[bookmark: _Hlk119476183]Additional File 3. Immunohistochemistry and immunohistochemical scoring of resections, biopsies, and lymph node (LN) dissections
Immunohistochemical analysis was performed using the BOND III fully automated stainer (Leica Biosystems, Melbourne, Australia), following the manufacturer’s protocols. The slides were visualised with BOND™ Polymer Refine Detection (Leica Biosystems, Melbourne, Australia). Primary antibodies against MMP2 (clone 17B11, Novocastra, Newcastle upon Tyne, UK; dilution 1:500), MMP3 (clone EP1186Y, Abcam, MA, USA, dilution 1:100), MMP9 (clone EP1254, Abcam, dilution 1:500), and MMP14 (clone EP1264Y, Abcam, dilution 1:500) were used.

[bookmark: _Hlk113380499]MMP expression in tumour biopsies, surgically resected specimens, and intranodal metastatic areas and in the extranodal extension area in dissected LN was evaluated. MMP distribution was scored based on the tumour nest at the tumour–stromal interface (TSI), all tumour nests in a selected specimen, and the cancer-associated fibroblasts (CAFs) at the TSI. The present study did not evaluate MMP expression in CAFs within the whole tumour in a selected specimen because performing an accurate assessment and comparison of MMP expression in CAFs between tumour nests was challenging. MMP expression was considered positive if it showed the same or stronger expression level as the vascular wall or smooth muscle that was the endogenous positive control.

MMP expression in CAFs at the TSI was evaluated as follows: negative (< 50% of CAFs cytoplasmic staining) or positive (≥ 50% of CAFs cytoplasmic staining) (Additional file 4).
[bookmark: _Hlk112697226]The expression of MMP2, 3, and 9 in the tumour nest was evaluated as follows: low (< 50 % of tumour cytoplasmic staining) or high (≥ 50% of tumour cytoplasmic staining) (Additional File 4) [1-4].

[bookmark: _Hlk119476732]As MMP14 was expressed strongly on the membrane, the evaluation was performed using the 2015 United Kingdom-recommended guidelines for HER2 immunohistochemical assessment [5]. This was performed for all tumour nests and the TSI. The assessment of MMP14 expression establishes ranges from 0 to 3+. However, in the present study, sample scorings of 2+ to 3+ were regarded as ‘high’, and those from 0 to 1+ were considered ‘low’. Furthermore, the total MMP14 expression in tumours and CAFs was examined as follows: high-risk (cases that were CAFs-positive and whose tumour scores were high) and low-risk (cases that were not high-risk). This approach was named the ‘MMP14 co-scoring system’.

The expression of MMP2, 3, 9, and 14 was considered to be increasing when the expression level of MMPs changed from ‘low’ to ‘high’.

Slides were scored by two pathologists (YN and MI) using a dual-headed microscope; the scoring was performed in a blinded manner.
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