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PHASE I STUDIES

Phase I study of the heat shock protein 90 (Hsp90) inhibitor
onalespib (AT13387) administered on a daily for 2 consecutive
days per week dosing schedule in patients with advanced

solid tumors

Khanh Do' - Giovanna Speranza' - Lun-Ching Chang' - Eric C. Polley’ -

Rachel Bishop? - Weimin Zhu? - Jane B. Trepel* - Sunmin Lee* - Min-Jung Lee* -
Robert J. Kinders® - Larry Phillips ' - Jerry Collins' - John Lyons> - Woondong Jeong' -
Ramya Antony” - Alice P. Chen' - Len Neckers* - James H. Doroshow '+ .

Shivaani Kummar!

Received: 27 March 2015 / Accepted: 17 May 2015 /Published online: 18 June 2015

© Springer Science+Business Media New York (outside the USA) 2015

Summary Inhibition of heat shock 90 (Hsp90) molecular
chaperones allows targeting of multiple proteins involved in
tumorigenesis. We investigated the safety, recommended
phase 2 dose (RP2D), and pharmacokinetic and pharmacody-
namic profile of onalespib (AT13387), a potent synthetic
Hsp90 inhibitor, administered on days 1, 2, 8, 9, 15, and 16
of 28 day cycles (QDx2/week) in a phase I trial. This study
followed an accelerated titration design with a starting dose of
20 mg/m?/dose and a standard 3+3 dose escalation design for
dose level 4 (120 mg/m*/dose) and above. Additional patients
were enrolled at the RP2D with mandatory paired tumor bi-
opsies to assess modulation of 210 client proteins using re-
verse phase protein array analysis. Thirty-one patients were
treated; RP2D was established at 160 mg/m?/dose on the
QDx2/week schedule. Common toxicities were gastrointesti-
nal, hepatic, and hematologic. Pharmacokinetic profile was
linear and plasma levels increased proportionally with dose
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(T, ~8 h). No responses were observed; eight patients had
stable disease for > 2 cycles with one patient remaining on
study for 6 cycles. Target engagement was demonstrated by
transcriptional upregulation of Hsp70 and Hsp27 in PBMCs.
Statistically significant modulation of client proteins was not
achieved in the 9 paired tumor biopsies evaluated; however,
hierarchical clustering revealed two subgroups of patients
with differential patterns of protein expression. Further com-
bination studies are needed in order to target prospective driv-
er oncoproteins.
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Introduction

The 90 kDa heat shock protein (Hsp90) is an evolutionarily
conserved class of molecular chaperone proteins that exert
housekeeping functions within cells. These proteins assist in
the folding, stabilization, activation, and proteolytic turnover
of newly synthesized proteins, called “client proteins” [1].
Among these client proteins are those which are involved in
aberrant cellular functions responsible for the hallmarks of
cancer, including angiogenesis (VEGF, VEGFR, HIF-1),
growth factor independence (RAF, EGFR, HER?2), resistance
to anti-growth signals (CDK4), tissue invasion and metastases
(MET, MMP2), and avoidance of apoptosis (AKT, RIP,
Survivin, Bel-2) [2]. The protection afforded to aberrant ex-
pression of these proteins by the Hsp90 molecular chaperone
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allows for the growth and survival of cancer cells. Inhibition
of Hsp90 leads to degradation of these aberrant proteins
through the ubiquitin-proteosome pathway, allowing for si-
multaneous targeting of multiple pathways involved in the
potentiation of cancer cells, forming the basis for inhibition
of Hsp90 as an attractive anti-cancer therapy [3, 4].

Previous development of Hsp90 inhibitors, including
geldanamycin and its analogues (17-AAG, 17-DMAG, and
IPI-504), was limited by heptotoxicity and unstable formula-
tions with limited clinical activity [5—7]. Onalespib
(AT13387) is a second-generation, non-ansamycin, small mo-
lecular inhibitor of Hsp90, with a K4 of 0.71 nM. It acts by
binding at the N-terminal ATP binding site of Hsp90, leading
to the inhibition of chaperone function and promotion of the
degradation of its client proteins. Although intermittent,
twice-a-week dosing of onalespib was the chosen schedule
for the initial clinical study in humans [8], alternative dosing
schedules with daily administration for the first 2 days per
week (QDx2/week) demonstrated consistently greater tumor
growth inhibition and intratumoral drug accumulation in sev-
eral human xenograft models [9]. Such a schedule of dosing
allowed for increased drug exposures in tumor while drug was
cleared from the plasma, potentially improving the therapeutic
window with sustained client protein depletion and minimiz-
ing damage to normal tissues. We conducted a phase 1 trial of
onalespib administered QDx2/week for 3 out of 4 weeks to
establish its safety, recommended phase 2 dose (RP2D), and
pharmacokinetic profile. Paired tumor biopsies were obtained
from patients enrolled on the expansion phase at the RP2D to
assess client protein modulation.

Patients and methods
Patient population

Patients 18 years and older with histologically confirmed ad-
vanced solid tumors that had progressed or recurred after at
least one line of chemotherapy were eligible. Patients were
required to have an Eastern Cooperative Group performance
status of 0-2 and adequate organ function, defined as absolute
neutrophil count>1500/uL, platelet count>100,000/uL, total
bilirubin<1.5X institutional upper limit of normal (ULN),
AST and ALT<2.5X ULN, and creatinine<1.5X ULN. Pa-
tients enrolled on the expansion cohort at the maximum toler-
ated dose (MTD) were required to have disease amenable to
biopsy and be willing to undergo paired tumor biopsies. Pre-
vious treatment must have been completed at least 4 weeks
prior to enrollment. Exclusion criteria included uncontrolled
intercurrent illness, unstable brain metastases, gastrointestinal
bleeding within 1 week of starting treatment, and prolonged
QTc (defined as QTc>450 msec for men and 470 msec for
women). This trial was conducted under a National Cancer
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Institute (NCI)-sponsored IND with institutional review board
approval. Informed consent was obtained by the investigators
from each participant, and protocol design and conduct
followed all applicable regulations, guidances, and local pol-
icies (ClinicalTrials.gov Identifier: NCT01246102).

Study design

This was an open-label, phase 1 trial of single-agent onalespib
in patients with advanced solid tumors. Onalespib was sup-
plied by the Division of Cancer Treatment and Diagnosis,
NCI, under a collaborative research and development agree-
ment with Astex Pharmaceuticals. Dosing schema for this
study was based on preliminary toxicity data available from
study NCT00878423, where intermittent twice weekly dosing
was tested (days 1, 4, 8§, 11, 15, and 18 in 28 day cycles) [8].
Toxicity data from this previous study determined 120 mg/m?/
dose to be the maximum-tolerated-dose based on the inci-
dence of moderate toxicities: 10 of 13 patients at this dose
experienced visual disturbances, including one incidence of
grade 3 visual disturbance.

In our study, onalespib was administered on 2 consecutive
days each week for 3 weeks of a 4-week cycle (days 1, 2, 8, 9,
15, and 16). Treatment was repeated every 4 weeks, until
disease progression or the development of intolerable toxic-
ities. We followed an accelerated titration design [10], with
initial dose level increases in 100 % increments starting at
20 mg/m?/dose until dose level 4 (120 mg/m*/dose), based
on the MTD established for the twice weekly schedule. At
dose level 4 and above, patients were enrolled following a
standard 3+3 design.

Toxicities were graded according to the Common Termi-
nology Criteria for Adverse Events (CTCAE version 4.0).

Table 1 Demographics

Patients enrolled 31
Male/Female 17/14
Median age in years (range) 55 (36-78)
Mean number of prior therapies (range) 4(2-12)

Diagnosis:

—
w

Colorectal cancer
Esophageal cancer
Sarcoma

Head and neck cancer
NSCLC

Cervical cancer
Renal cell cancer
Mesothelioma

Gastric cancer
Ovarian cancer

Y U Y

Hepatocellular carcinoma
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Table 2

Summary of drug-related adverse events (worst grade per patient)

Onalespib dose cohort

DL1 DL2 DL3 DL4 DL5 DL6
20 mg/m> 40 mg/m®> 80 mg/m® 120 mg/m® 160 mg/m’ 210 mg/m*
(n=1) n=1) n=1) (n=4) n=19) (n=5)
Adverse events Grade 1*  Grade 1°  Grade 1*  Grade 1/2° Grade 122 Grade 3/4 Grade 1/2  Grade 3/4 Total
Hematologic
Leucopenia - - - 0/1 0/2 - 0/1 - 4
Lymphopenia - 1 - 3/0 5/10 2/0 0/1 - 22
Anemia - 1 - 1/0 57 - 211 - 17
Thrombocytopenia - - 1 3/0 72 - 1/1 - 15
Neutropenia - - - - 1/1 - 0/1 - 3
Gastrointestinal
Nausea - - 1 1/1 4/3 - 1/0 1/0 12
Vomiting - - - 3/0 2/0 - 1/0 6
Diarrthea - - 1 2/2 8/3 2/0 2/1 - 21
Abdominal pain - - - - 2/1 - 0/1 - 4
Rectal hemorrhage - - - - - - 1/1 - -
Dry mouth — — - - 2/0 - 1/0 — 3
Oral mucositis 1 - - - 1/0 - - - 2
Oral dysesthesia - - - 1/0 - - - - -
Cardiac and vascular
QTec prolongation - - - - 4/0 - 1/0 - 5
Palpitations - - - - 1/0 - - - 1
Nervous system
Headache - - - 1/0 2/0 - - - 3
Dizziness - - - - 1/0 - - - 1
Tremor - - - 1/0 - - - - 1
Seizure - - - - 0/1 - - - 1
Dysgeusia - - - 1/0 - - 1/0 - 2
Eye
Night blindness - - - 1/0 1/0 - - - 2
Photophobia - - - - - - 1/0 - 1
Floaters - - - - 3/0 - - - 3
Blurred vision - - - - 2/1 - 0/1 - 4
Flashing lights - - - - 1/0 - - - 1
Other® - - - - - - 1/0 - 1
Skin
Rash - acneiform - - - - 2/0 - 2/0 - 4
Rash - maculopapular - - - - 1/0 - - - 1
Rash - papulopustular - - - 1 - - - - 1
Skin hyperpigmentation - - - - 1/0 - - - 1
Pruritus - - - - 0/1 - - - 1
Palmar-plantar erythrodysesthesia - - - - 1/0 - - - 1
Metabolism and nutritional
Anorexia - - - 1/0 32 - 0/1 - 7
Dehydration - - - - 0/1 - - 1/0 2
Hypophosphatemia - - - 0/1 - 1/0 - - 2
Hyponatremia - - - 1/0 - 1/0 - - 2
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Table 2 (continued)

Onalespib dose cohort

DL1 DL2 DL3 DL4 DL5 DL6
20 mg/m®> 40 mg/m* 80 mg/m> 120 mg/m®> 160 mg/m> 210 mg/m’
n=1) (n=1) n=1) (n=4) n=19) (n=5)
Adverse events Grade 1*  Grade 1° Grade 1*  Grade 1/2° Grade 12 Grade 3/4 Grade 1/2  Grade 3/4 Total
Hypoalbuminemia - - - 1/0 2/0 - - - 3
Hepatic panel
Increase in alanine aminotransferase ~ — - - 1/0 8/1 1/0 1/0 1/0 13
Increase in aspartate aminotransferase — - - 2/0 82 - 0/1 - 13
Increase in alkaline phosphatase - - - - 52 1/0 2/0 - 10
Increase in bilirubin - - — 1/0 - — — - 1
Other
Infusional reaction - — - - 0/2 - - - 2
Insomnia - - - - 1/0 - - - 1
Malaise - - - - 1/1 - - - 2
Fatigue 1 - - 2/0 5/3 1/0 1/0 - 13
Weight loss 1 - - - 4/0 - - - 5

*No grade higher than 1 for dose levels 1-3
®No grade higher than 2 for dose level 4

© This patient described visual color darkening when looking directly at bright lights

Dose limiting toxicity (DLT) was defined as grade 4 neutro-
penia>5 days or febrile neutropenia, grade 4 thrombocytope-
nia, and grade 3—4 non-hematologic toxicities felt to be related
to study drug and occurring during the first cycle. Grade>3
nausea, vomiting, or diarrhea, or occurrence of bloody diar-
rhea was considered dose-limiting if refractory to symptomat-
ic management. Grade 2 or higher ocular toxicity that did not
resolve to grade 1 or less within 2 weeks of withholding treat-
ment was considered dose-limiting. Treatment was held for
grade 3 hematologic toxicities (other than lymphopenia,
which was not considered dose modifying) until recovery
to<grade 2 prior to restarting at the same dose level; treatment
was reinitiated at the next lower dose level for grade 4 hema-
tologic toxicities and grade 3 thrombocytopenia. Treatment
was held for grade 3 non-hematologic toxicities until recovery
to<grade 2 (< grade 1 for ocular toxicities) prior to re-
initiating treatment at the next lower dose level.

The maximum tolerated dose was defined as the dose level at
which no more than 1 of 6 evaluable patients experienced a
DLT during the first cycle of treatment. At the MTD, 12 addi-
tional patients were enrolled in the expansion cohort with
protocol-mandated tumor biopsies prior to drug administration
and within 24 h after the last dose of drug during cycle 1 (on day
16 or 17). Radiologic response assessments by computerized
tomography scans were performed at baseline and every 2 cy-
cles. Tumor response was evaluated according to the Response
Evaluation Criteria in Solid Tumors (RECIST version 1.1).
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Safety assessments

History and physical examination and laboratory evaluations
(complete blood count and serum chemistries) were per-
formed prior to each treatment week. Electrocardiogram was
performed prior to the start of each cycle, and as clinically
indicated. Ophthalmologic exam (including fundoscopic ex-
am, visual acuity, intraocular pressure, assessment of visual
fields and measurement of color vision, and ocular coherence
tomography as indicated) was performed prior to enrollment,
after every third cycle, and as clinically indicated thereafter.

Average AUC of Onalespib vs. Dose
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Fig. 1 Pharmacokinetics of onalespib showed a dose-proportional
increase in AUC from doses ranging from 20 to 210 mg/m*/dose
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Pharmacokinetic analyses

Serial plasma samples of onalespib were collected prior to drug
administration and at 0.5, 1, 1.5, 2, 3, 4, 7, 10, 22, and 24 h
after the start of infusion on day 1 and day 15 of the first cycle.
Urine samples for pharmacokinetic analyses were collected at
baseline, and for 24 h after the first drug administration. Ref-
erence samples of onalespib (NSC749712) and its deuterated
analog, used as the internal standard for the assay, were obtain-
ed from the Developmental Therapeutics Program, NCI (Be-
thesda, MD). After protein precipitation, plasma or urine sam-
ples were analyzed by reverse-phase high performance liquid
chromatography using positive-ion electrospray ionization
with selected reaction monitoring mass spectrometric detec-
tion. Standard curves (from 0.004 to 4.0 uM) were prepared
and run together with patient plasma or urine samples.

Pharmacodynamic analyses

Paired tumor biopsies (18 gauge core needle biopsies, 2 cores)
were obtained from one patient during the dose escalation
phase (dose level 3) for assessment of Hsp70 and Hsp27 tran-
scriptional regulation by RT-PCR. Peripheral blood mononu-
clear cells (PBMCs) were obtained prior to drug administra-
tion and prior to dosing on days 2, 15, and 16 of cycle 1 from 9

Fig. 2 a Paired tumor biopsies (a) 3.0 -
obtained from one patient at dose .

level 3 prior to drug 2 25
administration and after the last o B

dose of treatment during the first T>.> 8 2.0 1
cycle on day 17. Greater than 1.5- o =

fold induction of Hsp70 mRNA < £ 1.5
and greater than 2-fold induction E _g

of Hsp27 mRNA was detected. b E & 1.0 1
Blood samples for PBMCs were & 05 -
collected from 9 patients at dose -~
level 1 through 5 (RP2D) prior to 0.0 -

drug administration cycle 1 day 1,
2, 15, and 16. Increased Hsp70
protein expression was measured (b)

patients at dose levels 1 through 5 to measure Hsp70 protein
levels by Western blot as described previously [11]. Blood
samples were collected prior to administration of drug and
prior to dosing on day 16 of cycle 1 for serum analysis of
Hsp70 and two markers of apoptosis (full-length cytokeratin
18 [M65] and caspace-cleaved cytokeratin 18 [M30]) by M30
Apoptosense and M65 ELISA kits (PEVIVA AB).

Paired tumor biopsies were required during the expansion
phase of the study for evaluation of Hsp90 client protein
modulation by reverse phase protein array (RPPA) analysis,
performed by the Functional Proteomics core facility at the
University of Texas MD Anderson Cancer Center, as previ-
ously described [12]. Wilcoxon signed-rank test was applied
to 210 client protein expression levels for analysis of change
in levels following treatment. For each protein, the within
patient difference in expression was computed and the me-
dian change in expression compared to zero. To cluster pa-
tients into sub-groups with similar patterns of basal and
treatment-induced changes in expression among all 210 pro-
teins, we applied the hierarchical clustering method using
Euclidean distance and complete linkage for the log, expres-
sion changes. Wilcoxon rank sum test was used to identify
proteins differentially altered between patient subgroups. All
statistical tests were adjusted for multiple testing using the
Benjamini and Hochberg procedure.

B Pre-dose
m Post-dose, C1D17

Hsp70 Hsp27

by Western blot in PBMCs from 5 1—e—Pt#1

eight patients at dose level 2 - P#2 o

through 5, with recovery to near- o —A—Pt#3 Suo Lo

baseline levels observed prior to E’ —=><—Pt#4 é e e e

the next week of dosing. Only & T 4 --pti5 a OO¢O Dose

Patient #1 at dose level 1 showed ©3 -o-Pt#6 — ==| 40 mg/m?

no increase in Hsp70 expression % ; Pt#7 — —==]| 80 mg/m?
-4 © Pt#9 2
c © 3 — ——am| 120 mg/m
e N Pt#10 )
£ s =~ — —| 120 mg/m
« E ———| 120 mg/m?
R £, ——] 160 mg/m?
.4 —— 160 mg/m?2

1 Mi—
CiD1pre C1D2 C1D15 C1D16
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Results
Patient population and disposition

Thirty-one patients were enrolled and treated in this study
between November 2010 and December 2013, including a
12 patient expansion cohort at the MTD for evaluation of
pharmacodynamic endpoints. Three patients in the expansion
cohort were inevaluable for pharmacodynamic endpoints, one
due to disease progression after the first week of treatment
requiring palliative radiation, the second due to development
of a vascular thrombus requiring thrombolytic therapy, pre-
cluding our ability to pursue a second biopsy, and the third due
to insufficient tumor material available from the paired biop-
sies. Median age was 55 (range 36—78), male-to-female ratio
was 17:14, and the mean number of prior treatments was 4
(range 2—12). Additional patient demographics are shown in
Table 1. No responses were observed; eight patients had stable
disease at the first restaging after 2 cycles and one patient with
hepatocellular carcinoma remained on study for 6 cycles.

Adverse event profile

As shown in Table 2, the most frequent adverse events were
hematologic and gastrointestinal. Twelve patients on study expe-
rienced some form of visual disturbance, occurring at doses of
120 mg/m*/dose and above. Symptoms were transient, included
intermittent blurry vision, visual flashes, and changes in light/
dark accommodation, and were of grade 1 or 2 severity. No
objective findings were detected on ophthalmologic exam, and
symptoms did not persist for more than one day in any case. Nine
patients experienced a grade 1 rash, most commonly of
acneiform type. Six patients experienced grade 1 QTc prolonga-
tion, though no more than 10—15 msec above baseline and with
no changes in morphology. Two patients had mild infusion reac-
tions, described as a “warmth” or “flushing” sensation, that re-
solved within a few hours after completion of the infusion. One
patient experienced a DLT at dose level 5 with persistent grade 3
liver enzyme abnormalities despite interrupting treatment for lon-
ger than 2 weeks, and two patients experienced DLT at dose level
6 with gastrointestinal hemorrhage during the first week of treat-
ment (one grade 1 and one grade 2 hemorrhage). Preclinical
toxicology studies in rabbits had revealed cecal hemorrhage as
a dose-related toxicity. Following review of the preclinical data
and the patients’ medical status, the decision was made to take the
patients off study. Based on the overall tolerability of the regimen,
the dose of 160 mg/m?/dose was determined to be the RP2D.

Pharmacokinetic analyses
Over the range of doses from 20-210 mg/m?, plasma expo-

sure to drug (AUC) was proportional to dose (Fig. 1). There
was no significant plasma accumulation of drug with repeated
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dosing. Plasma half-life was ~8 h, and<10 % urinary drug
excretion was detectable for 24 h after drug administration.

Pharmacodynamic studies

Analysis of pharmacodynamic markers in a subset of patients
during the dose escalation phase confirmed on-target activity
of onalespib. One patient at dose level 3 (80 mg/m?/dose)
underwent optional paired tumor biopsies, which demonstrat-
ed indirect evidence of target engagement with transcriptional
upregulation of Hsp70 and Hsp27 mRNA, > 1.5-fold and>2-
fold, respectively, following treatment (Fig. 2a). Additionally,
evidence of increased Hsp70 protein expression was observed
in PBMC samples from patients at dose levels 2 through 5
(RP2D) (Fig. 2b). Serum markers of cellular apoptosis also
increased in 5 of 6 patients at dose levels 1 through 4, although
the change was not significant (data not shown).

Twelve patients were enrolled in the expansion cohort, and
9 were evaluable for pharmacodynamic endpoint analyses
with paired tumor biopsies obtained at baseline and after the
last dose of drug during the first cycle (either cycle 1 day 16 or
17). Analysis of within-patient protein expression changes for
each of the 210 selected client proteins measured by RPPA
showed no proteins with statistically significant changes
across all 9 patients. Pretreatment protein expression levels
were highly heterogeneous between the patients (Fig. 3a).
We calculated the difference in log, normalized expression
levels from pre- to post-treatment and performed a hierarchi-
cal clustering analysis to look for subgroup effects (Fig. 3b).
We found that the expression pattern of patient #23, who had a
protein loading correction factor greater than our cutoff of 2.5,
was different from the other patients and needed to be exclud-
ed from further statistical analysis. The hierarchical clustering
result showed two subgroups with different expression pat-
terns among all 210 proteins (subgroup 1: patients 21, 22,
31; subgroup 2: patients 28, 24, 30, 27 and 29). Wilcoxon
rank sum test was applied to evaluate which proteins might
explain the changes in expression values between these two
groups. Table 3 shows the top ten proteins with smallest ad-
justed p-values for differential patterns after treatment be-
tween the two subgroups. For example, expression of CHK2
was increased and SERPINEI was decreased in subgroup 1,
while the levels of expression did not change following treat-
ment in subgroup 2. Additional analysis of 35 client proteins
for which phosphorylation state was assessed in the RPPA

Fig. 3 RPPA expression analysis of 210 Hsp90 client proteins from 9 P>
patients before and after onalespib treatment. a Heatmap of log,
normalized pre-treatment protein expression levels showed significant
heterogeneity. b Heatmap of log, normalized expression differences
between pre- and post-treatment with hierarchical clustering identified
one patient (patient #23) as separate from the others, and two main
patient groups: subgroup 1 of patients #31, 22, and 21, and subgroup 2
of patients #29, 27, 30, 24, and 28
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Table 3  Top proteins identified by Wilcoxon rank sum test for expression differences between the two patient groups identified by hierarchical

clustering

Protein P-value Q-value Mean log,-normalized expression change: group 1 Mean log,-normalized expression change: group 2
Raf-1 0.0357 0.3750 -0.2670 —0.0855
c-Src 0.0357 0.3750 —0.5997 —0.0664
CHK2 0.0357 0.3750 1.0062 0.1233
serpin E1 0.0357 0.3750 —3.0031 0.2094
STATSA 0.0357 0.3750 0.5016 —0.0725
eEF-2 kinase 0.0357 0.3750 0.9679 —0.0370
STAT3 0.0357 0.3750 -0.6103 0.0176
RABI11A/B 0.0357 0.3750 —0.5853 0.0826
MAP2K2 0.0357 0.3750 -0.2937 0.1770
PRAS 0.0357 0.3750 0.3038 —0.1004

panel demonstrated a>2-fold decrease in CHK1 and CHK2
phosphorylation after treatment in subgroup 1 only.

Conclusions

This phase 1 study sought to evaluate the safety of the alter-
nate dosing schedule of QDx2/week for 3 out of 4 weeks, and
established the RP2D of 160 mg/m?/dose. Exposure increased
proportionally with increasing dose, with a half-life ~8 h. The
results for plasma drug exposure and half-life, as well as uri-
nary excretion, confirm the work of Shapiro et al. [8]. We
observed no responses, but 8 patients had stabilization of dis-
ease at the first restaging, and one patient with hepatocellular
carcinoma remained on study for 6 cycles. We observed indi-
rect evidence of target engagement with transcriptional upreg-
ulation of Hsp70 and Hsp27, and increased Hsp70 protein
expression in PBMCs at dose levels 2 through 5 (the
RP2D). This is the first report to extensively evaluate changes
in the expression levels of 210 client proteins in paired tumor
biopsies from patients treated with onalespib. Statistically sig-
nificant modulation of client proteins was not demonstrated
across the 9 patients; however, two expression subgroups
were identified by hierarchical clustering. The pre- to post-
treatment change in expression of 10 proteins, including
Raf-1, c-Src, CHK2, serpin E1, STATSA, ¢EF-2 kinase,
STAT3, RAB11A/B, MAP2K2, and PRAS, approached sta-
tistical significance when compared between the two sub-
groups. Since objective clinical responses were not observed
in this study, the clinical significance of these changes could
not be established. Possible explanations for this less than
robust response in client protein modulation may involve
compensatory induction of the heat shock response through
increased expression of heat shock factor 1 (HSF1), Hsp70,
and Hsp27, which have been implicated in attenuation of re-
sponse to Hsp90 inhibition and anti-apoptotic response in
cancer cells [13, 14]. There likely is a differential effect on

client proteins across tumor types. The variety of tumor types
present in the patients who underwent paired tumor biopsies
may have contributed to the lack of consistent effects across
the biopsies evaluated; analysis of multiple samples of the
same tumor or of multiple tumors with the same genetic back-
ground might improve the ability to detect changes in relevant
client proteins. It is possible that this schedule of drug ad-
ministration did not result in sufficient tumor exposure to
cause significant modulation of client proteins, contribut-
ing to the lack of clinical response observed. Alternatively,
it has also been proposed that advanced tumors are inher-
ently refractory to efficient Hsp90 inhibition alone due to
the development of compensatory resistance pathways.
Emerging evidence indicates that Hsp90 inhibitors may
play a role in preventing the emergence of resistance,
supporting development of this agent in combination with
other therapies to increase the effectiveness of earlier lines
of therapy [15].

Hsp90 inhibitors have been evaluated on multiple
schedules with the aim of maximizing intratumoral drug
exposure to allow for sustained client protein depletion
while minimizing collateral damage to normal tissues.
While this particular dosing schedule showed an accept-
able safety profile, we were unable to demonstrate sig-
nificant depletion of the levels of client proteins. This
study illustrates the complexity of defining the optimal
dosing schedule for this agent in particular, and Hsp90
inhibitors as a class. Since Hsp90 inhibitors affect mul-
tiple proteins with downstream consequences, the spe-
cific protein and the degree of inhibition required needs
to be defined within the context of a particular tumor
type to be able to pick the biomarker of choice. Further
understanding of the particular client protein(s) driving
progression of disease and the proteins involved in par-
allel signaling pathways that may be contributing to
resistance is needed to provide additional avenues to
maximize therapeutic benefit in combination studies.
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