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B-Cell Signaling

Davide Rossi, and Gianluca Gaidano Blood 2014;123:1772-
1774



Kinome Map



Covalent in BTKi in NHL

• Ibrutinib the first generation BTKi and was explored in several B cell 
malignancies
• Initial study indicated efficacy across subtypes

• CLL, DLBCL, MCL, WM, MZL
• Further studies led to FDA approval in MCL, MZL and WM

• CLL revolutionized treated
• Replaced chemotherapy as preferred 1L option for most patients

• Failed to demonstrated efficacy in FL, especially in rituximab resistant 
patients

• DLBCL more complex



When the Toll is Due…Issues with Ibrutinib

Hypertension and incident cardiovascular 
events following ibrutinib initiation



2nd Generation Agents

• Acalabrutinib and Zanubrutinib designed to have more fidelity to BTK and in 
theory fewer side effects compared to ibrutinib. 

• What about efficacy??
• Efficacy appears similar between all three drugs, but AE profile did appear 

improved with less promiscuous agents
• Except for MZL

• Early results from the ALPINE study demonstrated improved ORR and PFS 
as compared with Ibrutinib

• And safety…….bit controversial…..



Acalabrutinib
• Cardiac AE’s have been reported with Acalabrutinib as well. 

• Data raised questions about ventricular arrythmias in acalabrutinib



Problems of Le Resistance

• One Big issue with BTKi is the development of resistance and lack of viable 
options post resistance in several subtypes.
• Most of what is know about drivers of mutations comes from CLL where 

several different mutations have been identified.
• Binding site mutations (C481S)
• Kinase Domain Mutations (V416L, A428D, M437R, T474I)
• Gain of function PLCG2 missense mutations
• BTK kinase dead mutation (L528W)

• Resistance is unclear in other subtypes as well



Most Common Resistance Mutations

Nakhoda et al. Br J Haematol. 2023 Jan; 
200(2): 137–149.



Pirtobrutinib



CLL



CLL Response



Pirtobrutinib

Wang et al. ASH 2021

200 mg daily



Updated Results and Subgroup Analysis From the BRUIN Phase 1/2 Study of 
Pirtobrutinib in Patients With R/R MCL: DOR, PFS, and OS

15Shah NN, et al. ASCO 2023. Abstract 7514. Jurczak J, et al. EHA 2023. Abstract P1087. Cheah CY, et al. ICML 2023. Abstract 102.

DOR in Prior cBTKi Patients 
PFS in 
Prior cBTKi 
Patients

OS in 
Prior cBTKi 
Patients

§ Median DOR, PFS, and OS were not reached in the cBTKi-
naïve cohort

§ 18-month rates (95% CI)
– DOR: 100% (100)
– PFS: 92.3% (56.6-98.9)
– OS: 92.3% (56.6-98.9)



Updated Results and Subgroup Analysis From the BRUIN Phase 1/2 Study of 
Pirtobrutinib in Patients With R/R MCL: DOR, PFS, and OS by Subgroup

16Shah NN, et al. ASCO 2023. Abstract 7514. Jurczak J, et al. EHA 2023. Abstract P1087. Cheah CY, et al. ICML 2023. Abstract 102.

DOR by Ki-67 Index DOR by TP53 Status

Median DOR, PFS, and OS by 
High-Risk Subgroup (range), 
months

Median DOR Median PFS Median OS 

Ki-67
<30% 17.6 (1.6-NE) 19.5 (0.9-NE) NE (6.9-NE)
≥30% 21.6 (1.7-NE) 5.2 (1.9-23.4) NE (14.7-NE)

TP53
Negative 14.8 (1.9-NE) 7.4 (3.8-23.4) NE (6.9-NE)
Positive 17.6 (1.7-NE) 5.2 (1.7-19.5) 15.9 (8.3-NE)



Updated Results and Subgroup Analysis From the BRUIN Phase 1/2 Study of 
Pirtobrutinib in Patients With R/R MCL: Safety and Summary

17Shah NN, et al. ASCO 2023. Abstract 7514. Jurczak J, et al. EHA 2023. Abstract P1087. Cheah CY, et al. ICML 2023. Abstract 102.

§ Median time on treatment for the MCL population: 5 months
§ Discontinuations due to TRAEs: 3% (n=5)
§ Dose reductions due to TRAEs: 6% (n=10)

AEs for Patients With MCL
(n=166), %

TEAEs (≥15%) TRAEs
Any 

Grade Grade ≥3 Any 
Grade Grade ≥3

Fatigue 31.3 3.0 21.1 2.4
Diarrhea 22.3 0.0 12.0 0.0
Dyspnea 16.3 1.2 9.0 0.6

AEs of 
special 
interest

Bruising 16.3 0.0 11.4 0.0
Rash 8.4 0.6 5.4 0.0
Arthralgia 9.0 1.2 2.4 0.0
Hemorrhage/hematoma 10.2 2.4 4.2 0.6
Hypertension 3.6 0.0 1.8 0.0
Afib/flutter 3.6 1.8 0.6 0.0



Summary

• BTKi are integral and approved in several NHL subtypes
• Recently Ibrutinib lost indication in MCL due to results from SHINE

• Newer generation of agents available with improvement in tolerance
• Resistance is noted across all agents with most of the data from CLL

• Clear resistance mechanism in CLL
• Other subtypes without any clear pattern or easy strategy to overcome

• Non-covalent agents able to overcome some resistance but in CLL noted to 
lead to alternative resistance mutations as compared to covalent drugs.



Venetoclax

• BCL-2 inhibition has been explored in NHL
• Initial attempt with navitoclax was derailed due to thrombocytopenia given 

expression of Bcl-xL on platelets.
• Study with venetoclax noted impressive ORR in CLL and BTK naïve MCL

• Other subtypes without significant agent response including FL and DLBCL 
despite 14;18 translocation.

• Only approved in CLL
• Several newer BCL-2 inhibitors being evaluated. Data pending.



Murano - Data



PI3K and JAK-STAT Pathways as Therapeutic Targets in B-Cell 
Malignancies

(PI3Kδ 
inhibitors)



PI3Ki 
ØIdelalisib

ØDuvelisib

ØCopanlisib

ØUmbralisib

ØZandelisib
ØAZD8186

ØThought we might have had something with Zandelisib



The End of a Class

Copa

FDA



CELMoD



Schema



Response



AEs



Danilov A et al, ICML 2023 (abstract #426)

NX-2127: first-in-class targeted protein degrader of BTK
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Baseline Characteristics
Elderly population with multiple prior lines of targeted therapies and acquired mutations

Characteristics
CLL

(n=23)
Overall population

(N=36)

Median age, years (range)   75 (61–90)    75 (50–92)

Female, n (%)
Male, n (%)

 9 (39.1)
 14 (60.9)

13 (36.1)
  23 (63.9)

Lines of prior therapy, median (range)
BTKi, n (%)

Pirtobrutinib, n (%)
BTKi and BCL2i, n (%)
cBTKi, ncBTKi, and BCL2i, n (%)

  5 (2–11)
 23 (100)
  8 (34.8)

  18 (78.3)
  7 (30.4)

   4 (2–11)
  31 (86.1)
  11 (30.6)
  19 (52.8)
   7 (19.4)

BTK mutation presenta, n (%)
C481
L528W
T474
V416L

10 (48)
 5 (24)
 4 (19)
 3 (14)
1 (5)

11 (35)
 5 (16)
 4 (13)
 4 (13)
1 (3)

BCL2 mutation presenta, n (%) 4 (19)  4 (13)

PLCG2 mutation presenta, n (%) 0 (0) 1 (3.2)

aSpecific mutations are not additive as some patients have multiple BTK mutations
Mutations were tested by NGS centrally in those patients with available samples (n=31 in total population; n=21 in CLL population) Data cutoff: September 21, 2022

Mato et al., ASH 2022



Most common all-grade TEAEs in all patients enrolled in 
the NX-2127-001 trial 

Danilov A et al, ICML 2023 (abstract #426)

Data cutoff: January 14, 2023

Treatment-emergent AEs occurring in >15% of total population, n (%)
Any grade

(N=37)
Grade 3+

(N=37)
SAE

(N=37)

Fatigue 19 (51.4) – –

Neutropeniaa 17 (45.9) 16 (43.2) –

Hypertension 12 (32.4) 3 (8.1) –

Constipation  9 (24.3) – –

Contusionb   9 (24.3) – 1 (2.7)

Dyspnea  9 (24.3) 1 (2.7) –

Thrombocytopeniac 9 (24.3) 3 (8.1) –

Anemia  7 (18.9)  5 (13.5) 1 (2.7)

Diarrhea  7 (18.9) – –

Headache 7 (18.9) – –

Pruritis  7 (18.9) – –

Atrial fibrillation/Atrial flutterd  6 (16.2) 3 (8.1) 2 (5.4)

Confusional state  6 (16.2) – 1 (2.7)

Nausea  6 (16.2) – –

Petechiae  6 (16.2) – –

Rash maculo-papular  6 (16.2) – –
aAggregate of "neutropenia" and "neutrophil count decreased“; bContusion includes episodes of bruising and other similar terms; cAggregate of "thrombocytopenia" and "platelet 
count decreased“; dCases were confounded by risk factors such as: previous BTKi, previous atrial fibrillation, pulmonary infection, hypertension, and age.
Two additional subjects were dosed, but not included in the total count of N=37 since their dosing information was not available at data cutoff.

• The most common TEAEs were fatigue (51.4%), neutropenia (45.9%), and hypertension (32.4%).



NX-2127 preliminary efficacy (patients with CLL)

Disease-evaluable patients n=15

Objective response rate,a % (95% CI) 33 (12–62)

Best response, n (%)

CR 0 (0)

PR 5 (33.3)

SD 5 (33.3)

PD 2 (13.3)

NEb 3 (20)
aObjective response rate includes CR + CRi + nPR + PR-L + PR
bPatients who discontinued after a single assessment of SD are considered as NE

*One patient, not shown above, with prior BTKi and BCL2i 
treatment and with a BTK mutation detected at baseline, had 
no nodal disease at baseline and is currently ongoing with PR

BCL2i, B cell lymphoma-2 inhibitor; BTK, Bruton’s tyrosine kinase; BTKi, BTK inhibitor; CR, complete response; CRi, complete response 
with incomplete count recovery; NE, not evaluable; PD, progressive disease; PR, partial response; SD, stable disease

Data cutoff: September 21, 2022
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* * * ** **

BTKi

BTKi and BCL2i (‘Double exposed’)

BTK mutation at baseline

Treatment ongoing
*

Prior systemic therapies including:

Mato A et al, ASH 2022



Conclusions

• Targeted agents have always been sought for the treatment of patients with 
cancer
• BTKi closest to fulfilling this dream

• Covalent BTKi
• Non-Covalent BTKi
• BTK degraders

• Resistance and toxicity remain issues

• BH3 mimetics (BCL-2i) with established role in CLL and being explored in other 
NHL subtypes in combination

• CELMoDs present a potential upgrade with respect to IMiDs but data is 
immature thus far.

• PI3Ki have copa for now and possible Duvelisib for CLL only
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