
A Supplementary Information of FOCUS Cohort
The background of FOCUS trial: FOCUS was a large UK-based randomised controlled trial comparing different strategies of
sequential or combination therapies of 5FUFA with or without oxaliplatin or irinotecan as first- or second-line therapies in
patients with newly diagnosed advanced colorectal cancer.

The data acquisition protocol for FOCUS cohort: As part of the S:CORT program, patients with available formalin-fixed
paraffin-embedded (FFPE) blocks of the primary CRC were selected from the FOCUS randomised clinical trial. Serial sections
were cut from one representative block for H&E staining followed by four unstained sections for RNA extraction, a second H&E
and eight unstained sections for DNA extraction. Glass H&E slides were rereviewed by an expert gastrointestinal pathologist
and tumour tissue with the associated intratumoural stroma was annotated and used to guide RNA and DNA extractions from the
first and second H&E respectively. No tumour microdissection was performed. Regions of extensive necrosis and non-tumour
tissue were excluded according to standard practice for downstream molecular tumour profiling. RNA expression microarrays
(Xcel array, Affymetrix) and DNA target capture (SureSelect, Agilent) followed by NGS sequencing (Illumina) were applied in
this order. All H&E slides were scanned at high resolution on an Aperio scanner at a total magnification of 20x. Digital slides
were re-reviewed by a second gastrointestinal pathologist and tumour annotations were traced to generate region annotations.
Areas containing folds or debris were excluded by digital annotation. Clinical data was retrieved from the trial database and
sidedness was extracted from pathological reports. Slides with technical failure of the staining or scanning procedure were
excluded from further analysis. The population characteristics of FOCUS external validation set used in this paper are listed in
Table S1.

Table S1. Population characteristics of FOCUS external validation set.

Characteristic N = 1001

KRAS
Mut 56 (56%)
Wt 44 (44%)
GENDER
Male 63 (63%)
Female 37 (37%)
AGE 64 (57, 71)
SIDEDNESS
Right 39 (42%)
Left 53 (58%)
Missing 8
DISTANT METASTASIS
Synchronous 64 (64%)
Metachronous 36 (36%)
TREATMENT ARM
MdG → Ir 44 (44%)
MdG → IrMdG 23 (23%)
MdG → OxMdG 15 (15%)
OxMdG 18 (18%)
1 n (%); Median (IQR)
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B Supplementary Figures

Figure S1. BACC performance of the foundation model features with different compression levels across downstream tasks.
Diagonal hatching denotes uncompressed (original) features; solid colours indicate varying degrees of compression.
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Figure S2. Spatial overlap of attention influx phenotypes based on different PFMs. a - c, Jaccard similarity of significant
attention influx and efflux regions across feature sets derived from different compression levels of the same foundation model
(UNI) and across different foundation models (a: Ovarian-Bev-Resp; b: FOCUS-KRAS; c: Colitis-Marsh). d - f, Overlap
between attention influx phenotype clusters derived from UNI and prov-GigaPath features, assessed via pairwise similarity (d:
Ovarian-Bev-Resp; e: FOCUS-KRAS; f: Colitis-Marsh).
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Figure S3. Cross-model conversion of attention influx and efflux across datasets. a,c,e, Butterfly plots showing the
proportion of tiles marked as significant attention influx by one PFM (UNI-256 or GigaPath-384) that either remain influx or
convert into efflux regions when interpreted by the other PFM. A higher conversion rate indicates stronger divergence, or even
opposite interpretative behaviour, between the two models. b,d,f, Corresponding Sankey diagrams illustrating the same
conversions, with flows connecting influx (orange) and efflux (blue) assignments across PFMs. Results are shown for three
representative downstream tasks: (a,b) Ovarian-Bev-Resp, (c,d) FOCUS-KRAS, and (e,f) Colitis-Marsh.
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Figure S4. Distribution of attention influx and efflux clusters across different classes. a, In the task of Ovarian-Bev-Resp.
For different PFMs, left: clusters of attention efflux, right: clusters of attention influx. b, In the task of OCUS-KRAS. Left:
clusters of attention efflux, right: clusters of attention influx. c, In the task of Colitis-Marsh. For different PFMs, top: clusters
of attention efflux, bottom: clusters of attention influx. 32/48



Figure S5. Task-specific distribution of attention influx phenotypes. a and b, Treemaps showing the number of slides in
which each attention influx phenotype cluster appears, for both UNI (top) and Giga features (bottom) (a: Ovarian-Bev-Resp; b:
FOCUS-KRAS). c, Bar chart to show the number of slides containing each attention influx phenotype cluster, for both UNI
(left) and Giga features (right), on task - Colitis-Marsh. d - f, Distribution of the number of attention influx phenotype clusters
per slide, on different tasks (d: Ovarian-Bev-Resp; e: FOCUS-KRAS; f: Colitis-Marsh).

33/48



Figure S6. Cluster distribution statistics of task-agnostic significant attention influx/efflux features. Proportional
distribution of attention-related phenotype clusters across datasets, aggregated over multiple downstream tasks. Highlighted
cluster pairs passed bidirectional spatial alignment thresholds (fit > 50%). Warm-coloured curves indicate mismatched
attention direction between UNI and Giga features (e.g. influx vs. efflux), while cool-coloured curves indicate consistent
attention behaviour.
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Figure S7. LLM-based histopathological descriptions of attention influx clusters (Ovarian-Bev-Resp). Representative
examples of tile clusters with significant attention influx identified from UNI and prov-GigaPath embeddings in the
Ovarian-Bev-Resp dataset. Each panel shows the initial prompt followed by LLM-generated morphological descriptions: the
left column corresponds to representative clusters from UNI, and the right column corresponds to those from prov-GigaPath.
These examples illustrate how a locally deployed LLM can characterise the distinct histological phenotypes emphasised by
different foundation models. The figure is divided across four pages but shares a single caption.
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Figure S8. Spatial distributions and LLM-based descriptions of attention-influx clusters (Ovarian-Bev-Resp). Each
panel contrasts UNI (left) and prov-GigaPath (right) by showing the spatial distribution of tile clusters with significant attention
influx over tissue, together with morphology-focused summaries generated by a locally deployed LLM for representative
clusters. Clusters were obtained via unsupervised grouping of tiles exhibiting significant attention influx, and illustrate distinct
histological phenotypes prioritised by the two foundation models. The figure is divided across five pages and shares this single
caption.
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Figure S9. LLM-based descriptions of regional attention-shift patterns (Ovarian-Bev-Resp). Examples of local
attention-shift patterns based on UNI and prov-GigaPath embeddings in the Ovarian-Bev-Resp dataset. After the initial prompt,
each panel shows the locally deployed LLM’s generative dialogue records on histomorphological phenotypes across
efflux-to-influx transitions. The left panels correspond to UNI, and the right panels to prov-GigaPath. The figure is divided
across two pages and shares this single caption.
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Figure S10. Word cloud and term frequency analysis of local LLM-generated descriptions in Ovarian-Bev-Resp. For
each cluster of tiles with significant attention influx or efflux, a medical-specific small-scale LLM was used to generate concise
histopathological descriptions. The resulting terms were aggregated to construct word clouds (left) and term frequency (TF)
plots (right). Results are shown separately for UNI and prov-GigaPath.
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Figure S11. Word cloud and term frequency analysis of local LLM-generated descriptions in FOCUS-KRAS. Clusters
of tiles exhibiting attention influx or efflux were summarised using a medical-specific LLM, and their outputs visualised as
word clouds and term frequency plots. Results are shown separately for UNI and prov-GigaPath.
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Figure S12. Word cloud and term frequency analysis of local LLM-generated descriptions in Colitis-Marsh.
Representative influx and efflux clusters were annotated using a medical-specific LLM, with outputs visualised as word clouds
and term frequency plots. Results are shown separately for UNI and prov-GigaPath.
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