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Background

Modern anticancer therapy has largely focused on vulnerabilities intrinsic to tumor cells.

However, tumor-directed therapy alone may therefore face an inherent therapeutic ceiling.

Effective cancer treatment may require targeting not only the heterogeneous tumor cells

themselves, but also the stromal microenvironmental barriers that protect them.

Cancer-associated fibroblasts (CAFs) are central organizers of this resistant tumor

microenvironment (TME), creating physical, immune, and metabolic barriers through ECM

overproduction, immune-evasion signaling, and mitochondrial OXPHOS hyperactivation.

These barriers can restrict effective drug access and suppress antitumor immunity across

mechanistically distinct therapies.

Penetrium, a novel oral formulation of niclosamide, was developed as a first-in-class TME

normalizer designed to selectively target pathologically hyperactivated stromal cells,

dismantle CAF-mediated barriers, and restore the efficacy of tumor-directed therapies.

Conclusion
Across chemotherapy, targeted therapy, and immunotherapy,

Penetrium restores the activity of mechanistically distinct agents

through a compartment-selective, complementary mechanism — the

partner drug targets the heterogeneous tumor cell while Penetrium

normalizes the protective stroma. By targeting a shared stromal

barrier rather than specific tumor-specific alteration, Penetrium offers

a pan-tumor strategy to address stromal resistance, including in

NSCLC.

SCHEMATIC

Pseudo-resistance
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Methods

Patient-derived organoid–CAF
co-culture system

·  Lung cancer 

· Pancreatic cancer

· Ovarian cancer

LL/2 syngeneic mouse model

FIGURE 1 Penetrium restores CAF-mediated resistance 

Figure 1. Cell viability was measured in patient-derived organoids from NSCLC (gefitinib) and pancreatic cancer (gemcitabine) under three culture conditions (organoid alone, CAF alone,

and organoid + CAF co-culture). Gefitinib and gemcitabine failed to reduce viability in co-cultured condition, whereas Penetrium and the combination decreased cell viability across both

tumor types.

Penetrium remodels TME barriers 

Figure 3. Transcriptional profiling of pancreatic organoid–CAF co-cultures condition (Vehicle vs Penetrium). Penetrium coordinately suppressed physical (ECM

organization, cell–matrix adhesion), metabolic (OXPHOS, electron transport), and upregulated immune-barrier related genes.

Penetrium induces CAF-selective apoptosis in an NSCLC 

organoid-CAF co-culture model

Figure 4. Apoptosis was monitored over 4 days in NSCLC organoid–CAF co-cultures. Gefitinib alone failed to induce apoptosis in the

presence of CAFs, whereas Penetrium and the combination drove strong, dose-dependent, CAF-selective caspase-3/7 activation.

VEGF

Figure 5. VEGF and MMP9 immunoreactivity was quantified in LL/C1 mouse model. Compared with vehicle (G1) and Bevacizumab alone

(G2), the Bevacizumab + Penetrium combination (G3, G4) reduced both VEGF and MMP9 signal intensity, most strongly at 100 mg/kg

(G4). Mean ± SEM (n = 6). *p < 0.05, **p < 0.01.

FIGURE 4

FIGURE 3

Penetrium suppresses VEGF and MMP9 expression in an LL/2 syngeneic modelFIGURE 5
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FIGURE 2 Penetrium selectively targets CAFs while sparing tumor organoids

Figure 2. Relative cell viability was measured for Daraxonrasib (left) and Penetrium (right) in lung cancer organoids (LCO) and patient-matched CAFs. Daraxonrasib reduced cancer organoid

viability but had minimal effect on CAFs, whereas Penetrium selectively reduced CAF viability while sparing cancer organoid.
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