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Predictive test for selection of metastatic breast cancer patients for hormonal

and combination therapy

Cross-reference to related applications

This application claims priority benefits under 35 U.S.C. § 119(e) to U.S. Provisional
application serial no. 61/437,575 filed January 28, 2011, the contents of which are

incorporated by reference herein.

Background

. This application relates generally to the field of treatment of breast cancer and more
particularly to a predictive test for determining, in advance of treatment, whether a breast
cancer patient is a member of a class of patients that would be likely to benefit from a
combination of certain anti-cancer drugs. The application also relates to a predictive test for
determining, in advance of treatment, whether a breast cancer patient is a member of a class
of patients that would not be likely to benefit from endocrine therapy alone, including for

example an aromatase inhibitor such as letrozole.

The applicant’s Assignee Biodesix, Inc. has developed a predictive test for
determining whether certain cancer patients would be likely to benefit from anti-cancer drugs
or combinations of drugs. The commercial version of the test, known as VERISTRAT ®,isa
MALDI-ToF mass spectrometry serum-based test that has clinical utility in the selection of
specific targetedv therapies in solid epithelial tumors. See U.S. patent 7,736,905, the content
of which is incorporated by reference herein, which describes the test in detail. In brief, a
mass spectrum of a serum sample of a patient is obtained. After certain pre-processing steps
are performed on the spectrum, the spectrum is compared with a training set of class-labeled
spectra of other cancer patients with the aid of a classifier. The class-labeled spectra are
associated with two classes of patients: those that benefitted from epidermal growth factor
receptor inhibitors (EGFRIs), class label of “Good”, and those that did not, class label of
“Poor”. The classifier assigns a class label to the spectrum under test. The class label for
the sample under test is either “Good” or “Poor,” or in rare cases where the classification test

fails the class label for the sample is deemed “undefined.”
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Patients whose sample is identified by the test as Poor are identified as members of a
group or class of patients which appear to be unlikely to obtain clinical benefit from
treatment with epidermal growth factor receptor inhibitors (EGFRIs) such as gefitinib
(Iressa®), erlotinib (Tarceva®), and cetuximab (Erbitux®) in the treatment of solid epithelial
tumors. The complementary patient population, associated with the class label of Good, is
likely to benefit depending on the details of the indication. In the absence of treatment, the
VeriStrat test has a strong prognostic component, meaning that “Poor” patients perform

significantly worse than “Good” patients. .

The VeriStrat Poor signature has been found in a variety of solid tumors including
non-small cell lung cancer NSCLC), colorectal cancer (CRC), and sqﬁamous cell cancer of
the head and neck (SCCHN or, alternatively, H&N).  The following patents documents of
the applicant’s assignee describe further background information concerning the VeriStrat
test and its applications: U.S. patents 8,024,282; 7,906,342; 7,879,620; 7,867,775,
7,858,390; 7,858,389 and 7,736,905.

Breast cancer is the leading form of cancer in women and the second leading cause of
cancer death in women, after lung cancer. The development of breast cancer is believed to be
a multi-step process of genetic alteration that transforms normal cells into highly malignant

derivatives.

It has been known for many years that changing the hormonal balance of a patient
with breast cancer could lead to changes in tumor growth and regression of metastatic
disease. Estrogen in particular can promote the growth of breast cancer cells. Accordingly,
while treatment of breast cancer can follow several avenues, including surgery and
chemotherapy, so-called endocrine therapies that are designed to block the generation or
uptake of estrogen are commonly used in treatment of breast cancer. See generally A.
Goldhirsch et al.[1]. Currently, one of the most promising avenues of endocrine therapy takes
the form of administration of drugs that modulate estrogen synthesis and inhibit estrogen

receptor pathways.

Agents targeting estrogen receptors include selective estrogen receptor modulators
(SERMSs) and selective estrogen receptor downregulators (SERDs).  Both SERDs and

SERMs are in use in treatment of breast cancer. Tamoxifen, a most often used agent in pre-
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menopausal setting, is an estrogen receptor antagonist in breast tissue, but acts as an agonist
in some other tissues, hence it belongs to the SERM class. In post-menopausal women
tamoxifen is also used, as well as some other antagonists, such as Fulvestrant (a SERD) and
toremifine (a SERM). Tamoxifen, a non-steroidal antiestrogen, is thought to inhibit breast
cancer growth by competitively blocking estrogen receptor (ER), thereby inhibiting estrogen-
induced growth. ER is a ligand-dependent transcription factor activated by estrogen. Upon
interaction with the hormone it enters the nucleus, binds to specific DNA sequences and
activates ER-regulated genes, mediating most biological effects of estrogens on normal cells

and estrogen —dependent tumors.

Endocrine therapy drugs also include a class of drugs known as aromatase inhibitors,
including selective and nonselective aromatase inhibitors. Selective aromatase inhibitors
include letrozole, as well as anastrozole (arimidex); another similar acting, however non-
reversible, agent is exemestane (aromasin).  Aromatase is an enzyme that synthesizes
estrogen in the body by converting the hormone androgen into estrogen. Aromatase
inhibitors stop the production of estrogen by blocking the aromatase. Administration of
aromatase inhibitors thus reduces the amount of estrogen which is available to stimulate the
growth of hormone receptor-positive breast cancer cells. In post-menopausal settings
letrozole, anastrozole, and exemestane are aromatase inhibitors (Als) that are used most

frequently.

Many breast cancer patients have a primary resistance or develop tumor resistance to
endocrine therapy despite detected hormone receptor (HR) -positive status.  The art has
recognized a variety of methods for attempting to predict resistance to endocrine therapy in
breast cancer patients. See U.S. patents 7,217,533; 7,642,050; 7,504, 214; 7,402,402,
7,537,891, 7,504,211; 5,693,463 and the article of Ma et al [2]. These methods typically
involve either determining whether breast cancer cells express certain gene expression

products or profiles, or analyzing certain ratios of certain gene expression products.
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Summary

Up to 50% of women with breast cancers that are hormone receptor-positive do not
derive benefit from endocrine therapy modulating tumor estrogen receptor function or

reducing the level of circulation estrogens.[2]

We have discovered a method for determining whether a hormone receptor positive
breast cancer patient, regardless of their HER2 status, is unlikely to benefit from
administration of an endocrine theraby drug alone for treatment of the cancer. Unlike the
prior art, our methods involve a mass-spectrometry test that uses a blood-based sample from
the patient (serum or plasma) to make this determination. This method involves a)
obtaining a mass spectrum from a blood-based sample from the patient; b) performing one or
more predefined pre-processing steps on the mass spectrum obtained in step a); c) obtaining
values of selected features in the mass spectrum at one or more predefined m/z ranges after
the pre-processing steps on the mass spectrum in step b) have been performed; and d) using
the values obtained in step ¢) in a classification algorithm using a training set comprising
class-labeled spectra produced from samples from other cancer patients and obtaining a class
label for the sample. The class label assigned to the mass spectrum by the classification
algorithm predicts whether the breast cancer patient is likely to benefit. In particular, if the
class label obtained in step d) is “Poor” or the equivalent, the patient is identified as being

unlikely to benefit from the endocrine therapy drug.

In another aspect, we have discovered a mass-spectrometry test or method of
determining whether a post-menopausal hormone receptor positive breast cancer patient with
HER2 negative status is likely to benefit from administration of a combination treatment
comprising administration of a targeted anti-cancer drug in addition to an endocrine therapy
drug. Our method includes the steps of a) obtaining a mass spectrum from a blood-based
sample from the patient; b) performing one or more predefined pre-processing steps on the
mass spectrum obtained in step a); ) obtaining values of selected features in sa.id spectrum at
one or more predefined m/z ranges after the pre-processing steps on the mass spectrum in
step b) have been performed; and d) using the values obtained in step ¢) in a classification
algorithm using a training set comprising class-labeled spedtra produced from samples from
other cancer patients and obtaining a class label for the sample. If the class label obtained in
step d) is “Poor” or the equivalent then the patient is identified as being likely to benefit from

the combination treatment.
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We have arrived at these methods by examining the effect of separation of blood-
based samples using the VeriStrat test on the treatment efficacy of letrozole with or without
lapatinib in first line metastatic breast cancer patients in a retrospective analysis of the phase
I trial EGF30008 [3]. The total number of patients in this trial was 1258, 1164 pretreatment
serum samples were available for analysis. We obtained valid VeriStrat test results for 1046
of these patients, of which 961 were classified as VeriStrat Good, 80 were VeriStrat Poor,
and 5 were VeriStrat Indeterminate (Undefined) (patients for whom 3 replicate spectra
produced discrepant results); 117 samples were not evaluable due to hemolysis and we could
not assign a VeriStrat label to one patient due to data inconsistencies between available

samples.

As a result of the analysis of EGF30008 we have made several observations leading to
the present inventive methods. One of which is that, for those patients having a mass spectral
signature that is classified as “poor” using the training set, that class label identifies those
patients that are not likely to benefit from administration of endocrine therapy alone,
regardless of their HER2 status. Such patients can be characterized as “endocrine resistant”,
i.e., resistant to endocrine therapy drugs. Patients with hormone-receptor positive status are.
considered to be sensitive to endocrine therapy, however up to 40-50 % of them do not
respond to it from the beginning of treatment or stop responding at some point in the course
of treatment. That’s why our finding that we can identify asubset not benefiting from
endocrine therapy (despite being hormone receptor-positive) is an important result. Since the
patient is predicted to not benefit in advance of treatment, the patient can be steered into the
direction of other treatments that are more likely to lead to a favorable outcome from the

start.

In pre-menopausal women estrogen is produced mainly in the ovaries, hence, the
treatment strategy for the HR-positive breast cancer in this population involves ovarian
suppression usually in combination with ER modulator, tamoxifen. In post-menopausal
women ovarian function has ceased and estrogen is synthesized in smaller quantities from
androgens. Aromatasé plays a key role in this process, providing a biological rationale for
using aromatase inhibitors (Als) for treatment of HR-positive breast cancer in post-
menopausal women. Both ER modulators (tamoxifen) and aromatase inhibitors show
effectiveness in post-menopausal women. Recent publications provide conflicting advice on

the role of Als in the treatment of postmenopausal patients with early-stage hormone
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receptor-positive breast cancer. On one hand, Chlebowski [4] recommends up-front Al for
the majority of patients, whereas Seruga and Tannock [5] suggest that tamoxifen remains thé
endocrine treatment of choice for most patients. Meta-analysis of breast cancer outcomes in
adjuvant trials of aromatase inhibitors versus tamoxifen in post-menopausal women showed
that Als produce significantly lower recurrence rates compared with tamoxifen, either as
initial monotherapy or after 2 to 3 years of tamoxifen. At 5 years, Al therapy was associated
with an absolute 2.9% decrease in recurrence and a nonsignificant absolute 1.1% decrease in
breast cancer mortality[6]. The ATAC trial of Anastrozole, Tamoxifen, Alone or in
Combination showed that 5 years of treatment with anastrozole was generally better tolerated
than 5 years of treatment with tamoxifen, and led to lower recurrence rates, especially in
hormone receptor-positive women (26% reduction), however the benefits on late end points,
such as distant recurrence and death after recurrence, were marginal[{7]. Comparisons of
various Als in randomized clinical trials show that while there is some difference in the
outcomes, it is often difficult to choose between the agents. For example in a comparative
trial of aromatase inhibitors letrozole and anastrozole, letrozole was significantly superior to
anastrozole in the overall response rate (ORR), however there were no significant differences
between the treatment arms in the rate of clinical benefit, median duration of -response,
duration of clinical benefit, time to treatment failure, or overall survival.[8] Similarity of the
mechanisms of action as well as of clinical outcomes in clinical trials with different Als give
us a reason to expect that separation of breast cancer patients by VeriStrat test with respect
to clinical benefit observed with letrozole is likely to be similar to other Als. In addition,
taking into consideration that both tamoxifen’s and Als’ therapeutic effects are based on the
reduction of activated hormone — ER receptor complexes in the cell, either through the
inhibition of estrogen synthesis or minimization of number of receptors available for ligand
binding, one can hypothesize that the effect observed in the study with one of Als
(letrozole) is likely to be similar in the case of treatment with an estrogen modulator
tamoxifen. Hence, the VeriStrat test may be of significant clinical utility in various types of

hormonal therapy of breast cancer.

Furthermore, we have observed that the addition of lapatinib to letrozole significantly
improves patient outcome in the “Poor” group but has little or no clinical benefit in the
“Good” group. This observation holds even under further stratification into HER2positive
(HER2+) and HER2-negative (HER2-)strata. Qur mass-spectrometry test was shown to be a

predictive test for the benefit of adding lapatinib to letrozole treatment as the p-value of
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treatment*VeriStrat status interaction was found to be significant, and this significance
remained even in multivariate analysis adjusted for possible confounding factors. While it is
not surprising that there is benefit from adding lapatinib to letrozole in HER2+ patients, the
observatioh that adding lapatinib to letrozole in HER2- patients can lead to a substantial
improvement in progression free survival in a selected population is unexpected. This patient
subgroup can be identified by a mass-spectrometry test conducted on a blood-based sample in
advance of treatment. This patient selection process may lead to improved treatment
paradigms. For example, one could test all hormone receptor positive patients for VeriStrat
status (i.e., class label “Good” or “Poor”); if a patient were classified as Poor they would be
likely to benefit from the addition of lapatinib to letrozole irrespective of the patient’s HER2
status. If a patient’s VeriStrat status were VeriStrat Good, one could then perform a HER2
test to decide whether the addition of lapatinib would be appropriate. Alternatively, if the
HER?2 status were known to be HER2-negative , one can perform the VeriStrat test to decide
whether the patient belongs to the VeriStrat Poor subgroup and may benefit from the addition

of lapatinib.

Given the result obtained with the dual HER2/EGFR inhibitor lapatinib, one can
expect similar effects in VeriStrat Poor patients with HER2-negative status from the addition
to letrozole of other agents targeting HER2/EGFR, e.g neratinib, afatinib, or combinations of

agents aimed at the same receptors, e.g. erlotinib or gefitinib plus trastuzumab.

Brief description of the drawings

Fig. 1 is a block diagram showing a mass-spectrometry based test for predicting breast
cancer patient response to certain drugs or combination of drugs for use in the methods of this

disclosure.

Figures 2-13 show data resulting from our retrospective analysis of the phase 111 EGF

30008 trial, and in particular:

Fig. 2 is a Kaplan-Meier plot of Progression Free Survival (PFS) for overall '
population by VeriStrat classification and treatment arm. Fig. 2 shows that patients have
similar outcomes on the combination of lapatinib and letrozole regardless of their VeriStrat
status, but not on letrozole alone. In particular, Fig. 2 shows that, for those patients treated

with letrozole alone, patients identified as “Poor” do much worse on letrozole alone than
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those patients identified as “Good.” Fig. 2 also shows that patients whose serum was
classified as “Poor” showed improved progression free survival (PFS) with the addition of

lapatinib to letrozole.

Fig. 3 is a Kaplan-Meier plot of PFS for the letrozole arm by VeriStrat classification.
Fig. 3 demonstrates that our VeriStrat test identifies a group of patients with poor outcomes

on letrozole alone.
Fig. 4 is a Kaplan-Meier plot of PFS for “Good” patients by treatment arm.

Fig. 5 is a'Kaplan-Meier plot of PFS for “Poor” patients by treatment arm. Fig. 5
illustrates that patients whose serum is classified as “Poor” benefit significantly more with
combination treatment (lapatinib and letrozole) than those receiving letrozole alone; the
median PFS is greater by 8.2 months with combination treatment. The significance of the
difference in benefit is demonstrated in the multivariate analysis with the interaction term

included.

Fig. 6 is a Kaplan-Meier plot of PFS for by VeriStrat classification and treatment arm
for HER2- population.

Fig. 7 is a Kaplan-Meier plot of PFS for the letrozole arm by VeriStrat classification
for HER2- patients.

Fig. 8 is a Kaplan-Meier plot of PFS for the letrozole arm by VeriStrat classification
for HER2+ patients. Figs. 7 and 8 show that our test identifies patients with poor outcomes

on letrozole alone, independent of HER2 status.

Fig. 9 is a Kaplan-Meier plot of PFS for VeriStrat Good patients by treatment arm for
HER?2- patients.

Fig. 10isa Kaplan-Meief plot of PFS for VeriStrat Poor patients by treatment arm for
HER2- patients. Fig. 10 demonstrates that HER2- patients whose serum is classified as
“Poor” showed a trend for improved PFS with the addition of lapatinib to letrozole as

compared to treatment by letrozole alone.

Fig. 11 is a Kaplan-Meier plot of PFS for HER2+ patients by VeriStrat classification
and treatment arm. It shows that patients have similar outcomes with lapatinib plus letrozole

treatment regardlesé of their VeriStrat classification.
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Fig. 12 is a Kaplan-Meier plot of PFS for VeriStrat “Good” patients by treatment arm '
for HER2+ patients.

Fig 13 is a Kaplan-Meier plot of PFS for VeriStrat “Poor” patients by treatment arm
for HER2+ patients.  Figures 11-13 demonstrate that, within the population of HER2+
patients, patients have similar outcomes with lapatinib plus letrozole regardless of their

VeriStrat classification.

Detailed Description

Our work leading to the present inventive methods involved evaluating the effect of
VeriStrat separation (“Good” vs. “Poor”) on the treatment efficacy of letrozole with or
without lapatinib in first line metastatic breast cancer patients in a retrospective analysis of
the phase IlI trial EGF30008 (see S Johnston et al, [3] attached as an appendix to our prior
provisional application). Our work involved obtaining serum samples from patients
involved in this study, obtaining mass spectra of such samples, and subjecting the spectra to a
classifier we have developed and described in our U.S. Patent 7,736,905. The classifier
assigned a class label to the samples, either “Good” or “Poor” or in a few instances
“undefined.” The class labels were assigned using a K-nearest neighbor (KNN) scoring
algorithm based on a comparison of the spectra, after preprocessing and calculation of
integrated intensity values at selected features in the spectra, with a training set of class-

labeled spectra from other cancer patients.

In the study we conducted, the training set used by the classification algorithm used
class-labeled spectra from a population of non-small cell lung cancer patients, with the class-
label in the training set being “Good” if the associated spectra in the training set was assigned
to a patient who benefitted from administration of an EGFR-I, whereas the class label “Poor”
was assigned to spectra for patients who did not benefit from such drugs. This training set
and the classifier was the subject of extensive validation studies. The method of conducting
our mass-spectral testing and classification of blood-based samples is explained in further

detail below.

In our retrospective analysis of the EGF30008 study, we obtained serum samples

from the patients participating in the study, subjected them to our VeriStrat test, and the
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samples were assigned class labels of Good or Poor, depending on the outcome of the KNN
algorithm in the classifier. We studied these class labels, along with clinical data associated

with the patients in this study and made a number of surprising discoveries.

In particular, as a result of the analysis of EGF30008, and our understanding of the
drugs involved in this study, we have discovered that our mass spectral testing method
provides the ability to identify a certain class of hormone receptor positive breast cancer
patients that are not likely to benefit from endocrine therapy drugs alone in treatfnent of the
cancer. This class of patient is identified when the classifier assigns the “Poor” class label to

the sample’s mass spectrum.

We also discovered that the addition of lapatinib to letrozole significantly improves
patient outcome in the “Poor” group but has little or no clinical benefit for those patients
identified as “Good”. This observation holds even under further stratification into HER2+
and HER2- strata. Our mass-spectral test was shown to be a predictive test for the benefit of
adding lapatinib to letrozole treatment as the p-value of treatment * VeriStrat status
interaction was found to be significant, and this significance remained even in multivariate

analysis adjusted for possible confounding factors.

While it is not surprising that there is benefit from adding lapatinib to letrozole in
HER2+ patients, the observation that adding lapatinib to letrozole in HER2- patients can lead
to a substantial improvement in progression free survival in a selected population is
unexpected. This patient subgroup can be identified by mass-spectrometry testing on a serum
sample in advance of treatmént, and this patient selection may lead to improved treatment
paradigms. For example, one could test all hormone receptor positive patients for VeriStrat
status; if a patient were classified as Poor they would benefit from the addition.of lapatinib to
letrozole irrespective of the patient’s HER2 status. If a patient’s VeriStrat status were Good,
then one could perform a HER2 test to decide whether the addition of lapatinib would be
appropriate. Alternatively, if HER2 status is known, one can perform the VeriStrat test on
HER2-negative patients and identify those (VeriStrat Poor) patients who would benefit from
the addition of lapatinib

The discoveries resulting from our study of these samples and the VeriStrat testing
can take the form of practical, useful tests. One aspect is that our testing method identifies a

group of hormone receptor positive breast cancer patients that are not likely to benefit from

10
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administration of an endocrine therapy drug alone. This identification can be made in

advance of treatment.

In this first aspect, the method is described herein for détermining whether a hormone
receptor positive breast cancer patient, regardless of the patients’ HER?2 status, is unlikely to
benefit from administration of an endocrine therapy drug alone for treatment of the cancer.
The method includes the steps of: a) obtaining a mass spectrum from a blood-based sample
from the patient; b) performing one or more predefined pre-processing steps on the mass
spectrum obtained in step a); ¢) obtaining values of selected features in the spectrum at one or
more predefined m/z ranges after the pre-processing steps on the mass spectrum in step b)
have been performed; d) using the values obtained in step c) in a classification algorithm
using a training set comprising class-labeled spectra produced from samples from other
cancer patients and obtaining a class label for the patient’s sample; and €) if the class label
obtained in step d) is “Poor” or the equivélent, then the patient is identified as being unlikely

to benefit from the treatment.

Those patients that do not respond well to endocrine therapy drugs alone can be said
to be “endocrine resistant.” That is, patients with hormone-receptor positive status are
considered to be sensitive to endocrine therapy, however some of them do not respond to it
from the beginning of treatment, while others can stop responding at some point. Our
ﬁhding that we can identify the subset of patients that is predicted to not benefit from
endocrine therapy drugs (despite being hormone receptor-positive), and that identification

can be made in advance of initiating treatment, is an important result.

A second practical test is described herein in the form of a method of determining
whether a post-menopausal hormone receptor positive breast cancer patient with HER2-
negative status is likely to benefit from administration of a combination treatment comprising
administration of a targeted anti-cancer drug in addition to an endocrine therapy drug. The
method involves the steps of: a) obtaining a mass spectrum from a blood-based sample from
the patient;‘ b) performing one or more predefined pre-processing steps on the mass spectrum
obtained in step a); c¢) obtaining values of selected features in said spectrum at one or more
predefined m/z ranges after the pre-processing steps on the mass spectrum in step b) have
been performed; d) using the values obtained in step c) in a classification algorithm using a
training set comprising class-labeled spectra produced from samples from other cancer

patients and obtaining a class label for the sample; and ¢€) if the class label obtained in step d)

11
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is “Poor” or the equivalent then the patient is identified as being likely to benefit from the
combination treatment.

Cross-talk between pathways involved with estrogen receptors and HER2 and EGFR
is considered as one of the primary mechanisms of this resistance to letrozole alone
and constitutes the rationale for the combination of drugs (targeted therapies and endocrine
therapies) used in our study, since inhibition of production of estrogen and at the same time
of HER2 and EGFR signaling, stops these interactions and helps to prevent/overcome
resistance. Here, the important finding we have made is that patients that seemed to be
resistant (non-benefiting) to letrozole alone respond to the combination of targeted therapies
and endocrine therapies (e.g., the combination of lapatinib plus aromatase inhibitor such as
letrozole), and, most interestingly, in the HER2-negative group as well if they are classified
as “Poor” in our test. HER2-negative patients were not expected to gain benefit from the
combination treatment, but we have been able to identify a subgroup of HER2-negative
patients that are likely to benefit from the combination treatment, which is a significant

advance.

The VeriStrat Test

The methods of this disclosure for identifying a set of hormone receptor positive
breast cancer patients that are not likely to benefit from an endocrine therapy (e.g., aromatase
inhibitor, tamoxifen, other SERMs and SERDs) alone, or alternatively to benefit from the
addition of c.ertain targeted -therapies and endocrine therapy drugs, involves obtaining a
blood-based sample (serum or plasma) of the breast cancer patient and processing it in
accordance with the test described iﬁ this section of this document. The class label assigned
to the specimen indicates whether the patient is unlikely to benefit from the administration of
the endocrine therapy drug alone, or alternatively likely to benefit from the administration of
a combination of a targeted therapy and an endocrine therapy drug. The test is illustrated in
flow chart form in Figure 1 as a process 100.

At step 102, a serum or plasma sample is obtained from the patient. In one
embodiment, the serum samples are separated into three aliquots and the mass spectroscopy
and subsequent steps 104, 106 (including sub-steps 108, 110 and 112), 114, 116 and 118 are
performed independently on each of the aliquots. The number of aliquots can vary, for
example there may be 4, 5 or 10 aliquots, and each aliquot is subject to the subsequent

processing steps.

12
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At step 104, the sample (aliquot) is subject to mass spectroscopy. A preferred method
of mass spectroscopy is matrix assisted laser desorption ionization (MALDI) time of flight
(TOF) mass spectroscopy, but other methods are possible. Mass spectroscopy produces data
points that represent intensity values at a multitude of mass/charge (m/z) values, as is
conventijonal in the art. In one example embodiment, the samples are thawed and centrifuged
at 1500 rpm for five minutes at four degrees Celsius. Further, the serum samples may be
diluted 1:10, or 1:5, in MilliQ water. Diluted samples may be spotted in randomly allocated
positions on a MALDI plate in triplicate (i.e., on three different MALDI targets). After 0.75
ul of diluted serum is spotted on a MALDI plate, 0.75 ul of 35 mg/ml sinapinic acid (in 50 %
acetonitrile and 0.1% trifluoroacetic acid (TFA)) may be added and mixed by pipetting up
and down five times. Plates may be allowed to dry at room temperature. It should be
understood that other techniques and procedures may be utilized for preparing and processing
serum in accordance with the principles of the present invention.

Mass spectra may be acquired for positive ions in linear mode using a Voyager DE-
PRO or DE-STR MALDI TOF mass spectrometer with automated or manual collection of the
spectra. Seventy five or one hundred spectra are collected from seven or five positions within
each MALDI spot in order to generate an average of 525 or 500 spectra for each serum
specimen. Spectra are externally calibrated using a mixture of protein standards (Insulin
(bovine), thioredoxin (E. coli), and Apomyglobin (equine)).

At step 106, the spectra obtained in step 104 are subject to one or more pre-defined
pre-processing steps. The pre-processing steps 106 are implemented in a general purpose
computer using software instructions that operate on the mass spectral data obtained in step
104. The pre-processing steps 106 include background subtraction (step 108), normalization
(step 110) and alignment (step 112). The step of background subtraction preferably involves
generating a robust, asymmetrical estimate of background in the spectrum and subtracts the
background from the spéctrum. Step 108 uses the background subtraction techniques
described in U.S 7,736,905, which is incorporated by reference herein. The normalization
step 110 involves a normalization of the background subtracted spectrum. The
normalization can take the form of a partial ion current normalization, or a total ion current
normalization, as described in U.S. Patent 7,736,905. Step 112 aligns the normalized,
background subtracted spectrum to a predefined mass scale, as described in U.S. 7,736,905,

which can be obtained from investigation of the training set used by the classifier.
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Once the pre-processing steps 106 are performed, the process 100 proceeds to step
114 of obtaining values of selected features (peaks) in the spectrum over predefined m/z
ranges. Using the peak-width settings of a peak.finding algorithm, the normalized and
background subtracted amplitudes may be integrated over these m/z ranges and assigned this
integrated value (i.e., the area under the curve between the width of the feature) to a feature.
For spectra where no peak has been detected within this m/z range, the integration range may
be defined as the interval around the average m/z position of this feature with a width
corresponding.to the peak width at the current m/z position. This step is also disclosed in
further detail in U.S. patent 7,736,905. |

At step 114, as described in U.S. patent 7,736,905, the integrated values of features in
the spectrum'is obtained at one or more of the following m/z ranges:

5732 to 5795
5811 to 5875
6398 to 6469
11376 to 11515
11459 to 11599
11614 to 11756
11687 to 11831
11830 to 11976
12375 to 12529
23183 to 23525
23279 to 23622 and
65902 to 67502.

In a preferred embodiment, values are obtained at eight of these m/z ranges shown in
Table 1 below. The significance, and methods of discovery of these peaks, is explained in
the U.S. patent 7,736,905.

At step 116, the values obtained at step 114 are supplied to a classifier, which in the
iltustrated embodiment is a K-nearest neighbor (KNN) classifier. The classifier makes use of
a training set of class labeled spectra from a multitude of other patients (which may be
NSCLC cancer patients, or other solid epithelial cancer patients, e.g., HNSCC, Breast
Cancer). The application of the KNN classification algorithm to the values at 114 and the
training set is explained in U.S. patent 7,736,905. Other classifiers can be used, including a
probabilistic KNN classifier or other classifier. In the illustrated embodiment, the training

set is in the form of class-labeled spectra from NSCLC patients that either did or did not
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benefit from administration of EGFR inhibitors, those that did benefit being labeled “Good”
and those that did not labeled “Poor.”

Note that, in the illustrated embodiments of our prédictive tests for breast cancer
patient treatment, the classifier uses a, training set from patients that are not breast cancer
patients, but the predictions made by the method are nevertheless valid. The reason for using
the NSCLC training set for the present study is that it has been subject to extensive
validation. However, it is certainly possible to construct a training set and to validate it from
test spectra obtained from a multitude of breast cancer patients. For example, the set of
spectra we used in the EGF30008 study could be used to construct the training set and used in
the classification of the test sample. Such an endeavor would have required substantial
additional validation work which was not necessary in our case since the NSCLC training set
used in the classifier performed so well.

At step 118, the classifier produces a label for the spectrum, either “Good”, “Poor” or
“Undefined”. As mentioned above, steps 104-118 are performed in parallel on the three
separate aliquots from a given patient sample (or whatever number of aliqﬁots are used). At
step 120, a check is made to determine whether all the aliquots produce the same class label.
If not, an undefined (or Indeterminate) result is returned as indicated at step 122. If all
aliquots produce the same label, the label is reported as indicated at step 124.

As described in this document, new and unexpected uses of the class label reported at
step 124 are disclosed. For example, those hormone receptor positive, HER2-negative breast
cancer patients labeled “Poor” in accordance with the VeriStrat test are likely to benefit from
treatment in the form of an endocrine therapy drug, e.g., an aromatase inhibitor (letrozole) in
combination with targeted therapy (e.g., lapatinib) in accordance with the present disclosure.
As another example, regardless of the HER2 status, if the patient is identified as “Poor” in
accordance with the test, then the patient is not likely to benefit from administration of an
endocrine therapy drug alone.

It will be understood that steps 106, 114, 116 and 118 are typically performed in a
programmed general purpose computer using software coding the pre-processing step 106,
the obtaining of spectral values in step 114, the application of the KNN classification
algorithm in step 116 and the generation of the class label in step 118. The training set of
class labeled spectra used in step 116 is stored in memory in the computer or in a memory

accessible to the computer.
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The method and programmed computer may be advantageously implemented at a
laboratory test processing center as described in our prior patent application publication U.S.
patent 7,736,905. '

Table 1: Peaks used in VeriStrat.

Peak number m/z
1 5843

2 11445
3 11529
4 11685
s | 11759
6 11903
7 12452
8 12579

Discussion and Supporting Data

Our results from this retrospective analysis of the EGF30008 study are shown in

Figures 2- 13 and the data supporting our conclusions will be discussed below.

Fig. 3 is a Kaplan-Meier plot of PFS for the letrozole + placebo arm of the EGF30008
study by VeriStrat classification. Fig. 3 demonstrates that our VeriStrat test identifies a group
of patients with poor outcomes on letrozole alone. In particular, in the letrozole+placebo
arm, there was significant separation between VeriStrat Good and VeriStrat Poor patients,
with hazard ratio (HR) = 0.36 (95% Confidence Interval (CI): 0.23-0.58) and log-rank p
<0.0001. The median PFS was 10.8 months for VeriStrat Good patients (n=479) and 2.8
months for VeriStrat Poor patients (n=43).

The letrozole+lapatinib arm (not shown) showed no statistically significant séparation
between VeriStrat Good and VeriStrat Poor patients (log-rank p =0.53). Median PFS was

11.4 months for Good patients and 11.0 months for Poor patients.
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The effect on PFS with the addition of a targeted therapy (lapatinib) in addition to
letrozole, separated by VeriStrat classification, is shown in Figs. 4, 5 and 6. VeriStrat
“Good” pétients are shown in Fig. 4 and “Poor” patients in Fig. 5. There was significant
separation in both VeriStrat classification groups in favor of letrozole+lapatinib treatment,
but the separation was much larger for “Poor” patients. For “Good” patients (Fig. 4), the HR
between treatment arms was HR= 0.84 (95% CI: 0.72-0.98) and log-rank p =0.028. The
median PFS was 11.4 months for the combination arm and 10.8 months for the

letrozole+placebo arm.

For VeriStrat “Poor” patients (Fig. 5), HR=0.52 (95% CI: 0.31-0.86) with log-rank p
= 0.011. The median PFS was 11.0 months in the combination arm and only 2.8 months in

the letrozole+placebo only arm.

Fig. 2 is a Kaplan-Meier plot of Progression Free Survival (PFS) for overall
population by VeriStrat classification and treatment arm. Fig.2 shows that patients have
similar outcomes on the combination of lapatinib and letrozole regardless of their VeriStrat
status, but not on letrozole alone. In particular, Fig. 2 shows that, for those patients treated
with letrozole alone, patients identified as “Poor” do much worse on letrozole alone than
those patients identified as “Good.” Fig. 2 also shows that for patients whose serum was
classified as “Poor” showed improved progression free survival (PFS) with the addition of

lapatinib to letrozole.
The results of these four comparisons are summarized in Table 2.

Table 2.

Summary of survival analysis results for PFS for the overall population by
treatment arm and VeriStrat classification

HR P value Median PFS (months)
VS Poor by tx 0.52 (0.31-0.86) 0.011 2.8 (let);, 11.0 (let+lap)
VS Good by tx 0.84 (0.72-0.98) 0.028 10.8 (let); 11.4 (let+lap)
Let+lat arm by VS 0.87 (0.58-1.33) 0.53 11.0 (Poor); 11.4 (Good)
Let only arm by VS 0.36 (0.23-0.58) <0.0001 2.8 (Poor); 10.8 (Good)
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From this data we have discovered that. patients whose serum is classified as “Poor”
benefit significantly more when treated with lapatinib plus letrozole as compared to treatment
with letrozole alone: progression free survival is greater by 8.2 months. The significance of
the difference in benefit between the treatment arms was demonstrated in the multivariate

analysis that included the interaction term.

Figs. 7 and 8 show our data of PFS for patients with known HER2 status receiving
letrozole alone. PFS for HER2- patients is shown in Fig. 7 and PFS for HER2+ patients is
shown in Fig. 8.  With reference to the HER2- data (Fig. 7), in the letrozole+placebo arm,
there was significant separation between VeriStrat Good and VeriStrat Poor patients, HR =
0.37 (95% CI: 0.21-0.64) and log-rank p ¥0.0004. The median PFS was 13.6 months for
VeriStrat Good patients and 3.1 months for VeriStrat Poor patients. With reference to the
HER2+ data (Fig. 8), there was significant separation between VeriStrat Good and VeriStrat
Poor patients, HR = 0.29 (95% CI: 0.09-0.98) and log-rank p =0.046. The median PFS was
3.0 months for VeriStrat Good patients and 2.3 months for VeriStrat Poor patients.

Considering Figs. 7 and 8 together, our data demonstrates that our VeriStrat test
identifies patients with poor outcomes on letrozole alone independent of HER2 status, i.e.,

those patients whose serum sample is classified as “Poor” by the classifier.

Our data on the effect on PFS with the addition of lapatinib to letrozole in the HER2-
population is shown in Figs. 9 and 10. HER2- VeriStrat “Good” and “Poor” patients were
analyzed separately by treatment arm. Data for HER2-, VeriStrat “Good” patients are shown
in Fig. 9 and “Poor” patients in Fig. 10. There was no éigniﬁcant separation in either
VeriStrat classification group. There may be a trend to separation in favor of
letrozole+lapatinib treatment, especially in the VeriStrat “Poor” patients where the number of
patients was small. For “Good” patients the HR between treatment arms was 0.85 (95% CI:
0.71-1.02) and log-rank p =0.085. The median PFS was 13.8 months for the combination
arm and 13.6 months for the letrozole+placebo arm.  For VeriStrat “Poor” patients (Fig.
10), HR= 0.57 (95% CI: 0.32-1.04) with log-rank p = 0.068. The median PFS was 11.0

months in the combination arm and only 3.1 months in the letrozole+placebo arm.

The results of these four comparisons are summarized in Table 3.
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Table 3

Summary of survival analysis results for PFS for HER2- patients by treatment
arm and VeriStrat classification

HR P value Median PFS (months)
VS Poor by tx 0.57 (0.32-1.04) 0.068 3.1 (let); 11.0 (let+lap)
VS Good by tx 0.85(0.71-1.02) 0.085 13.6 (let); 13.8 (let+lap)
Let+lat arm by VS 0.77 (0.46-1.27) 0.30 11.0 (Poor); 13.8 (Good)
Let only arm by VS 0.37 (0.21-0.64) 0.0004 3.1 (Poor); 13.6 (Good)

Fig. 6 is a Kaplan-Meier plot of Progression Free Survival (PFS) for overall
population by VeriStrat classification and treatment arm for the HER2-negative population.
Fig. 6 shows that HER2- patients have similar outcomes on the combination of lapatinib and
letrozole regardless of their VeriStrat status, but not on letrozole alone. In particular, Fig. 6
shows that, for those patients treated with letrozole alone, patients identified as VeriStrat
Poor do much worse on letrozole alone than those patients identified as VeriStrat Good. Fig.
6 aléo shows that for those HER2- patients whose serum was classified as “Poor” showed a

trend for improved progression free survival with the addition of lapatinib to letrozole.

Data showing the effect on PFS with the addition of lapatinib to letrozole in the HER2
positive (HER2+) population is shown in Figs. 11-13. For HER2+ patients, each treatment
arm was analyzed separately by VeriStrat classification. The data for VeriStrat Good patients
is shown in Fug. 12. The data for VeriStrat Poor patients is shown in Fig. 13. The combined

data for all HER2+ patients and both treatment arms is shown in Fig. 11.

In the HER2+ population, there was significant separation in both VeriStrat
classification groups in favor of letrozole+lapatinib treatment. For “Good” patients (Fig. 12)
the HR between treatment arms was 0.71 (95% CI: 0.50-0.99) and log-rank p =0.046. The
median PFS was 8.0 months for the combination arm and 3.0 months for the letrozole only
arm. In “Poor” patients (Fig. 13), the separation is similar with the median PFS of 8.6

months for the combination arm and 2.3 months for the letrozole only arm.

The results of these four comparisons are summarized in Table 4.
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Summary of survival analysis results for PFS for HER2+ patients by
treatment arm and VeriStrat (VS) classification

Median PFS (months)

HR P value
VVS Poor b)'/ tx 0.17 (0.04-0.76) 0.021 2.3 (let); 8.6 (let+lap)
VS Good by tx 0.71 (0.50-0.99) 0.046 3.0 (let); 8.0 (let+lap)
Let+lat arm by VS 0.99 (0.40-2.48) 0.99 8.6 (Poor); 8.0 (Good)
Let only arm by VS 0.29 (0.09-0.98) 0.046 2.3 (Poor); 3.0 (Good)

Figs. 11, 12 and 13 show that HER2+ patients have similar outcomes with lapatinib

plus letrozole treatment regardless of VeriStrat classification.

These results taken together indicate that the VeriStrat Poor patients benefit from the

addition of lapatinib to letrozole independently from their HER2 status.

PFS Interaction Analysis

A Cox Proportional Hazard Model analysis was carried out including VeriStrat

classification, treatment arm, and an interaction term between the two. The results are shown

in Table 5. Treatment and VeriStrat classification were both significant, as was the

interaction term, indicating that the difference in Hazard Ratio (HR) between VeriStrat Good

and VeriStrat Poor patients is significantly different between the letrozole+placebo arm and

the letrozole+lapatinib arm.

Table 5

Results of the Cox Proportional Hazards Model with Covariate Selection

HR 95% CI P value
VeriStrat Classification | 041 0.29-0.58 <0.0001
(good vs poor)
Treatment Arm 0.36 0.22-0.60 <0.0001
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(Let+Lap vs Let)

HER?2 Status 1.76 A 1.46-2.13 <0.0001

HER2+ vs HER2 -

ECOG PS (>1 vs 0) 1.43 1.23-1.66 <0.0001

Prior adjuvant hormonal | 0.54 0.45-0.65 <0.0001
| therapy

(< 6 months vs > 6

months)

Hormone receptor status 1.48 1.01-2.18 0.046

(ER- and PgR- vs ER+

and/or PgR+)

No. of metastatic sites (> 3 | 1.56 1.34-1.81 <0.0001
vs <3)

Veristrat*treatment 2.31 1.36-3.94 0.0020
interaction

While the EGF30008 study involved a single targeted therapy (lapatinib) and a single
aromatase inhibitor (letrozole), there are several dual HER2 and EGFR inhibitors under
investigations, e.g. neratinib, afatinib, ARRY-543 that are likely examples of other targeted
therapies that could be used in the method.  Also, the effect of the combination of EGFR
inhibitors (erlotinib, gefitinib) and HER?2 inhibitor (trastuzumab) may be similar to one of the

dual inhibitors.

Letrozole belongs to the class of selective reversible aromatase inhibitors, as well
as Anastrozole (Arimidex); another similar acting, however non-reversible, agent

is Exemestane (Aromasin). The methods of this disclosure may be used to predict HER2-,
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post-menopausal hormone receptor positive breast cancer patient benefit from the

combination of targeted therapies and an aromatase inhibitor other than letrozole.
Definitions:

As used herein, the terms “endocrine therapy” and “endocrine therapy drugs” should
be interpreted to mean those drugs which influence the endocrine system by modulating
estrogen synthesis and/or estrogen receptor pathways, including but not limited to SERDs,

SERMs and aromatase inhibitors.

The term “targeted therapies” should be interpreted to mean those drugs targeting
specific .pathways within the cell, including but not limited to EGFR-Is, HER2 inhibitors,

lapatinib and combinations thereof.

The term “hormone receptor positive” is intended to include estrogen (ER) and/or

progesterone (PgR) receptors —positive breast cancer patients.

All questions concerning the scope of the invention are to be answered by reference to

the appended claims.
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Claims

What is claimed is:

1. A method of determining whether a hormone receptor positive breast cancer patient,
regardless of HER2 status, is unlikely to benefit from administration of an endocrine therapy

drug alone for treatment of the cancer, comprising the steps of:

a) obtaining a mass spectrum from a blood-based sample from the patient;

b) performing one or more predefined pre-processing steps on the mass spectrum
obtained in step a); A

c) obtaining values of selected features in said spectrum at one or more
predefined m/z ranges after the pre-processing steps on the mass spectrum in step b) have
been performed;

d) using the values obtained in step c) in a classification algorithm using a
training set comprising class-labeled spectra produced from samples from other cancer
patients and obtaining a class label for the sample; and

€) if the class label obtained in step d) is “Poor” or the equivalent, then the.

patient is identified as being unlikely to benefit from the endocrine therapy drug.
2. The method of claim 1, wherein the endocrine therapy drug comprises a selective
estrogen receptor modulator (SERM).

3. The method of claim 1, wherein the endocrine therapy drug comprises selective

estrogen receptor downregulator (SERD).

4. The method of claim 2, wherein the endocrine therapy drug comprises tamoxifen or

the equivalent.

5. The method of claim 1, wherein the endocrine therapy drug comprises an aromatase

inhibitor.
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6. The method of claim 5, wherein the aromatase inhibitor comprises letrozole or the
equivalent.
7. The method of any of claims 1-6, wherein the one or more m/z ranges comprises one

or more m/z ranges selected from the group of m/z ranges consisting of:

5732 to 5795
5811 to 5875
6398 to 6469
11376 to 11515
11459 to 11599
11614 to 11756
11687 to 11831
11830 to 11976
12375 to 12529
23183 to 23525
23279 to 23622 and
65902 to 67502.

8. The method of nay of claims 1-7, wherein the class-labeled spectra from other cancer
patients used in the classification step d) comprise class-labeled spectra of samples obtained
from non-small cell lung cancer patients and the class labels indicate whether such patients
benefitted from treatment with an epidermal growth factor receptor inhibitor (“Good”) or did

not benefit (“Poor™).

9. A method of determining whether a post-menopausal hormone receptor positive
breast cancer patient with HER2-negative status is likely to benefit from administration of a
combination treatment comprising administration of a targeted anti-cancer drug in addition to

an endocrine therapy drug, comprising the steps of:

a) obtaining a mass spectrum from a blood-based sample from the patient;
b) performing one or more predefined pre-processing steps on the mass spectrum

obtained in step a);
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) obtaining values of selected features in said spectrum at one or more
predefined m/z ranges after the pre-processing steps on the mass spectrum in step b) have
been performed; and

d) using the values obtained in step c) in a classification algorithm using a
training set comprising class-labeled spectra produced from samples from other cancer
patients and obtaining a class label for the sample; and

¢)  ifthe class label obtained in step d) is “Poor” or the equivalent then the patient

is identified as being likely to benefit from the combination treatment.

10.  The method of claim 9, wherein the targeted anti-cancer drug comprises lapatinib.

11.  The method of claim 9, wherein the endocrine therapy drug comprises an aromatase
inhibitor.

12.  The method of claim 11, wherein the aromatase inhibitor comprises letrozole.

13.  The method of claim 9, wherein the endocrine therapy drug comprises a selective

estrogen receptor modulator (SERM).

14.  The method of claim 9, wherein the endocrine therapy drug comprises selective

estrogen receptor downregulator (SERD).

15.  The method of claim 13, wherein the endocrine therapy drug comprises tamoxifen or

the equivalent.

16.  The method of any of claims 9-15, wherein the one or more m/z ranges comprises one
or more m/z ranges selected from the group of m/z ranges consisting of:

5732 to 5795

5811 to 5875

6398 to 6469

11376 to 11515

- 11459 to 11599
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11614 to 11756
11687 to 11831
11830 to 11976

- 12375 t0 12529
23183 to 23525
23279 to 23622 and
65902 to 67502.

17.  The method of any of claims 9-16, wherein the class-labeled spectra from other
cancer patients used in the classification step d) comprise class-labeled spectra of samples
obtained from non-small cell lung cancer patients and the class labels indicate whether such
patients were likely to benefit from treatment with an epidermal growth fac.tor receptor

inhibitor (“Good™) or did not benefit (“Poor™).
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