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Abstract

CONTEXT—Accurate prediction of who will (or won’t) have high probability of survival benefit
from standard treatments is fundamental for individualized cancer treatment strategies.

OBJECTIVE—To develop a predictor of response and survival from chemotherapy for newly
diagnosed invasive breast cancer.

DESIGN—Development of different predictive signatures for resistance and response to
neoadjuvant chemotherapy (stratified according to estrogen receptor (ER) status) from gene
expression microarrays of newly diagnosed breast cancer (310 patients). Then prediction of breast
cancer treatment-sensitivity using the combination of signatures for: 1) sensitivity to endocrine
therapy, 2) chemo-resistance, and 3) chemo-sensitivity. Independent validation (198 patients) and
comparison with other reported genomic predictors of chemotherapy response.

SETTING—Prospective multicenter study to develop and test genomic predictors for neoadjuvant
chemotherapy.

PATIENTS—Newly diagnosed HER2-negative breast cancer treated with chemotherapy
containing sequential taxane and anthracycline-based regimens then endocrine therapy (if
hormone receptor-positive).

MAIN OUTCOME MEASURES—Distant relapse-free survival (DRFS) if predicted treatment-
sensitive and absolute risk reduction (ARR, difference in DRFS of the two predicted groups) at
median follow-up (3 years), and their 95% confidence intervals (Cl).

RESULTS—Patients in the independent validation cohort (99% clinical Stage 11-111) who were
predicted to be treatment-sensitive (28% of total) had DRFS of 92% (Cl 85-100) and survival
benefit compared to others (absolute risk reduction (ARR) 18%; CI 6-28). Predictions were
accurate if breast cancer was ER-positive (30% predicted sensitive, DRFS 97%, Cl 91-100; ARR
11%, CI1 0.1-21) or ER-negative (26% predicted sensitive, DRFS 83%, Cl 68-100; ARR 26%, CI
4-28), and were significant in multivariate analysis after adjusting for relevant clinical-pathologic
characteristics. Other genomic predictors showed paradoxically worse survival if predicted to be
responsive to chemotherapy.

CONCLUSION—A genomic predictor combining ER status, predicted chemo-resistance,
predicted chemo-sensitivity, and predicted endocrine sensitivity accurately identified patients with
survival benefit following taxane-anthracycline chemotherapy.
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INTRODUCTION

There is clinical need for predictive tests for patients with newly diagnosed, HER2-negative
breast cancer whose clinical-pathologic risk at presentation favors the use of chemotherapy.!
Accurate identification of those with high likelihood of survival following a current standard
chemotherapy regimen (then endocrine therapy, if estrogen receptor-positive) would reassure
that treatment decision. Conversely, accurate identification of those with significant risk of
relapse despite standard chemotherapy could be used to advise participation in an
appropriate clinical trial. Also, since neoadjuvant (pre-operative) and adjuvant
(postoperative) chemotherapy are equally effective,? the former provides a clinical model for
development of chemo-predictive tests.

Inherent chemo-sensitivity of breast cancers differs according to phenotype, as defined by
combined estrogen receptor (ER) and HER2 receptor status.3: 4 However, breast cancer of
any phenotype that achieves pathologic complete response (pCR) following a neoadjuvant
chemotherapy regimen, has an excellent probability of long-term survival. > 6
Unfortunately, molecular tests that were specifically developed to predict pCR have not
demonstrated any predictive superiority over the combination of standard clinicopathologic
parameters (ER status, grade, and age) and have not been compared to a survival
endpoint.”~14 Similarly, tests that were designed for molecular classification (including
phenotype) or prognosis without chemotherapy, have failed to predict a sufficiently high
probability of survival in the patients they classify as chemosensitive.15-12 Additionally,
there is currently no clinically useful prognostic or predictive test for patients with ER-/
HER2- breast cancer.13. 14. 19

This study addresses our hypothesis that a predictive test for response and survival following
sequential taxane-anthracycline chemotherapy for HER2—negative breast cancer would
account for each of the following biological characteristics (Figure 1): tumor phenotype (ER
+/HER2- or ER-/HER2-), sensitivity to adjuvant endocrine therapy (if ER+), chemo-
resistance (extensive residual cancer burden (RCB) or early relapse), and chemo-sensitivity
(pCR or minimal RCB).20: 21

METHODS

Patients and Samples

Patients prospectively consented to a research biopsy by fine needle aspiration (FNA) or
core biopsy (CBX) prior to any systemic therapy, and to the future assessment of pathologic
response and/or survival endpoints.2%: 22 Detailed characteristics of the patient and
biospecimen cohorts used for test development and validation are provided in Table 1 and
Figure 2. In the discovery cohort, there were 227 FNAs (MDACC) and 83 CBXs (I-SPY),
and all chemotherapy was administered as neoadjuvant treatment. In the validation cohort,
there were 157 FNAs (MDACC, Peru, USO) and 41 CBXs (MDACC, LBJ, Spain), and 165
of 198 patients received all chemotherapy as neoadjuvant treatment. Clinical nodal status
was determined before treatment from physical examination, with or without axillary
ultrasound, with diagnostic FNA as required. Pathologic HER2 status was defined as
negative according to the ASCO/CAP guidelines.23 Details of the type of biopsies collected

JAMA. Author manuscript; available in PMC 2017 October 12.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Hatzis et al.

Page 4

for genomic analysis and the chemotherapy treatments administered are provided in Table 2.
Patients with any nuclear immunostaining for ER in the tumor cells were considered as
eligible for adjuvant endocrine therapy.

All gene expression microarrays were performed in the Department of Pathology at
MDACC. Biopsy samples were either collected in 1.5 ml RNAlater™ (Qiagen, Valencia,
CA) and stored locally at —70°C and transported to the laboratory on dry ice (MDACC,
INEN, LBJ, GEICAM) or couriered overnight in a cooler pack from clinics to the laboratory
(USO), or were frozen, cryosectioned and an aliquot of RNA sent to the laboratory on dry
ice (I-SPY). Details of our methods for RNA purification and microarray hybridization have
been reported previously.®: 21 24-27 Briefly, a single-round T7 amplification was used to
generate biotin-labeled cRNA for hybridization to oligonucleotide microarrays (U133A
GeneChip™, Affymetrix, Santa Clara, CA). Details on microarray data processing are
provided in the Supplemental Appendix.

Identification of Predictive Signatures For Excellent Pathologic Response and For
Extensive Residual Disease

Differentially expressed probe sets in two responder groups: pCR or minimal residual cancer
burden (RCB-I) defining excellent response, versus moderate or extensive residual cancer
burden (RCB-II/111) defining partial response2® were identified separately in ER+/HER2-
and ER-/HER2- training cases using a robust unequal variance t-statistic under a bootstrap
scheme. The 209 and 244 probe sets that were significant in at least 30% of the bootstrap
replicates in the two cohorts were selected as candidates. Subsequently, a multivariate
penalized optimization algorithm, gradient directed regularization, was then used with
maximum penalization to select a minimal signature that maximized the area under the ROC
curve (AUC) under complete cross-validation.?8 The final response predictors used 39 and
55 probe sets for the ER+/HER2- and ER-/HER2- cohorts respectively. Risk scores
calculated as the weighted sum of the standardized log2-transformed expression signal of the
signature probe sets were dichotomized at zero for both cohorts to predict “responders”
(positive scores) or “non-responders” (negative scores).

A similar procedure was followed to develop the predictor for resistance by comparing
patients with extensive residual disease (RCB-111) after neoadjuvant chemotherapy treatment
versus remaining patients. The final predictor of extensive residual disease used 73 and 54
probe sets for ER+/HER2-and ER-/HER2- subsets respectively (Supplemental Appendix).

Identification of Predictive Signature For Early Relapse Events

To identify this signature of chemo-resistance we included higher risk patients who were
clinically lymph node positive at presentation and also predicted to have low sensitivity to
adjuvant endocrine therapy?! (SET Low; Figure 1). Probe sets were evaluated in univariate
Cox regression analyses under bootstrap, separately in ER+/HER2- and ER-/HER2-
training cases, to assess their association with distant relapse or death. A total of 235 and
268 probe sets were deemed significant in at least 20% of the bootstrap replicates in the two
cohorts and were selected as candidates for subsequent multivariate Cox regression
modeling. Minimal nonredundant signatures were obtained through a univariate shrinkage
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approach,29 with optimal penalization determined under cross-validation to yield the shortest
probe set list that resulted in the biggest incremental improvement in the AUC for predicting
3-year DRFS outcome. The final predictors used 33 and 27 probe sets for the ER+/
HER2-and ER-/HER2-subsets respectively. Risk scores calculated as the weighted sum of
the standardized log2-transformed expression signal of the signature probe sets were
dichotomized using cut points that maximized the predictive accuracy of 3-year distant
relapse outcomes in the discovery cohort under cross validation to predict “high-risk” or
resistant, versus “low-risk™ or non-resistant cases (Supplemental Appendix).

Development of The Predictive Testing Algorithm

We combined the individual predictions into a testing algorithm for predicted sensitivity to
adjuvant treatment of HER2-negative breast cancer with taxane-anthracycline
chemotherapy: 1) sensitivity to endocrine therapy assessed based on an independently
validated 165-gene index of endocrine sensitivity (high or intermediate SET index)?1; 2)
resistance to chemotherapy predicted either by early distant relapse events or by extensive
residual disease after neoadjuvant chemotherapy; and 3) sensitivity (pathologic response) to
chemotherapy (Figure 1). Additional methodological details are provided in the
Supplemental Appendix.

Comparison With Other Genomic Predictors

We evaluated other published phenotypic predictors reported to be associated with
chemotherapy response to neoadjuvant chemotherapy, that have pre-defined thresholds for
response classification, are based on Affymetrix microarray data, and we have confirmed to
be correctly calculated in our hands: genomic grade index (GGI), intrinsic subtype
(PAMS50), and a genomic predictor of pCR (DLDA30).%: 19. 30

Statistical Analysis

Distant relapse-free survival (DRFS) was defined as the interval from initial diagnostic
biopsy until diagnosis of distant metastasis or death from any cause.3! The primary
prediction endpoint was DRFS at 3 years (the median follow-up for validation cohort).
Predictive performance was assessed by the positive predictive value (PPV) defined as the
probability of distant relapse or death if predicted treatment insensitive, the negative
predictive value (NPV) defined as the DRFS if predicted treatment sensitive, and the
absolute risk reduction (ARR), defined as the absolute difference in DRFS between the two
predicted groups. These were calculated from the Kaplan-Meier estimators of the survival
function based on cumulative events following the interval notion for cases and controls.32
Confidence intervals for NPV and PPV were based on Greenwood’s variance estimate and
for ARR were estimated by bootstrap using 999 replicates.33 The independent prognostic
value of the genomic predictor compared to the full clinical model was assessed in
multivariate Cox regression analyses using the likelihood ratio test. Pathologic response to
neoadjuvant chemotherapy was defined as pCR for DLDA30 and pCR or RCB-I for GGil,
PAM50, and the new predictors.® 19. 30 Statistical computations were performed in R (v.
2.10.1, R Development Core Team, 2009, Vienna, Austria).
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Performance of the Predictive Test in the Independent Validation Cohort

The predictive test (algorithm) was applied to the discovery cohort of 310 samples (Figure
3A) and then evaluated in the independent validation cohort of 198 patients (99% clinical
Stage I1-111) who received sequential taxane-anthracycline chemotherapy then endocrine
therapy (if ER+). The validation cohort had a pathologic response rate of pCR 25% and of
pCR or RCB-1 30%, median follow up of 3 years, and an average 3-year baseline DRFS of
79% (95%ClI 74 to 85).

The 3-year DRFS (NPV) was 92% (95%CI 85 to 100), and there was significant absolute
risk reduction (ARR) of 18% (95%CI 6 to 28), in 28% of patients who were predicted to be
treatment-sensitive (Table 3). The 3-year point estimate of DRFS for those predicted to be
treatment-insensitive was 75% (95%CI 67 to 82). Overall, we observed a significant
association between predicted sensitivity to treatment and DRFS (p = 0.002; Figure 3B). In
91 tumors with low SET and evaluated for RCB, excellent response from chemotherapy
(pPCR or RCB-I1) was observed in 56% (95%CI 31 to 78) of those predicted to be treatment-
sensitive.

Of note, 3-year DRFS in patients predicted to be treatment-sensitive at the time of diagnosis
was similar to the 3-year DRFS of 93% (95%CI 85 to 100) in the 21% of patients in the
validation cohort who achieved pathologic complete response (pCR) after completion of
neoadjuvant chemotherapy. Also, 3-year DRFS for predicted treatment-insensitive was
identical to the 3-year DRFS of 75% (95%CI 68 to 83) in those who had residual disease
(RD) (Figure 3C). Furthermore, DRFS estimates for the predicted treatment-sensitive and
the actual pCR groups were unchanged at 5 years, and were identical at 65% (95%CI 56 to
75) for the predicted treatment-insensitive and for the actual RD groups.

Predicted Treatment Sensitivity According to ER Status

There were 30% and 26% of patients with predicted sensitivity to treatment in the ER+/
HER2- and ER-/HER2- subsets, respectively, and both had significantly favorable
prognosis (Table 3 and Figure 4A-B). The treatment sensitive patients identified by test in
the ER+/HER2- subset had excellent DRFS (NPV) of 97% (95%CI 91 to 100) and a
significant ARR of 11% (95%CI 0.1 to 21) at 3 years of follow up (Table 3). In the low SET
subset of ER+/HER2-, PPV for pathologic response was 42% (95%CI 15 to 72) in 20%
who were predicted treatment-sensitive.

For ER-/HER2- patients, the PPV for 3-year relapse was 43% (95%CI 28 to 55) if
predicted treatment-insensitive (Table 3). Patients predicted to be treatment-sensitive had
considerably improved 3-year DRFS (NPV 83% (95%CI 68 to 100)) and significant ARR of
26% (95%CI 4 to 48) overall, and PPV for pathologic response of 83% (95%CI 36-100).

Performance of the Predictive Test in Other Relevant Subsets

The association between predicted treatment sensitivity and DRFS appears to be unrelated to
the type of taxane therapy administered (Figure 4C-D). The 3-year DRFS was 90% (95%ClI
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80 to 100) in the subset who received 12 cycles of weekly paclitaxel, and 96% (95% CI 88
to 100) for 4 cycles of 3-weekly docetaxel with capecitabine. Also, the 3-year DRFS was
93% (95% CI 84 to 100) in 128 clinically node-positive patients, with significantly improved
DRFS compared to those predicted to be insensitive (p=0.003). The 3-year DRFS was 91%
(95% CI 81 to 100) in 70 clinically node-negative patients, but was not significantly
different from predicted insensitivity.

Comparison of the Predictive Test with Clinical-Pathologic Parameters

Genomic predictions were independently and significantly associated with risk of distant
relapse or death (sensitive versus insensitive; HR 0.19; 95%CI 0.07 to 0.55; p=0.002), after
adjusting for standard clinical-pathologic parameters (Table 4). Addition of the genomic
prediction to a multivariate Cox model of the clinical-pathologic factors significantly
increased the model’s predictive utility (likelihood ratio of complete model versus clinical
model 13.8, p < 0.001). In this model, higher clinical tumor stage (tumor stage T3 or T4
versus T1 or T2; HR 2.13; 95% CI 1.13 to 4.02; p=0.02) and ER-negative status (ER status
positive versus negative; HR 0.34; 95% CI 0.18 to 0.65; p=0.001) were associated with
statistically significant greater risk of distant relapse or death.

Comparison with Other Predictive Genomic Signatures

Table 5 summarizes the performance of these signatures in the discovery and validation
study cohorts for predicting pathologic response and 3-year DRFS following neoadjuvant
taxane-anthracycline chemotherapy. All tests were significantly predictive of pathologic
response in the discovery cohort (lower 95% confidence limit of the PPV greater than the
baseline response rate) with overall pCR rate of 19% and pCR or RCB-I rate of 29%, and
the tests had NPV of 84% or greater. Predictor performance in the validation cohort was
similar, but not all tests had PPV and NPV that was significantly greater than the baseline
response rates (pCR rate of 25% and pCR or RCB-I rate of 30%). The entire predictive test
algorithm had PPV of 56% (95%CI 31 to 78) for pathologic response prediction in the
validation cohort (Table 5) after excluding patients with predicted endocrine sensitivity (high
or intermediate SET).

The DRFS of the predicted responder and non-responder groups, as predicted by the same
signatures, were evaluated for the discovery and validation cohorts and are shown in Figure
5. Only the ER-stratified predictor of excellent pathologic response (Figure 5D,5H) and the
entire prediction algorithm (Figures 1,3A,3B) demonstrated significantly better DRFS for
patients predicted to be treatment-sensitive (Table 5). Other tests (GGl, intrinsic subtype,
DLDA30) demonstrated worse DRFS for patients predicted to have chemosensitive breast
cancer, as indicated by the negative ARR (Figure 5, Table 4).

COMMENT

Any test that is based on predicted sensitivity and/or resistance to guide the selection of a
standard adjuvant treatment regimen should predict a high probability of survival for patients
predicted to be treatment-sensitive (NPV, no relapse if predicted to be treatment-sensitive), a
clinically meaningful survival difference between predicted treatment-sensitive and
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insensitive patients (ARR), and improve upon predictions using existing clinical-
pathological information. The performance of our predictive test meets these criteria in an
independent validation cohort. The 3-year DRFS (NPV) of 92% was higher than in the
unselected cohort (79%), and there was significant ARR of 18%. Furthermore, the predictive
test added significantly to a multivariate clinical-pathologic model (age, tumor size, nodal
status, grade, ER status, and type of taxane administered), wherein patients who were
predicted as treatment-sensitive had a 5-fold reduction in the risk of distant relapse (Table 4).
It should also be noted that in the validation cohort the a prioritest results (predicted
treatment-sensitive or insensitive) from a tumor sample obtained before treatment (Figure
3B) were as predictive of DRFS as the pathologic response assessed after the completion of
chemotherapy (Figure 3C).

We observed similar performance of this test in patients who received equivalent
chemotherapy regimens containing 12 weekly paclitaxel doses or four cycles of docetaxel
with capecitabine, in each case sequentially administered before or after four cycles of
anthracycline-based chemotherapy.3* Of course, additional studies must address the
reproducibility of these results, and other studies should consider whether this predictive test
might be generalizable to other regimens that combine taxanes and anthracyclines in
sequence or concurrently, or even regimens that do not include a taxane or an anthracycline
component. Notably, this chemopredictive test was not prognostic in available data from
patients who did not receive chemotherapy (Supplemental Appendix).

A predictive test with this performance could assist medical decision-making. In particular,
we could identify patients with Stage I1-111, ER+/HER2- breast cancer with excellent 3-year
and 5-year DRFS (97%) following a standard adjuvant treatment (Table 3, Figure 4A). This
group included the subset of predicted treatment-sensitive patients that were also predicted
to have low endocrine-sensitivity (Supplemental Appendix). Similarly, the predicted
treatment-sensitive subset with ER-/HER2- cancers had DRFS of 83% and significant ARR
of 26% (Table 3, Figure 4B). At issue is whether 83% 3-year DRFS for ER-/HER2- breast
cancers is sufficiently good to use this test to choose a currently standard taxane-
anthracycline chemotherapy regimen. One clinical strategy might be to perform the test on
needle biopsy samples obtained before treatment, and select predicted treatment-sensitive
patients for neoadjuvant taxane-anthracycline chemotherapy. Using that approach, additional
post-operative adjuvant therapy, preferably on a clinical trial, could be considered if the
patient proved to have significant residual disease (RCB-II or RCB-III) at the time of
surgery (17% of evaluable cases in our study). Conversely, the PPV for distant relapse
(probability of relapse if predicted treatment-insensitive) was 43% at 3 years, sufficiently
high to encourage consideration of other therapeutic options, including a clinical trial, for
those patients.

The future ability to effectively prioritize and complete prospective clinical trials in breast
oncology may be challenged by an increasing number of new treatments to test, questions of
synergy in combined treatments, questions of efficacy in biological subsets, and generally
low rates of participation in prospective clinical trials of adjuvant treatments.3® It is relevant
to consider whether more patients would choose to participate in a clinical trial, from which
they might benefit, if they knew in advance that they personally had significant probability
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of early relapse following a current and intensive adjuvant treatment strategy. Furthermore,
any increase in the rate of participation in prospective clinical trials, especially trials that
target therapeutic strategies for patients predicted to be insensitive to current standard
treatments, could profoundly accelerate clinical investigation of adjuvant treatments.3®

It is essential to realize that prediction of excellent pathologic response from neoadjuvant
chemotherapy does not necessarily predict survival. This apparent paradox is due to the
relationship between the biologic information captured by the predictor and the frequency
and prognosis of false positive predictions. Tumors that are less differentiated often have
high proliferation, and are generally more likely to: 1) have poor prognosis, 2) respond to
cytotoxic chemotherapy, and 3) have poor prognosis if they do not respond to
chemotherapy.l- 36 Therefore, tests that are prognostic in the absence of chemotherapy may
predict response in higher risk patients, but without an associated high probability of
survival. This is likely to be most apparent in Stage I1-111 breast cancers, as illustrated for
genomic grade index and intrinsic subtype (Figure 5A-5B,5E-5F, Table 5),19 and in reports
concerning the commercially available 70-gene prognostic signature (that uses a different
microarray platform),1 and the recurrence score.15-17 These latter tests could not be directly
compared in our study because each uses a different technology lacking direct correlation
with our Affymetrix microarray platform. A similar paradox was observed for DLDA30, a
predictor trained on pCR in unselected patients,® and is probably related to different
frequency of pCR according to ER status and grade, reflecting differentiation and
proliferation (Table 5, Figures 5C,5G).38 We conclude that prediction of pathologic response
alone is not sufficient to demonstrate clinical validity of a test. There must also be a survival
advantage, with an appropriately high survival estimate, for patients who are predicted to be
treatment sensitive.

In this study, overcoming the prediction paradox involved the incorporation of several
strategic elements (Figure 1), some of which might also be generalizable to other types of
cancer. One element was to identify patients whose excellent survival after chemo-endocrine
therapy was due to the endocrine sensitivity of their breast cancer.2 That convinced us to
evaluate predictors of chemotherapy response in breast cancers with predicted low SET.
Another element was to separately develop predictors within relevant phenotypic subsets
using an improved measure of pathologic response (pCR or RCB-1).20 That improvement is
sufficient to reverse the prediction paradox, but not to a level of clinical utility (Figures 5D,
5H, Table 5). Yet another element was to develop predictors based on clinically relevant
definitions of resistance, so that resistant disease could be identified first to avoid
misclassification as responsive.20 That further improved predictive accuracy (Figures 3,4,
Table 5) to a level of potential clinical utility.

In its current format, this predictive test would be performed on fresh primary tumor sample
obtained from a clinical core needle biopsy (2 cores), fine needle aspiration (2 passes) or
surgical resection specimen (e.g. tumoral punch biopsy), and placed into a vial containing
1.5 ml of a standard RNA preservative (RNAlater™) at room temperature. Similar methods
could become feasibly implemented into diagnostic practice if procurement of an optimal
quality tumor sample became a priority for molecular diagnostic tests of proven accuracy
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and medical utility. Meanwhile, it is also imperative to continue to evaluate the predictive
accuracy of this test in additional validation studies.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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The decision algorithm that was used in the genomic test to predict a patient’s sensitivity to
adjuvant chemotherapy or chemo-endocrine therapy from a biopsy of newly diagnosed
invasive breast cancer. *, predicted sensitivity to endocrine therapy was defined as high or
intermediate genomic sensitivity to endocrine therapy (SET) index; **, predicted resistance
to chemotherapy was defined as predicted extensive residual cancer burden (RCB-II1) or
predicted distant relapse or death within 3 years of diagnosis; ***, predicted sensitivity to
chemotherapy was defined as predicted pathologic complete response (pCR) or minimal

residual cancer burden (RCB-I).20: 21
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Kaplan-Meier estimates of distant relapse-free survival according to genomic predictions
(before treatment) as treatment-sensitive (Rx Sensitive) or treatment-insensitive (Rx
Insensitive) in the discovery (A) and independent validation (B) cohorts. For comparison,
the prognosis of the groups stratified by actual pathologic response (pathologic complete
response vs residual disease) after completion of all chemotherapy is shown for the
validation cohort (C). P-values are from the log-rank test.

JAMA. Author manuscript; available in PMC 2017 October 12.

24
75

17
49

6
19

1
7

1
2



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Hatzis et al.

Page 16

a: @
w w
a =%
) =
Q @
o o
= =
E w =
@0 o7 0
[ (=)
b o
© ©
o 3]
E S E S
= =
2 2
= =
2 o | 2 o
c o ©& o
e i = §
a ] - o -
P=0023 — RuxSensitive P=0036 —— RxSensitive
— RxInsensitive — RxInsensitive
o : o :
=0 i = ]
I | | 1 | | I | | I | ) | | 1
1 3 4 5 7 0 1 2 3 4 5 6
Time (years) Time (years)
Mo. At Risk No. At Risk
Rx Sensiive 37 37 31 21 13 7 2 1 Rx Sensitive 19 19 16 14 9 2 1
Rxlnsensitve 86 82 68 55 35 12 5 2 Rx Insensitive 55 47 36 23 14 7 2
o _
© @
w w
[=8 o @ _|
] b T =]
] [}
o o
= =
8 8w
B A =
O (=]
Y Y
o o
[14] @
® < | P a |
[ o [ (=1
= =
Nl 2
o =
<] <}
a. o a o |
o =] o (=]
e = H
o x a : ;
P=0044 —— RxSensitive P=0015 ~—— RxSensitive
— RxInsensitive — RxlInsensitive
o o _| :
o o £
T T T T T T ] I T T T T T T 1
0 1 2 3 4 5 6 o 1 2 _3 4 5 6 7T
Time (years) Time (years)
No. At Risk No. At Risk
Rx Sensitive 32 32 28 17 [ 3 1 RxSensitve 24 24 19 18 16 6 2 1
RxInsensitive 74 67 52 34 12 5 2 RxInsensiive 68 63 53 45 38 13 5 2
Figure 4.

Subset analysis of genomic predictions in the validation cohort: ER+/HER2- (A), ER-/
HER2-(B), taxane chemotherapy administered as 12 cycles of weekly paclitaxel (C) or 4
cycles of 3-weekly docetaxel (D). P-values are from the log-rank test.

JAMA. Author manuscript; available in PMC 2017 October 12.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnuely Joyiny

Hatzis et al.

2 = @ 1
o oty o o
@ @ @
] ] o
14 g - x x
E € i=
2 @ 2 2
o =7 [s] [s]
© s ©
@ = o = ; o = i
T o 7 . T o 7 £ 4 o7 £
[ = GGl:High w = LumB/Basal L — Pred pCR
S « — GGkLow S | — Other 5 o | — Pred RD
g 2 2 2 5 ;
g P = 0001 S P <0.001 g P <0.001
g o | : e <o | : e <o | i
o < o < o < T
T = T [T Frr 111 rri & T - T T F
01234567 01234567 01 2345@67
Time (years) Time (years) Time (years)
No. At Risk No. At Risk No. At Risk

GGI-High209178127 68 43 25 15 6
GGl-Low101 98 76 47 32 15 & 2

LumB/Basal 166138 95 48 32 18 10 4
Otherl44 138108 67 43 22 13 4

Pred pCR122 97 63 30 20 13 7 4
Pred RD188179140 85 55 27 16 4

Page 17

O

04

— Pred RCB-0N
— Pred RCB-I

P <0.001

- i
01234567
Time (years)

Proportion Free of Distant Relapse

0.0

No. At Risk
Pred RCB-0/1 123115 88 53 38 24 17 7
Pred RCB-IMI 187161115 62 37 16 6 1

% o % 2 2 o
£y, = a a ol e
o ] o o
o T D ]
€ 34 = X € 3
= - = €
@ @ @ @
5 e B o b o
a e 7 [a] (a] o o
B B B B
® = @ i ® = i © = i
2 o 7 : 2 o H L o i L o7 :
[ — GGkHigh I — LumB/Basal [ = Pred pCR Iy — Pred RCB-01
S « — GGkLow S o — Other S o — PredRD S o — Pred RCB-II
£ © 7 £ =] H £ © 7] i g © 7 i
S P=001 S P=0035 S P <0.001 S P =0033
g o o o ; o o H o o ;
C o & o7 : € S : £ o :
T 1 11 r7T1 T T 71 | N O O B | 1 11111
012 3 4567 012 345867 012345867 0123 45867
Time (years) Time (years) Time (years) Time (years)
No. At Risk Ho. At Risk Ho. At Risk Ho. At Risk

GGl-High127115 93 63 42 12 3 2
GGlLow 71 70 57 49 28 13 5§ 1

LumB/Basal 101 90 73 51 35 11 2 1
Other 97 95 77 61 35 14 6 2

PredpCR 74 65 48 32 19 7 2 1
Pred RD124120102 80 51 18 6 2

Pred RCB-0/1 103 99 80 56 41 14 3 1
Pred RCB-IMI 95 86 70 56 29 11 5§ 2

Figure5.
Kaplan-Meier estimates of distant relapse-free survival in the discovery cohort (A-D) and

the independent validation cohort (E-H) of patients treated with sequential taxane-
anthracycline chemotherapy, then endocrine therapy if hormone receptor-positive, stratified
by other signatures reported to be predictive of response to neoadjuvant taxane-anthracycline
chemotherapy.®: 19 30 A prognostic signature for genomic grade index predicts pathologic
response if high GGI versus low GGI (A, E)19; the intrinsic subtype classifier predicts
pathologic response if basal-like or luminal B versus other subtypes (B, F)3%; a genomic
predictor of pathologic complete response (pCR) versus residual disease following taxane-
anthracycline chemotherapy (C, G)?; and the genomic predictor of excellent pathologic
response (pCR or RCB-1) versus other residual disease, according to ER status, that we
incorporated in the last step of our prediction algorithm (D, H).% 19 30 p_values are from the
log-rank test.
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Table 2

Chemotherapy And Pre-treatment Biopsy Details for the Study Cohorts

Discovery Cohort

Validation Cohort

(N=310) (N=198)
Needle Biopsy for Genomic Testing
FNA 227 157
CBX 83 41
Chemotherapy Regimen
Entirely Neoadjuvant
Tx12—> FAC x4 — Sx 227 73
AC x4 — T/Tx x4 — SX 83* -
TxX x 4 — FEC x 4 — Sx - 92
Partial Neoadjuvant
FAC/FEC x 6 — Sx — T x 12 - 18
Entirely Adjuvant
Sx — T x 12 — FAC/FEC x 4 - 12
SXx — TxX x4 — FEC x4 - 2
Sx— Tx x4 — FEC x 4 - 1

Page 20

FNA: fine needle aspiration; CBX: core needle biopsy; T x 12: 12 weekly doses of paclitaxel; FAC/FEC x 4: four cycles of fluorouracil (F),
doxorubicin (A) or epirubicin (E), and cyclophosphamide (C); AC x 4: four cycles of doxorubicin and cyclophosphamide; T/Tx x 4: four cycles of

paclitaxel or docetaxel (Tx); TxX x 4: four cycles of docetaxel with capecitabine (X); Tx x 4: four cycles of docetaxel; Sx: surgery.

*
Four cycles of AC followed by T (N=60), Tx (N=18) or taxane not defined (N=5).
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Table 4

Multivariate Cox Regression Analysis of Association with DRFS

Validation Cohort (N=183)"

Factor Hazard Ratio ~ 95% ClI P value
Age (>50 v5<50) 0.53 027-1.03  0.062
Clinical Nodal Status (pos vs neg) 1.76 0.84-367 0.134
Clinical Tumor Stage (T3 or T4 vsT1 or T2) 213 1.13-4.02  0.020
Histologic Grade (3 vs1 or 2) 0.64 0.32-1.28 0.206
ER Status (IHC positive vsnegative) 0.34 0.18-0.65  0.001
Taxane (docetaxel vs paclitaxel) 0.92 0.49-173 0.796
Prediction (Rx Sensitive vs Insensitive) 0.19 0.07-0.55  0.002
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*
Fifteen cases were excluded from the multivariate analysis due to incomplete data. Likelihood ratio test for the addition of Genomic Prediction to

the model was 13.8 on one degree of freedom, p = 0.0002.

The Hazard Ratio is a measure of the risk of distant relapse or death; vs, versus; ER, estrogen receptor.
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