	
	Cell surface targets 
	Metal Tag
	Source
	Catalog No. 

	CD45
	89Y
	Fluidigm
	3089003B

	CD38
	114Nd
	Fluidigm
	3144014B

	CD138
	168Er
	Fluidigm
	3168009B

	CD56
	149Sm
	Fluidigm
	3149021B

	CD81 
	145Nd
	Fluidigm
	3145007B

	CD20
	147Sm
	Fluidigm
	3147001B

	CD34
	148Nd
	Fluidigm
	3148001B

	CD274 (PD-L1)
	159Tb
	Fluidigm
	3159029B

	CD27
	167Er
	Fluidigm
	3167006B

	CD49d
	174Yb
	Fluidigm
	3174018B

	CD117* 
	173Yb
	BioLegend
	313223

	CD28*
	154Sm
	BioLegend
	302937

	CD147*
	161Dy
	BioLegend
	306206

	CD71*
	170Er                              
	BioLegend
	334102

	CD3
	141Pr
	Fluidigm
	3141019B

	CD19
	169Tm
	Fluidigm
	3169011B

	CD16
	209Bi
	Fluidigm
	3209002B

	Intracellular targets 
	Metal Tag
	Source
	Catalog No.

	IkBα
	164Dy
	Fluidigm
	3164004A

	SOX2
	150Nd
	Fluidigm
	3150019B

	MCL1
	163Dy
	Fluidigm
	3163006A

	IKZF3 (Aiolos)
	162Dy
	Fluidigm
	3162032B

	IRF4 (MUM-1)
	155Gd
	Fluidigm
	3155014B

	IKZF1 (Ikaros)
	143Nd
	Fluidigm
	3143024B

	Myc
	176Yb
	Fluidigm
	3176012B

	BCL-2*
	153Eu
	BioLegend
	658702

	CRBN* (Cereblon)
	146Nd
	Sigma
	SAB1407456

	Ki-67
	172Yb
	Fluidigm
	3172024B

	pS6 [S235/S236]
	175Lu
	Fluidigm
	3175009A

	pAkt [S473]
	152Sm
	Fluidigm
	3152005A

	pP38 [T180/Y182]
	156Gd
	Fluidigm
	3156002A

	pRb [S807/811]
	166Er
	Fluidigm
	3166011A

	pCREB [S133]
	165Ho
	Fluidigm
	3165009A

	pERK 1/2 [T202/Y204]
	171Yb
	Fluidigm
	3171010A

	pSTAT3 [Y705]
	158Gd
	Fluidigm
	3158005A

	Caspase 3/Cleaved
	142Nd
	Fluidigm
	3142004A

	Ig kappa/light chain
	160Gd
	Fluidigm
	3160005B

	Ig lambda/light chain
	151Eu
	Fluidigm
	3151004B


Supplementary Table 1: Antibodies used for CyTOF processing. 























*Antibodies conjugated using the X8 polymer MaxPAR kit (Fluidigm) as per manufacturer’s instructions.  
Supplementary Table 2: Reagents and their sources 
	Reagents
	Source
	Catalog number

	Benzonase 
	Sigma Aldrich
	E1014

	Cell-ID Cisplatin
	Fluidigm
	201064

	Maxpar Fix I Buffer
	Fluidigm
	201065

	Veri-Cells PBMC
	BioLegend
	425003

	Maxpar Cell Staining Buffer (CSB)
	Fluidigm
	201068

	Formaldehyde solution
	Thermo Scientific
	28906

	Cell-ID Intercalator-Ir
	Fluidigm
	201192A

	Maxpar Fix and Perm Buffer
	Fluidigm
	201067

	Maxpar Cell Acquisition Solution
	Fluidigm
	201237

	Cell-ID 20-Plex Pd Barcoding Kit
	Fluidigm
	201060


CyTOF specific reagents utilized during sample processing. Maxpar reagents, including water, Cell-ID Cisplatin, Fix and Perm Buffer, Cell Staining Buffer (CSB), Cell-ID Intercalator-Ir, Cell-ID 20-Plex Pd Barcoding Kit, Cell Acquisition Solution, and EQ Four Element Calibration Beads, were purchased from Fluidigm.



Supplementary Table 3: Cell surface and intracellular markers included in this study and their association with MM disease.
	Cell surface targets 
	Association of bulk protein or gene expression with poor MM disease outcome, drug resistance or relapse 

	CD45
	(1-4)
	
	
	

	CD38
	(5)
	

	CD138
	(6)
	

	CD56
	(4, 7)
	
	

	CD81 
	(8)
	

	CD20
	(4)
	

	CD34
	(9)
	

	CD274 (PD-L1)
	(10)
	

	CD27
	(11-13)
	

	CD49d
	(14)
	

	CD117* 
	(4)
	with CD28
	

	CD28*
	(4)
	

	CD147*
	(15)
	

	CD71*
	(16)
	

	IkBα
	(17, 18)
	

	SOX2
	(19)
	

	MCL1
	(20)
	

	IKZF3 (Aiolos)
	(21, 22)
	
	

	IRF4
	(22, 23)
	
	

	IKZF1 (Ikaros)
	(21, 22)
	
	

	Myc
	(24)
	

	BCL-2*
	(25)
	Venetoclax response
	

	CRBN* (Cereblon)
	(22)
	

	Ki-67
	(26)
	

	pS6 [S235/S236]
	(27)
	

	pAkt [S473]
	(28)
	

	pP38 [T180/Y182]
	(29-31)
	

	pRb [S807/811]
	(32)
	

	pCREB [S133]
	(33)
	

	pERK 1/2 [T202/Y204]
	(28, 34)
	
	

	pSTAT3 [Y705]
	(28, 35)
	
	


Association of bulk protein or gene expression of each marker evaluated in this study (as detected by flow cytometry or immunohistochemistry) to multiple myeloma (MM) disease outcome, drug resistance or disease relapse. Red is associated with elevated protein expression, blue is associated with reduced protein expression, grey is associated with no change in protein expression and brown is associated with uncertain protein expression in association with either poor MM disease outcome, drug resistance or relapse. Multiple colors indicate variable significance of marker to outcome. Study reference indicated.

Supplementary Table 4: Patient treatment 
	Patient
	Treatment

	1
	None-NDMM 

	2
	None-NDMM 

	3
	None-NDMM 

	4
	None-NDMM 

	5
	None-NDMM 

	6
	None-NDMM 

	7
	None-NDMM 

	8
	None-NDMM 

	9
	None-NDMM 

	10
	None-NDMM 

	11
	None-NDMM 

	12
	None-NDMM 

	13
	None-NDMM 

	14
	None-NDMM 

	15
	None-NDMM 

	16
	None-NDMM 

	17
	None-NDMM 

	19
	None-NDMM 

	19
	None-NDMM 

	20
	None-NDMM 

	21
	KRD

	22
	VRD+Elo+Ixa+KD+Dara**+Pom

	23
	RD+ASCT+Dara (after collection)

	24
	melphalan+pred+thal+selinexor+Dara**

	25
	CyBorD +VRD+ASCT+VRD+Dara**

	26
	melphalan+pred+thal+selinexor+ Dara (after collection)

	27
	CyBorD +ASCT+Dara**

	28
	CyBorD +ASCT+R+Dara (after collection)

	29
	CyBorD +VRD+Dara**

	30
	CyBorD +ASCT+Dara (after collection)

	31
	RD+ASCT+ Dara (after collection)

	32
	melphalan+pred+thal+selinexor+Dara*

	33
	VR

	34
	RD for SMM, VD+Dara**

	35
	RD+ASCT+Dara**

	36
	VD+Ben+CyBorD+ASCT+Dara (after collection)

	37
	RD

	38
	RD+ASCT+Dara**

	39
	VRD+ASCT+KRD

	40
	CyBorD +ASCT+R+Dara**

	41
	VD+VTD+VRD+CTX+pred+ASCT+Dara (after collection)

	42
	VD+Ben+CyBorD+ASCT+Dara**

	43
	VRD+R+Dara*

	44
	CRD+Dara*

	45
	VRD+KPD+Dara**+Pom+Dex

	46
	VRD+ASCT+R+Ixa+Pom+D+Dara (after collection)

	47
	RD+ASCT+R+Ixa+D+pembro+Pom+Dara**+V+D

	48
	VD+VRD+ASCT+R+Dara**

	49
	KRD+adriamycin-D+cytoxan+K+Dara**+Pom+Nelfinavir





















Treatment at any time of the patients in this study: thal (thalidomide); CyBorD (cyclophosphamide, bortezomib (Velcade), dexamethasone); VTD (Velcade, thalidomide, dexamethasone); VRD (Velcade, Revlimid (lenalidomide), dexamethasone); CRD (cyclophosphamide, Revlimid, dexamethasone); KRD (Carfilzomib, Revlimid, dexamethasone); Elo (elotuzumab); Pom (pomalidomide); Ixa (ixazomib); ben (bendamustine); pembro (pembrolizumab); pom (pomalidomide); pred (prednisone); ASCT (autologous stem cell transplant); dara (daratumumab: (after collection), * (>6 months prior to sample collection), ** (< 6 months prior to sample collection).


Supplementary Table 6: Risk ratios of each of the 13 phenotypic meta-clusters in association with overall survival (OS).
	Meta-cluster
(yes vs. no)
	Risk Ratio
	P-value
	Lower 95%
	Upper 95%
	
	
	
	

	1
	0.21
	0.027
	0.05
	0.84
	
	
	
	

	2
	0.89
	0.849
	0.27
	2.93
	
	
	
	

	3
	1.36
	0.611
	0.41
	4.47
	
	
	
	

	4
	2.74
	0.203
	0.57
	12.96
	
	
	
	

	5
	0
	0.998
	0
	N/A
	
	
	
	

	6
	0.51
	0.310
	0.14
	1.84
	
	
	
	

	7
	1.28
	0.748
	0.27
	6.09
	
	
	
	

	8
	1.87
	0.341
	0.51
	6.84
	
	
	
	

	9
	0.88
	0.854
	0.22
	3.43
	
	
	
	

	10
	0.62
	0.459
	0.18
	2.16
	
	
	
	

	11
	1.08
	0.895
	0.31
	3.88
	
	
	
	

	12
	1.53
	0.542
	0.38
	6.08
	
	
	
	

	13
	1.55
	0.498
	0.43
	5.51
	
	
	
	

	
	
	
	
	
	
	
	
	

	
	Univariate model
	Multivariate model

	Independent variables
	Risk Ratio
	P-value
	Lower 95%
	Upper 95%
	Risk Ratio
	P-value
	Lower 95%
	Upper 95%

	Meta-cluster 1 
(yes vs. no)
	0.21
	0.027
	0.05
	0.84
	0.28
	0.063
	0.07
	1.08

	mSMART 
(standard vs. high)
	0.21
	0.045
	0.04
	0.96
	0.25
	0.079
	0.05
	1.17


Top) Comparison of the presence or absence of the 13 phenotypic meta-clusters on OS on univariate analysis. Bottom) Comparison of the presence or absence of meta-cluster 1 or mSMART status on OS on univariate analysis and multivariate analysis. P-value determined using Wald test. Risk ratios are considered significant if p<0.05.
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