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Breast cancer brain metastases (BCBM) have limited therapeutic options, and PI3K 
pathway activation is a major driver of resistance to HER2-targeted therapies. We 
evaluated whether PI3Kα inhibition enhances the efficacy of trastuzumab/pertuzumab 
(HP) or trastuzumab-deruxtecan (T-DXd) in HER2-positive BCBM. Using three 
complementary HER2+ brain metastasis models—a syngeneic py8119-hHER2  
intracardiac/intracranial brain metastasis model in immunocompetent mice, an 
intracranial BT474 HER2+ brain metastasis model in NOD/SCID mice, and a human HER2
+ BCBM patient-derived xenograft (PDX) model—we compared Inavolisib monotherapy 
with combination regimens. Inavolisib alone produced minimal intracranial tumor 
control, whereas combining Inavolisib with HP or T-DXd resulted in marked brain tumor 
shrinkage and significantly prolonged survival across all models. The Inavolisib + high-
dose T-DXd group achieved the greatest benefit, with near-complete suppression of 
brain tumor signal and the most pronounced improvement in neurological behavior. 
Disease control was durable and exceeded that of current standard regimens. 
Combination treatment was well-tolerated, with no significant weight loss or overt 
added toxicity. Overall, these data demonstrate robust, reproducible therapeutic 
synergy between PI3Kα inhibition and HER2-targeted antibody/ADC therapy in multiple 
HER2+ BCBM models and support clinical exploration of PI3K inhibitor–based 
combinations to improve intracranial disease control in HER2-positive BCBM.
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Breast cancer brain metastases occur in ~15–30% of metastatic breast cancer patients 
and confer poor prognosis, with a median survival of only ~6 months despite current 
treatments[1]. Novel systemic strategies are needed to improve intracranial disease 
control. The PI3K–AKT signaling pathway is frequently upregulated in BCBM, identified 
in the majority of metastatic lesions regardless of breast cancer subtype[1]. PI3K 
activation promotes tumor cell survival and therapeutic resistance; for instance, loss of 
PTEN or activating PIK3CA mutations (common in ~50% of breast cancers) drive PI3K 
hyperactivation and have been associated with poor response to trastuzumab and 
shorter survival[2]. These observations implicate PI3K as a key therapeutic target in 
HER2-positive BCBM. Indeed, combining PI3K pathway inhibitors with HER2-targeted 
therapy is a rational approach to overcome resistance, and a brain-penetrant PI3K 
inhibitor (paxalisib) is already under clinical trial with trastuzumab in HER2+ BCBM 
patients[3]. Inavolisib (GDC-0077) is a potent selective PI3K-alpha inhibitor recently 
approved for PIK3CA-mutant breast cancer, with unique capacity to degrade mutant 
p110α and improved tolerability[4]. Trastuzumab deruxtecan (T-DXd) is a HER2-
targeted antibody-drug conjugate shown to penetrate brain lesions and 
induce intracranial responses in pretreated HER2+ patients[5]. We 
hypothesized that combining Inavolisib with HER2-targeted antibodies (trastuzumab/
pertuzumab) or T-DXd would synergistically suppress HER2+ BCBM growth. Here, 
we evaluated the therapeutic efficacy of this combination in both murine and human 
xenograft HER2+ BCBM models and explored the underlying mechanisms, including 
effects on tumor biology and the brain metastatic microenvironment.

Results

Figure 1. Inavolisib combinations improve survival in intracardiac py8119-HER2+ BCBM

Figure 2. Survival benefit of Inavolisib + T-DXd/HP in HER2+ BCBM PDX
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Figure 3. Dose-dependent survival with Inavolisib + T-DXd/HP in intracranial py8119-HER2+ model

Figure 4. Dose-dependent IVIS tumor reduction with Inavolisib + T-DXd/HP

Study models
Three HER2-positive breast cancer brain metastasis (BCBM) models were used:
(1)  py8119-hHER2 intracardiac/intracranial brain metastasis model in immunocompetent mice;
(2)  Intracranial BT474 HER2+ brain metastasis model in NOD/SCID mice;
(3)  human HER2+ BCBM patient-derived xenograft (PDX) in NOD/SCID mice.
Mice (n = 5–8/group) were randomized once brain lesions were confirmed by bioluminescence 
imaging (BLI).
Treatment regimens
The PI3Kα inhibitor Inavolisib was given once daily. Combination arms received Inavolisib plus 
trastuzumab/pertuzumab (HP) or T-DXd. A tucatinib + trastuzumab + capecitabine (TTC) regimen 
served as standard-of-care comparator; vehicle/IgG served as controls. Treatment continued for 
4–6 weeks or until humane endpoints.
Efficacy and mechanistic analyses
Overall survival (Kaplan–Meier), intracranial tumor burden (weekly IVIS BLI; endpoint MRI in PDX), 
body weight and clinical signs were recorded. Mechanistic studies included spatial transcriptomics 
on brain sections and IHC for Ki-67, cleaved caspase-3, and CD3/CD8. In the syngeneic model, flow 
cytometry quantified infiltrating immune cells. HER2+ cell lines were treated with Inavolisib ± T-
DXd; viability/apoptosis were measured and synergy assessed by Bliss analysis.

1. PI3K inhibition plus HER2 therapy markedly prolongs survival
Across py8119-hHER2, BT474, and HER2+PDX BCBM models, Inavolisib monotherapy produced only 
modest delay of intracranial progression and little survival gain. In contrast, Inavolisib combined with T-
DXd or HP significantly prolonged median survival and delayed neurologic decline versus single agents 
and TTC. The Inavolisib + high-dose T-DXd arm achieved the longest survival and most durable disease 
control.
2. Combination therapy robustly reduces brain tumor burden with a clear dose–response
Serial IVIS and MRI imaging showed that combination groups had markedly lower brain bioluminescence 
than vehicle or monotherapy by week 3, with many mice in the Inavolisib + high-dose T-DXd group having 
signals near or below the detection limit. Histology confirmed much smaller, necrotic metastases in 
combination-treated brains. Body weight and general condition remained stable across groups, indicating 
that the enhanced intracranial control was achieved without added systemic toxicity.
3. Mechanistic studies show decreased proliferation, increased apoptosis, enhanced immune infiltration
Spatial transcriptomics and IHC demonstrated reduced proliferation (↓Ki-67), increased apoptosis 
(↑cleaved caspase-3), and a shift toward a less aggressive, luminal-like gene expression profile in 
combination-treated tumors. In the syngeneic model, flow cytometry and IHC revealed a several-fold 
increase in CD8+ T-cell and myeloid cell infiltration in the brain metastases. In vitro, Inavolisib + T-DXd 
induced supra-additive growth inhibition and apoptosis in HER2+ cells, confirming strong pharmacologic 
synergy.

This study demonstrates that PI3K pathway inhibition combined with HER2-directed 
therapy can overcome resistance and markedly improve intracranial disease control in 
HER2-positive breast cancer brain metastasis (BCBM). Across three complementary 
HER2+ brain metastasis models (py8119-hHER2, BT474, and PDX), we provide the first 
intracranial evidence that Inavolisib synergizes with both HER2 antibodies and a HER2-
targeted ADC, achieving deeper tumor shrinkage and longer survival than standard 
regimens such as TTC. These findings extend prior observations that PI3K activation 
drives BCBM progression and anti-HER2 resistance[2][6][7], and are highly consistent 
with the emerging clinical activity of T-DXd in HER2+ brain lesions[5].
Mechanistically, our data suggest that PI3Kα blockade not only sensitizes tumor cells to 
HER2 antibody/ADC–mediated killing, but also reprograms the brain metastatic niche. 
We observed reduced proliferation, increased apoptosis, enhanced CD8+ T-cell and 
myeloid cell infiltration, and a shift toward a less aggressive, luminal-like 
transcriptional phenotype[6]. This dual impact—on tumor-intrinsic survival signaling 
and the immune microenvironment—provides a biological rationale for the robust and 
reproducible synergy seen across models. Importantly, Inavolisib-based 
combinations were well tolerated, which is critical in light of historical toxicity 
concerns with earlier PI3K inhibitors and the vulnerability of patients with BCBM.
From a translational standpoint, our results support clinical testing of PI3Kα inhibitor–
based combinations in HER2+ BCBM, particularly in patients with PI3K pathway 
alterations or suboptimal responses to current HER2-targeted regimens. Ongoing trials 
of PI3K inhibitors plus trastuzumab in HER2+ BCBM (e.g. NCT03765983)[3] underscore 
the feasibility of this strategy. Future work should refine optimal partners (HP vs T-DXd 
and dosing), identify predictive biomarkers of benefit, and explore whether early 
introduction of PI3K inhibition can delay or prevent brain metastatic relapse. Overall, 
integrating PI3K pathway inhibition with HER2-targeted treatment offers a rational 
avenue to extend survival and preserve neurologic function in patients with HER2-
positive brain metastases.

In multiple HER2-positive breast cancer brain metastasis models, PI3Kα inhibition with 
Inavolisib combined with HER2-targeted antibody therapy (trastuzumab/pertuzumab) 
or the ADC T-DXd produced robust synergistic antitumor activity, significantly 
prolonging survival and reducing intracranial tumor burden compared with 
monotherapy or standard TTC treatment. The efficacy of these combinations was 
consistently validated across immunocompetent murine, BT474, and human PDX brain 
metastasis models, with Inavolisib plus high-dose T-DXd achieving the deepest and 
most durable brain tumor control. Mechanistic analyses showed that dual PI3K/HER2 
targeting not only suppresses tumor cell proliferation and enhances apoptosis, but also 
reshapes the brain metastatic microenvironment by increasing immune cell infiltration 
and shifting tumors toward a less aggressive, luminal-like phenotype. Importantly, 
these regimens were well tolerated, supporting the translational potential of PI3K 
inhibitor–based combinations as a rational strategy to overcome PI3K-mediated 
resistance, improve intracranial disease control, and ultimately enhance survival and 
neurological outcomes in patients with HER2-positive breast cancer brain metastases.

[1] Adamo, B., Deal, A.M., Burrows, E. et al. Phosphatidylinositol 3-kinase pathway activation in breast cancer brain metastases. Breast Cancer Res 13, R125 (2011). https://doi.org/10.1186/bcr3071
[2] Esteva FJ, Guo H, Zhang S, et al. PTEN, PIK3CA, p-AKT, and p-p70S6K status: association with trastuzumab response and survival in patients with HER2-positive metastatic breast cancer. Am J Pathol. 
2010;177(4):1647-1656. doi:10.2353/ajpath.2010.090885
[3] Bailleux, C., Eberst, L. & Bachelot, T. Treatment strategies for breast cancer brain metastases. Br J Cancer 124, 142–155 (2021). https://doi.org/10.1038/s41416-020-01175-y
[4] Vanhaesebroeck B, Perry MWD, Brown JR, André F, Okkenhaug K. PI3K inhibitors are finally coming of age. Nat Rev Drug Discov. 2021;20(10):741-769. doi:10.1038/s41573-021-00209-1
[5] Duan F, Hua X, Lu W, et al. Trastuzumab deruxtecan in patients with active brain metastases from HER2-positive/low metastatic breast cancer: a retrospective multicenter real-world study. Breast Cancer Res. 
2025;27(1):135. Published 2025 Jul 21. doi:10.1186/s13058-025-02088-5
[6] Blazquez R, Wlochowitz D, Wolff A, et al. PI3K: A master regulator of brain metastasis-promoting macrophages/microglia. Glia. 2018;66(11):2438-2455. doi:10.1002/glia.23485
[7] Murthy RK, Loi S, Okines A, et al. Tucatinib, Trastuzumab, and Capecitabine for HER2-Positive Metastatic Breast Cancer. N Engl J Med. 2020;382(7):597-609. doi:10.1056/NEJMoa1914609


Template Provided By Genigraphics – 800.790.4001 – Replace This Text With Your Title

John Smith, MD1; Jane Doe, PhD2; Frederick Jones, MD, PhD1,2

1University of Affiliation, 2Medical Center of Affiliation

<your name>

<your organization>

Email:

Website:

Phone:

Contact

 

 

 

 

 



References

Click here to insert your Abstract text. Type it in or copy and paste from your Word document or other source.



This text box will automatically re-size to your text. To turn off that feature, right click inside this box and go to Format Shape, Text Box, Autofit, and select the “Do Not Autofit” radio button.



To change the font style of this text box: Click on the border once to highlight the entire text box, then select a different font or font size that suits you. This text is Calibri 18pt and is easily read up to 4 feet away on a 18x36 poster and up to 8 feet away on a 36x72 poster.



Zoom out to 100% (for 18x36) or 200% (for 36x72) to preview what this will look like on your printed poster.

Abstract

Click here to insert your Results text.

Introduction

Click here to insert your Methods and Materials text. 

Methods and Materials

Click here to insert your Discussion text.

Discussion

Click here to insert your Conclusions text. 

Conclusions

				Heading		Heading		Heading

		Item		800		790		4001

		Item		356		856		290

		Item		228		134		238

		Item		954		875		976

		Item		324		325		301

		Item		199		137		186



Genigraphics® has provided this template to assist in preparation of a medical or scientific research poster. The dimensions are set to 18” high by 36” wide but prints can be scaled up or down in size to any dimension with a 1:2 aspect ratio. For example, if you order a 36” x 72” poster using this template, we will print the file at 200% of its original size.  The most critical factor is that your template and poster dimensions must be proportional:







Order your poster from Genigraphics and we will perform a free design review and advise you if we see anything that may be a concern for printing. We’ll even help tidy things up.



We have more history with PowerPoint® than any other printing company. In fact, we helped Microsoft® design the software and we created all of the original color themes, templates, and clip art galleries. We know how to make your printed poster look just like it does on screen. Other printing companies and copy centers will blindly convert your file to another format prior to printing. This can result in text shifting, symbols changing, and altered colors. We know the secrets to avoid those issues. So choose Genigraphics for the most accurate reproduction available.

Results





Figure 1. Label in 20pt Calibri.

Figure 2. Label in 20pt Calibri.

Table 1. Label in 20pt Calibri.

Chart 1. Label in 20pt Calibri.

Click here to insert  more Results text. 

LOGO

This presentation is the intellectual property of the author/presenter. Contact them at <<your email address>> for permission to reprint and/or distribute.











Poster Print Size:

This poster template is 18” high by 36” wide . It can be used to print any poster with a 1:2 aspect ratio including 30x60, 36x72, 42x84, and 48x96. 

Placeholders:

The various elements included in this poster are ones we often see in medical, research, and scientific posters. Feel free to edit, move,  add, and delete items, or change the layout to suit your needs. Always check with your conference organizer for specific requirements.

Image Quality:

You can place digital photos or logo art in your poster file by selecting the Insert, Picture command, or by using standard copy & paste. For best results, all graphic elements should be at least 150-200 pixels per inch in their final printed size. For instance, a 1600 x 1200 pixel photo will usually look fine up to 8“-10” wide on your printed poster.

To preview the print quality of images, select a magnification of 100% when previewing your poster. This will give you a good idea of what it will look like in print. If you are laying out a large poster and using half-scale dimensions, be sure to preview your graphics at 200% to see them at their final printed size.

Please note that graphics from websites (such as the logo on your hospital's or university's home page) will only be 72dpi and not suitable for printing.


[This sidebar area does not print.]

Need More Tips?

https://www.genigraphics.com/fileprep

Change Color Theme:

This template is designed to use the built-in color themes in the newer versions of PowerPoint.

To change the color theme, select the Design tab, then select the Colors drop-down list.









The default color theme for this template is “Office”, so you can always return to that after trying some of the alternatives.

Printing Your Poster:

Once your poster file is ready, visit www.genigraphics.com to order a high-quality, affordable poster print. Every order receives a free design review and we can deliver as fast as next business day within the US and Canada. 

Genigraphics® has been producing output from PowerPoint® longer than anyone in the industry; dating back to when we helped Microsoft® design the PowerPoint® software. 



US and Canada:  1-800-790-4001
Email: info@genigraphics.com


[This sidebar area does not print.]



Series 1	Category 1	Category 2	Category 3	Category 4	4.3	2.5	3.5	4.5	Series 2	Category 1	Category 2	Category 3	Category 4	2.4	4.4000000000000004	1.8	2.8	Series 3	Category 1	Category 2	Category 3	Category 4	2	2	3	3.4	







image1.png

Grayscale
Adjacency
Angles
apex
Apothecary
Aspect
Austin

BlackTie
i






image2.png

© POSTER TEMPLATE BY GENIGRAPHICS® 1.800.790.4001 WWW.GENIGRAPHICS.COM






image3.png

(“ SN TN O
EREAT CANCER

2 SV RO ST oW
/ ’/_\U’TI].@]UP R
Mwmm or Che et







Microsoft_Excel_Worksheet.xlsx

Sheet1


			 			Series 1			Series 2			Series 3


			Category 1			4.3			2.4			2


			Category 2			2.5			4.4			2


			Category 3			3.5			1.8			3


			Category 4			4.5			2.8			3.4


						To resize chart data range, drag lower right corner of range.










image4.png

Genigraphics® has provided this template to assist in preparation of a medical
or scientificresearch poster. The dimensions are set to 18” high by 36” wide
but prints can be scaled up or down in size to any dimension with a 1:2 aspect
ratio. For example, if you order a 36” x 72” poster using this template, we will
print the file at 200% of its original size. The most critical factor is that your
template and poster dimensions must be proportional:

template height  desired print height
template width =~ desired print width

Order your poster from Genigraphics and we will perform a free design review
and advise you if we see anything that may be a concern for printing. We'll
even help tidy things up.

We have more history with PowerPoint® than any other printing company. In
fact, we helped Microsoft® design the software and we created all of the
original color themes, templates, and clip art galleries. We know how to make
your printed poster look just like it does on screen. Other printing companies
and copy centers will blindly convert your file to another format prior to
printing. This can result in text shifting, symbols changing, and altered colors.
We know the secrets to avoid those issues. So choose Genigraphics for the
most accurate reproduction available.







image4.jpeg







image5.jpeg









B )





	Slide Number 1



