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Clinical Pharmacokinetics and Brain Penetration of GDC-0084, !
an Oral PI3K/mTOR Inhibitor, in Patients with High-Grade Glioma!

z!INTRODUCTION!
•  The phosphoinositide 3-kinase (PI3K) pathway is activated in ≥80% of 

glioblastoma multiforme (GBM) tumors, making it a compelling target for 
the treatment of GBM.!

•  GDC-0084 is a potent, oral, selective, brain-penetrant small molecule 
inhibitor of PI3K and mammalian target of rapamycin (mTOR) kinase.!

MATERIALS AND METHODS!
•  GDC-0084 was administered orally, once daily on a continuous dosing schedule. Plasma samples for 

PK analysis were collected on Day 1 and Day 8 or 15 of Cycle 1.!
•  The PK parameters of GDC-0084 at dose levels ranging from 2 – 65 mg (n = 47) were determined by 

non-compartmental analysis. !
•  Brain-to-plasma ratios were calculated by measuring GDC-0084 concentrations in a post-dose 

surgical brain tissue sample and a post-mortem brain tissue specimen.!

•  A first-in-human, phase 1 dose escalation study was conducted in patients with high-grade 
glioma using a 3+3 study design.  The pharmacokinetic (PK) objective of this study was to 
evaluate the PK of GDC-0084 after single and multiple once daily dosing.!
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RESULTS!
•  GDC-0084 is rapidly absorbed (Tmax ~2 hr) and demonstrates linear and dose 

proportional increases in exposure, with a half-life supportive of once daily dosing (t1/2 
~19 hr) (Figures 3 and 4, Table 2). !

•  GDC-0084 was detected at similar levels in brain tissue and brain 
tumor in two patient specimens, with a favorable brain-to-plasma 
ratio:!
-  Surgical brain specimen (Table 3):!

§  Brain tumor/plasma: >1.43 (total), >0.48 (free)!
§  Brain tissue/plasma: >1.54 (total), >0.51 (free)!

-  Post-mortem brain specimen (Table 4):!
§  Brain tumor/plasma: ~1.10 (total), ~0.38 (free)!
§  Brain tissue/plasma: ~0.60 (total), ~0.21 (free)!
§  CSF/free plasma: ~0.45!

•  Exposure of GDC-0084 observed at 45 mg QD exceeds the pre-clinically predicted 
exposure associated with efficacy (60%TGI) in 7 of 8 patients (Figure 5).!

Figure 4. Dose Proportionality of GDC-0084!

Table 2. Single Dose Mean PK Parameters! Figure 5. Observed Steady-state AUC0-24 by dose!

Figure 3. Mean ± SD Plasma Concentration vs. Time 
Profiles of GDC-0084 Following a Single Dose !

Species!
Brain-to-
Plasma 

Ratio!

Free Brain-to-
Free Plasma 

Ratio!

CSF-to-Free 
Plasma 

Ratio!
Mouse! 1.3! 0.40! N/A!

Rat! 2.4! 0.68! 1.5!
Dog! 2.2! 0.45! 1.03!

Table 1. Brain and CSF distribution of GDC-0084 in 
preclinical models!

was 0.7−1.0, indicating that 16 effectively penetrates the BBB
(Figure 1). In addition to demonstrating that 16 is capable of
crossing the BBB in rats, we determined the unbound brain-to-
unbound plasma concentration (Bu/Pu) ratio in female CD-1
mice. The Bu/Pu ratio of 0.4, at both 1 and 6 h post 25 mg/kg oral
dose of 16, demonstrates the molecule is capable of substantial
free brain penetration (Figure 1).

To further verify that 16was indeed capable of penetrating the
BBB to engage its target where intended, we evaluated the effect
of 16 on pAKT in normal brain tissue. After a 25 mg/kg dose of
16 administered orally, pAKT in normal mouse brain tissue was
significantly inhibited at 1 and 6 h postdose (Figure 2). The
potent inhibition of pAKT at both time points in this study
demonstrates that 16 inhibits its target behind a fully intact BBB.
In addition to the pharmacodynamic effect in normal brain

tissue, 16 was studied in a subcutaneous U87 tumor xenograft
model of glioblastoma in mice.11 In this study, 16 achieved

Table 4. Preclinical Species Hepatocyte Stability and in Vivo Pharmacokinetic Data for 16

IV (1 mg/kg)b POc

Species liver microsomes Clhep (mL/min/kg)a in vivo Cl (mL/min/kg) Vss (L/kg) Dose (mg/kg) AUC (μM·h) F% PPB%

Mouse 19 17 1.7 25 47 75 78
Rat 14 28 3.2 5 8.3 77 71

aHepatic clearance was predicted from liver microsomes incubations using the “in vitro t1/2 method.”
9 bMale Sprague−Dawley rats or female CD-1

mice were dosed intravenously with 1 mg/kg of 16 prepared in 60% PEG400/10% ethanol. cCompound 16 was administered PO at the indicated
dose in 0.5% methylcellulose with 0.2% Tween 80 (MCT).

Figure 1. CNS penetration of 16 in rat and mouse. [Brain]/[Plasma]
ratios determined after oral dose of 16 to female CD-1 mice or male
Sprague−Dawley rats as an MCT suspension. *[Brain]u and [Plasma]u
refer to the unbound concentration measured in the brain and plasma,
respectively. **[CSF] refers to the concentration measured in the
cerebral spinal fluid. aDetermined to be identical at both 1 and 6 h after
administration of 25 mg/kg 16 to female CD-1 mice. The [Brain]/
[Plasma] ratios are the mean values from 3 animals per time point.
bDetermined after administration of 15 mg/kg 16 to male Sprague−
Dawley rats. [Brain]/[Plasma] determined for 1 animal at each of 0.25
and 2 h and 3 at 8 h. Data reported are the range across the three time
points (average of the 3 animals at 8 h). c[CSF] determined for 1 animal
at each of 0.25 and 2 h and 3 at 8 h. Data reported are the range across
the three time points (average of the 3 animals at 8 h).

Figure 2. Inhibition of p-AKT by 16 in normal mouse brain tissue along
with corresponding brain and unbound brain concentrations.
*Significantly different from untreated control. p < 0.05, t test. [Brain]
determined after 25 mg/kg oral dose of 16 female CD-1 mice as an
MCT suspension. [Brain]u refers to the unbound concentration
measured in the brain. Data are reported as mean values ± SD from 3
animals per time point.

Figure 3. In vivo efficacy of 16 versus U87 MG/M human glioblastoma
xenografts. Female NCr nude mice bearing subcutaneous tumors were
administered escalating doses of 16 orally as a suspension in vehicle
(0.5% methylcellulose/0.2% Tween-80) or vehicle once daily (QD) for
23 days. Changes in tumor volumes over time by dose for each
compound are depicted as cubic spline fits generated via Linear Mixed
Effects analysis of log-transformed volumes.
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Figure 1. Inhibition of p-AKT by GDC-0084 in mouse brain!
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cerebral spinal fluid. aDetermined to be identical at both 1 and 6 h after
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[Plasma] ratios are the mean values from 3 animals per time point.
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points (average of the 3 animals at 8 h). c[CSF] determined for 1 animal
at each of 0.25 and 2 h and 3 at 8 h. Data reported are the range across
the three time points (average of the 3 animals at 8 h).

Figure 2. Inhibition of p-AKT by 16 in normal mouse brain tissue along
with corresponding brain and unbound brain concentrations.
*Significantly different from untreated control. p < 0.05, t test. [Brain]
determined after 25 mg/kg oral dose of 16 female CD-1 mice as an
MCT suspension. [Brain]u refers to the unbound concentration
measured in the brain. Data are reported as mean values ± SD from 3
animals per time point.

Figure 3. In vivo efficacy of 16 versus U87 MG/M human glioblastoma
xenografts. Female NCr nude mice bearing subcutaneous tumors were
administered escalating doses of 16 orally as a suspension in vehicle
(0.5% methylcellulose/0.2% Tween-80) or vehicle once daily (QD) for
23 days. Changes in tumor volumes over time by dose for each
compound are depicted as cubic spline fits generated via Linear Mixed
Effects analysis of log-transformed volumes.
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•  In preclinical models, GDC-0084 was shown to readily distribute into the brain, with brain-to-
plasma ratios ≥1, and brain concentrations leading to marked suppression of the PI3K pathway1 
(Table 1, Figure 1). !

•  In mouse xenograft models, GDC-0084 demonstrated dose-dependent tumor-growth inhibition 
(TGI), with 60% and 90% TGI observed at a human equivalent AUC values of 4.9 and 9.5 uM.hr, 
respectively1 (Figure 2). !

Figure 2.  In vivo efficacy of GDC-0084 
against U87 mouse xenograft tumors!

Dose 
(mg)!

Half-life 
(hr)!

Tmax 
(hr)!

Cmax 
(µM)!

AUC0_24 
(µM*hr)! n!

2! 16.9! 2.0! 0.02! 0.21! 7!

4! 21.8! 3.0! 0.04! 0.44! 4!

8! 18.2! 3.0! 0.05! 0.51! 5!

15! 18.1! 2.0! 0.09! 1.09! 6!

20! 14.8! 2.0! 0.16! 1.90! 4!

30! 22.0! 2.0! 0.17! 2.42! 7!

45! ND! 3.0! 0.23! 3.12! 8!

65! ND! 2.5! 0.26! 4.06! 6!

1.  GDC-0084 is rapidly absorbed and demonstrates linear and dose proportional increases in exposure, with a half-life supportive of once daily dosing.!
2.  At a dose of 45 mg, steady-state exposures were consistent with exposures associated with antitumor activity in mouse xenograft models.  !
3.  Concentration data from a brain tumor resection and a post-mortem brain specimen suggest that GDC-0084 crosses the blood brain barrier, with a 

uniform distribution throughout the brain.!
•  Brain-to-plasma ratios observed in human brain specimens are consistent with preclinical observations!
•  Results from preclinical studies and post-mortem samples suggest that GDC-0084 CSF concentrations may be representative of free brain concentrations!

CONCLUSIONS!

Sample! Total GDC-0084 ! Free GDC-0084!

Plasma! 0.56 uM! 0.11 uM!
Brain Tissue! 0.86 uM! 0.058 uM!
Brain Tumor! 0.80 uM! 0.054 uMa!
a Resection of brain tissue and tumor from a patient dosed at 45 mg QD; samples 
obtained 5.5 hr (plasma) and 7 hr (brain) post-dose!
b Assumes same binding as brain (fu 0.067)!

Table 3. GDC-0084 Concentration in a Surgical Brain Specimena !

Table 4. GDC-0084 Concentration in a Post-Mortem Brain Specimen and CSFa !

Sample! Total GDC-0084 
(post-mortem)!

Free GDC-0084!
(post-mortem)!

Estimated !
Total GDC-0084c !
(at steady-state)!

Estimated !
Free GDC-0084c !

(at steady-state)!
Estimated Plasmab! 1.64 nM! 0.33 nM! 0.42 uM! 0.08 uM!
CSF! 0.14 nM! 0.036 uM!
Brain Tissue! 0.972 nM! 0.065 nM! 0.25 uM! 0.02 uM!
Brain Tumor! 1.79 nM! 0.12 nMb! 0.46 uM! 0.03 uMd!
a Post-mortem samples from a 45 mg subject who discontinued treatment due to disease progression; samples were 
obtained 11 days after last dose!
b Estimated from observed data at earlier time points!
c Estimated from observed Cmax,ss data in this patient; assumes the same rate of elimination in all matricies!
d Assumes same binding as brain (fu 0.067)!
!
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Y	  =	  0.099	  *	  X^0.89	  	  	  	  	  	  R2	  =	  
0.835	  
Y	  =	  0.155	  *	  X^0.97	  	  	  	  	  	  R2	  =	  
0.783	  

%TGI targets from a U87 (PTEN null) subcutaneous xenograft model	  


