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ABSTRACT 80 

 81 
Purpose: Activation of the phosphatodylinositol-3-kinase/AKT (PI3K/AKT) signalling pathway 82 
promotes tumor immune evasion by suppressing effector T-cell infiltration and enhancing 83 
regulatory T-cell activity contributing to resistance to immune checkpoint inhibitors. Preclinical 84 
studies have demonstrated that inhibition of this pathway can restore anti-tumor immunity and 85 
synergize with PD-1/PD-L1 blockade. We explore the synergistic clinical potential of targeting 86 
the PI3K/AKT pathway in combination with atezolizumab to overcome immunotherapy 87 
resistance in recurrent glioblastoma and advanced solid tumors. 88 
Experimental Design: Phase 1b, investigator-initiated, open-label study (NCT03673787) 89 
composed of a proof-of-concept dose escalation Part A of ipatasertib plus atezolizumab in a 90 
3+3 design. Adult patients with treatment refractory advanced cancers were enrolled into 91 
Cohort A1 and recurrent glioblastoma onto Cohort A2. Part B enrolled patients into 6 92 
exploratory cohorts. Study aims to evaluate the safety, immune-modulatory effects and 93 
preliminary efficacy of the combination of ipatasertib with atezolizumab.  94 
Results: The combination was well tolerated, with no dose-limiting toxicities at the 95 
recommended phase 2 dose of ipatasertib 400 mg/daily plus atezolizumab 1200mg every 3 96 
weeks. Pharmacodynamic analysis demonstrated depletion of FOXP3+ regulatory T cells and 97 
increased infiltration of CD8+ effector T cells within the tumor microenvironment. Durable 98 
exceptional responses were seen in some patients with treatment-refractory or recurrent 99 
glioblastoma.  100 
Conclusion: This is the first report in clinical samples showing that ipatasertib efficiently 101 
depletes FOXP3+ regulatory T cells and results in increased infiltration of effector CD8+ T 102 
cells in the tumor microenvironment. This was associated with preliminary efficacy in a subset 103 
of patients with treatment-refractory glioblastoma (GBM). 104 
 105 
 106 
 107 
STATEMENT OF SIGNIFICANCE 108 
 109 
This study provides preliminary clinical evidence that blockade of the PI3K/AKT signalling 110 
pathway can remodel the immunosuppressive tumor microenvironment and potentially 111 
overcome resistance to immune checkpoint inhibitors in malignant recurrent glioblastoma. The 112 
combination of the selective AKT inhibitor ipatasertib with the anti-PD-L1 antibody 113 
atezolizumab was well tolerated and demonstrated robust immunomodulatory activity, 114 
including depletion of FOXP3+ regulatory T cells and increased infiltration of effector CD8+ T 115 
cells within the tumor microenvironment, independent of PI3K mutational status or PTEN loss. 116 
Durable and exceptional clinical responses were observed in a subset of patients with 117 
recurrent, treatment-refractory disease. These results highlight PI3K/AKT pathway inhibition 118 
as a mechanistically rational and clinically feasible strategy warranting broader evaluation in 119 
this cancer of unmet need. 120 
 121 
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INTRODUCTION 122 
 123 
The phosphoinositide 3-kinase (PI3K)-AKT signalling pathway regulates a wide range of 124 
cellular processes, including growth and survival (1, 2). Hyperactivation of this pathway is a 125 
critical driver of tumorigenesis, with phosphatase and tensin homolog (PTEN), being one of 126 
the most common targets of mutation/deletion in human tumors. Other mechanisms of PI3K-127 
AKT pathway deregulation include PI3KCA mutations, AKT amplification and mutations, 128 
overexpression (transcriptional upregulation) and activation downstream of the AKT pathway 129 
(3).  Deregulation of this pathway is a frequent hallmark of tumor resistance to chemotherapy, 130 
targeted therapies, and more recently, immunotherapy(4-6).  131 
 132 
The PI3K-AKT pathway has been implicated in the regulation of both innate and adaptive 133 
immunity and plays crucial roles in immune cell maturation, differentiation, recruitment, and 134 
survival(5). AKT has also been shown to control regulatory T cells (Treg) homeostasis through 135 
inhibitory phosphorylation of FOXO1, which in turn promotes immune tolerance by restraining 136 
immune effector cells (7-11).  137 
 138 
Despite the successes of immune checkpoint inhibitors (ICIs) targeting the PD-1/PD-L1 and 139 
CTLA-4 immune checkpoints, many cancers do not respond or respond incompletely to 140 
immunotherapy(12, 13). While a myriad of mechanisms can underlie ICI treatment failure, the 141 
profound immunosuppressive tumor microenvironment rich in inhibitory Tregs has been 142 
associated with hyperactive PI3K-AKT signalling. Thus, ICI resistance may be reversible by 143 
blockade of this pathway(14-18).  Preclinical studies in multiple solid tumor models have 144 
shown increasing evidence that targeting the PI3K-AKT pathway, and AKT in particular, can 145 
reduce the production of immunosuppressive cytokines such as IL10 and TGFβ(19-21). 146 
Reduction of IL10 and TGFβ restricts the proliferation and penetration of immunosuppressive 147 
Tregs and inhibits M2 macrophage polarization, boosting the anti-tumor effects of immune 148 
checkpoint blockade (22, 23).  Co-inhibition of the PI3K pathway has improved the efficacy of 149 
anti-PD-1 and anti-CTLA-4 antibodies in PTEN-driven murine models of melanoma (24) as 150 
well as syngeneic murine models of breast and lung cancer (25, 26). Additionally, the 151 
pharmacological inhibition of the PI3K-AKT pathway in in vitro patient cell assays showed 152 
inhibition and reduction in Treg populations and enhancement of the CD8 + memory T-derived 153 
tissue (27). Given that many of the immunosuppressive effects of PI3K activation seem to be 154 
mediated by AKT and because AKT inhibitors appear to be generally safer compared to PI3K 155 
inhibitors, combination strategies using AKT inhibitors are likely preferable (28). 156 
 157 
We conducted an open-label proof-of-concept Phase 1b clinical trial to interrogate the effect 158 
of PI3K-AKT blockade on the immune system, and its synergy with ICIs for effective cancer 159 
immunotherapy. Mandatory serial blood and tumor sampling allowed for comprehensive 160 
translational analyses.  161 
 162 
We report, for the first time, the safety and tolerability of the combination ipatasertib, a potent 163 
AKT inhibitor, with the anti-PD-L1 ICI, atezolizumab, and describe the pharmacodynamic 164 
effects of PI3K-AKT blockade on the immune system and the tumor microenvironment (TME). 165 
We report preliminary efficacy in a subset of patients with treatment-refractory glioblastoma 166 
(GBM).  167 
 168 
 169 
 170 
 171 
 172 
 173 
 174 
 175 
 176 
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METHODS 177 
 178 
The study was conducted in accordance with the ethical principles derived from international 179 
guidelines including the Declaration of Helsinki. The study protocol was approved by the 180 
MHRA and ethics committee and all patients provided written informed consent.  181 
 182 
 183 
Study design 184 
 185 
This was an open-label, single centre phase 1 study in patients with treatment refractory 186 
advanced solid tumors and glioblastoma (NCT03673787). The trial commenced in August 187 
2018 and contained two parts: 1) Part A: proof-of-concept dose exploration of the combination 188 
of oral ipatasertib given continuously with three weekly doses of atezolizumab 1200mg 189 
intravenously.  Dose escalation decisions for the solid tumor patients in Cohort A1 were guided 190 
by a 3+3 design, while patients with GBM in Cohort A2 were enrolled at the dose level cleared 191 
in Cohort A1. 2) Part B enrolled patients into 6 exploratory cohorts (Figure 1A).  Data 192 
presented here are from Part A and GBM exploratory cohort B3 as of September 2024.  193 
 194 
The primary objectives of the dose exploration part were to evaluate the safety and tolerability 195 
of the combination of ipatasertib and atezolizumab and to determine the maximum tolerated 196 
dose (MTD) and the recommended dose for Phase 2 (RP2D). The secondary objectives were 197 
to characterize the pharmacodynamic effects of PI3K-AKT blockade by single agent 198 
ipatasertib, and the combination with atezolizumab, on immune parameters in blood and 199 
tumor. Tertiary objectives were to obtain a preliminary assessment of anti-tumor efficacy in 200 
patients with tumors resistant to ICIs.  201 
 202 
 203 
Patient Selection  204 
 205 
Adult patients aged ≥18 years were included if they had histologically or cytologically 206 
confirmed advanced solid cancer refractory to standard therapy. Patients enrolled onto Cohort 207 
A1 needed to have biopsiable disease, while GBM patients enrolled onto Part A2 needed to 208 
have disease potentially suitable for re-resection/surgical biopsy. Key inclusion criteria also 209 
required that patients had an Eastern Cooperative Oncology Group (ECOG) functional status 210 
0 or 1 and had adequate organ function. Key exclusion criteria were autoimmune disorders 211 
requiring immunosuppression. Full eligibility criteria are further detailed in the Supplementary 212 
Methods.  213 
   214 
Treatment 215 
 216 
Ipatasertib was administered orally daily in 21-day cycles, and atezolizumab was administered 217 
as an intravenous infusion every 21-days. Dose escalation commenced at the minimum 218 
anticipated biological effect level–defined starting dose of ipatasertib (200mg daily 219 
continuously) and progressed up according to the dosing schema to 400mg daily continuously.  220 
 221 
Patients in Part A were given a run-in period with ipatasertib monotherapy of 14-21 days 222 
(Figure 1A) to allow for collection of serial blood and tumor samples for pharmacodynamic 223 
analyses.  224 
  225 
 226 
Analysis Populations  227 
 228 
All safety endpoints were summarized using the Safety Population, which comprised of all 229 
patients who had received at least one dose of ipatasertib or one dose of atezolizumab and 230 
who had at least one post-dosing safety evaluation.  231 
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 232 
All baseline characteristics and demographic are reported per the safety evaluable population; 233 
efficacy data as per the efficacy evaluable population and pharmacodynamic data analysed 234 
using the tissue available population (Supp. Tables 1 and 2). For Part A, all patients who had 235 
completed the Cycle 1 DLT period (i.e. 35 days) and received at least 75% of the specified 236 
dose of ipatasertib (i.e. at least 27 doses out of the planned 35) and received C1D1 dose of 237 
atezolizumab were considered evaluable for purposes of dose escalation decisions. For Part 238 
B dose expansion, the population comprised of all patients who received at least one partial 239 
or complete cycle of ipatasertib and atezolizumab combination therapy.  240 
 241 
 242 
Efficacy Analysis  243 
 244 
Efficacy analysis included assessment of objective response (OR), duration of response 245 
(DOR), PFS and OS from start of combination treatment. OR was assessed as per immune-246 
modified Response Evaluation Criteria in Solid Tumors (iRECIST) criteria or immunotherapy 247 
Response Assessment in Neuro-Oncology (iRANO) criteria(31, 32). Radiographic tumor 248 
burden assessments were assessed by the investigator and could include CT, MRI, and bone 249 
scans. Assessments were performed at baseline, at week 9 and every subsequent 9 weeks 250 
until study discontinuation. Details of imaging acquisition are detailed in the supplementary 251 
data.  252 
 253 
Statistical Considerations 254 
 255 
The sample size in the dose-exploration proof-of-concept Part A was based on practical 256 
consideration and was consistent with conventional oncology studies with the objective to 257 
estimate the MTD and obtain proof-of-mechanism. Two dose levels were explored starting at 258 
the minimum biologically active dose and escalated per the 3+3 design following review by 259 
the Safety Review Committee (SRC).  260 
 261 
 262 
Translational and pharmacodynamic endpoints  263 
 264 
Peripheral blood lymphocyte profiling 265 
 266 
In Part A, to assess the effect of single agent AKT inhibition, whole peripheral blood was 267 
collected at baseline (C1D-14 for Cohort A1 or -21 for Cohort A2), and after 14-21 days of 268 
continuous ipatasertib monotherapy (pre-infusion on C1D1, or 48 hours prior to surgery for 269 
Cohort A2). Subsequent samples to assess the effect of the combination of AKT inhibition and 270 
atezolizumab were collected on D1 of each cycle until treatment discontinuation. Samples 271 
were stained with monoclonal antibodies against the following cell-surface markers: CD3, 272 
CD4, CD8, CD5, CD56, CD19, CD20 and CD45.  Stained cells were acquired and analysed 273 
on a Cytoflex LX (Beckman Coulter) cytometer using Kaluza version 2.1 software 274 
(RRID:SCR_016182).  275 
 276 
Serum cytokine profiling 277 
 278 
Blood samples for cytokine profiling were collected in 5mL BD SST II Plus Vacutainer tubes 279 
at the same timepoints listed above. Cytokine concentrations (pg/mL) were measured by the 280 
multiplex MesoScale Discovery V-Plex Plus Human Pro-Inflammatory Panel 1 Kit (K15049G) 281 
customised by MSD to detect only for IFNg , IL-1b, IL-2, IL-6, IL-8, IL-10, and TNF-a. Log2 282 
fold change of cytokine concentrations from baseline (C1D-14 or -21) to post-ipatasertib 283 
(C1D1) were calculated for each patient. Concentrations below the lower limit of quantification 284 
were included in the calculations. Concentrations below the assay lower limit of detection 285 
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(LLOD) were set as the LLOD value. Patients 101-051 and 101-057 were excluded as post-286 
ipatasertib samples were not available. TNF-a concentrations for patient 101-038 were 287 
excluded due to quality control failure.  Comparisons were performed using paired t-test, with 288 
p-value of 0.05 being statistically significant. 289 
 290 
Tumor analysis 291 
 292 
Mandatory paired tumor biopsies were collected from all patients enrolled onto Cohort A1 at 293 
baseline, and following 14 days of continuous ipatasertib monotherapy, with additional 294 
optional biopsies collected after the first cycle of combination ipatasertib and atezolizumab. At 295 
each timepoint, two needle core biopsies (size 14-16 gauge) under ultrasound guidance.  296 
Three 3-μm sections of tumor were stained with haematoxylin and eosin (H&E), and presence 297 
of tumor was confirmed by a pathologist (author BG). Paired samples were analysed by multi- 298 
IF (mIF) for tumor infiltrating lymphocytes (TILs). An FFPE block was submitted to HistoGeneX 299 
(Kluisbergen, Belgium) for immunophenotyping, PDL-1 assessment, and nucleic acid 300 
extraction. RNA and whole exome sequencing was performed by Q Squared Solutions 301 
(Morrisville, NC, USA). GBM patients on Cohorts A2 and B3 provided archival FFPE samples 302 
for similar analyses, as well as IHC for PTEN status. Patients with potentially resectable 303 
disease and who had agreed to proceed to surgery had tumor cores collected for analyses. 304 
 305 
 306 
5-plex immunofluorescence (CD3, CD4, CD8, FOXP3 and PanCK) for Cohort A1 307 
 308 

TILs were determined by mIF for T cell subpopulations as previously described (33).  mIF 309 
staining was performed on 3μm FFPE tissue sections using an automated staining platform 310 
(BOND RX, Leica Microsystems). Antigen retrieval was achieved using BOND Epitope 311 
Retrieval Solution 2 (#AR9640, Leica Biosystems). Endogenous peroxidase was inactivated 312 
in 3% H2O2. Tissue sections were incubated with antibodies against CD4 (#ab133616, clone 313 
EPR6855, Abcam) and CD8 (#M7103, clone C8/144B, Dako, Agilent Technologies; 314 
RRID:SCR_013575)), and detected with AlexaFluor 555-conjugated IgG (H+L) goat anti-315 
rabbit (#A21429, Invitrogen; RRID:AB_2535850) and AlexaFluor 488-conjugated IgG (H+L) 316 
goat anti-mouse (#A-11029, Invitrogen; RRID:AB_2534088) secondary antibodies, 317 
respectively. Endogenous biotin was blocked with Avidin/Biotin blocking kit according to the 318 
manufacturer’s protocol (#ab64212, Abcam).  Tissue sections were incubated with antibodies 319 
against FOXP3 conjugated to biotin (#13-4777-82, clone 236A/E7, eBioscience, 320 
ThermoFisher; RRID:AB_466655) and pan-cytokeratin (PanCK) conjugated to AlexaFluor 647 321 
(#4528S, clone C11, Cell Signaling Technology; RRID:AB_836890), followed by streptavidin 322 
peroxidase (HRP) (#K5001, Dako, Agilent Technologies) and TSA Coumarin detection system 323 
(#NEL703001KT, Akoya Biosciences). Nuclei were counterstained with DRAQ 7 (#DR71000, 324 
Biostatus) and tissue sections mounted with ProLong Gold antifade reagent (#P36930, 325 
Molecular Probes).  326 
Slides were scanned using the Vectra Automated Multispectral Imaging System (Akoya 327 
Biosciences) and analyzed using inForm v2.2.1 (Akoya Biosciences). Tissue and nuclear cell 328 
segmentation were performed using previously described methods (34). TIL phenotype 329 
determination was based on staining for CD8, CD4, and FOXP3 and were separated into bins 330 
as follows: CD8+, CD4+FOXP3+, and CD4+FOXP3- T cells. 331 
  332 
 333 
4-plex immunofluorescence (CD3, CD4, CD8 and FOXP3) for Cohorts A2 and B3 334 
 335 
4-plex OPAL-based sequential immunofluorescence staining was performed on the Bond RX 336 
automated staining platform (Leica Biosystems).  Three 3-μmFFPE tissue sections underwent 337 
heat-induced epitope retrieval with BOND epitope retrieval solution 2 (pH 9.0) (#AR9640, 338 
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Leica Biosystems) for 20 minutes, followed by endogenous peroxidase blocking 339 
(Novocastra™ Peroxidase Block, #RE7157, Leica Biosystems) for 10 minutes. Non-specific 340 
antibody binding was blocked using Opal Antibody Diluent/Block (ARD1001EA, Akoya 341 
Biosciences) for 10 minutes. Primary antibodies against CD3 (#A0452, Rabbit Polyclonal 342 
Antibody, Dako, RRID:AB_2335677), CD4 (#ab133616, clone EPR6855, Abcam, 343 
RRID:AB_2750883), CD8 (#M7103, clone C8/144B, Dako, Agilent Technologies, 344 
RRID:AB_2075537) and FOXP3 (#14-4777-82, clone 236A/E7, eBioscience, ThermoFisher, 345 
RRID:AB_467556) were sequentially incubated for 30 min followed by detection with Novolink 346 
Max Polymer Detection System (RE7280-K, Leica Biosystems). mIF signals for CD8, CD4, 347 
FOXP3 and CD3 were visualised using OPAL 520, OPAL 570, OPAL 620 and OPAL 690 348 
(NEL871001KT, Opal 6-Plex Detection Kit, Akoya Biosciences), respectively, and 349 
counterstained with spectral DAPI (FP1490, Akoya Biosciences). Automated imaging was 350 
performed on the PhenoCycler™- Fusion system (Akoya Biosciences, Menlo Park, CA) using 351 
the instrument controller software v1.0.7 (Akoya Biosciences, Menlo Park, CA). 352 
 353 
mIF images were reviewed by a pathologist (author BG). Analysis was performed using HALO 354 
image analysis software (Indica Labs, New Mexico, USA). Cell detection was based on 355 
nuclear DAPI counterstain, with nuclear diameter thresholds of 8 µm (minimum) and 25 µm 356 
(maximum). Nuclear segmentation parameters were optimised to detect individual nuclei while 357 
minimising over-segmentation of clustered cells. Cell phenotyping used intensity thresholds 358 
for each fluorescence channel (OPAL 520, 570, 620 and 690), which were set by comparing 359 
signal intensities in positive and negative control tissue sections stained on the same slides. 360 
These thresholds remained constant across all analysed images. T lymphocyte populations 361 
were classified using Boolean logic based on marker combinations: CD3+CD4+CD8-FOXP3- 362 
(T helper cells), CD3+CD4-CD8+FOXP3- (cytotoxic T cells), and CD3+CD4+FOXP3+ 363 
(regulatory T cells). The accuracy of cell classification was verified through manual review of 364 
representative image fields.  365 
 366 
4-plex immunofluorescence (macrophages) for Cohorts A2 and B3 367 
 368 
4-plex OPAL-based sequential IF staining was carried out on the Bond RX automated staining 369 
platform (Leica Biosystems). FFPE tissue sections of 3 µm underwent heat-induced epitope 370 
retrieval with epitope retrieval solution 1 (pH 6.0; No. AR9961, ER1, Leica Biosystems) 371 
followed by endogenous peroxidase blocking (Novocastra Peroxidase Block, No. RE7157, 372 
Leica Biosystems) for 10 min. Nonspecific antibody binding was blocked using OPAL antibody 373 
diluent/block (ARD1001EA, Akoya Biosciences) for 10 min. Primary antibodies against 374 
CD206/MRC1 (CST, #91992, 1:250; RRID:AB_2800175), #CD68 (Dako #M0876, 1:200; 375 
RRID:AB_2074844),  CD163 (Abcam, #ab182422, 1:200; RRID:AB_2753196) were 376 
sequentially incubated for 30 min followed by detection with the Novolink Max Polymer 377 
Detection System (RE7280-K, Leica Biosystems). IF signals for CD206, CD68 and CD163 378 
were visualized using OPAL 520 (NEL820001KT, Akoya Biosciences), OPAL 570 379 
(NEL820001KT, Akoya Biosciences) and OPAL 650 (FP1496001KT, Akoya Biosciences), 380 
respectively, and counterstained with spectral DAPI. Slides were scanned using the VS200 381 
Research Slide Scanner (Olympus).  382 
Exploratory statistical analysis of immune cell counts from multiplex IF and flow cytometry 383 
were performed using two-tailed unpaired t-test was performed using Graphpad Prism 384 
(RRID:SCR_002798). 385 
 386 
 387 
PD-L1 and immune phenotyping  388 
 389 
FFPE samples were submitted to HistoGeneX for analysis according to their standard 390 
operating procedures. This included H&E assessment, PD-L1 SP263 IHC and PanCK/CD8 391 
IHC.  Cytoplasmic staining was not included in the scoring (TE-IQ-16 method on FO-390, 392 
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HistoGeneX).  The PanCK-CD8 IHC slides were evaluated for CD8 using the universal 393 
immune cell marker scoring algorithm (TE-IQ-40 and FO-526, HistoGeneX). The output of this 394 
analysis was the relative surface area (%) of the tumor with a CD8+ immune cell density that 395 
belongs to one of the 8 density bins, and for each of the 8 density bins (8 data fields per IHC 396 
slide). The density bins were linked to marker-specific (CD8) reference images that were used 397 
by the pathologist.  The immune phenotype was scored as ‘desert’, ‘inflamed’, or ‘excluded’ 398 
(two types: invasive margin or intratumoral). PanCK was automatically detected to generate 399 
an epithelial carcinoma mask in the annotated tumor region. The relative surface area of CD8+ 400 
TILs was then measured in both stromal and epithelial (carcinoma cell nests) compartments 401 
using image analysis applications. 402 
 403 
RNA and whole exome sequencing 404 
 405 
RNA expression profiling was performed by Q Squared Solutions (Morrisvile, NC, USA) using 406 
Illumina TruSeq RNA Access chemistry on the Illumina sequencing platform with a 50bp 407 
paired end strategy and target of 40 million average reads across all samples. Genomic DNA 408 
was analysed using Agilent SureSelect 60 Mb Kit; Exome Seq SureSelect v6 followed by 409 
Sequencing on the Illumina platform with a 63M reads 100bp paired-end strategy.  410 
 411 
PTEN IHC 412 
 413 
PTEN protein expression was determined by IHC on 4-µm-thick FFPE as previously described 414 
(34-36). PTEN immunoreactivity was investigated using rabbit monoclonal anti-PTEN 415 
antibody (#9559, clone 138G6 Cell Signaling Technology, Danvers, MA, USA; RRID: 416 
AB_390810) and a Vectastain Elite ABC kit (Vector Laboratories, Burlingame, CA, USA). The 417 
intensity of nuclear and cytoplasmic staining was semiquantitatively assessed using the H-418 
score formula as previously defined (35). Based on a previous PI3K inhibitor trial on solid 419 
tumors, loss of PTEN function was defined as H-score <30, with a maximum of 30% of cells 420 
at a 1+ staining intensity(26). PTEN-positive controls included normal prostate tissue and 421 
22RV1 xenograft tissue, and PTEN-loss controls included PC3 (PTEN-null prostate cancer 422 
cell line) xenografts. Endothelial cells and stroma were used as internal positive controls for 423 
PTEN. All IHC sections were evaluated by a pathologist (author BG) blinded to the patients’ 424 
clinical characteristics and outcome data. 425 
 426 
RNA transcriptomics analysis 427 
 428 
Paired-end transcriptome reads were aligned to the human reference genome 429 
(GRCh38/hg38) using the STAR splice-aware aligner (v2.7.7a - RRID:SCR_004463). Raw 430 
gene expression counts were calculated with the Subread package (v2.0.1) and used for 431 
differential expression analysis with the DESeq2 package (v1.32.0 - RRID:SCR_000154). 432 
Normalized gene expression was reported as calculated internally by DESeq2 using 433 
normalization to the geometric mean expression across replicates. Pathway enrichment 434 
scores were calculated with the GSVA package (v1.52.3) using the zscoreParam method with 435 
default parameters. The results were obtained using the H collection of Hallmark gene sets 436 
(MSigDB v7.0) and cell state signature from Thommen, D.S et al. and Hanjie Li et al. (40,41) 437 
(Supp. Table 5). Kaplan-Meier survival curves were generated using the OS clinical data. P-438 
values reported were calculated using the log-rank test. Patients were stratified into low 439 
[Quartile (Q)1], medium (Q2-Q3) and high (Q4) groups by the median value of the predictor 440 
variable across the cohort. 441 
 442 
Data availability: The data that support the findings of this study are not publicly available 443 
due to patient privacy requirements but are available from the corresponding author, upon 444 
reasonable request. 445 
 446 
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 447 
RESULTS 448 
 449 
A total of 47 patients with advanced solid tumors or relapsed GBM were enrolled to the trial 450 
between August 2018 and September 2024 (Figure 1). Patient demographics are described 451 
in Table 1. Patients in the solid tumor Cohort A1 were heavily pre-treated, having received a 452 
median of 5 (range 1-11) prior lines of therapy for advanced disease. All patients with relapsed 453 
GBM had at least one prior line of treatment (range 1-4). A summary of mutation distribution 454 
and immune phenotype is provided in Supp Tables 1 and 2. This report describes results 455 
from the proof-of-concept Part A and the exploratory GBM cohort B3. 456 
 457 
Dose exploration  458 
 459 
Part A enrolled 32 patients across two planned dose levels. Accrual of GBM patients in Cohort 460 
A2 ran in parallel to the solid tumor Cohort A1, with patients enrolled at the highest dose level 461 
deemed tolerable for patients with solid tumors. As enrolment to the GBM cohort commenced 462 
prior to publication of the 2021 WHO Classification of Tumor of the Central Nervous System, 463 
this cohort also included 2 patients with Astrocytoma IDH mutant WHO Grade 4. Although we 464 
utilised a 3+3 model for dose escalation in cohort A1 (only), patient recruitment continued at 465 
the Recommended Phase 2 Dose (RP2D) to enable completion of the translational proof-of-466 
concept studies from 12 evaluable patients. Similarly, patient recruitment continued in cohort 467 
A2 to ensure acquisition of post-dosing resection tissue from 3 patients (Figure 1A).  468 
 469 
 470 
In Cohort A1, there was one dose-limiting toxicity (DLT) of Grade (G) 3 raised ALT at dose 471 
level 1 (n=9); no DLTs were seen at dose level 2 (n=7). There were no DLTs seen in patients 472 
with relapsed GBM across the two dose levels tested in Cohort A2. The RP2D of the 473 
combination was established as oral ipatasertib 400mg daily continuously plus intravenous 474 
atezolizumab 1200mg three-weekly.  475 
 476 
Safety 477 
 478 
A total of 43 patients were included in the safety evaluable population. Treatment-emergent 479 
adverse events (TEAE) were reported in 43 patients, with 35 (84%) patients reporting at least 480 
one treatment-related adverse event (TRAE), defined as any TEAE deemed by the 481 
investigator to have a reasonable possibility of being caused by ipatasertib or atezolizumab; 482 
(Table 2 and Figure 2). 483 
 484 
In Cohort A1 (n=18), the most common TRAEs were G1-2 diarrhoea (61%), rash (50%), 485 
nausea (39%), fatigue (39%), and asymptomatic transaminitis (39%) which were easily 486 
reversible. G3 TRAEs included transient and rapidly reversible rash and asymptomatic 487 
transaminitis (Figure 2A). Hyperglycaemia was mild (G1 and G2 in 6% of patients) and did 488 
not require any dose interruptions or modifications.  The severity of cutaneous rashes was 489 
most pronounced in Cycle 1, with subsequent habituation permitting continuation of dosing. 490 
There were no treatment-related fatalities on study. The only G5 adverse event was a chest 491 
infection in a patient with progressive disease-related lymphangitis proven on imaging.  492 
 493 
The safety profiles in the GBM cohorts (A2 and B3) were consistent with Cohort A1, with the 494 
most common TRAEs being G1-G2, including diarrhoea (64%), rash (28%), fatigue (20%) and 495 
asymptomatic transaminitis (20%). G3 TRAEs were only seen in 8%, with rash and 496 
asymptomatic transaminitis being the most common (Figure 2B). There were no treatment-497 
related fatalities in the GBM cohorts. 498 
 499 
Across all cohorts, TRAEs led to dose interruption (missed doses) in 16 patients (37.2%) and 500 
dose reduction in 5 patients (11.6%). The most common reasons for dose interruption and 501 
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reductions were rash (32%); diarrhoea (16%); transaminitis (16%) and fatigue (16%). No 502 
patient discontinued dosing due to TRAEs. 503 
 504 
Efficacy 505 
 506 
Solid tumor Cohort A1.  Two patients (pts) with metastatic treatment refractory hormone 507 
receptor positive breast cancer had confirmed partial responses (PR) in the cohort A1 efficacy 508 
evaluable population (n=16). Seven pts (43.8%) had radiological stable disease (SD), with 509 
four achieving SD >16 weeks (25%).  Overall response rate (ORR) was 12.5% [95% CI 2.2 – 510 
39.6] and clinical benefit rate (CBR) was 37.5% (95% CI 16.3-64.1) (i.e. combined PR and SD 511 
>16 weeks). The median progression free survival (PFS) from start of combination therapy 512 
was 2.1 months [95% CI 0.6 months – not reached (NR)], with a 3-month PFS rate of 33.3 513 
(95% CI 15.9-70.0) and 6-month PFS rate of 16.7% (95%CI 4.9-57.0). All five breast cancer 514 
patients who benefitted from the combination treatment (i.e. PR or SD >16 weeks) had low T-515 
cell counts at baseline biopsies (Supp. Table 1). Three of the breast cancer patients 516 
benefitting from treatment (1 ER-HER2+ and 2 ER+HER2-) did not have any detectable 517 
aberration in the PI3K pathway (Supp. Table 1).  518 
 519 
GBM Cohorts A2 and B3. Twenty efficacy evaluable patients with recurrent GBM were 520 
enrolled across Cohorts A2 and B3, of which 16 patients (80%) had PTEN loss by IHC (H-521 
score <30) indicative of biallelic loss of function. (Supp. Table 2).  522 
CBR in the overall GBM population was 30% (95% CI 12.8 – 54.3), 25.0% (95% CI 1.3 – 78.1) 523 
for PTEN intact and 31.3% (95% CI 12.2 – 58.5) for patients with PTEN loss (Figure 3C, 524 
Supp. Table 2). 525 
 526 
Additional analysis of overall survival (OS) from trial entry in this heavily pre-treated relapsed 527 
GBM population showed a median OS of 8.81 months (95% CI 5.52 – NR). Median OS was 528 
8.55 months (95% CI 4.57 – NR) for patients with PTEN loss (n=16), and 8.81 months (95% 529 
CI 6.84 – NR) for those with PTEN intact tumors, respectively (Figure 3D). The 12-month OS 530 
rate (OS12) was 33.85% (95% CI 17.96 – 63.8) comparing favourably with the OS12 rate 531 
observed in contemporary recurrent GBM trials. Here we describe 3 cases of GBM patients 532 
who had prolonged responses. 533 
 534 
A 58-year-old male (ICE101019) with recurrent glioblastoma (PTEN loss) progressed to 535 
surgery following 5 cycles of ipatasertib and atezolizumab. Magnetic resonance imaging (MRI) 536 
had shown increase in contrast-enhancing disease, albeit with a significant rise in Apparent 537 
Diffusion Coefficient (ADC), suggestive of pseudoprogression (Figure 3A). Histopathological 538 
analyses of the resection sample showed maintained high levels of CD8+ lymphocyte 539 
infiltration, increase in CD4+FOXP3- Th cells, with no residual evidence of tumor (pathological 540 
CR) (Figure 3A, 4G). The patient resumed treatment on trial with PFS of 23 months.  541 
 542 
A 64-year-old female (ICE101106, PTEN loss) with multiple relapsed GBM that had 543 
progressed through radical chemo-radiotherapy and second line lomustine had a confirmed 544 
PR (-90% per iRANO) maintained for more than 12 months (Figure 3B).  545 
 546 
One additional patient, a 55-year-old male (ICE101045, CH, PTEN loss), discontinued study 547 
treatment due to clinical symptoms at 6 weeks but remained clinically stable off trial for over 548 
12 months.  549 
 550 
 551 
Regulatory T cell modulation by AKT inhibition  552 
 553 
Ipatasertib monotherapy at the dose levels used in this study has already been shown to inhibit 554 
multiple downstream PI3K-AKT targets in paired blood and tumor samples from patients with 555 
advanced cancer, confirming target modulation of this pathway (29). We show, for the first 556 
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time, that ipatasertib induces significant depletion of Tregs in both solid tumors and GBM, 557 
resulting in increased infiltration of CD8+ effector T cells in responding patients.   558 
 559 
To quantify changes in T cell populations in the TME, tumor biopsies were analysed using 560 
multiplex immunofluorescence (mIF) staining for T cell markers CD4, CD8, FOXP3. After two 561 
weeks of ipatasertib, at both dose levels, a reduction in CD4+ FOXP3+ Tregs in the TME was 562 
seen in Cohort A1 (8 breast cancer, 1 cervical cancer), regardless of PI3K pathway mutation 563 
status (Figure 4A-B). There were no significant changes in PD-L1 expression at these time 564 
points (Supp. Figure 1).  565 
  566 
Overall, five breast cancer patients and one cervical cancer patient had evaluable serial 567 
biopsies at three timepoints: baseline, post-ipatasertib (C1D1) and following the combination 568 
of ipatasertib and atezolizumab (C2D1). Two of the PIK3CA wildtype breast cancer patients, 569 
(1 ER+ HER2-, 1 ER+ HER2+), had marked increase in intratumoral CD8+ T cell infiltration 570 
by Cycle 2, effectively switching from a desert phenotype to an inflamed phenotype, with 571 
clinical benefit maintained for more than 4 cycles (Figure 4B-C). These findings were 572 
consistent with FACS analysis of blood samples from the entire solid tumor cohort which 573 
showed increase in CD8+ lymphocytes in responders after ipatasertib alone and post-574 
combination treatment (Supp. Figure 3).  575 
 576 
Two GBM patients (1 PTEN intact, 1 PTEN loss by IHC) in Cohort A2 had planned re-resection 577 
of tumor after 2 weeks of ipatasertib monotherapy for pharmacodynamic analyses (Figure 578 
4D). Both had reductions in CD4+FOXP3- helper T (Th) cells and CD4+FOXP3+ Treg cells in 579 
the TME (Figure 4E). At this early timepoint following ipatasertib monotherapy, one patient 580 
(ICE101016, PTEN intact) with a marked increase in CD8+ effector T cells, achieved SD 581 
(Figure 4E-G); while the other patient (ICE101038, PTEN loss), who only minimally 582 
incremented CD8+ cells, had PD (Figure 4E). The exceptional responder (ICE101019, PTEN 583 
loss) who progressed to surgery after 5 cycles of ipatasertib with atezolizumab, had high levels 584 
of CD8+ effector T cells at baseline which remained elevated in the resected tumor. (Figure 585 
4H). There was also significant increase in CD4+FOXP3- Th cells, with no evidence of residual 586 
tumor (Figure 3A, 4I). In all three patients, there was an increase in Th/Treg ratio post 587 
treatment, with the greatest change seen in the exceptional responder’s surgical sample taken 588 
after ipatasertib-atezolizumab combination. Between both patients who had samples taken 589 
after ipatasertib monotherapy, the patient who achieved SD had a greater Th/Treg shift 590 
compared to the patient who had PD (Figure 4J). These data suggest that ipatasertib can 591 
shift CD4+ T cells towards a Th phenotype, which may correlate with response.  592 
 593 
We investigated the archival tumor samples from all GBM patients to identify biomarkers 594 
associated with treatment effect and clinical outcomes. We explored the impact of PTEN loss 595 
on the TME by analysing the major immune subsets (CD8+ effector T cells, CD4+FOXP3+ 596 
Tregs and CD4+FOXP3- Th cells) in archival samples. The abundance of these immune cells 597 
was largely similar between the PTEN intact and PTEN loss GBM tumors (Supp. Figure 2), 598 
consistent with our clinical observation that benefit was seen in both patient subgroups (Figure 599 
3C).  600 
 601 
CD8+ effector T cells at baseline were significantly more abundant in archival tumor samples 602 
of patients with clinical benefit compared to non-responders (Figure 5A).  Transcriptomic 603 
analysis showed that patients with clinical benefit had higher CD8A expression at baseline 604 
(Figure 5B). Patients were stratified into CD8A mRNA low, medium and high expression. High 605 
CD8A expression correlated with better OS (Figure 5C). 606 
 607 
We then performed unsupervised clustering analysis based on activities from hallmark gene 608 
sets and correlated this with CD8A expression (Figure 5D). All responders were in the CD8A 609 
high (4/5) and medium groups (4/10), compared to none (0/5) in the low CD8A group. Notably, 610 
4/5 patients who had high CD8A signature also displayed exhaustion phenotypes, but then 611 
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derived clinical benefit, suggesting that combination treatment was able to overcome the T 612 
cell exhaustion state. In the CD8A medium group, 75% (3/4) responders tended to have 613 
upregulated PI3K signalling and several inflammatory response pathways, compared to only 614 
30% (3/10) of non-responders. This suggests that CD8A medium tumors might rely more on 615 
PI3K activation in concert with other inflammatory pathways to achieve response. 616 
 617 
Additional mIF analysis of tumor-associated macrophages (TAMs) was performed in three 618 
available pairs of window-of-opportunity (WOO) GBM samples (Supp. Figure 4). In patient 619 
ICE101016, who achieved SD, post-ipatasertib samples showed a reduction in overall TAM 620 
density, including M2-like immunosuppressive subsets (Supp. Figure 4B-C). This 621 
observation, together with the previously reported reduction in Tregs in the same patient 622 
(Figure 4E), is consistent with published reports suggesting that PI3K–AKT pathway inhibition 623 
may be associated with modulation of the immunosuppressive tumor microenvironment, 624 
including effects on Treg infiltration and M2 macrophage polarization. As this analysis was 625 
exploratory and not pre-specified among translational endpoints, these findings require further 626 
validation. 627 
 628 
Lastly, we compared paired serum cytokine levels taken before and after the ipatasertib run-629 
in period. There were no significant changes in Cohort A1, with no differences when comparing 630 
between response groups or PIK3CA/AKT mutation status. In the GBM Cohort A2, there was 631 
suppression of IL-6 in the PTEN intact group compared to PTEN loss, although this difference 632 
was not observed between responders and non-responder groups (Supp. Figure 5). 633 
 634 
 635 
DISCUSSION 636 
 637 
There remains an unmet need for effective strategies to overcome resistance to 638 
immunotherapy. Numerous studies have demonstrated that activation of the PI3K-AKT 639 
pathway in tumors promotes an immunosuppressive TME through multiple mechanisms, and 640 
resistance to ICI(29). Inhibiting this pathway in combination with immunotherapy may be a 641 
strategy to improve outcomes. We present, for the first time in patients, the immune-642 
modulatory effects of PI3K-AKT signalling pathway blockade on the TME and preliminary 643 
efficacy of the combination of AKT inhibitor and ICI in relapsed GBM. Our clinical trial results 644 
and translational data provide further insights into targeting the PI3K-AKT pathway with brain 645 
penetrant potent inhibitors as a promising strategy to overcome resistance to immunotherapy 646 
in GBM.  647 
 648 
To date, most clinical studies utilising inhibitors of the PI3K-AKT blockade have been 649 
strategically focused on combinations with endocrine therapies or chemotherapy in patient 650 
populations selected for aberrations in this pathway (e.g. PI3K mutations in breast cancer, or 651 
PTEN loss in prostate cancer). A Phase 1 combination study of the PI3Kβ specific inhibitor 652 
GSK2636771 with pembrolizumab (NCT01458067) in patients with PTEN loss advanced 653 
cancer has recently closed. This study reported significant toxicity, with the combination RP2D 654 
using a considerably lower dose than the monotherapy dose(30).   Our study shows that 655 
overall, the combination of the ATP-competitive allosteric inhibitor of AKT, ipatasertib with 656 
atezolizumab, was well tolerated with a safety profile that was monitorable, manageable and 657 
reversible at the RP2D. We also demonstrate, across a broad range of solid tumors and GBM, 658 
that blockade of the PI3K-AKT pathway with ipatasertib at 400mg oral daily is associated with 659 
depletion of immunosuppressive regulatory T cells within the TME, which does not seem to 660 
be correlated with tumor somatic PI3K mutational or PTEN expression status. Considerable 661 
increases in CD8+ T cells were observed in tumor of two breast cancer patients and 1 GBM 662 
patient who benefitted from the combination treatment. Notably, although ipatasertib was not 663 
designed as a brain penetrant molecule, given the significant leakiness of the blood-brain-664 
barrier in GBM, we were able to demonstrate pharmacodynamic modulation of the immune 665 
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microenvironment mirroring that seen in the solid tumor patients, alongside preliminary clinical 666 
benefit.  667 
 668 
Luminal (ER+) breast cancers are known to be immunologically “cold” tumors and poorly 669 
respond to single agent immune checkpoint inhibitors. In our study, clinical benefit was 670 
observed in 50% (3/6) of luminal breast cancer patients despite all patients having PDL-671 
negative and immune desert/excluded tumors. Notably, we observed immune alterations 672 
including Treg depletion during ipatasertib monotherapy, followed by CD8+ T cell increase 673 
upon addition of atezolizumab. Together, these findings are consistent with a model in which 674 
AKT inhibition contributes to immune remodelling in otherwise immunologically cold luminal 675 
breast cancers, potentially increasing susceptibility to ICI-based therapy. 676 
 677 
Although direct pharmacodynamic confirmation of AKT pathway inhibition in tumor biopsies 678 
was not feasible due to limited tissue availability and prioritization of immune profiling, the 679 
association between AKT inhibition and the observed immune effects is supported by multiple 680 
lines of evidence. These include the well-established on-target activity of the compound at the 681 
administered dose(29), extensive preclinical and clinical data demonstrating AKT-dependent 682 
regulation of Treg survival and function (7-11), and prior reports showing inhibition of T regs 683 
following AKT pathway targeting(22). Finally, despite the immune changes noted after the 684 
ipatasertib run-in period, we acknowledge that definitive attribution of immune remodeling as 685 
a result of AKT inhibition alone, immune checkpoint blockade, or interactions between the two 686 
agents will require larger trials incorporating an atezolizumab-alone comparator arm. While 687 
ICI trials have been disappointing for treatment of GBM, it is noteworthy that a subset of our 688 
patients did respond well. There were some patients with prolonged clinical benefit and 689 
disease control, including patients with multiple relapsed GBM, a disease that is known to be 690 
resistant to immunotherapy.  Analyses are only descriptive, with relatively low event numbers. 691 
Further expansion of the combination in relapsed GBM could not be pursued due to the 692 
pharmaceutical company’s strategic decision to cease development of ipatasertib in new 693 
disease areas. Future work will now focus on reverse translation into clinically relevant 694 
syngeneic models of GBM to further evaluate the potential benefit of targeting the PI3K-AKT 695 
pathway with more potent brain penetrant inhibitors for combination strategies with 696 
immunotherapy.    697 
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 825 
 826 
FIGURE LEGENDS 827 
 828 
Figure 1. Trial schema and patient disposition.   829 
A. Patients with advanced solid tumors including relapsed GBM with limited treatment options 830 
were eligible. For Cohort A1, patients with advanced solid tumors were treated in two dose 831 
escalation cohorts receiving 200mg or 400mg oral Ipatasertib daily, for a two-week run-in 832 
course prior to commencing combination therapy with 1200 mg Atezolizumab intravenously 833 
three-weekly (Q3W). All patients in Cohort A1 consented to serial mandatory biopsies before 834 
and following ipatasertib monotherapy. Biopsies following one cycle of combination therapy 835 
were optional.  Cohort A2 enrolled patients with relapsed GBM potentially suitable for re-836 
resection and received at least two weeks of ipatasertib monotherapy prior to proceeding to 837 
surgery. Combination therapy with atezolizumab commenced following recovery from surgery. 838 
Disease assessment scans were performed every 3 cycles/9 weeks (Q9W). (Trial schema 839 
and patient disposition by Tiu, C. - stock.adobe.com/685673562) 840 
 841 
B. Consort diagram showing the number of participants screened, enrolled, treated and 842 
analysed for exploratory translational endpoints are shown for Cohort A1, A2 and B3. Cohort 843 
A2 enrolled patients with potential resectable GBM, requiring three patients with evaluable 844 
tissue past resection. Over-recruitment was needed to ensure the minimum number of 845 
evaluable patients was met. 846 
 847 
Figure 2. Safety and tolerability data. Volcano plots for A. Solid tumor Cohort A1 and B. 848 
GBM Cohorts A2 and B3, listing adverse presented as treatment-emergent AE (TEAEs) and 849 
treatment related AEs (TRAEs) by grade (NCI CTCAE, version 4.3). See Supp. Table 4 for 850 
safety data overview. 851 
 852 
Figure 3. Antitumor activity of ipatasertib and atezolizumab in patients with relapsed 853 
GBM.  854 
 855 
A. Panel describing clinical history of patient ICE101019. Serial MRI scans show gadolinium 856 
enhanced T1-weighted images (a1, b1 and c1) and apparent diffusion coefficient (ADC) maps 857 
(a2, b2 and c2) at the level of the midbrain. Viable tumor is delineated in red [Volume of interest 858 
(VOI) 2]; viable tumor with any additional abnormal, non-viable tissue (i.e. edema) is 859 
delineated in dashed green (VOI 3). The first follow-up MRI shows increased enhancement 860 
with gadolinium (b1) with marked increase in non-viable tissue (green delineation) in keeping 861 
with pseudo-progression (b2). Histological analysis of re-resection sample (January 2020) on 862 
H&E staining showed only inflammatory cells (e1) with gliosis (e2) without evidence of tumor 863 
confirming pathologic CR. This is in contrast to baseline H&E from initial surgery (d1, d2) 864 
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showing highly abnormal palisading cells with mitosis, consistent with glioblastoma. Post-865 
resection, patient resumed IMP in February 2020 until August 2021 when MRI showed 866 
recurrence of gadolinium-enhanced tumor (c1) but with low ADC (c2) suggestive of true 867 
disease progression. (Patient ICE101019 clinical history by Tiu, C. - 868 
stock.adobe.com/685673562; stock.adobe.com/681274877) 869 
 870 
B. Panel describing clinical history of patient ICE101106. Immediate post-operative MRI scans 871 
(a) showed residual disease (red arrow) in the posterior cavity margin after re-resection due 872 
to progression on second-line lomustine. Histological analysis of surgical sample confirmed 873 
recurrent GBM (not shown). Baseline scans (b) showed progression of residual disease (red 874 
arrows) on the left temporal lobe. First assessment after 2 cycles of treatment (c) showed SD 875 
but with noted increase in size and contrast enhancement of target lesion (blue arrow). Second 876 
reassessment after 4 cycles (d) showed reduction of left temporal disease (gold arrow) and 877 
reabsorption of brain oedema.  Images (e) and (f) are from a slightly higher level of brain. 878 
Reassessment scans after 16 cycles (e) showed maintained PR with only non-specific subtle 879 
enhancement around the left temporal surgical cavity. Reassessment scans after 22 cycles 880 
(f) showed progressive disease with new small enhancing nodules (pink arrow) on the left 881 
temporal bone flap involving the meninges and brain surface. (Patient ICE101106 clinical 882 
history by Tiu, C. - stock.adobe.com/685673562; stock.adobe.com/681274877) 883 
 884 
C. Waterfall plot demonstrating clinical activity in patients with relapsed GBM patients treated 885 
at 400mg dose level across cohorts A2 and B3 with evaluable baseline and at least one post-886 
baseline assessment as per iRANO. Out of total n=17, only 16 patients are plotted. Baseline 887 
sum of diameters by RANO for ICE101038 was 0 hence the change is undefined. 888 
 889 
D.  Swimmer plot depicting, overall survival (OS), time on trial and best response of all GBM 890 
patients enrolled on study (n=24) as of cut-off date 21st March 2024. Patients who did not 891 
complete at least one cycle of treatment and were not evaluable for efficacy assessment are 892 
indicated in with a triangle. OS12 refers to OS at 12 months. Exceptional responders included 893 
patients who achieved pathological complete response (ICE101019), partial response 894 
(ICE101101), and patient with clinically stable disease for >12 months (ICE101045). 895 
 896 
 897 
Figure 4 898 
 899 
A. Ipatasertib depletes regulatory T cells regardless of somatic PI3KCA mutation status. 900 
Following the ipatasertib run-in period in Cohort A1, mIF of the tumor 901 
microenvironment showed a decrease in intratumoral and stromal CD4+FOXP3+ Tregs 902 
across all patients regardless of PI3KCA pathway mutation status. CD8+ T cell tumoral 903 
infiltration after ipatasertib-atezolizumab combination was increased in two responders 904 
(arrow). Graphs show median ± range; * indicates statistical significance with p-value <0.05, 905 
using two-tailed paired t-test. Sample size and statistical calculations are summarized in 906 
Supp. Table 3. 907 
 908 
B. mIF of serial biopsies (baseline, post-ipatasertib run-in and post-combination ipatasertib-909 
atezolizumab) from an example responder patient (ICE101013) with PIK3CA wildtype ER+ 910 
breast cancer.  A marked reduction of regulatory CD4+FOXP3+ Tregs was seen following the 911 
two-week run-in with ipatasertib; and a significant increase in intratumoral CD8+ T cells 912 
following one cycle of ipatasertib-atezolizumab, suggesting a switch from a desert phenotype 913 
to an inflamed phenotype. Companion CT images at the same timepoints demonstrate a 914 
marked reduction in metastatic lung disease (orange arrows).  915 
 916 
C. Marked increase in intratumoral CD8+ T cells was seen in two patients who had clinical 917 
benefit (PR or prolonged SD) following combination ipatasertib-atezolizumab (C2D1-918 
baseline). 919 
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 920 
D. Two patients from A2 GBM cohort (ICE101016 and 101038) had tumor resected after the 921 
ipatasertib run-in period, while a third patient (ICE101019) had resection after 5 cycles of 922 
combination ipatasertib-atezolizumab. Further clinical history is described in (Figure 3A). 923 
(Cohort A2 window of opportunity by Tiu, C. - stock.adobe.com/685673562) 924 
 925 
E. Changes in T cell counts in tumor samples from the two GBM patients who proceeded to 926 
re-resection following the ipatasertib run in. Similar to the solid tumor patients, both had 927 
reduction of CD4+FOXP3+ Tregs compared to archival diagnostic samples. One patient with 928 
a large increase [+73%, log2 fold change (FC)= 0.8] in effector CD8+ T cells had prolonged 929 
clinical benefit (ICE101016), while the other patient with minor change in effector CD8+ T cell 930 
numbers (+10%, log2FC=0.1) had progressive disease as the best response (ICE101038).  931 
 932 
F-G. H&E and corresponding mIF images of patient ICE101016, demonstrating reduction in 933 
CD4+FOXP3+ regulatory T cells and increase in effector CD8+ T cells.  934 
 935 
H-I. mIF images of resected samples from the exceptional responder (ICE101019) showing 936 
high levels of CD8+ effector T cells (50 cells/mm2) at baseline, which remained elevated after 937 
combination treatment (36 cells/mm2) (log2FC=-0.5). There was a notable increase in 938 
CD4+FOXP3- helper T cells (<0.01 to 2.75 cells/mm2; log2FC=8.1). 939 
 940 
J. There was increase in Th/Treg ratios in all paired tumor samples, with the highest change 941 
seen in exceptional responder (ICE101019) after combination therapy. Samples taken from 942 
ICE101016, who achieved SD after ipatasertib monotherapy, showed a greater Th/Treg shift 943 
compared to samples from ICE101038 who had PD.  944 
 945 
Figure 5. Baseline CD8+ T cells and CD8A expression correlates with treatment 946 
response and overall survival in GBM patients. 947 
 948 
A.  mIF of archival samples demonstrated a significantly higher number of CD8+ effector T 949 
cells in patients who clinically benefitted [responders (R) or stable disease (SD) >6 months] 950 
on study compared to those who progressed (PD). Graphs indicate median ± 95% CI, with 951 
statistical significance of p<0.05 calculated by Mann-Whitney test (two-tailed). 952 
 953 
B.  Box plot showing CD8A gene expression in archival tumor samples was significantly higher 954 
in patients with clinical benefit (responders or SD >6 months) compared to non-responders 955 
(PD).   956 
 957 
C. Kaplan-Meier survival curves for low, medium, and high CD8A expression groups; p-values 958 
calculated by log-rank test. 959 
 960 
D. Heatmap of select Hallmark gene sets, CD8A cell signatures and exhaustion signatures in 961 
archival tumor of GBM patients(37, 38). Patients are arranged from high to low CD8A 962 
expression.  963 
 964 
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TABLES 975 
 976 
Table 1. Patient baseline characteristics of those enrolled onto cohort A1 (solid tumor) 977 
and cohort A2 and B3 (relapsed GBM) 978 
 979 
 Solid Tumors 

Cohort A1 (n=18) 
GBM 

Cohort A2 (n=12) and Cohort B3 (n=13) 
Age, median 
(range) years  

49.6 (34.7 – 65.1) 56 (25.2 – 76.1) 

Sex   
   Female 15 (83.3%)  7 (28.0%) 
   Male 3 (16.7%)  18 (72.0%) 
Race, n (%)   
     White 15 (83%) 23 (92.0%) 
     Asian 2 (11.1%) 0 (0.0%) 
     Others 1 (5.6%) 2 (8.0%) 
ECOG   
     0 6 (33.3%) 2 (8.0%) 
     1 12 (66.7%) 23 (92.0%) 
Tumor types, n (%)   

Glioblastoma  25 (100.0%) 
     IDH wildtype  23 (88%) 

     IDH mutant  2(12%) 

Breast 11 (61.1%)  
Cervical 1 (5.6%)  
Prostate 1 (5.6%)  
Others* 5 (27.8%)  
Number of prior 
lines of therapy, 
median (range) 

5 (1-11) 1.5 (0-4) 

MGMT methylation 
status (A2 and B3 
only)  
 Unmethylated  
 Methylated  
Unknown 

  
 

13 (52%) 
11 (44%) 

1 (4%) 

Median Time from 
Chemorradiation 
GBM IDH wildtype 

Not applicable 11 (1-32) months 

Aberration of PI3K-
AKT pathway, n 
(%)*  
  Yes  
  No 

 
 

11 (61%) 
7 (29%) 

 
Non-Applicable 

*More information in Supplementary Table 1.  980 
 981 
 982 
 983 
 984 
 985 
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