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Abstract

Purpose—HSP90, a viable target for cancer treatment, mediates the maturation and stabilization
of client oncoproteins. HSP90i are potentially active in a variety of tumors, but therapeutic benefit
is confirmed in only a small subset. We explored potential biomarkers across multiple studies of
HSP90i in advanced solid tumors.

Methods—Archived tumor specimens from patients treated with HSP90i on 7 different phase I/11
trials at MSKCC were identified. Tumor tissue was tested by IHC: ER, PR and AR: >1% positive
and <1% negative; HSP90 and HSP70: 0, 1+ negative and 2+, 3+ positive; PTEN: 0 negative, 1
reduced and 2 positive; HER2: 0, 1+ negative, 2+ equivocal, 3+ positive; EGFR: 0 negative and
1+, 2+, 3+ positive. The expression of the biomarker panel was correlated with clinical benefit
(CB) (defined by ORR or CB by “8 week” scan) using Fisher's exact test.

Results—Adequate tissue was available for 51/158 patients (32%), including 10 different solid
tumors. Of these, 71% (36/51) and 51 % (26/51) patients met the criteria to assess CB by best
ORR or by “8 week scan” assessment respectively. Breast was the most frequent tumor. Mean
duration of HSP90i therapy was 55 days (range, 16-411). There were 16 responses (4 PR; 12 SD);
13/16 responses strongly correlated with HER2+ status (p = 0.001).

Conclusion—Our findings suggest HER2 as a sensitive client and perhaps the only effective

biomarker for sensitivity to these HSP90i.
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Introduction

Heat shock protein 90 [HSP90], a molecular chaperone, along with several co-chaperones
such as HSP70, activator of HSP90 ATPase 1 [Ahal], HSP40, HSP70/HSP90 organizing
protein [HOP], P23, cell division cycle protein 37 [CDC37] exerts its role by employing a
complex cycle of “client” protein binding and hydrolysis of ATP and regulating the stability
and function of these client proteins 14, Of the approximate 200 client proteins (for a
continually updated list see http://www.picard.ch/downl-loads), several are oncoproteins
including kinases (human epidermal growth factor receptor [HER2], epidermal growth
factor receptor [EGFRY]), steroid receptors (estrogen, progesterone, and androgen receptors
[ER, PR and ARs]), metastable signaling proteins (Akt, Raf-1) among others, that represent
nodal points in multiple oncogenic signaling pathways . Inhibition of the HSP90 chaperone
cycle leads to simultaneous degradation of these oncoproteins via the ubiquitin-proteasome
pathway, downregulation of these redundant pathways that are essential for cell survival,
along with HSP70 induction®2, Together, these constitute a pharmacodynamics read out or
molecular signature of HSP90 inhibition 6.78-10,

Since the serendipitous discovery of anti-tumor activity noted with the natural product,
geldanamycin, there have been several preclinical studies that evaluated the pharmacologic
inhibition of HSP90 and attest to its anti-tumor activity 1-3. In fact, HSP90 has been
championed over 20 years by the National Cancer Institute, academic institutions and
pharmaceutical companies as a cancer target with several clinical studies evaluating over 17
different first and second generation HSP90 inhibitors. While HSP90 inhibitors were
developed in the hope of treating an array of solid and hematological malignancies, clinical
activity to date has been limited to cancers that are addicted to a particular oncogene that is a
very sensitive HSP90 client (example HER2 in breast cancer or echinoderm microtubule-
associated proteinlike 4 [EML4]-anaplastic lymphoma kinase [ALK] positive non-small cell
lung cancer [NSCLC]) 1112, 1t is also known that tumor cells that become resistant to
targeted therapy directed at HSP90 clients remain sensitive to HSP90 inhibitors. For
example, for HER2 positive metastatic breast cancer, there is a benefit to continuing
trastuzumab (anti-human monoclonal antibody against HER2) beyond progression due to
continued dependence on the HER2 pathway 13. Putative mechanisms of trastuzumab
resistance include activation of the downstream Phosphoinositide 3-kinase (PI3K)/protein
kinase B (AKT)/mammalian target of rapamycin (mTOR) pathway due to loss of function of
the phosphatase and tensin homolog (PTEN) or direct activating PISK/AKT mutations 1415,
activation of other receptor tyrosine kinases including IGF-1 receptor, and expression of a
truncated (P95) fragment of HER?2 that lacks the trastuzumab-binding epitope 16. These
mechanisms are also susceptible to HSP90 inhibition by virtue of the fact that they rely on
HSP90 clients 17. HSP90 inhibitors have therefore been hypothesized to be active in
trastuzumab resistant tumors.

While the activity in HER2 positive breast cancer and chimeric ALK NSCLC was well
predicted by preclinical studies, it is unclear and rather disappointing that the preclinical
findings have not translated into clinical benefit for many other tumor types that also harbor
HSP90-addicted oncoproteins. Identifying biomarkers of response are therefore critical in
identifying a susceptible subgroup of patients and further optimizing the full therapeutic
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potential of HSP90 inhibitors. The objective of our study was to identify potential
biomarkers of response to HSP90 inhibitor therapy from archived tumor specimens of
patients with advanced solid tumors treated on prospective clinical trials of HSP90
inhibitors. We hypothesized that predictive biomarkers would identify patients who were
most likely to benefit from HSP90 inhibitors.

Patients and Methods

Results

Electronic Medical records of patient enrolled on 7 phase I/11 clinical trials of various
HSP90 inhibitors (17-AAG, 17-DMAG, CNF-2024, IP1-504 and ganetespib) between 1999
and 2011 at Memorial Sloan Kettering Cancer Center (MSKCC) were reviewed by a single
investigator. Patients were included if they met the following criteria: 1) archived tumor
specimens were available (primary or metastatic), 2) they received at least 2 cycles (1 cycle
defined in each individual protocol) of HSP90 inhibitor therapy, 3) they received HSP90
inhibitor therapy within 30 days of a restaging scan, 4) they had at least one re-staging scan
after start of HSP90 inhibitor therapy with either complete response (CR), partial response
(PR), or stable disease (SD). Notably, the timing of re-staging scan varied with each
protocol. Clinical benefit was defined (CR+ PR+ SD) and assessed by a single investigator
using RECIST 1.1 criteria using two endpoints: 1) best overall response (ORR) from start of
HSP90 inhibitor therapy until disease progression on that particular trial and 2) best
response at a defined time-point of 6-10 weeks from start of HSP90 inhibitor therapy
henceforth referred as the “8 week scan”.

Archived specimens were analyzed using immunohistochemistry (IHC) and scored by a
dedicated study pathologist (blinded to the clinical data) based on the intensity of staining
for HSP90, HSP70, ER, PR, AR, HER2, EGFR and loss of PTEN. Antibodies and scoring
methods are listed in Table 1. These antibodies were commercially available. PTEN 18,
HSP90 and HSP70 staining were validated at MSKCC. The expression of the biomarker
panel was compared between patients who derived clinical benefit and those that did not
using Fisher's exact test.

A total of 158 patients were enrolled on 7 unique phase I/l HSP90 inhibitors trials (Table
2). Of these, 4 trials were specific for metastatic breast cancer patients (3 in combination
with trastuzumab for HER2 positive metastatic breast cancer and 1 monotherapy trial in
unselected metastatic breast cancer) and the remaining 3 were conducted in patients with
advanced solid malignancies (Figure 1, Table 2). Adequate archived tissue was available for
32% (51/158) patients. Of these, 71% (36/51) patients met the criteria to assess clinical
benefit by best ORR and 51 % (26/51) for clinical benefit by “8 week scan” assessment.
Patient demographics for the 36 evaluable patients are detailed in Table 3. Median age at
primary cancer diagnosis was 50 years (range, 24-74 years). Median performance status by
the Karnofsky Performance Scale was 90% (range 80-100%). As expected, the majority of
the included patients (66%) had breast cancer. Medians lines of chemotherapy in the
metastatic setting was 2 (range 0-7). Median number of days for which a patient was on the
HSP90 inhibitor therapy was 55 (range, 16-411 days).
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IHC results for evaluable patients (N=36) are shown in table 4. Micrographs of hematoxylin
and eosin staining and IHC showing positivity for PTEN (2+) and HSP90 (3+) in a patient
with invasive ductal carcinoma of the breast are illustrated in Figure 2.

Clinical benefit as defined by best ORR was noted in 44% of the patients (16/36).
Specifically, 11% (4/36) achieved PR and the remaining 33% achieved SD (12/36) (Figure 1,
Table 2, Figure 3A). It is important to note that all 4 patients with PR and all but one patient
with SD had metastatic breast cancer. Ten of the 36 patients had no scan performed at 8
weeks (6-10 weeks) and were therefore excluded from analysis of clinical benefit by the “8-
week scan” (Figure 3B). Of these 26 patients, 46% (12/26) had clinical benefit from HSP90
inhibitor therapy with PR in 8% (2/26) and SD in 38% (10/26) (Figure 3B).

Biomarkers were individually associated with clinical benefit as assessed by best ORR and
by “8 week scan”. As noted, a trend for clinical benefit was noted for ER, AR and HER2
positivity and EGFR negativity (Figures 3A and 3B). Clinical benefit was also evaluated
amongst patients with selected combinations of biomarker expression (ER, AR, HER2 and
EGFR) (Figure 4A) and also among patients with ER/AR and HER2 (Figure 4B).
Interestingly a small subset of patients with ER positivity/AR positivity/HER2negativity
derived clinical benefit (Figure 4B). We also performed an additional subset analysis of
biomarker correlation for patients who had objective tumor responses defined as PR+CR
(N=4). Notably, all 4 patients with PR were HER2 positive and EGFR negative and ER and
HER?2 positivity correlated with response with p —values of 0.47 each.

Discussion

To our knowledge, this is the first retrospective study exploring potential predictive
biomarkers for patients treated with HSP90 inhibitors. This exploratory analysis supports the
association for clinical benefit with HSP90 inhibitor therapy with ER positivity, AR
positivity, HER2 positivity and EGFR negativity. A significant association for objective
response with HSP90 inhibitor therapy was noted with ER positivity and HER2 positivity.
However, the most important biomarker of benefit was HER2. 81% of the patients who
derived clinical benefit by best ORR had HER2 positive tumors. All 4 patients with tumors
which expressed PR also had HER?2 positive metastatic breast cancer. Preclinically, 17-AAG
doses significantly below the maximum tolerated dose potently inhibited HER2 with no
effect on Akt despite both being HSP90 client proteins!”-19. Akt could be degraded only
with higher repeated dosing of 17-AAG, suggesting that only a limited subset of proteins are
amenable to degradation Jn vivo 20, While our retrospective analysis includes patients with
advanced solid tumors, 24/36 evaluable patients, all objective responses and all but 1 SD
were noted in breast cancer; predominantly HER2 positive breast cancer. Our findings are
consistent with these prior pre-clinical data suggesting that HER kinases are exquisitely
sensitive targets of HSP90 inhibition 21:22,

While a very small subset, it was rather interesting to see clinical benefit in a subset that was
HER2 negative but ER and AR positive. This is relevant because although androgen
signaling has been extensively studied in prostate cancer, there is emerging evidence that AR
is expressed in 70-90% of primary breast tumors 23:24. Furthermore, comprehensive
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microarray analysis has determined that mammary tumor cells can be divided into three
subgroups based on steroid receptor activity: luminal (ER+, AR+), basal (ER-/AR-), and
apocrine (ER-, AR+) 25, Additionally, receptors or molecules involved in endocrine
resistance include HER2, AKT, mutant p53, Raf-1 and IGF-1R, among others, rely on the
HSP90 machinery for activity and stability and HSP9O0 inhibitors might therefore be relevant
in this context. This has formed the basis of combining HSP90 inhibitors with endocrine
therapy.

High expression of HSP90 has been noted in breast cancer lines and also in breast tumor
tissue when compared to normal breast tissue. Moreover, HSP90 was identified as an
independent prognostic marker in breast cancer, being associated with a shorter survival 25,
However, it did not predict for response in our limited dataset. Additionally, similar to the
experience noted with HSP70 induction in peripheral blood mononuclear cells 8, baseline
HSP70 expression also failed to predict clinical responses in our limited samples.

There are several limitations of this study including its retrospective nature, small number of
tissue specimens, heterogeneous population of patients treated with several different HSP90
inhibitors at varying doses and schedules. While the assays were validated at MSKCC, it is
possible that using other technologies such as automated, quantitative analysis (AQUA) of
tissue microarrays could have perhaps yielded more accurate results for HSP90 and HSP70
expression 2627, Furthermore, tumor tissue was not adequate to test several other relevant
clients such as Akt, Raf-1 or other markers of HER2 resistance such as PI3K mutation,
IGFR-1, p95HER?2.

Nonetheless, prospective validation of these biomarkers in a homogeneous group of patients
is warranted to further aid the clinical development of HSP90 inhibitors. However, to our
knowledge, the current ongoing efforts directed at combination trials in triple negative,
endocrine receptor positive or HER2 positive metastatic breast cancer do not have any
planned correlative analyses of these biomarkers, most likely because they are in early
phases of clinical development (NCT02474173, NCT02060253, NCT01677455,
NCT01560416).
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MICROABSTRACT

There is a lack of predictive biomarkers that can help determine a subset of patients that
might most benefit from treatment with HSP90 inhibitors. This retrospective tissue
analysis performed on advanced solid tumor patients (majority with breast cancer) treated
with various HSP90 inhibitors suggests that HER2 might be the only effective biomarker
of sensitivity to these HSP90 inhibitors.
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Clinical Practice Points

There is augmenting interest in pursuing HSP90
inhibitors as an anti-cancer strategy and various second
generation HSP90 inhibitors have moved into clinical
setting.

However, there is still much work to be done as the
success of these inhibitors in unselected patient
population is limited. Predictive biomarkers are
desperately needed for appropriate patient selection and
further advancement of these inhibitors in clinic.

This exploratory retrospective analysis performed in
patient tissues treated with various HSP9O0 inhibitors in
7 different clinical trials of advanced solid tumors,
predominantly breast cancer, suggested that the
biomarker of most benefit was HER2. A trend for
clinical benefit was also noted for ER, AR and HER2
positivity and EGFR negativity.

While retrospective in a small subset of patients, our
findings are in line with the preclinical data that HER2
is the most sensitive client protein of HSP90 inhibition
and requires prospective validation in larger studies.
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H&E- IDC Breast PTEN 2+ HSP90 3+

Figure 2. Micrographs showing hematoxylin and Eosin eosin staining and IHC example showing
positivity for PTEN (2+) and HSP90 (3+) in a patient with invasive ductal carcinoma (IDC) of the
breast
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Figure 3A. Association of biomarker analysis with clinical benefit by best overall response

(N=16*)

*Of note, 16/36 patients evaluable for efficacy had clinical benefit and are included in Figure

3A.
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Figure 4A. ER, AR, HER2 and EGFR expression amongst patients with clinical benefit
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Figure 4B. Clinical benefit amongst patients with selected combinations of biomarkers (ER, AR
and HER?2)
ER estrogen receptor, AR androgen receptor, HERZ human epidermal growth factor receptor

2, EGFR epidermal growth factor receptor 2
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Table 3
Demographics for evaluable patients (N=36)
Variable [ N )
Age at primary diagnosis (yrs), median (range) | 50 (24-74)
Sex
Male 10 (28%)
Female 26 (72%)
Median KPS 90 (80-100)
Tumor Types
Breast 24 (67%)
Prostate 3 (8%)
Others 9 (25%)
TCC Bladder 2
TCC Ureter 1
Adrenocortical carcinoma 1
Leiomyosarcoma 1
Melanoma 1
NSCLC 1
Squamous cell of Tongue 1
Colon 1
Lines of prior chemotherapy in metastatic setting, median (range) | 2 (0-7)
Duration of HSP90 inhibitor therapy (days), median (range) | 55 (16-411)
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