinically high-risk but genomic low-
risk tumors did not have risk for early recurrence, nor did they
benefit from chemotherapy.10 Inclusion of HR-positive/70-
gene–assay low-risk patients as in CTNeoBC could therefore
dilute the effect of pCR on EFS, leading to a higher hazard
ratio.

Whether pCR is a validated surrogate in the sense that a
therapy that improves pCR rate can be assumed to also im-
prove long-term outcome requires further study. The I-SPY2
trial is not powered or intended to evaluate whether an in-
crease in pCR rate translates to an improvement in EFS for in-
dividual experimental therapies relative to control. However,
small improvements in pCR, as seen with the use of bevaci-
zumab in the ARTemis trial,26 would not rise to the level of a
graduation threshold in the I-SPY trial, which is designed to
identify agents with a clinically important effect of the rates
of pCR. Instead, I-SPY2 is designed to identify large pCR im-
provements and provide the rationale for larger confirmatory
trials in appropriate subsets of patients, as has been validated
in the KEYNOTE-522 trial27 and the BrighTNess trial.28 These
showed similar pCR rates for chemotherapy with investiga-
tional agents (pembrolizumab and veliparib/carboplatin, re-
spectively) as reported here, with an early indication of im-
proved EFS. In I-SPY2, pCR rates were similar or higher for all
of the experimental agents compared with the control regi-
men of paclitaxel plus doxorubicin and cyclophosphamide.
Further confirmatory trials, along the lines of KEYNOTE-522,
can use I-SPY2 results to develop new standard-of-care
regimens.

We and many others have now shown that, for individu-
als, pCR achieved after neoadjuvant therapy is associated with
excellent EFS and DRFS. Neoadjuvant therapy allows early as-
sessment of a clinically relevant response end point (pCR) for
patients, identifying individuals who do well on their initial
therapy alone. As such, an immediate estimate of benefit is
available that cannot be determined when adjuvant chemo-
therapy is given after surgery. Given the number of promising
therapies for breast cancer and the need to determine
efficacy for specific subgroups of patients, neoadjuvant therapy

Table. Pathologic Complete Response (pCR) Rates and Hazard Ratios of Event-Free Survival (EFS)
and Distant Recurrence–Free Survival (DRFS) for pCR vs Not pCR by Molecular Subtypea

Subtype No. pCR rate, % (95% CIb)

Hazard ratio (95% CI)

EFS DRFS
HR+ ERBB2− 361 17 (14-22) 0.14 (0.03-0.55) 0.16 (0.04-0.64)

HR+ ERBB2+ 173 40 (33-48) 0.15 (0.03-0.63) 0.10 (0.01-0.77)

HR− ERBB2− 326 42 (36-47) 0.18 (0.09-0.34) 0.20 (0.10-0.40)

HR− ERBB2+ 90 68 (57-77) 0.14 (0.05-0.41) 0.18 (0.06-0.53)

All 950 35 (32-38) 0.19 (0.12-0.31) 0.21 (0.13-0.34)

Abbreviation: HR, hormone receptor.
a The observation that every hazard ratio for molecular subtype is smaller than

the overall hazard ratio is not a typographic error. It is an example of the
Simpson paradox, which was observed as well in the I-SPY1 trial.23 This

observation demonstrates the importance of considering molecular subtype
when evaluating the association of pCR with EFS and DRFS.

b Based on binomial exact (Clopper-Pearson) CI method.
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provides an opportunity to understand a new therapy’s mecha-
nistic antitumor effect and correlate with antitumor activity
measured by imaging and pathologic response. The contribu-
tion of the I-SPY program is that the association between pCR
and EFS appears to hold true for individuals who received novel
therapeutic combinations.16 Follow-up will continue in I-
SPY2 to assess the longer-term association with pCR and over-
all survival.

In a patient-level meta-analysis by Spring et al29 that in-
cluded more than 27 000 women treated with the neoadju-
vant approach, again we see the very strong correlation of pCR

with EFS. Importantly, for the almost 8000 women who had
additional adjuvant therapy following neoadjuvant therapy,
no benefit of additional therapy was observed in patients who
achieved pCR. While it is not yet known if additional sys-
temic therapy can be discontinued after pCR in all subtypes,
especially in HR-positive, ERBB2-negative and HR-negative,
ERBB2-positive tumors, trials to test this hypothesis, such as
the COMPASS trial (NCT04266249) and the DeCrescendo trial
(in planning through the Breast International Group), are under
way. These data provide support for the de-escalation of
therapy with the possibility to avoid unnecessary toxic effects.

Figure 2. Kaplan-Meier Survival Curves
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Continuing the same regimen after non-pCR may not
improve long-term outcomes. The KATHERINE trial
enrolled patients with residual disease after neoadjuvant
ERBB2-based therapy.30 Use of ado-trastuzumab emtansine,
instead of continued trastuzumab, resulted in improved
3-year invasive and distant disease-free survival with a haz-
ard ratio of 0.50. This argues strongly that lack of pCR
requires a change in therapy, as continuing the same regi-
men given in the neoadjuvant setting was inferior.
The CREATE-X trial,31 which randomized patients to
capecitabine vs no additional therapy, furthers the argu-
ment that the poor prognostic implications of non-pCR can
be addressed by adding additional new therapy in triple-
negative breast cancer.

Limitations
The goal of the I-SPY2 trial was to rapidly identify active
agents and combinations to increase the chance of achiev-
ing pCR. The association of pCR with EFS and DRFS is based
on a 3-year follow-up; longer follow-up will yield additional
information about the strength of this association for pCR.
The association between pCR and overall survival will also

require additional long-term follow-up. Furthermore, larger
confirmatory neoadjuvant trials will be able to generate suf-
ficient data to establish whether pCR can be considered a
validated surrogate of EFS.

Conclusions
The strength of the I-SPY2 study is that it shows that pCR,
regardless of high-risk subtype and type of treatment and
across 9 investigational targeted biologics, is associated
with a much better outcome for individuals who achieve
pCR. The goal of the I-SPY2 trial was to rapidly identify
active agents and combinations to increase the chance of
achieving pCR. Larger confirmatory neoadjuvant trials will
be able to generate sufficient data to establish whether pCR
can be considered a validated surrogate of EFS. Perhaps
more importantly, these data should drive and inspire us to
think about how to maximize the chance that each indi-
vidual can achieve pCR. These data provide a clear experi-
mental rationale for serial adjustments to systemic therapy
prior to surgery with therapies directed at specific subtypes.
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