

Supplementary Table 1: Cohort patient characteristics. 
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Clinicopathological Parameter Frequency n (%) 
Age 
<50 631 (34.4)
≥50 1210 (65.7)



Tumour Size 
<2cm 943 (51.2) 
 ≥ 2cm 898 (48.8)



Tumour Grade 
1 334 (18.2) 
2 617 (33.6) 
3 885 (48.5) 



Lymph Node Stage
1 1150 (62.6) 
2 537 (29.2) 
3 149 (8.1) 



Nottingham Prognostic Index
Good Prognostic Group 597 (32.4) 
Moderate Prognostic Group 954 (51.8) 
Poop Prognostic Group 290 (15.8) 



ER Status
Negative 453 (24.6) 
Postive 1367 (74.3) 



PR Status
Negative 712 (41.0) 
Positive 1026 (59.0) 



HER2 Status 
Negative 1521 (87.2) 
Positive 223 (12.1) 



Triple Negative 
No 1476 (80.2) 
Yes 300 (16.3) 
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Table 1

		Parameter		ATF4 Gene Expression						Adjusted P-value 		ATF4 mRNA Expression				Adjusted P-Value		ATF4 Protein Expression				Adjusted P-Value 										Tubule Formation

				CN Gain n(%)		CN Loss n(%)		CN Neutral n(%)				Reduced n (%) 		Elevated n (%)				Reduced n (%) 		Elevated n (%) 												1		88 (51.2)		84 (48.8)		1

																																2		500 (55.7)		398 (44.3)

		Age																														3		903 (52.1)		831 (47.9)

		<50		9 (16.7) 		31 (13.8) 		343 (20.7)		0.14		162 (42.6) 		218 (57.4) 		0.00056		500 (53.0)		443 (47.0)		0.73

		>50 		45 (83.3)		193 (86.2)		1318 (79.3)				828 (53.5)		719 (46.5) 				1029 (53.7)		887 (46.3)												Pleomorphism

																																1		32 (59.3)		22 (40.7)		0.8

		Size																														2		495 (54.5)		414 (45.5)

		<2.0cm		17 (32.1) 		81 (34.9)		524 (31.4) 		1.13		328 (53.0)		291 (47.0) 		0.79		817 (52.3)		746 (44.7)		0.66										3		964 (52.4)		875 (47.6) 

		>2.0cm		36 (67.9) 		151 (65.1) 		1144 (68.6) 				673 (50.9)		649 (49.1)				710 (54.9)		584 (45.1)

																																Mitosis 

		Grade																														1		616 (53.3)		540 (46.7)		0.05

		1		1 (2.0) 		31 (13.8) 		138 (8.5)		0.000000018		103 (61.3)		65 (38.7)		0.0000011		240 (53.9)		205 (46.1)		0.22										2		327 (58.7)		230 (41.3)

		2		8 (15.7)		116 (51.6) 		646 (40.0) 				433 (56.6)		332 (43.4)				588 (56.3)		456 (43.7)												3		548 (50.3)		541 (49.7)

		3		42 (82.4)		78 (34.7) 		832 (51.5) 				425 (44.9)		522 (55.1) 				699 (51.2)		666 (48.8)

																																Vascular Invasion

		Lymph Node Stage 																														Definitive		507 (57.0)		382 (43.0)		0.07

		1		31 (3.0) 		121 (11.7) 		883 (85.3) 		0.91		541 (52.4) 		491 (47.6)		0.52		927 (52.5) 		839 (47.5) 		0.56										Negative 		1015 (51.8)		946 (48.2)

		2		15 (2.4)		72 (11.6) 		535 (86.0) 				312 (50.8) 		302 (49.2)				446 (54.4)		374 (45.6) 

		3		8 (2.5) 		41 (13.0) 		267 (84.5) 				154 (48.9)		161 (51.1)				153 (57.3)		114 (42.7)



		NPI

		GPG		10 (1.5) 		102 (15.0) 		568 (83.5) 		0.012		392 (57.9)		285 ( 42.1)		0.00059		481 (53.4) 		419 (46.6)		0.81

		MPG		36 (3.3) 		112 (10.2) 		953 (86.6) 				530 (48.5)		562 (51.5)				777 (52.4)		706 (47.6)

		PPG		8 (4.0) 		20 (10.1) 		171 (85.9) 				90 (45.2)		109 (54.8)				268 (56.7)		205 (43.3)

































Table 2

				ATF4 Gene Expression								ATF4 mRNA Expression						ATF4 Protein Expression

		Receptor		CN Gain n (%)		CN Loss n (%) 		CN Neutral n (%)		Adjusted P-value 		Reduced n (%)		Elevated n (%)		Adjusted P-Value 		Reduced n (%) 		Elevated n (%) 		Adjusted P-Value 



		ER

		Negative		25 (5.3)		9 (1.9)		440 (92.8) 		2.30X10-15		176 (37.4)		295 (62.6)		1.04X10-11		289 (46.5)		333 (53.5)		0.00021

		Positive		29 (1.9) 		225 (14.9) 		1252 (83.1) 				836 (55.8)		661 (44.2) 				1234 (56.5) 		991 (44.5) 



		PR

		Negative		40 (4.3) 		74 (7.9) 		826 (87.9)		5.70x10-9		428 (45.8)		507 (54.2)		0.0000040		564 (49.4)		578 (50.6)		0.00046

		Positive 		14 (1.3) 		160 (15.4) 		866 (83.3) 				584 (56.6)		449 (43.5)				931 (56.5)		718 (43.5) 



		HER2

		Negative		41 (2.4) 		222 (12.8)		1470 (84.8)		0.00080		920 (53.4)		803 (46.6)		0.0000030		1308 (54.8)		1121 (46.2) 		0.62

		Positive 		13 (5.3) 		12 (4.9) 		222 (89.9)				92 (37.6)		153 (62.4)				192 (52.5) 		174 (47.5) 



		Triple Negative

		Negative		38 (2.3) 		227 (13.7) 		1395 (84.0) 		5.00x10-9		893 (54.1)		757 (45.9)		1.46X10-7		1310 (55.2) 		1064 (44.8)		0.0002

		Positive		16 (5.0)		7 (2.2) 		297 (92.8)				119 (37.4)		199 (62.6) 				199 (44.7) 		246 (55.3) 



		PAM50 

		Luminal A		6 (11.1) 		111 (47.4) 		601 (35.5) 		2.52x10-15		116 (35.5)		211 (64.5)		5.20X10-14

		Luminal B		17 (31.5) 		90 (38.5) 		381 (22.5) 				115 (48.1)		124 (51.9)

		Basal 		18 (33.3) 		10 (4.3) 		301 (17.8)				441 (61.9) 		272 (38.1)

		HER2 		10 (18.5) 		11 (4.7) 		219 (12.9) 				226 (46.6)		259 (53.4)

		Normal 		3 (5.6) 		11 (4.7) 		185 (10.9) 				111 (56.1) 		87 (43.9)



		METABRIC Integrative Clusters 

		1		5 (9.3) 		27 (11.5) 		107 (6.3) 		1.32x10-20		59 (43.4) 		77 (56.6)		3.29X10-23

		2		2 (3.7) 		20 (8.5) 		50 (3.0) 				44 (61.1)		28 (38.9)

		3		2 (3.7) 		28 (12.0) 		260 (15.4) 				158 (54.7)		131 (45.3)

		4		5 (9.3) 		14 (6.0) 		324 (19.1) 				178 (52.2)		163 (47.8)

		5		11 (20.4) 		7 (3.0) 		172 (10.2) 				66 (35.1)		122 (64.9)

		6		4 (7.4) 		15 (6.4) 		66 (3.9) 				46 (54.1)		39 (45.9)

		7		3 (5.6) 		39 (16.7) 		148 (8.7) 				120 (63.2)		70 (36.8)

		8		4 (7.4) 		61 (26.1) 		234 (13.8) 				211 (71.3)		85 (28.7)

		9		4 (7.4) 		18 (7.7) 		124 (7.3) 				63 (43.4)		82 (56.6)

		10		14 (25.9) 		5 (2.1) 		207 (12.2) 				67 (29.6)		159 (70.4) 





Sheet3

		Gene Biomarker		mRNA Expression

				Correlation Coefficeint		Adjusted P-Value

		SLC1A5		0.225		2.3X10-23

		SLC3A2		0.081		0.0009

		SLC7A5		0.158		5.6X10-12

		SLC7A11		0.08		0.0006

		SLC38A2		0.462		1.9X10-104

		GLS2		-0.069		0.002















Table 4

		AAT		ATF4 Protein Expression				Adjusted P-Value 								AAT		ATF4 Protein Expression				Adjusted P-Value 

				Reduced n (%) 		Elevated n (%) 												Reduced n (%) 		Elevated n (%) 

		SLC7A11 														SLC1A5

		Low 		479 (65.5) 		252 (34.5) 		9.78x10-11								Low		471 (58.1) 		340 (41.9) 		0.040

		High 		418 (48.7)		440 (51.3)										High 		750 (52.3)		685 (47.7) 



		SLC7A5														SLC3A2 

		Low 		1004 (56.7) 		766 (43.3) 		0.4200								Low		801 (55.1) 		653 (44.9) 		1.06

		High 		201 (52.6) 		181 (47.4) 										High 		290 (53.5) 		252 (46.5) 



		SLC3A2 														SLC7A5

		Low		801 (55.1) 		653 (44.9) 		1.0600								Low 		1004 (56.7) 		766 (43.3) 		0.42

		High 		290 (53.5) 		252 (46.5) 										High 		201 (52.6) 		181 (47.4) 



		SLC1A5														SLC7A8 

		Low		471 (58.1) 		340 (41.9) 		0.0395								Low		673 (58.1) 		485 (41.9) 		0.44

		High 		750 (52.3)		685 (47.7) 										High 		73 (51.0) 		70 (49.0) 



		SLC7A8 														SLC7A11 

		Low		673 (58.1) 		485 (41.9) 		0.4400								Low 		479 (65.5) 		252 (34.5) 		9.78x10-11

		High 		73 (51.0) 		70 (49.0) 										High 		418 (48.7)		440 (51.3)



		SLC38A2														SLC38A2

		Low		743 (56.4)		575 (43.6)		0.9800								Low		743 (56.4)		575 (43.6)		0.98

		High		72 (56.3)		56 (43.8) 										High		72 (56.3)		56 (43.8) 





Table 5

		Biological Marker		ATF4 Protein Expression				Adjusted P-Value 

				Reduced n (%) 		Elevated n (%) 

		PRODH 

		Low		436 (57.9) 		317 (42.1) 		0.0000003

		High 		44 (31.9) 		94 (68.1) 



		GLUD1 

		Low		268 (48.1) 		289 (51.9) 		0.0012

		High 		301 (59.4) 		206 (40.6) 



		ALDH18A1 

		Low		285 (65.1) 		153 (34.9) 		0.0000004

		High 		186 (46.2) 		217 (53.8) 



		ALDH4A1 

		Low		259 (63) 		151 (37) 		0.0007

		High 		196 (48) 		212 (52) 



		Gln-Pro 

		Low		87 (71.9) 		34 (28.1)		0.02

		High 		17 (45.9) 		20 (54.1) 



		GLS1 

		Low 		225 (65.6) 		118 (34.4) 		0.0000006

		High 		252 (47.0) 		284 (53.0) 



		GLS2 

		Low		168 (66.1) 		86 (33.9) 		0.0002

		High 		149 (48.4) 		159 (51.6) 



		PYCR 

		Low		160 (55.0)		131 (45.0)		0.4

		High		237 (49.2)		245 (50.8)



		SNAT 2

		Low		743 (56.4)		575 (43.6)		1

		High		72 (56.3)		56 (43.8) 





























ST 1

		Clinicopathological Parameter		Frequency n (%) 

		Age 

		<50 		631 (34.4)

		≥50 		1210 (65.7)



		Tumour Size 

		<2cm 		943 (51.2) 

		 ≥ 2cm 		898 (48.8)



		Tumour Grade 

		1		334 (18.2) 

		2		617 (33.6) 

		3		885 (48.5) 



		Lymph Node Stage

		1		1150 (62.6) 

		2		537 (29.2) 

		3		149 (8.1) 



		Nottingham Prognostic Index

		Good Prognostic Group		597 (32.4) 

		Moderate Prognostic Group 		954 (51.8) 

		Poop Prognostic Group 		290 (15.8) 



		ER Status

		Negative		453 (24.6) 

		Postive 		1367 (74.3) 



		PR Status

		Negative 		712 (41.0) 

		Positive 		1026 (59.0) 



		HER2 Status 

		Negative 		1521 (87.2) 

		Positive 		223 (12.1) 



		Triple Negative 

		No		1476 (80.2) 

		Yes 		300 (16.3) 






