Supplement to TNFRSF17 (B-cell maturation antigen, BCMA) alterations and downstream compensatory pathway activation following BCMA-directed CAR T-cell and bispecific T-cell engagers in multiple myeloma
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Supplementary Methods 
Samples: Cryopreserved bone marrow plasma cells were flow sorted using CD138 magnetic beads (Miltenyi Biotec, Germany) for n=13 samples. Unsorted DMSO cryopreserved bone marrow samples for n=5 samples. In n=14 samples, DNA was extracted from formalin-fixed paraffin-embedded (FFPE) trephine specimens (median BMPC burden =65%, median DNA amount = 1221.75ng). Cancer-cell fractions were estimated to assess for clonal enrichment after therapy. The cancer-cell fraction was calculated by multiplying the observed variant allele frequency by two and then dividing by the concurrent bone-marrow plasma-cell percentage (expressed as a fraction), and capping the result at one.
Whole exome sequencing (WES): Genomic DNA samples were quantified using Qubit 4.0 Fluorometer (ThermoFisher Scientific, Waltham, MA, USA). Twist Human Core Exome library preparation was performed according to the manufacturer’s guidelines (Twist Biosciences, South San Francisco, CA, USA). The genomic DNA was fragmented by acoustic shearing with a Covaris S220 instrument.  Fragmented DNAs were cleaned up and end repaired, as well as adenylated at the 3’ends.  Adapters were ligated to the DNA fragments, and adapter-ligated DNA fragments were enriched with limited cycle PCR. Adapter-ligated DNA fragments were validated using Agilent TapeStation (Agilent Technologies, Palo Alto, CA, USA), and quantified using Qubit 4.0 Fluorometer. Adapter-ligated DNA fragments were hybridized with biotinylated baits. The hybrid DNAs were captured by streptavidin-coated binding beads. After extensive wash, the captured DNAs were amplified and indexed with Illumina indexing primers. Post-captured DNA libraries were validated using Agilent TapeStation (Agilent, Santa Clara, CA, USA) and quantified using Qubit 4.0 Fluorometer and Real-Time PCR (KAPA Biosystems, Wilmington, MA, USA). The sequencing libraries were multiplexed and clustered onto a flowcell on the Illumina NovaSeq instrument according to manufacturer’s instructions. The samples were sequenced using a 2x150bp Paired End (PE) configuration. Image analysis and base calling were conducted by the NovaSeq Control Software (NCS). Raw sequence data (.bcl files) generated from Illumina NovaSeq was converted into fastq files and de-multiplexed using Illumina bcl2fastq 2.20 software. One mis-match was allowed for index sequence identification.
Variant calling:  Sequencing adapters and low quality bases in raw reads were trimmed using Trimmomatic 0.39. Cleaned reads were then aligned to the Homo sapiens GRCh38 reference genome using Sentieon 202308. Alignments were then sorted and PCR/Optical duplicates were marked. Somatic SNVs and small INDELs were called by using Sentieon 202308 (TNseq algorithm). The VCF files generated by the pipeline were then normalized (left alignment of INDELs and splitting multiallelic sites into multiple sites) using bcftools 1.13. Overlapped transcripts were identified for each variant and the effects of the variants on the transcripts were predicted by Ensembl VEP 104.  
Copy Number Alterations (CNA): The whole exome BAM files were processed using CNVkit and the log ratios of the segments were compared between pre and post-treatment time points of each patient sample pairs to identify relevant gene gains or losses. Copy number states were reported as homozygous deletion, heterozygous loss, copy number neutral loss of heterozygosity (LOH), normal, gain, and amplification. Gene-level biallelic events were defined by homozygous deletion, or co-occurrence of heterozygous loss with mutation.

Supplementary Table 1. Pathway assignment of shared genes within the NF- κB, PI3K/AKT, and MAPK (including the JNK/p38 subset) pathways.
	Gene
	Overlapping Pathways
	Assigned Pathway

	MTOR
	PI3K-AKT-mTOR, 
MAPK/ERK
	PI3K-AKT-mTOR

	MAPKAPK2
	JNK/p38, 
MAPK/ERK
	JNK/p38

	MAP3K1
	JNK/p38, 
MAPK/ERK
	JNK/p38

	TRAF2
	NF-κB, 
JNK/p38, 
MAPK/ERK
	NF-κB

	MAP3K14
	NF-κB, 
MAPK/ERK
	NF-κB

	KRAS
	PI3K-AKT-mTOR, 
MAPK/ERK
	MAPK/ERK

	DUSP6
	JNK/p38, 
MAPK/ERK
	MAPK/ERK

	TRAF3
	NF-κB, 
MAPK/ERK
	NF-κB

	IKBKB
	NF-κB, 
MAPK/ERK
	NF-κB

	TNFRSF1A
	NF-κB, 
JNK/p38
	NF-κB

	MAP2K3
	JNK/p38, 
MAPK/ERK
	JNK/p38

	CREB1
	JNK/p38, 
MAPK/ERK
	MAPK/ERK

	BIRC2
	NF-κB, 
MAPK/ERK
	NF-κB

	MAPK14
	PI3K-AKT-mTOR, 
JNK/p38, 
MAPK/ERK
	JNK/p38

	MAP2K4
	JNK/p38, 
MAPK/ERK
	JNK/p38

	JUN
	JNK/p38, MAPK/ERK
	JNK/p38

	MAPKAPK5
	JNK/p38, MAPK/ERK
	JNK/p38

	CHUK
	NF-κB, JNK/p38, MAPK/ERK
	NF-κB

	MAPK9
	JNK/p38, MAPK/ERK
	JNK/p38

	NRAS
	PI3K-AKT-mTOR, 
MAPK/ERK
	MAPK/ERK



Supplementary Table 2.  Genes associated with resistance to T-cell killing (outside of the NF-KB pathway) and the rationale for their inclusion. 
	Association
	Genes

	Core apoptosis execution and regulators
	Anti-apoptotic: BCL2, BCL2L1, MCL1, BCL2A1, BCL2L2, BIRC5
Apoptosis effectors: CASP3, CASP7, CASP9, APAF1, DFFA, DFFB
Pro-apoptotic: BAX, BAK1, BBC3, PMAIP1, BID, BAD, BOK

	Death-receptor pathway
	FAS, TNFRSF10A, TNFRSF10B, TNFRSF10C, TNFRSF10D, FASLG,  CASP8, CASP10, FADD, CFLAR, SERPINB9

	P53 pathway
	TP53, MDM2, CDKN1A, CDKN2A

	Unfolded protein response
	ERN1, ATF4, ATF3, EIF2AK3, DDIT3, EEF1A2, TRIB3, CHAC1





























Supplementary Table 3. A complete list of pre-treatment pathogenic or loss of function variants in BCMA downstream signalling pathways: NF- κB, PI3K/AKT, and MAPK (including the JNK/p38 subset)
	Patient Sample
	Gene Name
	Variant Classification
	HGVSp
	SIFT
	PolyPhen
	Tumor VAF
	Pathway
	PFS1 (month)

	C1A
	MTOR
	Nonsense Mutation
	p.Arg1161Ter
	-
	-
	0.273
	PI3K
	10

	C1A
	MAPKAPK2
	Missense Mutation
	p.Leu192Val
	deleterious(0)
	possibly_damaging(0.648)
	0.604
	JNKp38
	10

	C1A
	MAP3K1
	Missense Mutation
	p.Asp1164His
	tolerated(0.17)
	probably_damaging(0.997)
	0.196
	JNKp38
	10

	C1A
	TRAF2
	Missense Mutation
	p.Asp174His
	tolerated(0.1)
	possibly_damaging(0.595)
	0.473
	NFKB
	10

	C1A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	10

	C1A
	MAPK8IP3
	Missense Mutation
	p.Thr1194Ile
	tolerated(0.06)
	probably_damaging(0.998)
	1
	MAPK
	10

	C1A
	ULK2
	Missense Mutation
	p.Asp690His
	deleterious(0)
	possibly_damaging(0.481)
	0.544
	PI3K
	10

	C1A
	MAP3K14
	Missense Mutation
	p.Asp544His
	deleterious(0.02)
	benign(0.074)
	0.132
	NFKB
	10

	C2A
	RAF1
	Missense Mutation
	p.Ile578Phe
	deleterious(0)
	benign(0.289)
	0.051
	MAPK
	12

	C2A
	XIAP
	Missense Mutation
	p.Asn340Lys
	deleterious(0)
	benign(0.255)
	0.178
	NFKB
	12

	C3A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	9

	C3A
	STAT1
	Nonsense Mutation
	p.Gln272Ter
	-
	-
	0.059
	JNKp38
	9

	C3A
	ERBB4
	Missense Mutation
	p.Leu753Arg
	deleterious(0)
	probably_damaging(0.999)
	0.674
	PI3K
	9

	C3A
	NFKBIA
	Nonstop Mutation
	p.Ter318SerextTer5
	-
	-
	0.31
	NFKB
	9

	C4A
	RRAGB
	Missense Mutation
	p.Leu343Val
	deleterious_low_confidence(0.04)
	probably_damaging(0.953)
	1
	PI3K
	5

	C4A
	NFATC1
	Missense Mutation
	p.Ser49Phe
	deleterious(0.01)
	benign(0.332)
	0.497
	MAPK
	5

	C4A
	TRAF3
	Nonsense Mutation
	p.Glu283Ter
	-
	-
	0.124
	NFKB
	5

	C4A
	DUSP6
	Missense Mutation
	p.Glu248Lys
	deleterious(0.04)
	probably_damaging(0.924)
	0.069
	MAPK
	5

	C4A
	RHEBL1
	Missense Mutation
	p.Glu66Lys
	deleterious(0.03)
	benign(0.323)
	0.154
	PI3K
	5

	C4A
	MAP3K11
	Missense Mutation
	p.Glu139Lys
	deleterious(0.05)
	benign(0.261)
	0.114
	JNKp38
	5

	C4A
	PPP2R2A
	Missense Mutation
	p.Gln443Glu
	deleterious(0.01)
	benign(0.379)
	0.392
	PI3K
	5

	C4A
	KRAS
	Missense Mutation
	p.Gly12Cys
	deleterious(0.02)
	probably_damaging(0.99)
	0.655
	MAPK
	5

	C5A
	NFKBIA
	Missense Mutation
	p.Asp208Asn
	tolerated(0.14)
	probably_damaging(0.998)
	0.289
	NFKB
	3

	C5A
	FGFR1
	Missense Mutation
	p.Lys163Asn
	deleterious(0.05)
	benign(0.068)
	0.378
	PI3K
	3

	C5A
	ERBB2
	In Frame Del
	p.Asp171del
	-
	-
	0.059
	PI3K
	3

	C5A
	ERBB2
	Missense Mutation
	p.Phe616Leu
	-
	-
	0.071
	PI3K
	3

	C5A
	ERBB2
	In Frame Ins
	p.Ile172delinsMetSer
	-
	-
	0.061
	PI3K
	3

	C5A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	3

	C5A
	IKBKB
	In Frame Ins
	p.Ile437delinsMetLeuCys
	-
	-
	0.056
	NFKB
	3

	C5A
	BRAF
	Missense Mutation
	p.Gly504Arg
	deleterious(0)
	probably_damaging(0.998)
	0.222
	MAPK
	3

	C5A
	BRAF
	Missense Mutation
	p.Glu735Gln
	deleterious(0)
	benign(0.361)
	0.239
	MAPK
	3

	C5A
	INSR
	In Frame Del
	p.Ala493_Ser494del
	-
	-
	0.071
	PI3K
	3

	C5A
	LAMTOR4
	Missense Mutation
	p.Gly80Ala
	tolerated_low_confidence(1)
	unknown(0)
	0.496
	PI3K
	3

	C5A
	PIKFYVE
	Missense Mutation
	p.Gln1760Gly
	-
	-
	0.055
	PI3K
	3

	C5A
	DUSP10
	Missense Mutation
	p.Pro3Leu
	deleterious_low_confidence(0)
	probably_damaging(0.995)
	0.06
	JNKp38
	3

	C5A
	MAP3K6
	Missense Mutation
	p.Gly406Arg
	deleterious(0)
	probably_damaging(1)
	0.064
	JNKp38
	3

	C5A
	XBP1
	Frame Shift Del
	p.Ala166GlufsTer88
	-
	-
	0.059
	MAPK
	3

	T1A
	CYLD
	Nonsense Mutation
	p.Gln77Ter
	-
	-
	0.058
	NFKB
	3

	T1A
	MAP3K9
	Missense Mutation
	p.Glu771Ala
	deleterious(0.02)
	benign(0.07)
	0.133
	JNKp38
	3

	T1A
	MAP3K9
	Missense Mutation
	p.Lys774Thr
	deleterious(0.02)
	benign(0.018)
	0.107
	JNKp38
	3

	T1A
	VCAM1
	Missense Mutation
	p.Ile523_Leu524delinsArgMet
	-
	-
	0.138
	NFKB
	3

	T1A
	VCAM1
	Frame Shift Ins
	p.Ser528GlnfsTer25
	-
	-
	0.141
	NFKB
	3

	T1A
	ATF6
	Missense Mutation
	p.Leu211Phe
	deleterious(0)
	probably_damaging(0.913)
	0.071
	JNKp38
	3

	T1A
	PIK3R5
	Splice Site
	-
	-
	-
	0.051
	PI3K
	3

	T1A
	IRS1
	Frame Shift Ins
	p.Glu826GlyfsTer119
	-
	-
	0.088
	PI3K
	3

	T1A
	PRKAA1
	Missense Mutation
	p.Pro358Leu
	tolerated(0.05)
	probably_damaging(0.999)
	0.062
	PI3K
	3

	T1A
	FLT4
	Missense Mutation
	p.Asn1271Lys
	deleterious(0.01)
	benign(0.394)
	0.056
	PI3K
	3

	T1A
	MAPK14
	Nonsense Mutation
	p.Trp18Ter
	-
	-
	0.06
	JNKp38
	3

	T1A
	RHEB
	Missense Mutation
	p.Val32Met
	deleterious(0)
	probably_damaging(0.988)
	0.098
	PI3K
	3

	T1A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	3

	T1A
	NFKBIA
	Frame Shift Del
	p.Gln271HisfsTer2
	-
	-
	0.198
	NFKB
	3

	T1A
	PDGFRA
	Missense Mutation
	p.Cys664Tyr
	deleterious(0)
	probably_damaging(1)
	0.074
	PI3K
	3

	T1A
	HIF1A
	Missense Mutation
	p.Arg151Gly
	tolerated(0.13)
	probably_damaging(0.988)
	0.12
	PI3K
	3

	T1A
	MAP2K4
	Missense Mutation
	p.Gly294Glu
	deleterious(0)
	probably_damaging(1)
	0.065
	JNKp38
	3

	T1A
	ICAM1
	Missense Mutation
	p.Phe212Leu
	deleterious(0)
	benign(0.084)
	0.115
	NFKB
	3

	T1A
	ICAM1
	Missense Mutation
	p.Thr211Pro
	deleterious(0)
	probably_damaging(0.991)
	0.1
	NFKB
	3

	T1A
	MAP3K14
	Missense Mutation
	p.Gly70Ser
	deleterious(0.04)
	possibly_damaging(0.886)
	0.053
	NFKB
	3

	T2A
	JUN
	Missense Mutation
	p.Ser292Leu
	deleterious(0.01)
	benign(0.364)
	0.226
	JNKp38
	6

	T2A
	PIK3CB
	Missense Mutation
	p.Ser781Phe
	deleterious(0)
	probably_damaging(1)
	0.187
	PI3K
	6

	T2A
	BRAF
	Missense Mutation
	p.Glu626Lys
	deleterious(0)
	benign(0.091)
	0.244
	MAPK
	6

	T2A
	DEPTOR
	Missense Mutation
	p.Lys58Asn
	deleterious(0)
	possibly_damaging(0.601)
	0.192
	PI3K
	6

	T2A
	TRAF2
	Nonsense Mutation
	p.Gln67Ter
	-
	-
	0.365
	NFKB
	6

	T2A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	6

	T2A
	MAPKBP1
	Missense Mutation
	p.Asp782Asn
	deleterious(0.04)
	possibly_damaging(0.886)
	0.142
	MAPK
	6

	T2A
	RPTOR
	Missense Mutation
	p.Val826Leu
	deleterious(0.01)
	benign(0.037)
	0.157
	PI3K
	6

	T2A
	RRAGC
	Missense Mutation
	p.Tyr354Cys
	deleterious(0.01)
	probably_damaging(0.997)
	0.157
	PI3K
	6

	T3A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	10

	T4A
	FGFR2
	Missense Mutation
	p.Gly817Ser
	tolerated_low_confidence(0.14)
	possibly_damaging(0.604)
	0.073
	PI3K
	48

	T4A
	TBK1
	Missense Mutation
	p.Ser151Phe
	deleterious(0)
	probably_damaging(0.996)
	0.441
	NFKB
	48

	T4A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	48

	T4A
	CHUK
	Missense Mutation
	p.Ile541Met
	deleterious(0)
	probably_damaging(0.994)
	0.078
	NFKB
	48

	T4A
	SHARPIN
	Frame Shift Del
	p.Leu348SerfsTer63
	-
	-
	0.085
	NFKB
	48

	T4A
	PIK3CG
	Missense Mutation
	p.Val11Met
	deleterious_low_confidence(0.01)
	benign(0.099)
	0.062
	PI3K
	48

	T4A
	STAT1
	Missense Mutation
	p.Arg31Lys
	deleterious(0)
	probably_damaging(0.998)
	0.078
	JNKp38
	48

	T4A
	PDPK1
	Missense Mutation
	p.Gly530Glu
	deleterious(0.01)
	probably_damaging(0.916)
	0.054
	PI3K
	48

	T4A
	FOSL1
	Missense Mutation
	p.Met53Ile
	deleterious(0.01)
	benign(0.292)
	0.562
	JNKp38
	48

	T5A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	16

	T5A
	MAPK9
	Missense Mutation
	p.Trp209Ser
	deleterious(0)
	probably_damaging(1)
	0.33
	JNKp38
	16

	T6A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	26

	T6A
	BRAF
	Missense Mutation
	p.Val640Glu
	deleterious(0)
	probably_damaging(0.955)
	0.189
	MAPK
	26

	T7A
	MAPKAPK5
	Missense Mutation
	p.Glu62Gln
	deleterious(0.01)
	probably_damaging(0.969)
	0.482
	JNKp38
	31

	T7A
	MAPK8IP3
	Missense Mutation
	p.Val858Leu
	tolerated(0.26)
	probably_damaging(0.99)
	0.372
	MAPK
	31

	T7A
	TNFRSF13C
	Frame Shift Del
	p.Arg2GlyfsTer98
	-
	-
	0.052
	NFKB
	31

	T7A
	TNFRSF13C
	Translation Start Site
	p.Met1?
	deleterious(0)
	benign(0.001)
	0.052
	NFKB
	31

	T7A
	MAP2K2
	Missense Mutation
	p.Arg303His
	tolerated(0.07)
	probably_damaging(0.94)
	0.135
	MAPK
	31

	T7A
	FLT1
	Missense Mutation
	p.Pro1171Leu
	deleterious(0)
	probably_damaging(1)
	0.353
	PI3K
	31

	T8A
	TAB3
	Missense Mutation
	p.Glu572Val
	deleterious(0)
	possibly_damaging(0.662)
	0.07
	JNKp38
	7

	T8A
	INSR
	Missense Mutation
	p.Asp1177Asn
	deleterious(0)
	probably_damaging(0.999)
	0.074
	PI3K
	7

	T8A
	MAP3K9
	Nonsense Mutation
	p.Ala772AsnfsTer18
	-
	-
	0.053
	JNKp38
	7

	T8A
	BIRC2
	Missense Mutation
	p.Ala399Thr
	deleterious(0.02)
	possibly_damaging(0.881)
	0.057
	NFKB
	7

	T8A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	7

	T8A
	PRDM1
	Missense Mutation
	p.His146Pro
	deleterious(0)
	probably_damaging(0.998)
	0.072
	MAPK
	7

	T8A
	NFKBIZ
	Missense Mutation
	p.Ser612Asn
	deleterious(0.02)
	probably_damaging(0.999)
	0.052
	NFKB
	7

	T8A
	IRS1
	In Frame Del
	p.Ser685_Ser686del
	-
	-
	0.1
	PI3K
	7

	T8A
	CREB1
	Missense Mutation
	p.Pro81Ser
	deleterious(0.02)
	probably_damaging(0.997)
	0.061
	MAPK
	7

	T8A
	MTOR
	Frame Shift Ins
	p.Thr571ArgfsTer32
	-
	-
	0.071
	PI3K
	7

	T8A
	ARAF
	Missense Mutation
	p.Glu304Val
	deleterious(0.03)
	benign(0.344)
	0.057
	MAPK
	7

	T8A
	MAP3K10
	In Frame Ins
	-
	-
	-
	0.056
	JNKp38
	7

	T9A
	PRDM1
	Missense Mutation
	p.Lys620Arg
	deleterious(0.01)
	probably_damaging(0.999)
	0.112
	MAPK
	1

	T9A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	1

	T9A
	MAP3K11
	Missense Mutation
	p.Ala845Ser
	deleterious_low_confidence(0)
	benign(0.003)
	0.489
	JNKp38
	1

	T9A
	TNFRSF1A
	Missense Mutation
	p.Arg410Cys
	deleterious(0)
	probably_damaging(0.985)
	0.08
	NFKB
	1

	T9A
	KRAS
	Missense Mutation
	p.Gln61His
	deleterious(0)
	benign(0.072)
	0.11
	MAPK
	1

	T9A
	MAP2K3
	Missense Mutation
	p.Ile169Thr
	deleterious(0.04)
	benign(0.409)
	0.163
	JNKp38
	1

	T10A
	PIKFYVE
	Missense Mutation
	p.Gln1760Gly
	-
	-
	0.077
	PI3K
	2

	T10A
	TAB2
	Missense Mutation
	p.Arg382His
	deleterious(0.04)
	probably_damaging(0.994)
	0.483
	JNKp38
	2

	T10A
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1
	JNKp38
	2

	T10A
	MAP3K9
	Missense Mutation
	p.Lys774Thr
	deleterious(0.02)
	benign(0.018)
	0.06
	JNKp38
	2





Supplementary Table 4. A complete list of unique acquired pathogenic or loss of function variants in BCMA downstream signalling pathways: NF- κB, PI3K/AKT, and MAPK (including the JNK/p38 subset)
	[bookmark: OLE_LINK3]Patient Sample
	Agent
	Gene Name
	Variant Class
	HGVSp
	SIFT
	PolyPhen
	Tumor VAF
	Pathway

	C1C
	TCE
	IRS2
	Missense Mutation
	p.Ser308Leu
	deleterious(0)
	probably_damaging(0.991)
	0.062
	PI3K

	C2B
	CAR T
	FLT1
	Missense Mutation
	p.Ser786Phe
	deleterious(0.02)
	possibly_damaging(0.553)
	0.074
	PI3K

	C2B
	CAR T
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1.000
	JNKp38

	C2B
	CAR T
	NRAS
	Missense Mutation
	p.Gln61His
	deleterious(0)
	benign(0.316)
	0.132
	MAPK

	C4B
	CAR T
	FGFR2
	Frame Shift Del
	p.Glu171AlafsTer12
	
	
	0.096
	PI3K

	C4B
	CAR T
	FLT1
	Missense Mutation
	p.Pro1062Ser
	deleterious(0.01)
	probably_damaging(1)
	0.0727
	PI3K

	C4B
	CAR T
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1.000
	JNKp38

	C4B
	CAR T
	TAB3
	Frame Shift Del
	p.Thr430AsnfsTer18
	
	
	0.086
	JNKp38

	C4B
	CAR T
	TAB3
	Frame Shift Ins
	p.Ile429MetfsTer28
	
	
	0.086
	JNKp38

	C5B
	CAR T
	VCAM1
	Missense Mutation
	p.Ile523_Leu524delinsArgMet
	
	
	0.113
	NFKB

	C5B
	CAR T
	TBC1D7
	Missense Mutation
	p.Ser218Phe
	deleterious(0.05)
	benign(0.043)
	0.386
	PI3K

	C5B
	CAR T
	IGF1R
	Missense Mutation
	p.Pro266Leu
	deleterious(0.05)
	probably_damaging(0.989)
	0.086
	PI3K

	T2B
	TCE
	LAMTOR1
	Missense Mutation
	p.Asp83His
	deleterious(0.05)
	benign(0.043)
	0.386
	PI3K

	T3B
	TCE
	NFKBIA
	In Frame Ins
	p.Asp28dup
	
	
	0.323
	NFKB

	T3B
	TCE
	NFKBIZ
	Missense Mutation
	p.Thr195Met
	deleterious_low_confidence(0)
	probably_damaging(0.959)
	0.058
	NFKB

	T3B
	TCE
	FGFR1
	Missense Mutation
	p.Ser115Phe
	tolerated(0.14)
	probably_damaging(0.83)
	0.091
	PI3K

	T3B
	TCE
	IGF1R
	Missense Mutation
	p.Val1195Ile
	deleterious(0.04)
	possibly_damaging(0.855)
	0.059
	PI3K

	T3B
	TCE
	ERBB2
	Missense Mutation
	p.Thr306Met
	tolerated(0.17)
	probably_damaging(0.923)
	0.058
	PI3K

	T3B
	TCE
	AKT2
	Missense Mutation
	p.Arg392Lys
	deleterious(0)
	probably_damaging(0.973)
	0.059
	PI3K

	T3B
	TCE
	AKT2
	Missense Mutation
	p.Asp324Glu
	deleterious(0.04)
	possibly_damaging(0.764)
	0.056
	PI3K

	T3B
	TCE
	MAPK8
	Missense Mutation
	p.Ala332Thr
	tolerated(0.18)
	possibly_damaging(0.58)
	0.067
	JNKp38

	T3B
	TCE
	BRAF
	Missense Mutation
	p.Val640Glu
	deleterious(0)
	probably_damaging(0.955)
	0.270
	MAPK

	T5B
	TCE
	CYLD
	Frame Shift Del
	p.Thr521IlefsTer6
	
	
	0.929
	NFKB

	T7B
	TCE
	DUSP5
	Missense Mutation
	p.Ala220Met
	deleterious(0.04)
	benign(0.003)
	1.000
	JNKp38

	T8B
	TCE
	RRAGA
	Missense Mutation
	p.Pro182Thr
	deleterious(0)
	probably_damaging(1)
	0.547
	PI3K

	T9B
	TCE
	VCAM1
	Missense Mutation
	p.Ile523_Leu524delinsArgMet
	
	
	0.128
	NFKB

	T9B
	TCE
	IKBKB
	Missense Mutation
	p.Gly251Glu
	deleterious(0)
	possibly_damaging(0.883)
	0.111
	NFKB

	T9B
	TCE
	SHARPIN
	Frame Shift Del
	p.Leu348SerfsTer63
	
	
	0.060
	NFKB

	T9B
	TCE
	CYLD
	Missense Mutation
	p.Leu423Phe
	deleterious(0.03)
	probably_damaging(0.994)
	0.075
	NFKB

	T9B
	TCE
	MTOR
	Frame Shift Del
	p.Pro568ArgfsTer29
	
	
	0.059
	PI3K

	T9B
	TCE
	INPP5D
	Missense Mutation
	p.Pro669Ser
	deleterious(0.01)
	probably_damaging(0.957)
	0.073
	PI3K

	T9B
	TCE
	FGFR3
	Missense Mutation
	p.Met631Ile
	deleterious(0.01)
	possibly_damaging(0.791)
	0.070
	PI3K

	T9B
	TCE
	RICTOR
	Missense Mutation
	p.Pro378Ser
	deleterious(0.03)
	probably_damaging(0.998)
	0.067
	PI3K

	T9B
	TCE
	FGFR4
	In Frame Ins
	
	
	
	0.083
	PI3K

	T9B
	TCE
	FGFR4
	Missense Mutation
	p.Gln636Lys
	deleterious(0)
	probably_damaging(1)
	0.05
	PI3K

	T9B
	TCE
	FOXO3
	Frame Shift Ins
	p.Leu382AlafsTer3
	
	
	0.137
	PI3K

	T9B
	TCE
	EGFR
	Nonsense Mutation
	p.Gln1143Ter
	
	
	0.057
	PI3K

	T9B
	TCE
	PTPN11
	Missense Mutation
	p.Gly39Arg
	deleterious(0)
	probably_damaging(0.993)
	0.060
	PI3K

	T9B
	TCE
	ULK2
	Missense Mutation
	p.Leu532Phe
	deleterious(0)
	probably_damaging(0.995)
	0.060
	PI3K

	T9B
	TCE
	ERBB2
	In Frame Del
	p.Asp171del
	
	
	0.069
	PI3K

	T9B
	TCE
	ERBB2
	In Frame Ins
	p.Ile172delinsMetSer
	
	
	0.072
	PI3K

	T9B
	TCE
	CHUK
	Frame Shift Ins
	p.Ile159AsnfsTer4
	
	
	0.071
	NFKB

	T9B
	TCE
	RPS6KA4
	Frame Shift Ins
	p.His478GlnfsTer160
	
	
	0.073
	MAPK

	T9B
	TCE
	RPS6KA4
	Missense Mutation
	p.Thr479Arg
	deleterious(0.01)
	probably_damaging(0.979)
	0.064
	MAPK

	T9B
	TCE
	MAPKAPK5
	Missense Mutation
	p.Arg361Gln
	tolerated(0.56)
	probably_damaging(0.947)
	0.061
	JNKp38

	T10B
	TCE
	PRKAA1
	Missense Mutation
	p.Arg274Lys
	tolerated(0.29)
	probably_damaging(0.993)
	0.103
	PI3K

	T10B
	TCE
	SESN1
	Missense Mutation
	p.Val170Met
	deleterious(0.04)
	Benign(0.026)
	0.058
	PI3K

	T10B
	TCE
	RPS6KA2
	Missense Mutation
	p.Val485Gly
	deleterious(0)
	probably_damaging(0.989)
	0.053
	MAPK

	T10B
	TCE
	RPS6KA2
	Nonsense Mutation
	p.Tyr483Ter
	
	
	0.056
	MAPK

	T10B
	TCE
	KRAS
	Missense Mutation
	p.Gly60Val
	deleterious(0)
	probably_damaging(1)
	0.316
	MAPK

	T10B
	TCE
	TAB3
	Frame Shift Del
	p.Thr430AsnfsTer18
	
	
	0.095
	JNKp38

	T10B
	TCE
	TAB3
	Frame Shift Ins
	p.Ile429MetfsTer28
	
	
	0.095
	JNKp38

	T10B
	TCE
	MAPK8IP1
	In Frame Ins
	p.Glu107_Asp108dup
	
	
	0.25
	MAPK





















Supplementary Table 5. A complete list of enriched pathogenic or loss of function variants in BCMA downstream signalling pathways: NF- κB, PI3K/AKT, and MAPK (including the JNK/p38 subset)
	Patient Sample
	Gene Name
	Variant Class
	HGVSp
	VAF
	CCF
	SIFT
	PolyPhen
	Pathway

	C4A
	MAP3K11
	Missense mutation
	p.Glu139Lys
	0.114
	0.253
	deleterious(0.05)
	benign(0.261)
	JNKp38

	C4B
	MAP3K11
	Missense mutation
	p.Glu139Lys
	0.351
	0.739
	deleterious(0.05)
	benign(0.261)
	JNKp38

	T2A
	BRAF
	Missense mutation
	p.Glu626Lys
	0.244
	0.749
	deleterious(0)
	benign(0.091)
	MAPK

	T2B
	BRAF
	Missense mutation
	p.Glu626Lys
	0.663
	1.000
	deleterious(0)
	benign(0.091)
	MAPK

	T2A
	DEPTOR
	Missense mutation
	p.Lys58Asn
	0.192
	0.592
	deleterious(0)
	possibly_damaging(0.601)
	PI3K

	T2B
	DEPTOR
	Missense mutation
	p.Lys58Asn
	0.631
	1.000
	deleterious(0)
	possibly_damaging(0.601)
	PI3K

	T2A
	JUN
	Missense mutation
	p.Ser292Leu
	0.226
	0.694
	deleterious(0.01)
	benign(0.364)
	JNKp38

	T2B
	JUN
	Missense mutation
	p.Ser292Leu
	0.457
	0.961
	deleterious(0.01)
	benign(0.364)
	JNKp38

	T2A
	MAPKBP1
	Missense mutation
	p.Asp782Asn
	0.142
	0.437
	deleterious(0.04)
	possibly_damaging(0.886)
	MAPK

	T2B
	MAPKBP1
	Missense mutation
	p.Asp782Asn
	0.496
	1.000
	deleterious(0.04)
	possibly_damaging(0.886)
	MAPK

	T2A
	PIK3CB
	Missense mutation
	p.Ser781Phe
	0.187
	0.575
	deleterious(0)
	probably_damaging(1)
	PI3K

	T2B
	PIK3CB
	Missense mutation
	p.Ser781Phe
	0.533
	1.000
	deleterious(0)
	probably_damaging(1)
	PI3K

	T2A
	RRAGC
	Missense mutation
	p.Tyr354Cys
	0.157
	0.484
	deleterious(0.01)
	probably_damaging(0.997)
	PI3K

	T2B
	RRAGC
	Missense mutation
	p.Tyr354Cys
	0.509
	1.000
	deleterious(0.01)
	probably_damaging(0.997)
	PI3K

	T6A
	BRAF
	Missense mutation
	p.Val640Glu
	0.189
	0.592
	deleterious(0)
	probably_damaging(0.955)
	MAPK

	T6B
	BRAF
	Missense mutation
	p.Val640Glu
	0.510
	1.000
	deleterious(0)
	probably_damaging(0.955)
	MAPK

	T9A
	KRAS
	Missense mutation
	p.Gln61His
	0.110
	0.442
	deleterious(0)
	benign(0.072)
	MAPK

	T9B
	KRAS
	Missense mutation
	p.Gln61His
	0.388
	0.838
	deleterious(0)
	benign(0.072)
	MAPK

	T9A
	PRDM1
	Missense mutation
	p.Lys620Arg
	0.112
	0.448
	deleterious(0.01)
	probably_damaging(0.999)
	MAPK

	T9B
	PRDM1
	Missense mutation
	p.Lys620Arg
	0.362
	0.782
	deleterious(0.01)
	probably_damaging(0.999)
	MAPK

	T9A
	TNFRSF1A
	Missense mutation
	p.Arg410Cys
	0.080
	0.319
	deleterious(0)
	probably_damaging(0.985)
	NFKB

	T9B
	TNFRSF1A
	Missense mutation
	p.Arg410Cys
	0.340
	0.734
	deleterious(0)
	probably_damaging(0.985)
	NFKB
























Supplementary Table 6. A complete list of pre-treatment and acquired pathogenic or loss of function variants in pathways associated with resistance to T-cell cytotoxicity: Apoptosis, death-receptor pathways, p53, and unfolded protein response.
	Patient Sample
	Gene Name
	Variant Classification
	HGVSp
	SIFT
	PolyPhen
	Tumor VAF
	Type
	PFS, months

	C1A
	PMAIP1
	Nonsense_Mutation
	p.Gln11Ter
	
	
	0.083
	Pre-existing
	10

	T1A
	CFLAR
	Missense_Mutation
	p.Ala3Val
	deleterious(0)
	probably_damaging(0.94)
	0.08
	Pre-existing
	3

	T1A
	ERN1
	In_Frame_Ins
	p.Asp844_Val845insCysArgSerArgPro
	
	
	0.057
	Pre-existing
	3

	T1A
	BAX
	Missense_Mutation
	p.Ala117Thr
	deleterious(0.04)
	probably_damaging(0.999)
	0.078
	Pre-existing
	3

	T2A
	APAF1
	Nonsense_Mutation
	p.Ser1157Ter
	
	
	0.158
	Pre-existing
	6

	T4A
	TNFRSF10C
	Missense_Mutation
	p.Ser129Asn
	deleterious(0.02)
	benign(0.022)
	0.067
	Pre-existing
	48

	T10A
	TNFRSF10D
	Missense_Mutation
	p.Asp364His
	tolerated(0.16)
	probably_damaging(0.999)
	0.875
	Pre-existing
	2

	C3B
	TP53
	Missense_Mutation
	p.Arg280Lys
	deleterious(0.04)
	probably_damaging(0.925)
	0.142
	Acquired
	12

	C4B
	TNFRSF10C
	Missense_Mutation
	p.Glu165Lys
	tolerated(0.13)
	probably_damaging(0.956)
	0.192
	Acquired
	5

	T2B
	TP53
	Missense_Mutation
	p.Asp281Asn
	deleterious(0.01)
	probably_damaging(0.985)
	0.993
	Acquired
	6

	T8B
	TP53
	Missense_Mutation
	p.Arg248Trp
	deleterious(0)
	probably_damaging(1)
	0.994
	Acquired
	7

	T10B
	ERN1
	Missense_Mutation
	p.Ser846Arg
	deleterious(0)
	probably_damaging(1)
	0.05
	Acquired
	2

	T10B
	ERN1
	In_Frame_Ins
	p.Asp844_Val845insCysArgSerArgPro
	
	
	0.054
	Acquired
	2
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