Stromal collagen features from H&E-stained whole slide images are associated with lymphocyte infiltration
and survival following checkpoint inhibition in patients with non-small cell lung cancer
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METHODS RESULTS CONCLUSIONS

Dataset * In regions close to the ESI, fibers are narrower (Fig. 3A), less tortuous (Fig. 3B), and oriented more parallel to the ESI (Fig. 3C) compared to regions distal to the ESI. In  Using QMAI, an imaging modality that extracts features of individual
. PD-(L)1 inhibitortreated NSCLC patients (N=95) were enrolled in the cases with PD-L1 TPS <1%, median collagen intensity in regions 60-120 ym from the ESI (Fig. 4A), and fiber width and tortuosity in stroma (Fig. 4B,C) were significantly collagen fibers from H&E-stained WSIs, we show that increased
Bergonié Institut Profiling precision medicine study (NCT02534649; greater in total tumor stroma compared to tumors with PD-L1 TPS >1%. collagen fiber width is associated with low lymphocyte infiltration,

Institut Bergonié, Bordeaux, France). Pre-treatment specimens, stained Median collagen intensity in regions 60-120 ym from the ESI and fiber width and tortuosity in tumor stroma were significantly lower in cases with partial or complete low PD-L1 levels, and non-response in C_Pl—treated NSC'—_C-
with H&E, were imaged with a Leica AT2 scanner at 40X magnification. response to CPl, compared to those with stable or progressive disease (Fig. 5A). When PD-L1 status and histologic subtypes were also considered, fiber width, and to some These res.,ults support .the hypothgsus that excessive Collagen
Clinical metadata included disease histology, PD-L1 tumor proportion extent fiber tortuosity, were also correlated with response to CPI (Fig. 5B). Furthermore, there was better overall survival (0S) in patients with thinner stromal collagen promotes immune exclusion by blocking lymphocytes from entering

score (TPS), and clinical outcome data for each patient. fibers, in both PD-L1 low and high groups, especially in patients with high PD-L1 TPS (Fig. 5C). the tumor epithelium, supporting the development of therapies to

. . g . . _ _ _ _ _ _ _ _ _ _ alter collagen alignment (Fig. 7).
QMAI and Collagen Feature Extraction Lymphocyte density was significantly lower with greater fiber width and tortuosity (Fig. 6A) in both tumor epithelium and stroma. Both fiber width and tortuosity (Fig. 6B)

were greater in tumors predicted to have an immune desert phenotype, compared to tumors predicted to have an inflamed phenotype. 1 Foan “" Figure 7. Hypothesis.
Thick, tortuous collagen

bundles (left) prevent
Infiltration of
lymphocytes into the
tumor epithelium. Thin,
straight fiber bundles
(right) allow infiltration.

* The imaging workflow is shown in Fig. 1A. Quantitative Multimodal
Anisotropy Imaging (QMAI), a polarization-based modality to image B Figure 3. Changes in collagen features with increasing Figure 5. Association between collagen fiber features and response to CPl in NSCLC.
tissue components with birefringence (e.g., collagen fibers), was @ distance from the tumor boundary.
performed using a custom Olympus BX63 microscope. Polarized and A A) Collagen intensity (in ESI 60-
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were used to match WSIs at pixel-level accuracy, and polarization WSIs ' e L . y tortuosity were compared in
were used for fiber extraction, which was performed as described [5]. ' | =0.0085 patients classified as non-
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Dense collagen features computed were collagen intensity, orientation
variation, and dispersion; collagen fiber features features computed
were fiber length, width, relative angle, and tortuosity (Fig. 1B).
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Tissue and Cell Classification and Feature Extraction i

 NSCLC-specific PathExplore™ models (PathAl, Boston, MA) were used : e _
to predict tissue regions [6] and cell types [6,7] in H&E-stained WSIs. S e o £ e e f e e R | | CowT TPS and histologic subtype as - 2) sul,J, etal, Oncologist. 2016;21:643-50.
3) Weinstock, C., et al. Clin Cancer Res. 2017;23:4534 -9.

Tissue Region Tissue Region Tissue Region C es=w PD-L1 low- Fiber width low (N=23, LUAD=12, LUSC=11) e PD-L1 low- Fiber tortuosity low (N=19, LUAD=11, LUSC=8) a dd itio na I Cova ri ateS- C)
. . . . . == PD-L1 low- Fiber width high (N_=26, LUAD_=7,,LUSC=_13) —F’D:H IQW-_Fi_bertortuosi_ty high (N==24, LUAD:B, LUSC==16) _ _ . 4) Pen g DH et al Nat Commu n. 2020 1 1: 4 520

Changes in QMAIl-derived A) fiber width, B) fiber = oL i et Lt oot gD s oy b 2 Lo s, i , D.H., _ :
g Q ) ) ~ Haplan-Meier curves stratifying 5) Bredfeldt, J.S., et al. J Biomed Opt. 2014; 19:016007.
patients by PD-L1 (TPS = 1%) 6) Markey, M. and Kim, J. et al., bioRxiv 2024.08.12.607604.
and QMAl-derived fiber width 7) Abel, J., et al. npi Precis Onc. 2024; 8:134.

or tortuosity to predict OS. 8) Le, N. etal., J Clin Oncol. 2024; 42, 8539.

* PathExplore is for research use only. Not for use in diagnostic procedures.

Cell models predicted cancer epithelial cells, fibroblasts, macrophages,
lymphocytes, and plasma cells, and tissue models predicted normal
tissue, tumor epithelium, tumor stroma, and necrosis (Fig. 1C). Regions
60, 120, and 120+ uym from the epithelial-stromal interface (ESI; Fig.
2) were also measured. Regions predicted to be tumor stroma were

used for collagen feature extraction. Figure 4. Association of collagen features with PD-L1
Immune phenotypes (IPs) were predicted using a patch-based | status. " Time (months) " time (months)

approach incorporating PathExplore-derived Iymphocyte density B Figure 6. Association between collagen fiber features and immune phenotypes. ACKNOWLEDGMENTS
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tortuosity, and C) fiber angle are shown as the distance
from the ESI increases. Median values of these features
are shown.
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