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Methods

Abstract

Figure 4 Genes involved in cell cycle progression are significantly reduced in 
the combination

Conclusions

• The combination of acalabrutinib (BTKi) plus capivasertib (AKTi) demonstrated significant combination 
benefit in the ABC-DLBCL cell lines, TMD8 and OCI-LY10,  in vitro and in vivo.

• In TMD8, acalabrutinib treatment altered the expression of more genes than capivasertib monotherapy 
treatment. 

• Both acalabrutinib monotherapy and in combination capivasertib showed enrichment for genes 
regulated by NFκB signalling and decreases in expression of the cell cycle regulatory genes. Both 
pathways were shown to be effected by monotherapy but more significantly impacted by the 
combination. These changes were detected in vitro and in vivo.

• The combination increased the expression of CD20 compared to control (Adj. p-value = 0.002), 
capivasertib monotherapy (Adj. p-value = 0.004) and acalabrutinib monotherapy (Adj. p-value = 0.02). 

• Rituxan + acalabrutinib + capivasertib combination in the TMD8 xenograft model produced durable 
complete regressions in 5/5 mice after cessation of treatment whereas tumors regrew after cessation of 
treatment of the acalabrutinib + capivasertib doublet.
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Figure 2 RNAseq analysis reveal broader effects on gene expression with 
acalabrutinib compared to capivasertib

Figure 1 Acalabrutinib plus capivasertib reveals combination benefit in 
vitro and tumor regressions in vivo in ABC-DLCBL models

Relapsed/refractory DLBCL is an aggressive B-cell malignancy with
limited treatment options. BTK inhibitors have demonstrated
preclinical and clinical activity in DLBCL of the activated B-cell (ABC)
subset, but responses are limited and not durable. Therefore, an
acalabrutinib (BTK inhibitor) combination screen was conducted in a
panel of 9 DLBCL cell lines to identify synergistic and active
combinations. The in vitro combination of acalabrutinib plus
capivasertib (AKT inhibitor) demonstrated significant combination
benefit in the ABC-DLBCL cell lines TMD8 (Loewe synergy score 9.3)
and OCI-LY10 (Loewe synergy score 3.2). Capivasertib and
acalabrutinib monotherapy gave 0% and 85% tumor growth inhibition
(TGI) in TMD8 and 5% and 79% in OCI-LY10 tumour xenograft
models respectively. The combination gave tumor regressions of 99%
in TMD8 and 72% in OCI-LY10. To explore a potential mechanism of
action, RNAseq analysis was performed on the TMD8 cell line and
TMD8 xenograft tumors treated with the monotherapies and
combination. 24-hour monotherapy treatment of TMD8 cells with
acalabrutinib altered the expression of 7390 genes while capivasertib
altered 398 genes (absolute fold change ≥1.25 and adjusted p-value
< 0.05), with enrichment for genes regulated by NFκB signalling
detected. Pathway analysis following combination treatment revealed
significant decrease in expression of the G2M checkpoint pathway
genes compared to acalabrutinib alone (Adjusted p-value = 0.007) as
well as decreased expression of CDK1, AURKA and MYC, and
significant shifts in the TNFα signalling via NFκB pathway (Adjusted
p-value = 0.02). The NFκB signalling node was examined in more
detail in TMD8 tumor samples treated with the combination. Lower
expression of NFKBIA, NFKBID, EGR2 and BCL2A1 was evident in
the combination group, compared to control tumors (p<0.01 for all).
Interestingly, the combination strongly increased the expression of
MS4A2 (CD20) compared to control (Adjusted p-value = 0.002),
capivasertib monotherapy (Adjusted p-value = 0.004) and
acalabrutinib monotherapy (Adjusted p-value = 0.02). Therefore, we
tested the addition of Rituxan to acalabrutinib + capivasertib
combination in the TMD8 xenograft model. The triple combination
produced durable complete regressions in 5/5 mice after cessation of
treatment whereas tumors regrew after cessation of treatment of the
acalabrutinib + capivasertib doublet. These data suggest that the
combination of BTK and AKT inhibition may enhance anti-tumor
activity in ABC DLBCL, with the addition of anti-CD20 giving more
durable tumor control.

• CD20 expression increased in vivo following combination treatment but was not significantly altered by 
either treatment as a monotherapy.

• In contrast to the acalabrutib capivasertib doublet, the triplet combination of acalabrutinib, capivasertib and 
Rituxan showed durable responses with all tumors demonstrating complete regressions (CRs)

Figure Rituxan enhances the efficacy of acalabrutinib + capivasertib
combination in the TMD8 ABC-DLBCL model

Figure 3 Acalabrutinib + capivasertib combination robustly inhibits 
NFkB target gene expression

• Acalabrutinib monotherapy had a broader impact on gene expression then capivasertib monotherapy, 
with 5169 genes significantly altered by acalabrutinib and 57 genes altered by capivasertib monotherapy. 
(pAdj <0.05 and |FC| > 1.5)

• Acalabrutinib induced significant changes on NFkB genes and capivasertib exerted changes on FOS and 
AP-1 signaling through TXNIP in vitro.

Results
*Corresponding author: Kathleen.Burke@astrazeneca.com

• Acalabrutinib in combination with capivasertib was screened in a 6x6
dose matrix in 9 DLBCL cell lines in a 3 day proliferation assay.
Loewe synergy scores were calculated using Genedata software.

• To explore the mechanism of action, RNAseq analysis was performed
on the TMD8 cell line and TMD8 xenograft tumors treated with the
monotherapies and combination.

• In vitro, cells were treated with one dose of DMSO, acalabrutinib
(100nM), capivasertib (1uM), or the acalabrutinib + capivasertib
combination and samples were collected after 24 hours.

• In vivo samples were were treated for 3-days BID with either a control
(vehicle, 0.5% HPMC/0.1% Tween 80, PO, BID q10h), acalabrutinib
monotherapy (20 mg/kg, PO, BID q10h), capivasertib monotherapy
(130 mg/kg, PO, BID q10h, for 3 days) or the combination of both
treatments. Tumor samples were collected 14 hours after the last
treatment.

• RNAseq was performed at Novogene, raw counts were processed
using Salmon and data was analyzed using onRamp. Control Acala Capiva Comb
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MS4A1 (CD20) Expression in vivo

Combination activity in vitro

0 = no effect  
100 = static  
200 = complete cell kill

Name Down Up pAdj InTerm
HALLMARK_INTERFERON_GAMMA_RESPONSE 29 6 0 200
HALLMARK_INTERFERON_ALPHA_RESPONSE 17 1 3.10E-07 97
HALLMARK_INFLAMMATORY_RESPONSE 15 5 0.00095 200
HALLMARK_IL2_STAT5_SIGNALING 14 5 0.00237 200
HALLMARK_IL6_JAK_STAT3_SIGNALING 7 4 0.00332 87
HALLMARK_EPITHELIAL_MESENCHYMAL_TRANSITION 15 2 0.0114 200
HALLMARK_TNFA_SIGNALING_VIA_NFKB 13 3 0.02252 200
HALLMARK_ESTROGEN_RESPONSE_EARLY 11 4 0.04407 200
HALLMARK_P53_PATHWAY 9 6 0.04407 200
HALLMARK_G2M_CHECKPOINT 143 11 0 200
HALLMARK_E2F_TARGETS 170 5 0 199
HALLMARK_MYC_TARGETS_V1 157 12 0 197
HALLMARK_MYC_TARGETS_V2 57 0 0 58
HALLMARK_MTORC1_SIGNALING 102 33 9.60E-08 199
HALLMARK_UNFOLDED_PROTEIN_RESPONSE 53 25 4.10E-05 113
HALLMARK_MITOTIC_SPINDLE 75 43 0.00499 198
HALLMARK_INTERFERON_ALPHA_RESPONSE 29 31 0.01367 95
HALLMARK_OXIDATIVE_PHOSPHORYLATION 93 23 0.01527 200
HALLMARK_INTERFERON_GAMMA_RESPONSE 59 54 0.0179 195
HALLMARK_IL2_STAT5_SIGNALING 74 40 0.02298 199
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• In the ABC-DLBCL cell lines TMD8 acalabrutinib + capivasertib had Loewe synergy score of 9.3
when treated with in vitro and tumor regressions of 99% in vivo.

TMD8 OCI-LY10

Rituxan 10 mg/kg

Vehicle 5ml/kb BID
Capivasertib 130 mg/kg BID 10/14 4d on/3d off
Acalabrutinib 20 mg/kg BID 10/14 (continuous)

1. Acalabrutinib 20 mg/kg BID 10/14 +
2. Capivasertib 130 mg/kg BID 10/14 4d on/3d off (+15m)
1. Acalabrutinib 20 mg/kg BID 10/14 +
2. Capivasertib 130 mg/kg BID 10/14 4d on/3d off (+15m)
3. Rituxan 10 mg/kg 2QW (+15m)

Capivasertib 4 days on
Acalabrutinib

Acalabrutinib + Capivasertib
Individual Tumor Volume

Acalabrutinib, Capivasertib, Rituxan
Individual Tumor Volume

Capivasertib 4 days on
Acalabrutinib
Rituxan

Combination activity in vivo

TMD8 OCI-LY10
Dosing period

Vehicle BID 10/14 (Continuous)

Capivasertib 130 mg/kg BID 10/14 (4d on/3d off)
Acalabrutinib 20 mg/kg BID 10/14 (continuous)

1. Acalabrutinib 20 mg/kg BID 10/14 (5d on/2d off) +
2. Capivasertib 130 mg/kg BID 10/14 (4d on/3d off) (+15m)

Vehicle 5ml/kg BID
Capivasertib 130 mg/kg BID 10/14 (4d on/3d off)
Acalabrutinib 20 mg/kg BID 10/14 (continuous)
1. Acalabrutinib 20 mg/kg BID (continuous) (+15m) +
2. Capivasertib 130 mg/kg BID 10/14 (4d on/3d off)

in vitro

in vivo
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