Supplementary machine learning results

Table S1: Supplementary machine learning results
	Integration 
Approach
	Model
	Subtype
	Accuracy
	F1-score
	AUC
	MCC
	AUPRC

	RNA-Cpg
	SVM
	LumA
	0.8196 (±0.0044)
	0.8541 (±0.0042)
	0.9017 (±0.0015)
	0.6665 (±0.0074)
	0.8341 (±0.0032)

	
	
	LumB
	0.8525 (±0.0048)
	0.5528 (±0.0173)
	0.8481 (±0.0005)
	
	

	
	
	Basal
	0.9817 (±0.0000)
	0.9459 (±0.0000)
	0.9931 (±0.0002)
	
	

	
	
	Her2
	0.9589 (±0.0000)
	0.5714 (±0.0000)
	0.9598 (±0.0024)
	
	

	
	MLP
	LumA
	0.8301 (±0.0036)
	0.8523 (±0.0043)
	0.9174 (±0.0012)
	0.6776 (±0.0036)
	0.8278 (±0.0043)

	
	
	LumB
	0.8511 (±0.0032)
	0.5730 (±0.0108)
	0.8665 (±0.0062)
	
	

	
	
	Basal
	0.9772 (±0.0000)
	0.9351 (±0.0000)
	0.9762 (±0.0016)
	
	

	
	
	Her2
	0.9516 (±0.0032)
	0.6751 (±0.0143)
	0.9306 (±0.0052)
	
	

	
	DT
	LumA
	0.8192 (±0.0069)
	0.8446 (±0.0056)
	0.8402 (±0.0073)
	0.6473 (±0.0135)
	0.6410 (±0.0279)

	
	
	LumB
	0.8279 (±0.0038)
	0.5363 (±0.0035)
	0.7134 (±0.0051)
	
	

	
	
	Basal
	0.9726 (±0.0078)
	0.9239 (±0.0205)
	0.9697 (±0.0119)
	
	

	
	
	Her2
	0.9612 (±0.0062)
	0.6303 (±0.0745)
	0.7669 (±0.0547)
	
	

	
	GB
	LumA
	0.8178 (±0.0102)
	0.8490 (±0.0095)
	0.9018 (±0.0044)
	0.6638 (±0.0188)
	0.8343 (±0.0047)

	
	
	LumB
	0.8498 (±0.0097)
	0.5170 (±0.0213)
	0.8360 (±0.0087)
	
	

	
	
	Basal
	0.9662 (±0.0039)
	0.9092 (±0.0094)
	0.9954 (±0.0007)
	
	

	
	
	Her2
	0.9699 (±0.0032)
	0.7268 (±0.0300)
	0.9738 (±0.0045)
	
	

	
	XGB
	LumA
	0.8169 (±0.0100)
	0.8459 (±0.0098)
	0.9010 (±0.0034)
	0.6466 (±0.0148)
	0.8121 (±0.0087)

	
	
	LumB
	0.8429 (±0.0106)
	0.5263 (±0.0235)
	0.8289 (±0.0045)
	
	

	
	
	Basal
	0.9598 (±0.0029)
	0.8919 (±0.0076)
	0.9944 (±0.0016)
	
	

	
	
	Her2
	0.9630 (±0.0066)
	0.6592 (±0.0419)
	0.9461 (±0.0072)
	
	

	
	AB
	LumA
	0.8301 (±0.0137)
	0.8581 (±0.0114)
	0.9087 (±0.0072)
	0.6615 (±0.0216)
	0.8164 (±0.0155)

	
	
	LumB
	0.8397 (±0.0097)
	0.5245 (±0.0337)
	0.8421 (±0.0123) 
	
	

	
	
	Basal
	0.9676 (±0.0050)
	0.9108 (±0.0130)
	0.9938 (±0.0013)
	
	

	
	
	Her2
	0.9653 (±0.0024)
	0.6601 (±0.0306)
	0.9535 (±0.0209)
	
	

	
	LGBM
	LumA
	0.8247 (±0.0108)
	0.8529 (±0.0100)
	0.9157 (±0.0052)
	0.6488 (±0.0202)
	0.8146 (±0.0105)

	
	
	LumB
	0.8388 (±0.0103)
	0.5163 (±0.0346)
	0.8484 (±0.0115)
	
	

	
	
	Basal
	0.9603 (±0.0057)
	0.8936 (±0.0147)
	0.9955 (±0.0007)
	
	

	
	
	Her2
	0.9626 (±0.0019)
	0.6271 (±0.0214)
	0.9388 (±0.0131)
	
	

	
	KNN
	LumA
	0.8388 (±0.0043)
	0.8593 (±0.0042)
	0.8685 (±0.0034)
	0.6773 (±0.0064)
	0.7268 (±0.0057)

	
	
	LumB
	0.8297 (±0.0043)
	0.5628 (±0.0064)
	0.7746 (±0.0077) 
	
	

	
	
	Basal
	0.9726 (±0.0000)
	0.9231 (±0.0000)
	0.9805 (±0.0008)
	
	

	
	
	Her2
	0.9717 (±0.0019)
	0.7391 (±0.0229)
	0.8506 (±0.0112)
	
	


	RNA-miRNA
	SVM
	LumA
	0.5224 (±0.0104)
	0.5098 (±0.0133)
	0.5326 (±0.0208)
	0.1219 (±0.0130)
	0.3379 (±0.0050)

	
	
	LumB
	0.6621 (±0.0167)
	0.2446 (±0.0162)
	0.5453 (±0.0089)
	
	

	
	
	Basal
	0.8091 (±0.0074)
	0.4866 (±0.0164)
	0.7516 (±0.0150)
	
	

	
	
	Her2
	0.8119 (±0.0242)
	0.0895 (±0.0095)
	0.4168 (±0.0043)
	
	

	
	MLP
	LumA
	0.6128 (±0.0142)
	0.5929 (±0.0358)
	0.6065 (±0.0321)
	 0.2073 (±0.0189)
	0.3618 (±0.0151)

	
	
	LumB
	0.7890 (±0.0164)
	0.1268 (±0.0295)
	0.5394 (±0.0317)
	
	

	
	
	Basal
	0.6174 (±0.0588)
	0.4271 (±0.0190)
	0.7996 (±0.0151)
	
	

	
	
	Her2
	0.8667 (±0.0166)
	0.0170 (±0.0379)
	0.4792 (±0.0110)
	
	

	
	DT
	LumA
	0.5890 (±0.0352)
	0.5874 (±0.0441)
	0.6325 (±0.0332)
	0.1612 (±0.0372)
	0.3276 (±0.0184)

	
	
	LumB
	0.6995 (±0.0379)
	0.2270 (±0.0342)
	0.5277 (±0.0496)
	
	

	
	
	Basal
	0.7461 (±0.0230)
	0.4281 (±0.0340)
	0.7001 (±0.0391)
	
	

	
	
	Her2
	0.8438 (±0.0147)
	0.0750 (±0.0511)
	0.5370 (±0.0442)
	
	

	
	GB
	LumA
	0.6466 (±0.0201)
	0.6501 (±0.0221)
	0.7100 (±0.0105)
	0.2390 (±0.0310)
	0.4024 (±0.0087)

	
	
	LumB
	0.7438 (±0.0162)
	0.1527 (±0.0566)
	0.5746 (±0.0159)
	
	

	
	
	Basal
	0.7005 (±0.0269)
	0.4716 (±0.0267)
	0.8182 (±0.0144)
	
	

	
	
	Her3
	0.8936 (±0.0103)
	0.1074 (±0.0387)
	0.5255 (±0.0186)
	
	

	
	XGB
	LumA
	0.6447 (±0.0067)
	0.6519 (±0.0102)
	0.7144 (±0.0057)
	0.2283 (±0.0169)
	0.3910 (±0.0070)

	
	
	LumB
	0.7361 (±0.0175)
	0.1454 (±0.0550)
	0.5750 (±0.0210) 
	
	

	
	
	Basal
	0.7160 (±0.0293)
	0.4729 (±0.0345)
	0.8174 (±0.0053)
	
	

	
	
	Her2
	0.8822 (±0.0064)
	0.1018 (±0.0526)
	0.5213 (±0.0282) 
	
	

	
	AB
	LumA
	0.6288 (±0.0148)
	0.6352 (±0.0207)
	0.6776 (±0.0133)
	0.2111 (±0.0249)
	0.3588 (±0.0085)

	
	
	LumB
	0.7566 (±0.0131)
	0.0975 (±0.0406)
	0.5471 (±0.0218)
	
	

	
	
	Basal
	0.6735 (±0.0338)
	0.4524 (±0.0312)
	0.7948 (±0.0153)
	
	

	
	
	Her2
	0.8918 (±0.0114)
	0.0685 (±0.0569)
	0.4935 (±0.0219
	
	

	
	LGBM
	LumA
	0.6178 (±0.0163)
	0.6249 (±0.0205)
	0.7035 (±0.0125)
	0.1820 (±0.0219)
	0.3874 (±0.0126)

	
	
	LumB
	0.6954 (±0.0208)
	0.1791 (±0.0322)
	0.5581 (±0.0198)
	
	

	
	
	Basal
	0.7205 (±0.0202)
	0.4368 (±0.0298)
	0.7855 (±0.0148)
	
	

	
	
	Her2
	0.8950 (±0.0053)
	0.0708 (±0.0441)
	0.5962 (±0.0163)
	
	

	
	KNN
	LumA
	0.6196 (±0.0165)
	0.6198 (±0.0230)
	0.6880 (±0.0159)
	0.2116 (±0.0205)
	0.3569 (±0.0112)

	
	
	LumB
	0.6927 (±0.0116)
	0.2611 (±0.0254)
	0.5406 (±0.0197)
	
	

	
	
	Basal
	0.7680 (±0.0158)
	0.4666 (±0.0290)
	0.7620 (±0.0138)
	
	

	
	
	Her2
	0.8712 (±0.0091)
	0.1299 (±0.0197)
	0.5252 (±0.0148) 
	
	

	HCAM-BRCA Imbalanced
	SVM
	LumA
	0.8639 (±0.0020)
	0.8844 (±0.0021)
	0.9207 (±0.0019)
	0.7430 (±0.0036)
	0.8877 (±0.0026)

	
	
	LumB
	0.8694 (±0.0025)
	0.6285 (±0.0078)
	0.8594 (±0.0044)
	
	

	
	
	Basal
	0.9826 (±0.0038)
	0.9500 (±0.0105)
	0.9953 (±0.0008)
	
	

	
	
	Her2
	0.9790 (±0.0025)
	0.8317 (±0.0232)
	0.9952 (±0.0017) 
	
	

	
	MLP
	LumA
	0.8566 (±0.0076)
	0.8737 (±0.0076)
	0.9241 (±0.0010)
	0.7180 (±0.0099)
	0.8618 (±0.0025)

	
	
	LumB
	0.8566 (±0.0076)
	0.6325 (±0.0122)
	0.8847 (±0.0010)
	
	

	
	
	Basal
	0.9772 (±0.0000)
	0.9351 (±0.0000)
	0.9931 (±0.0003)
	
	

	
	
	Her2
	0.9680 (±0.0000)
	0.7407 (±0.0000)
	0.9780 (±0.0009)
	
	

	
	DT
	LumA
	0.8329 (±0.0076)
	0.8599 (±0.0073)
	0.8235 (±0.0086)
	0.6889 (±0.0140)
	0.6737 (±0.0093)

	
	
	LumB
	0.8594 (±0.0163)
	0.5885 (±0.0382)
	0.7353 (±0.0164)
	
	

	
	
	Basal
	0.9726 (±0.0065)
	0.9198 (±0.0186)
	0.9460 (±0.0126)
	
	

	
	
	Her2
	0.9680 (±0.0085)
	0.7436 (±0.0524)
	0.8498 (±0.0046)
	
	

	
	GB
	LumA
	0.8749 (±0.0025)
	0.8945 (±0.0028)
	0.9225 (±0.0020)
	0.7579 (±0.0036)
	0.8816 (±0.0023)

	
	
	LumB
	0.8776 (±0.0038)
	0.6454 (±0.0101)
	0.8824 (±0.0016)
	
	

	
	
	Basal
	0.9799 (±0.0025)
	0.9424 (±0.0067)
	0.9957 (±0.0004)
	
	

	
	
	Her2
	0.9808 (±0.0020)
	0.8399 (±0.0140)
	0.9753 (±0.0021)
	
	

	
	XGB
	LumA
	0.8685 (±0.0068)
	0.8905 (±0.0074)
	0.9216 (±0.0016)
	0.7470 (±0.0128)
	0.8761 (±0.0081)

	
	
	LumB
	0.8749 (±0.0100)
	0.6249 (±0.0129)
	0.8648 (±0.0069)
	
	

	
	
	Basal
	0.9808 (±0.0020)
	0.9449 (±0.0055)
	0.9943 (±0.0009)
	
	

	
	
	Her2
	0.9763 (±0.0038)
	0.7969 (±0.0315)
	0.9789 (±0.0117) 
	
	

	
	AB
	LumA
	0.8493 (±0.0107)
	0.8734 (±0.0138)
	0.9127 (±0.0198)
	0.7127 (±0.0213)
	0.8431 (±0.0510)

	
	
	LumB
	0.8521 (±0.0173)
	0.5682 (±0.0198)
	0.8538 (±0.0467)
	
	

	
	
	Basal
	0.9826 (±0.0038)
	0.9500 (±0.0105)
	0.9914 (±0.0039)
	
	

	
	
	Her2
	0.9744 (±0.0041)
	0.7789 (±0.0501)
	0.9538 (±0.0667)
	
	

	
	LGBM
	LumA
	0.8612 (±0.0123)
	0.8839 (±0.0133)
	0.9194 (±0.0068)
	0.7330 (±0.0196)
	0.8675 (±0.0139)

	
	
	LumB
	0.8648 (±0.0123)
	0.6023 (±0.0186)
	0.8544 (±0.0122)
	
	

	
	
	Basal
	0.9799 (±0.0041)
	0.9425 (±0.0109)
	0.9951 (±0.0021)
	
	

	
	
	Her2
	0.9781 (±0.0020)
	0.8067 (±0.0149)
	0.9756 (±0.0103)
	
	

	
	KNN
	LumA
	0.8712 (±0.0050)
	0.8908 (±0.0044)
	0.8988 (±0.0058)
	0.7549 (±0.0104)
	0.8426 (±0.0154)

	
	
	LumB
	0.8721 (±0.0065)
	0.6393 (±0.0152)
	0.8037 (±0.0056) 
	
	

	
	
	Basal
	0.9836 (±0.0025)
	0.9524 (±0.0069)
	0.9719 (±0.0015)
	
	

	
	
	Her2
	0.9826 (±0.0020)
	0.8569 (±0.0185)
	0.9751 (±0.0191)
	
	

	HCAM-BRCA Augmented
	SVM
	LumA
	0.8639 (±0.0020)
	0.8844 (±0.0021)
	0.9207 (±0.0019)
	0.7430 (±0.0036)
	0.8877 (±0.0026)

	
	
	LumB
	0.8694 (±0.0025)
	0.6285 (±0.0078)
	0.8594 (±0.0044)
	
	

	
	
	Basal
	0.9826 (±0.0038)
	0.9500 (±0.0105)
	0.9953 (±0.0008)
	
	

	
	
	Her2
	0.9790 (±0.0025)
	0.8317 (±0.0232)
	0.9952 (±0.0017) 
	
	

	
	MLP
	LumA
	0.8566 (±0.0076)
	0.8737 (±0.0076)
	0.9241 (±0.0010)
	0.7180 (±0.0099)
	0.8618 (±0.0025)

	
	
	LumB
	0.8566 (±0.0076)
	0.6325 (±0.0122)
	0.8847 (±0.0010)
	
	

	
	
	Basal
	0.9772 (±0.0000)
	0.9351 (±0.0000)
	0.9931 (±0.0003)
	
	

	
	
	Her2
	0.9680 (±0.0000)
	0.7407 (±0.0000)
	0.9780 (±0.0009)
	
	

	
	DT
	LumA
	0.8329 (±0.0076)
	0.8599 (±0.0073)
	0.8235 (±0.0086)
	0.6889 (±0.0140)
	0.6737 (±0.0093)

	
	
	LumB
	0.8594 (±0.0163)
	0.5885 (±0.0382)
	0.7353 (±0.0164)
	
	

	
	
	Basal
	0.9726 (±0.0065)
	0.9198 (±0.0186)
	0.9460 (±0.0126)
	
	

	
	
	Her2
	0.9680 (±0.0085)
	0.7436 (±0.0524)
	0.8498 (±0.0046)
	
	

	
	GB
	LumA
	0.8749 (±0.0025)
	0.8945 (±0.0028)
	0.9225 (±0.0020)
	0.7579 (±0.0036)
	0.8816 (±0.0023)

	
	
	LumB
	0.8776 (±0.0038)
	0.6454 (±0.0101)
	0.8824 (±0.0016)
	
	

	
	
	Basal
	0.9799 (±0.0025)
	0.9424 (±0.0067)
	0.9957 (±0.0004)
	
	

	
	
	Her2
	0.9808 (±0.0020)
	0.8399 (±0.0140)
	0.9753 (±0.0021)
	
	

	
	XGB
	LumA
	0.8685 (±0.0068)
	0.8905 (±0.0074)
	0.9216 (±0.0016)
	0.7470 (±0.0128)
	0.8761 (±0.0081)

	
	
	LumB
	0.8749 (±0.0100)
	0.6249 (±0.0129)
	0.8648 (±0.0069)
	
	

	
	
	Basal
	0.9808 (±0.0020)
	0.9449 (±0.0055)
	0.9943 (±0.0009)
	
	

	
	
	Her2
	0.9763 (±0.0038)
	0.7969 (±0.0315)
	0.9789 (±0.0117) 
	
	

	
	AB
	LumA
	0.8493 (±0.0107)
	0.8734 (±0.0138)
	0.9127 (±0.0198)
	0.7127 (±0.0213)
	0.8431 (±0.0510)

	
	
	LumB
	0.8521 (±0.0173)
	0.5682 (±0.0198)
	0.8538 (±0.0467)
	
	

	
	
	Basal
	0.9826 (±0.0038)
	0.9500 (±0.0105)
	0.9914 (±0.0039)
	
	

	
	
	Her2
	0.9744 (±0.0041)
	0.7789 (±0.0501)
	0.9538 (±0.0667)
	
	

	
	LGBM
	LumA
	0.8612 (±0.0123)
	0.8839 (±0.0133)
	0.9194 (±0.0068)
	0.7330 (±0.0196)
	0.8675 (±0.0139)

	
	
	LumB
	0.8648 (±0.0123)
	0.6023 (±0.0186)
	0.8544 (±0.0122)
	
	

	
	
	Basal
	0.9799 (±0.0041)
	0.9425 (±0.0109)
	0.9951 (±0.0021)
	
	

	
	
	Her2
	0.9781 (±0.0020)
	0.8067 (±0.0149)
	0.9756 (±0.0103)
	
	

	
	KNN
	LumA
	0.8712 (±0.0050)
	0.8908 (±0.0044)
	0.8988 (±0.0058)
	0.7549 (±0.0104)
	0.8426 (±0.0154)

	
	
	LumB
	0.8721 (±0.0065)
	0.6393 (±0.0152)
	0.8037 (±0.0056) 
	
	

	
	
	Basal
	0.9836 (±0.0025)
	0.9524 (±0.0069)
	0.9719 (±0.0015)
	
	

	
	
	Her2
	0.9826 (±0.0020)
	0.8569 (±0.0185)
	0.9751 (±0.0191)
	
	


Performance metrics (mean ± SD) of all eight classifiers across four integration strategies (RNA‑miRNA, RNA‑CpG, HCAM‑BRCA Imbalanced, HCAM‑BRCA Augmented). Metrics include subtype‑specific accuracy, F1‑score, AUC, macro‑averaged MCC and AUPRC.
