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Translational relevance

AGC (protein family A, G and C) kinases are serine threonine kinases, which include ROCK,
AKT and p70S6K. They are key anticancer targets with relevance to motility, metastasis,
survival of cancer cells and an immune suppressive state within tumors. AT13148 is a potent
ROCK and AKT inhibitor. The clinical tolerability profile was dominated by dose-limiting
toxicities suggestive of ROCK inhibition (hypotension and headaches) and not AKT inhibition
(hyperglycemia and rash). Careful consideration is warranted while developing multi-kinase
inhibitors involving AGC kinases as they can have broad activity in preclinical models, but
their clinical development using systemic routes of administration may be limited by side

effect profiles related to potent inhibition of ROCK.



Abstract

Purpose
AT13148 is an oral AGC kinase inhibitor, which potently inhibits ROCK and AKT kinases. In
preclinical models, AT13148 has been shown to have anti-metastatic and anti-proliferative

activity.

Experimental Design

The trial followed a rolling six design during dose escalation. An intra-patient dose escalation
arm to evaluate tolerability and a biopsy cohort to study pharmacodynamic (PD) effects were
later added. AT13148 was administered orally three days a week (Mon-Wed-Fri) in 28-day
cycles. Pharmacokinetic profiles were assessed using mass spectrometry and PD studies
included quantifying p-GSK3p levels in platelet-rich plasma (PRP) and p-cofilin, p-MLC2

levels in tumor biopsies.

Results

Fifty-one patients were treated on study. The safety of 5 - 300 mg of AT13148 was studied.
Further, the doses of 120-180-240 mg were studied in an intra-patient dose escalation
cohort. The dose-limiting toxicities included hypotension (300 mg), pneumonitis and
elevated liver enzymes (240 mg) and skin rash (180 mg). The most common side effects
were fatigue, nausea, headaches and hypotension. Based on tolerability 180 mg was
considered the maximally tolerated dose. At 180 mg, mean Cmax and AUC were 383 nM and
13399 nM.h, respectively. At 180 mg, 250% reduction of p-cofilin was observed in 3/8 post-

treatment biopsies.



Conclusions

AT13148 was the first dual potent ROCK-AKT inhibitor to be investigated for the treatment
of solid tumors. The narrow therapeutic index and the pharmacokinetic profile led to
recommend not developing this compound further. There are significant lessons learned in
designing and testing agents that simultaneously inhibit multiple kinases including AGC

kinases in cancer.



Introduction

Phosphoinositide 3-kinases (PI13Ks) are key mediators of intracellular signaling between the
membrane-bound receptor tyrosine kinases (RTKs) and downstream effector molecules,
such as AKT/PKB, m-TOR, GSK3p, S6K and S6, which control a range of vital cellular
functions deregulated in cancer cells, including cellular growth, proliferation, and survival
(1). There are currently multiple drugs licensed for use in the treatment of cancer in this

pathway, ie PI3Ka, PI3K® and m-TOR inhibitors (2-5).

AGC kinases are a group of evolutionarily-related serine threonine kinases, some of which
are deregulated in cancer (6). PDK1/PKA/PKB and S6K are key components of the PI3K
pathway and have been targeted using a wide range of PI3K pathway inhibitors (1).
However, there remain other AGC kinases such as Rho-associated coiled-coil containing
protein kinase (ROCK) that influence growth (7-9) and metastasis of cancer cells
independent of the PI3K pathway (10). ROCK-myosin Il signaling has also recently been
shown to be important in modulating resistance to targeted therapy in melanoma and an

immunosuppressive environment within tumors (11).

AT13148 was discovered using a high throughput x-ray crystallography and fragment-based
drug design as an AGC kinase inhibitor that inhibited AKT and other AGC kinases such as
ROCK (12). It was hypothesized that additional AGC kinase activity would result in increased
anti-proliferative and anti-metastatic efficacy and possibly reduce resistance to selective
AKT inhibition (13,14). Preclinical studies have evaluated the efficacy of AT13148 in
blocking invasion and metastasis in melanoma and pancreatic cancer models (14,15). In
addition, AT13148 has been shown to inhibit PI3K signaling and induce cell death in a range
of preclinical models, including gastric and prostate cancer models (13,16). There are
currently multiple selective AKT inhibitors in late stages of clinical development (17) and
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ROCK inhibitors are licensed for use in non-oncological indications, such as pulmonary
hypertension (18), but have not been clinically tested in cancer patients until now. Herein,
we report the results from the first-in-human phase | study of AT13148, a potent dual

AKT/ROCK inhibitor, in adults with advanced solid tumors.

Material and Methods

Design

The study followed a rolling 6 dose escalation design (19). Following an amendment, two
cohorts were added. The first included an intra-patient dose escalation in patients at dose
levels 120-180-240 mg starting with one week dosing at the lowest dose followed by
escalating to the next dose of 180 mg until the highest dose of 240 mg during cycle 1. The
aim of this cohort was to evaluate if the on-target hypotension would be better tolerated if
the dose was increased in a stepwise fashion. The second amendment introduced a
mandatory biopsy cohort where fresh biopsies were collected before and after treatment at
the recommended phase Il dose (RP2D) of 180 mg. The trial was conducted to ethical
principles laid down by the Declaration of Helsinki and the protocol was reviewed by
regulatory agencies (MHRA, UK) and a UK national research ethics committee. Written
informed consent was obtained (patients were given an information sheet and signed a
consent form), prior to patients enrolling in the clinical trial. Inclusion criteria included the
fact that patients had received standard-of-care treatment for their metastatic solid tumors
and had adequate renal and hepatic function (full inclusion and exclusion criteria in
Supplementary Data). Key exclusion criteria included an abnormal fasting blood sugar and

a history of hypertension on anti-hypertensive medication.



AT13148 was administered orally three days a week (Mon-Wed-Fri) in 28-day cycles.
Patients were seen weekly for toxicity assessments and imaging to evaluate tumor response

was conducted every 2 cycles.



Pharmacokinetics

A single dose of AT13148 was administered 7 days before cycle 1 for pharmacokinetic
analysis. A full pharmacokinetic profile was also carried out on cycle 2, day 1. Blood was
collected at baseline, 15 minutes, 30 minutes, 1, 2, 6, 12, 24, 48, 72 and 96 hours post-dose
for analysis (the last two being optional from Cohort 6, 160 mg, cycle 1). Plasma
concentrations of AT1318 were measured by liquid chromatography mass spectrometry
(see Supplementary Data) Pharmacokinetic parameters were derived from Phoenix

WinNonlin using non-compartmental analysis.

Pharmacodynamics

Blood samples for pharmacodynamics were taken at baseline, 2 hrs, 6 hrs, 24 hrs and 48
hrs after treatment on the run-in dose at day -47 to -4 and on cycle 2, day 1. Phosphorylation
of GSK3p Ser9 (p-GSK3p) was quantified in platelet-rich plasma (PRP) extracted from serial
blood samples using electrochemiluminescent immunoassays on the MesoScale Discovery
(MSD®) technology platform using previously validated techniques (20). Relative changes
in p-GSK3@3 were reported as a ratio, calculated as the percentage of baseline levels
normalized to total GSK3B. Phosphorylated cofilin protein levels in tumor biopsies pre-dose
and post-AT13148 treatment (between cycle 1, day 15 or cycle 2, day 1, 24 hrs post-
treatment) were measured using the Protein Simple WES Assay platform. Changes in
phospho- and total cofilin normalized to GAPDH were measured in the form of
chemiluminescence signals with the area under the curve (AUC) calculated for each analyte
by the WES Compass software. Relative changes in phosphorylated cofilin were reported

as a percentage of pre-dose protein levels.

Phosphorylation of MLC2 was quantified using immunohistochemistry (IHC). Four-um thick

sections were incubated at 60° C for 20 min and then subjected to antigen retrieval using Access



Super Tris pH 9 buffer (A Menarini Diagnostics) at 110° C for 6 min in a Decloaking Chamber
NxGen (Biocare Medical). Samples were blocked with Dual Endogenous Enzyme-Blocking
Reagent (Dako) for 10 min and were then incubated with primary antibodies for 40 min at room
temperature (RT), washed and then incubated with biotinylated secondary antibodies (rabbit,
mouse or rat; 1:200; Vector-Labs) for 30 min at RT. Signal was then amplified using a
VECTASTAIN ABC HRP kit (PK-4000) for 20 min at RT and the reaction was developed using
VIP substrate (SK-4600, Vector-Labs) for 10 min at RT. Stainings were counterstained with
hematoxylin. The slides were imaged using a NanoZoomer S210 slide scanner (Hamamatsu,
Japan). Staining quantification was performed using QuPath 0.1.2. In order to quantify p-MLC2,
the images were analyzed using positive cell detection and three different thresholds were
applied according to the intensity scores (0, 1, 2 and 3). Next, the software was trained by
creating a random trees classification algorithm combined with the intensity information in order

to differentiate tumor from stroma, necrosis and immune cells (21).

Results

Patient characteristics

A total of 56 patients with solid tumors who had previously received standard-of-care
treatment were enrolled on the study from December 2012 to December 2017, of whom 51
patients received at least one dose of AT13148. The demographics of the patients included
a male/female ratio of 25/31, age range of 34 - 76 yrs and the most common tumor types

were colorectal and breast cancer (Supplementary Table 1).

Safety
Patients were initially treated across a dose rage of 5 — 300 mg a day in 8 cohorts following
a rolling six design during the dose escalation. Two further cohorts were then added: first, a

cohort that included intra-patient dose escalation (Cohort 9) over 3 dose levels (120 mg -
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180 mg - 240 mg) to evaluate whether incremental increase of dose over a period of 3 weeks
could improve tolerability; then, a mandatory biopsy cohort of patients was treated at the
RP2D of 180 mg (Cohort 10) to study pharmacodynamic effects in pre- and post-treatment

biopsies (Figure 1).

The dose escalation proceeded by dose doubling from 5 - 160 mg with no dose-limiting
toxicities reported. At the dose of 160 mg (Cohort 6), following multiple non-dose-limiting
toxicity (DLT) grade 3 toxicities of hypotension and diarrhea, the dose escalation proceeded
by a 50% increase to 240 mg (Cohort 7). There was one DLT of elevated liver enzymes
seen at 240 mg in addition to multiple episodes of grade 2 toxicities such as nausea, fatigue,
anorexia and hypotension. As only 1 in 6 evaluable patients had a DLT, the dose was
escalated cautiously by a further 25% to 300 mg (Cohort 8). At this dose level, two patients
experienced grade 2 hypotension, one patient experienced grade 3 hypotension and one
patient experienced grade 4 hypotension with a systolic blood pressure of less than 40 mm
Hg requiring inotropic support. No further patients were treated at the dose of 300 mg
following the adverse event. In Cohort 9 (intra-patient dose escalation cohort), two DLTs
(grade 3 pneumonitis at 240 mg and grade 3 rash at 180 mg) were reported. However,
multiple grade 1 and 2 toxicities including grade 2 fatigue were seen at 240 mg and limited
continuation of this approach. The dose was therefore de-escalated and the maximally
tolerated dose was established at a dose of 180 mg AT13148 orally given on days 1, 3 and
5 of each week. As a composite of the flat dose escalation and the intra-patient dose
escalation cohort, a dose of 180 mg was considered the maximally tolerated dose of

AT13148.

The most common treatment related side effects were hypotension, nausea, headache and

fatigue (Table 1). There were four grade 3 or 4 events that were considered dose-limiting
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toxicities, which included hypotension at 300 mg, elevated transaminases and pneumonitis

at 240 mg and a maculopapular rash at 180 mg.

The most common known on-target toxicity of AT13148 included hypotension. This was
often associated with headaches and occurred within 8 hrs of dosing. Fatigue and nausea
were commonly seen at or above the dose level 160 mg. Although one episode of elevated
liver enzymes was described as a dose-limiting toxicity in Cohort 7 (240 mg), there were no
dose-dependent trends of increased liver transaminases across different dose levels. Rash

was seen in 6/51 (11.8%) of patients but was dose-limiting in only one patient.

Pharmacokinetics

AT13148 was measured in plasma in all patients and data was obtained from 44 patients
across nine cohorts (flat dose Cohorts 1 - 8 and 10). Data was limited from Cohort 8 (300 mg
AT13148) as there were only three evaluable patients, and only one patient received a

second cycle of AT13148.

Maximum plasma concentrations in cycle 1 ranged between 7 and 964 nmol/L with mean
values of 22 to 661 nmol/L. In cycle 2, plasma concentrations of AT13148 were between
18 and 1097 nmo/L with mean values of 24 to 712 nmol/L. There was a dose-related
increase in the mean Cmax and AUC r? = 0.97 and 0.98, respectively (Supplementary Figure
1), however, a high intra-patient variability was observed at doses of 80 mg and above. In
many instances (34 patient profiles of the 55), the terminal t; was not accurately established,
which also affected related PK parameters (clearance, volume of distribution etc.). This was
addressed with additional (optional) sampling times over 48 hours (at 72 and 96 hours).
Based on 14 evaluable patients in cycle 1, the half-life of AT13148 ranged between 14.4
and 32.2 hours (Table 2). At the tolerable dose of 180 mg free drug levels or exposure were

below those measured in preclinical efficacy experiments.
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PK-hypotension relationships

Due to the ROCK inhibitory activity of the drug, hypotension was regarded as both an on-
target toxicity (22) and a pharmacodynamic biomarker. The maximum decrease in supine
systolic blood pressure and Cmax or AUCiast were studied. Where there was matched data
for blood pressure and plasma drug concentrations available, there was a weak linear
correlation seen between hypotension and both Cmax and AUCo-ast (r? 0.25 and 0.17,
respectively) (Figure 2). However, looking at individual cases, of the eight patients with the
most severe hypotension (a fall of greater than 30 mm Hg) six patients had high exposure
in terms of Cmax >350 NnM and AUCo-ast >1000 nM-h. The high incidence of hypotension

found at high doses became dose-limiting to the trial and halted recruitment at 300 mg.

Pharmacodynamics

Phosphorylation of GSK3p was quantified in platelet-rich plasma to assess AKT inhibition.
At doses 160-300 mg there was a weak trend in the relationship between the plasma
concentration and the p-GSK3p levels; r2=0.17 (Figure 3A). At the non-tolerated dose level
of 300 mg, there was a statistically significant reduction of p-GSK3p levels in platelet-rich
plasma 2 - 6 hrs after treatment when compared to predose (Figure 3B). We also studied
the phosphorylation of cofilin, a known downstream effector of ROCK activity in pre- and
post-treatment biopsies at the 180 mg dose level. Of the 8 pre- and post-treatment biopsies
conducted, 5/8 showed a reduction of p-cofilin in post-treatment biopsies and 3/8 showed
>50% reduction of p-cofilin (Figure 4A). Myosin Il is regulated by ROCK via direct
phosphorylation of the regulatory light chain (MLC2). p-MLC2 was assayed using
immunohistochemistry in 5 paired biopsies and there was a reduction in H scores in post-

treatment samples in 1/5 paired biopsies (Figure 4B).
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Clinical efficacy

No complete or partial responses were seen in the study. The median number of cycles of
AT13148 on the study was 2 (range 1 - 10). One patient with NSCLC (adenocarcinoma) was
on the study for 10 cycles and had been tested and shown not to have an EGFR mutation

or ALK rearrangement as part of their standard-of-care.

Discussion

AT13148 is an AGC kinase inhibitor with potent ROCK and AKT inhibitory activity (13).
ROCK inhibitors have attracted interest due to their role in tumor invasion, cancer metastasis
and stromal remodelling (23,24). In addition, there are a number of studies demonstrating
preclinical anti-proliferative activity in melanoma (7), neuroblastoma (9), pancreatic cancer
(15), lung cancer and leukemia (8). AT13148, to our knowledge, is the first dual ROCK-AKT

inhibitor that has been evaluated in a clinical trial as an anticancer agent.

Vasodilation caused by ROCK inhibition led to a high number of patients who received
AT13148 experiencing hypotension, which was dose-limiting at a dose of 300 mg. Though
not dose-limiting, headaches were a common toxicity seen in this study and were also likely
to be due to vasodilatation. This property of ROCK inhibitors has led to its use in pulmonary
hypertension (25) and in the treatment of cerebral vasospasm following subarachnoid
hemorrhage (26). Other dose-limiting toxicities included pneumonitis and skin rash; these
have previously been reported in agents such as PI3K, AKT or m-TOR inhibition (2,5,20,27-
29). One dose-limiting toxicity of elevated liver enzymes was seen. Elevated liver enzymes
have been reported in PI3K pathway inhibitors but it is not clear if this an on-target toxicity
(30,31). Nausea and fatigue were other common toxicities, which were non-specific and

have been reported across a wide range of other anticancer drugs. Interestingly,
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hyperglycemia and non-neutropenic infections, which are common features of PI3K pathway

inhibitors, were not commonly seen in this study (32,33).

The pharmacokinetic profile of AT13148 showed a high degree of variability when
administered in the current formulation. This led to considerable overlap between exposure
to AT13148 at dose levels of 160 mg and above. This was considered a challenge and risk
for further development of the current formulation of the drug considering the narrow

therapeutic index.

Interestingly, postural hypotension was seen at dose levels above 80 mg, suggestive of
ROCK inhibition. Therefore, we decided to study the relationship of Cmax and AUC of
AT13148 to changes in blood pressure where matched data points were available. This
showed a low to moderate correlation. Pharmacodynamic analysis in platelet-rich plasma
demonstrated a transient reduction of p-GSK3 levels at the non-tolerable dose of 300 mg;
a trend towards reduction of levels of p-GSK3p between 160 - 300 mg. Reduction of p-
GSK3B has been shown to be a reproducible biomarker of AKT inhibition (20,34) and
reduction of p-GSKR[p was demonstrated in xenograft models treated with AT13148
showing growth delay (13). Finally, there was a 50% reduction in phosphorylation of cofilin
in 3/8 patients and reduction in the phosphorylation of MLC2 in only 1/5 paired biopsies
studied with pre- and post-tumor biopsies at the dose level of 180 mg. A reduction of p-
MLC2 has been shown to be a biomarker of ROCK inhibition in AT13148-treated mice in-
vivo. However, measurement of p-MLC2 levels in xenograft tissue that had shown tumor
growth delay has not been performed (14,15), thus, even if a reduction of p-MLC2 was
demonstrable in all samples, interpretation of the data would need to be put into this context.
The phosphorylation of coflin has been shown to be a biomarker of ROCK inhibition (7), but

specific experiments measuring p-cofilin in xenografts of AT13148-treated mice have not
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been performed and thus it is difficult to interpret the findings in this study. However, given
that changes in both the biomarkers were not seen in a majority of the samples treated at
the RP2D of 180 mg thrice a week, these findings were not suggestive of consistent and

robust ROCK inhibition in tumor tissue.

There were no clinical responses seen in the study. The reasons for lack of single agent
response could be many. The anticancer activity of ROCK inhibitors is predominantly
towards causing a reduction in metastatic spread. This first-in-human study was geared
towards defining tolerability and PK-PD relationships, and recruited patients with advanced
solid tumors. It would not be possible to study anti-metastatic activity of such a drug in these
patients: the dose-limiting on-target toxicity of hypotension limited the escalation to biological
effective levels of ROCK inhibition in tumor tissue. Further, the hypotension limited the ability
to sufficiently inhibit other key AGC kinases such as AKT, which contributed to anti-
proliferative activity in preclinical models. Prospective sequencing of tumor to enrich cohorts
with patients whose tumors had PIK3CA or AKT mutations would have improved the
chances of observing responses but, given that there were no toxicities or consistent
biomarker changes suggestive of AKT inhibition, this would have been unlikely. Future
research into ROCK inhibitors could consider isoform specific ROCK Il inhibitors that may
cause reduced hypotension and the possibility of topical applications for selected skin

cancers, which could reduce other systemic side effects (18).

The pharmacological audit trail defines multiple factors involved in go-no-go decisions in
drug development (35). The current first-in-human study demonstrated multiple factors that
would make further development of this agent challenging, including its toxicity seen,
variable pharmacokinetic profile and inability to reproducibly inhibit AGC kinases in tumor

tissue.
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AT13148 also brings poly-pharmacology of anticancer drugs into question. It is increasingly
found that targeted anticancer drugs inhibit multiple targets (36,37). Importantly, this has
led to drugs which inhibit multiple targets being licensed for indications which are relevant
to one target and not to the other e.g. sorafenib is licensed in renal cancer for its VEGFR
inhibitory activity and not in melanoma for its RAF inhibitory activity (38,39) and crezotinib
has been licensed in lung cancer for its ALK inhibitory activity and not as an MET inhibitor
(40,41). AT13148 inhibited multiple AGC kinases and was found to cause cell death and
apoptosis when compared to more selective AKT inhibitors in-vitro. In a biochemical screen,
AT13148 was a more potent ROCK inhibitor compared to an AKT inhibitor. The ICso of
AT13148 for ROCK | and ROCK 2 was 6 nM and 4 nM, respectively, when compared to that
for AKT1, AKT2 and AKT3, 38 nM, 402 nM and 50 nM, respectively (13). The additional
putative cytotoxic anticancer effects of ROCK I/l inhibitory activity of AT13148 could not be
exploited due to clinical hypotension caused by its activity on normal tissue. The current trial
raises a further important issue surrounding cancer drugs that can, by virtue of inhibiting
multiple kinases, target the cardiovascular system (eg VEGFR or vascular disrupting
agents). In these instances, it could be hypothesized that cells of the vasculature are likely
to be exposed to the drug earlier than cells of tumors and possibly at a higher concentration,
resulting in cardiovascular adverse events being limiting: for example, the multikinase
inhibitor, ilorasertib, targeted the VEGFR and Aurora kinase families resulting in the VEGR-
related adverse events being limiting (42). In the case of AT13148 it is difficult to know if the
cardiovascular side effects occurred at lower concentrations required for AKT inhibition
because the drug inhibits ROCK more potently or because cells in the vascular system are
likely to be exposed to such drugs earlier, and to a possibly higher concentration, than

cancer cells in the tumor.
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This clinical information will be of importance to researchers developing ROCK inhibitors or
other AGC kinases as anticancer drugs and makes the case for the development of specific

inhibitors of individual AGC kinases.
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Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 Cohort 7 Cohort 8 Cohort 9 Cohort 10

5mg 10 mg 20 mg 40 mg 80 mg 160 mg 240 mg 300 mg 120-180-240 mg 180 mg
(n=4) (n=5) (n=3) (n=3) (n=4) (n=7) (n=6) (n=5) (n=7) (n=7)
Total No.
Treatment Emergent subjects
Adverse Event (n=51) 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 4 1 2 3 1 2 3
GASTROINTESTINAL
DISORDERS
Diarrhea 7(13.7%) 1 1 2 3
Nausea 15(294%) 1 3 1 1 2 4 3
Vomiting 7(13.7%) 1 3 1 1 1
GENERAL
DISORDERS AND
ADMINISTRATION
SITE CONDITIONS
Fatigue 9(17.6% ) 1 1 1 2 2 2
METABOLISM AND
NUTRITION
DISORDERS
Anorexia 7(13.7%) 1 1 2 2 1
NERVOUS SYSTEM
DISORDERS
Headache 12 (23.5% ) 1 2 2 3 4
VASCULAR
DISORDERS
Flushing 6(11.8%) 1 2 1 1 1
Hypotension 20 (39.2% ) 1 3 1 1 3 1 3 1 1 2 1 2
Table 1.

Treatment emergent adverse events
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Cycle 1 Tmax Cmax HL Lambda z AUClast *AUCto48 h AUCINFobs VzFobs CIFobs

(h) (nmol/L) (h) (h*nmol/L) (h*nmol/L) (h*nmol/L) (L) (L/h)

Cohort 1 Mean 5 20 60 400 400 900 1400 20
5mg SD 5 15 27 21 210 350 290 11
% CV 97 70.0 41 54 54 40 21 60

Cohort 2 Mean 6 15 40 300 300 600 1900 100
10mg SD 4.2 4.8 30 190 190 460 670 95
% CV 75 32 85.0 66 66 77 36 96

Cohort 3 Mean 4 30 20 600 600 1000 2000 90
20mg SD 2.8 16 13 440 440 750 660 72
% CV 66 46 56 70 70 78 32 83

Cohort 4 Mean 1.99 120 15 1900 1900 2100 1100 50
40mg SD 0.03 21 1.00 540 540 630 310 17
% CV 2 18 7 29 29 30 28 33

Cohort 5 Mean 3 180 50 5000 5000 10000 1600 30
80mg SD 2 69 44 3000 3000 16000 910 22
% CV 67 38 82 61 61 118 57 67

Cohort 6 Mean 5 400 40 12000 10000 20000 2000 40
160mg SD 2 290 22 7900 5900 16000 1300 28
% CV 41 66 52 64 57 79 72 75

Cohort 7 Mean 5 500 40 15000 13000 30000 2000 50
240mg SD 2 280 17 9000 9000 24000 930 36
% CV 40.0 61 44 63 70 94 48 80

Cohort 8 Mean 6.1 700 60 20000 20000 40000 1400 18
300mg SD 0.12 130 35 4100 4100 10000 600 4.8
% CV 2 20 57 21 21 23 42 26

Cohort 10 Mean 4 400 40 13000 9000 20000 2000 50
180mg SD 2.3 190 21 8000 4700 14000 2200 59
% CV 64 50 51 60 52 74 94 110

Table 2.
Pharmacokinetic parameters of AT13148
The pharmacokinetic parameters between 5 - 300 mg in cycle 1. There was considerable variation of AUC and Cmax at doses of 160
mg and above.
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LEGENDS TO FIGURES

Figure 1
The dose escalation scheme

Dose was doubled from 5 - 160 mg, following which a more conservative increase in dose
to 240 mg and 300 mg was evaluated. Following grade 4 hypotension being seen at 300
mg an intra-patient dose escalation schedule was explored to evaluate if this improved
tolerability of higher doses. The dose of 180 mg was considered tolerated pre- and post-

treatment biopsies were conducted to evaluate pharmacodynamics effects.

Figure 2
Relationship of hypotension and pharmacokinetic parameters

The maximum drop in supine systolic blood pressure was measured and correlated with
PK profiles of individual patients in patients where matched blood pressure and PK
measurements were available at doses 160 mg, 240 mg and 300 mg. A) Relationship
between AUC and drop in blood pressure r> = 0.17. B) Relationship between Cmax and

maximal drop in blood pressure r?>= 0.25.

Figure 3
Pharmacodynamic effects in platelet-rich plasma

Phosphorylation of GSK3p is a downstream event of AKT activation and reduction of p-
GSK3p was quantified in platelet rich plasma before and after treatment with AT13148. A)

The relationship of the plasma levels of AT13148 and p-GSK3[ across the dose levels of
27



160 - 300 mg. There was a trend towards reduction of p-GSK3p and increasing plasma
levels of AT13148, r>2 = 0.17, p = 0.0354. B) p-GSK3B normalized to total GSK3p levels
were reduced between 2 - 24 hrs after treatment of AT3148 at the 300 mg cohort. The
asterisk indicates significance in Dunnett’s test. The changes were not significant at doses

lower than 300 mg.

Figure 4

Pharmacodynamic effects in tumor tissue

Biopsies were done at the dose level of 180 mg thrice a week. Phosphorylation of cofilin
normalized to GAPDH at baseline and at 15 - 28 days of intermittent dosing was assayed
using an immuno-chemiluminescence assays and results are presented as percentage of
pre-dose levels (A) A reduction of more than 50% of p-cofilin levels were seen in 3/8
patients. (B) Phosphorylation of MLC2 was measured by IHC in pre- and post-treatment
tumor specimens of patients treated with AT13148 showing reduction in phosphorylation

in only 1/5 samples.
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Supplementary Data

Inclusion criteria

Histologically proven advanced solid tumours, refractory to conventional treatment, or for
which no conventional therapy existed or was declined by the patient.

2. Life expectancy of at least 12 weeks.
3. World Health Organisation (WHO) performance status of 0, 1 or 2.
4. Haematological and biochemical indices within the ranges shown below. These
measurements were to be performed before the patient received the first dose of AT13148.
Laboratory Test Value required
Haemoglobin =9.0 g/dL
Absolute neutrophil count >1.5 X109/L
Platelet count >100 X109/L
Fasting glucose <7 mmol/L
Either:
Serum bilirubin <1.5 % upper limit of normal (ULN)
or.

Alanine aminotransferase and aspartate aminotransferase <2 5 x ULN unless raised due to

tumour in which case up to 5 x ULN
was permissible

Either:
Calculated creatinine clearance 250 mL/min
Or:
Isotope clearance measurement =50 mL/min (uncorrected)
5. Adequate lung function indicated by a resting oxygen saturation level (on air) 294%, a
carbon monoxide (CO)-transfer factor >60%.
6. 18 years or over.
7. Written (signed and dated) informed consent and capable of co-operating with treatment

and follow-up.

Exclusion Criteria

1.

Radiotherapy (except for palliative reasons), endocrine therapy (except luteinizing
hormone releasing hormone agonists for prostate cancer), immunotherapy or
chemotherapy during the previous 4 weeks (6 weeks for nitrosoureas, Mitomycin-C) and
4 weeks for investigational medicinal products) before the planned first dose of AT13148.
(If the planned date of the first dose changed the Sponsor was to be contacted for advice).

Ongoing toxic manifestations of previous treatments. Exceptions to this were alopecia or
certain Grade 1 toxicities, which in the opinion of the Investigator and the Sponsor did not
exclude the patient.

3. Symptomatic brain metastases (if present they had to have been stable for >3 months).




10.
11.

12.

13.

14.
15.

16.
17.

18.

Ability to become pregnant (or already pregnant or lactating). However, those female
patients who had a negative serum or urine pregnancy test before enrolment and agreed
to use two highly effective forms of contraception (oral, injected or implanted hormonal
contraception and condom, had an intra-uterine device and condom, diaphragm with
spermicidal gel and condom) during the trial and for 6 months afterwards were considered
eligible.

Male patients with partners of child-bearing potential (unless they agreed to take measures
not to father children by using one form of highly effective contraception [condom plus
spermicide] during the trial and for 6 months afterwards). Men with pregnant or lactating
partners were advised to use barrier method contraception (e.g. condom plus spermicidal
gel) to prevent exposure to the foetus or neonate.

Major thoracic or abdominal surgery from which the patient had not yet recovered.

At high medical risk because of non-malignant systemic disease including active
uncontrolled infection.

Known to be serologically positive for hepatitis B, hepatitis C or human immunodeficiency
virus.

History of severe auto-immune disease or known allergy to peanuts.
Concurrent hypotension defined as a baseline supine blood pressure systolic <90 mmHg.

Patients receiving anti-hypertensive treatment or treatment with beta-blockers or
rate-limiting calcium agents. A washout period of 5 x half-life of the drug was to be applied
following withdrawal of any of these treatments.

Concurrent congestive heart failure, prior history of class Ill/1V cardiac disease (New York
Heart Association), prior history of cardiac ischaemia or prior history of cardiac arrhythmia.
Coronary angioplasty or stenting in the previous 12 months.

Patients with a known left ventricular ejection fraction <50%. A multi-gated
acquisition (MUGA) scan or echocardiogram (ECHO) had to be performed in all patients.

Concurrent diabetes requiring treatment (diet-controlled diabetes was acceptable).

Patients with prior bone marrow transplant or those having had extensive radiotherapy to
>25% of bone marrow within 8 weeks of the trial.

A history of or underlying interstitial lung disease.

Any other condition which in the Investigator's opinion did not make the patient a good
candidate for the clinical trial.

Was a participant or planned to participate in another interventional clinical trial whilst
taking part in this trial. Participation in an observational trial or interventional clinical trial
which did not involve administration of an investigational medicinal product was
acceptable.



Supplementary figure 1
Relationship between dose and AUC/Cmax
There was considerable variation between dose and AUC and Cmax at dose levels

over 80 mg.



Characteristics Male Female Total
Gender 25 31 56
Age (years) Median 58 60 59.5
Range 34-76 39-76 34-76

Performance 0 11 13 24
status 1 14 18 32
Tumour i. Colorectal 18 9 27

type ii. Breast 0 5 5

iii. Pancreas 0 3 3

iv. Bile duct/gall bladder 1 2 3

v. Other 6 12 18

Table 1

Demographic profile

A total of 56 patients were enrolled on study and 51 patients had at least one dose of AT13148.



Cohort 1 Cohort 2 Cohort 3 Cohort 4 Cohort 5 Cohort 6 Cohort 7 Cohort 8 Cohort 9 Cohort 10
(n=4) (n=5) (n=3) (n=3) (n=4) (n=7) (n=6) (n=5) (n=7) (n=7)
Total No.
Related Adverse subjects
Event (n=51) 2 2 2 2 2 2 2 2 3 2 2 3

GASTROINTESTINAL
DISORDERS
Diarrhea 7(13.7%)
Nausea 15(29.4% ) 1
Vomiting 7(13.7%)
GENERAL
DISORDERS AND
ADMINISTRATION
SITE CONDITIONS
Fatigue 9(17.6% ) 1 1 2
METABOLISM AND
NUTRITION
DISORDERS
Anorexia 7(13.7%) 1 2
NERVOUS SYSTEM
DISORDERS
Headache 12 (23.5% ) 2
VASCULAR
DISORDERS
Flushing 6(11.8% ) 1 1
Hypotension 20 (39.2% ) 1 1 3 1 2

Table 1




Cycle 1 Tmax Cmax HLLambdaz  AUClast *AUCto48h AUCINFobs VzFobs CIF obs

(h) (nmol/L) (h) (h*nmollL)  (h*nmol/L) (h*nmol/L) (L) (L/h)

Corort 1 Mean 518 2154 64.95 382.64 362.64 886.99 141230  17.66
s SD 5.03 15.07 26.61 205.68 205.68 351.95 294.83 10.55
% CV 97 1 70.0 41.0 53.8 53.8 39.7 20.9 59.7

Mean 554 14.77 3524 281.98 261.98 600.64 188411 9822

C?g%” 2 SD 415 478 29.96 186.60 186.60 459,69 671.68 94.59
g % CV 74.9 323 85.0 66.2 66.2 76.5 356 96.3
cororta Mean 429 34.75 23.03 629.82 629.62 968.04 2067.66  86.73
g SD 283 15.87 13.43 437.93 437.93 752.18 65717 72.02
% CV 66.1 45.7 56.1 69.5 69.5 776 318 83.0

Cororta Mean 1.99 116.48 14.99 1881.76 1881.76 209487 112919 52.80
prisc SD 0.03 20.60 1.00 542.39 542.39 634.76 314.42 17.20
% CV 17 17.7 6.7 28.8 28.8 30.3 278 326

Corort s Mean 2.09 180.09 53.08 497434 4974.34 1310513 160242 3252

oo SD 2.01 69.09 43.64 3038.69 3038.69 15515.17 912.07 2163
% CV 67.2 38.4 82.2 611 61.1 118.4 56.9 665

Corort6 Mean 4.96 441.02 4181 12358.31 10276.73 2040427  1773.06  36.90

aom SD 2.02 290.67 21.89 7857.71 5871.90 16078.94 127276  27.65
% CV 40.8 65.9 52.4 63.6 57.1 78.8 718 74.9

oot Mean 4.86 457 41 39.26 14658 53 12809.36 25563.62 195836 45.74

Ao sD 1.95 280.59 17.08 9178.99 8957.51 24095.66 931.23 36.38
% CV 40.0 613 435 62.6 69.93 943 476 795

Corort s Mean 6.08 660.86 59.98 19964.73 19964.73 4410050 144040  18.33
ot SD 0.12 134.49 34.46 4098.99 4098.99 10112.09 598.69 481
% CV 1.9 20.4 57.4 205 20.5 22.9 416 26.3

Conor 10 Mean 358 383.58 4156 1339850 9022.15 1901930 239214 5353

omg SD 2.30 190.21 2133 8018.52 4684.49 14100.88 224545  58.95
% CV 64.3 496 513 50.8 51.9 74.1 93.9 110.1

Table 2
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