Supplementary Table 1. Overall response rate in the subgroups of interest in the intention-to-treat population.
	Variable
	Group
	% ORR (n/N)
	95% CI
	P value

	Age
	<70
	36 (23/64)
	24-49
	0.666

	
	≥70
	33 (29/89)
	23-43
	

	Female
	Yes
	29 (12/41)
	16-46
	0.456

	
	No
	36 (40/112)
	27-45
	

	Prior ASCT
	Yes
	52 (12/23)
	31-73
	0.035

	
	No
	41 (37/125)
	22-38
	

	Prior CART
	Yes
	31 (10/32)
	16-50
	0.801

	
	No
	34 (39/116)
	25-57
	

	No. prior line
	1-2
	28 (17/61)
	17-41
	0.519

	
	3-4
	36 (21/58)
	24-50
	

	
	5+
	38 (11/29)
	21-58
	

	MIPIC high risk
	Yes
	28 (13/47)
	16-43
	0.361

	
	No
	37 (13/35)
	21-55
	

	TP53
	Yes
	16 (7/43)
	7-31
	0.003

	
	No
	45 (23/51)
	31-60
	

	Ki-67≥30%
	Yes
	29 (21/73)
	19-41
	0.253

	
	No
	39 (15/38)
	24-57
	

	Ki-67≥50%
	Yes
	26 (12/47)
	14-40
	0.183

	
	No
	38 (24/64)
	26-50
	

	CK
	Yes
	30 (13/44)
	17-45
	0.871

	
	No
	31 (18/58)
	20-45
	

	cBTKi type
	Ibrutinib
	42 (14/33)
	25-61
	0.678

	
	Acalabrutinib
	33 (20/61)
	21-46
	

	
	Multiple
	33 (7/21)
	15-57
	

	
	Zanubrutinib
	29 (11/57)
	15-46
	

	Response to cBTKi
	CR/PR
	40 (38/96)
	30-50
	0.058

	
	SD/PD 
	25 (14/57)
	14-38
	

	Months on cBTKi
	≤12
	27 (20/75)
	17-38
	0.037

	
	>12
	43 (31/72)
	31-55
	

	Months from cBTKi to pirto
	≤1
	28 (20/72)
	18-40
	0.113

	
	>1
	40 (32/81)
	29-51
	

	Refractory to last line
	Yes
	14 (7/50)
	6-27
	0.001

	
	No
	42 (37/88)
	32-53
	

	Pirto in combination
	Yes
	26 (7/27)
	11-46
	0.340

	
	No
	36 (43/121)
	27-45
	

	Agent in combination
	Ven/R-Ven mAb


	25 (3/12)
	5-57
	

	
	mAb
	33 (4/12)
	10-65
	


Abbreviations
ASCT, autologous stem cell transplantation; CAR, chimeric antigen receptor T-cell; cBTKi, covalent Bruton tyrosine kinase inhibitor; CIT, chemo-immunotherapy; CK, complex karyotype; CR, complete response; mAb, monoclonal antibody; No, number; PD, progressive disease; pirto, pirtobrutinib; PR, partial response; SD, stable disease.


Supplementary Table 2. Median progression free survival in the subgroups of interest.
	Variable
	Group
	mPFS months
	95% CI
	P value

	Age
	<70
	 6.41
	3.81-12.36
	0.049

	
	≥70
	5.03 
	4.11-7.13
	

	Female
	Yes
	3.72 
	4.67-9.53
	0.139

	
	No
	6.41
	1.81-5.79
	

	Prior ASCT
	Yes
	15.48 
	3.81-NR
	0.006

	
	No
	4.73
	3.81-6.81
	

	Prior CART
	Yes
	3.12
	1.64-6.41
	0.021

	
	No
	5.79 
	4.73-8.45
	

	No. prior line
	1-2
	4.73
	3.22-5.79
	0.231

	
	3-4
	7.13
	3.72-10.16
	

	
	5+
	6.41
	2.33-10.55
	

	MIPIC high risk
	Yes
	4.08
	1.91-5.03
	0.022

	
	No
	8.19 
	3.12-12.36
	

	TP53
	Yes
	3.81
	4.08-10.45
	0.014

	
	No
	6.12
	1.64-5.26
	

	Ki-67≥30%
	Yes
	4.44
	2.14-6.11
	0.008

	
	No
	9.30 
	4.67-14.47
	

	Ki-67≥50%
	Yes
	2.21
	1.32-4.44
	<0.001

	
	No
	8.19
	4.93-11.87
	

	CK
	Yes
	3.81
	1.74-5.49
	0.630

	
	No
	5.03
	4.14-8.28
	

	cBTKi type
	Ibrutinib
	10.16
	4.67-NR
	0.150

	
	Acalabrutinib
	4.77
	3.12-8.19
	

	
	Multiple
	8.45
	3.32-10.72
	

	
	Zanubrutinib
	3.81
	1.28-6.12
	

	Response to cBTKi
	CR/PR
	6.81 
	4.87-9.40
	0.059

	
	SD/PD 
	4.11
	1.80-5.49
	

	Months on cBTKi
	≤12
	3.72
	1.78-5.03
	0.003

	
	>12
	8.45
	5.26-10.55
	

	Months from cBTKi to pirto
	≤1
	4.73
	2.93-6.54
	0.116

	
	>1
	6.81
	4.37-10.22
	

	Refractory to last line
	Yes
	2.33
	1.32-4.73
	<0.001

	
	No
	7.13
	5.03-9.80
	

	Pirto in combination
	Yes
	6.41
	4.27-7.13
	0.965

	
	No
	5.26
	1.74-10.72
	

	Agent in combination
	Ven/R-Ven mAb


	2.14
	0.49-9.80
	

	
	mAb
	16.27 
	1.74-NR
	


Abbreviations
ASCT, autologous stem cell transplantation; CAR, chimeric antigen receptor T-cell; cBTKi, covalent Bruton tyrosine kinase inhibitor; CIT, chemo-immunotherapy; CK, complex karyotype; CR, complete response; mAb, monoclonal antibody; No, number; PD, progressive disease;  pirto, pirtobrutinib; PR, partial response; SD, stable disease; NR, not reached.


Supplementary Table 3. Detailed adverse events.
	Type of Adverse Event (n)
	Detailed events

	Infectious (29)
	Mucormycosis (n=1), skin infection (n=2), pneumonia (n=8), COVID-19 (n=2), UTI with sepsis +/- bacteremia (n=4), CMV reactivation (n=1), Klebsiella bacteremia (n=1), unspecified (n=1), neutropenic fever (n=2), tularemia (n=1), URI (n=2), C diff (n=3), intrabdominal abscess (n=1)

	Gastrointestinal (11)
	Nausea (n=1), diarrhea (n=3), cirrhosis (n=1), ileus (n=1), elevated LFTs (n=2), vomiting (n=2), fistula (n=1) 

	Cardiac (9)
	Hypertension (n=1), HFrEF (n=2), ventricular tachycardia (n=1), HF exacerbation (n=2), STEMI (n=1), Afib (n=2)

	Bleeding (8)
	Epidural hematoma (n=1), UGIB (n=3), subdural hematoma (n=1), soft tissue hematoma (n=1), splenic rupture (n=2), 


Abbreviations
UTI, urinary tract infection; URI, upper respiratory tract infection; C diff, Clostridium difficile; LFT, liver function test; HFrEF, heart failure with reduced ejection fraction; STEMI, ST-elevation myocardial infarction; CABG, coronary artery bypass graft; Afib, atrial fibrillation; UGIB, upper gastrointestinal bleeding.
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Abbreviations   ASCT, autologous stem cell transplantation; CAR, chimeric antigen receptor T - cell; cBTKi,  covalent Bruton tyrosine kinase inhibitor; CIT, chemo - immunotherapy; CK, complex karyotype;  CR, complete response; mAb, monoclonal antibody; No, number; PD, progressi ve disease; pirto,  pirtobrutinib; PR, partial response; SD, stable disease.      

