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Introduction:

Diffuse large B-cell lymphomas (DLBCLs) with a non-germinal center B cell-like (non-GCB) cell-of-origin are frequently driven
by genetic alterations that culminate in constitutive B-cell receptor (BCR) signaling, which has inspired the exploration of
Bruton’s tyrosine kinase inhibitors (BTKi) in these lymphomas. However, the phase III PHOENIX study that randomized un-
treated, non-GCB DLBCL patients to R-CHOP plus placebo or ibrutinib failed to meet its primary endpoint of event-free
survival (Younes et al. 2019), which suggests that cell-of-origin alone is an insuf�cient biomarker to predict BTKi sensitivity in
DLBCL. More recently, a DLBCL genetic classi�er termed LymphGen has identi�ed distinct subtypes (MCD and N1) of non-
GCB DLBCL that bene�t from the addition of BTKi to R-CHOP (Wilson et al. 2021). However, genetic classi�ers are complex
and dif�cult to implement in routine clinical settings and may fail to capture all DLBCLs that bene�t from BTKi. Therefore, we
sought to identify a straightforward biomarker of BTKi responsiveness in DLBCL with greater precision than cell-of-origin but
with broader inclusivity than current genomic platforms, such as LymphGen. We hypothesized that CD5 - a surrogate marker
of BCR activation - may effectively identify BCR-driven, non-GCB DLBCLs that are sensitive to BTKi therapy, and evaluated
the extent to which CD5 protein expression and a transcriptionally de�ned CD5 gene signature could accurately identify
BCR-activated DLBCLs with potential susceptibility to BTKi-based therapies.
Methods:

CD5 immunohistochemistry (IHC) was performed on a cohort of 406 diagnostic DLBCL samples, which were considered CD5+
if >=30% of lymphoma cells exhibited unequivocal membranous staining. A majority of DLBCL samples had available RNA-
sequencing and targeted mutational sequencing data. A comparison of differentially expressed genes between CD5+ and
CD5- DLBCLs was performed in order to construct a 60-gene CD5 signature (CD5sig), which was applied to large genomic
DLBCL datasets, including pre-treatment biopsies from patients enrolled on PHOENIX (n = 584) to evaluate the utility of the
CD5sig in identifying DLBCLs that bene�tted from the addition of ibrutinib to R-CHOP.
Results:

Twenty-six of 406 DLBCLs were identi�ed as CD5+ by IHC (6% of all DLBCLs; 12% of non-GCB DLBCLs). CD5 IHC+ DLBCLs
were majority non-GCB cell-of-origin and were associated with inferior progression-free survival (PFS) to R-CHOP (50% 3-
year PFS), compared with CD5 IHC- DLBCLs, consistent with previous reports. Gene set enrichment analysis revealed that
CD5 IHC+ DLBCLs exhibited transcriptional features of BCR activation, and mutational analysis demonstrated that CD5 IHC+
DLBCLs were enriched forCD79B BCR-activatingmutations known to correlate with BTKi sensitivity. Many CD5 IHC+DLBCLs,
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however, lacked canonical BCR-activating mutations or were classi�ed as "Other" by LymphGen. A CD5 gene signature
(CD5sig; Figure 1A) was developed that recapitulated these �ndings in independent DLBCL datasets (NCI, Duke), where
˜13% of non-GCB DLBCLs were classi�ed as CD5sig+. Together, these results suggest that CD5 signature expression captures
DLBCLs with both a genetic and non-genetic basis for BCR dependence. Supporting this notion, CD5sig+ DLBCL patients (<
60 years) derived a selective and striking event-free and overall survival advantage from the addition of ibrutinib to R-CHOP
in the PHOENIX study ( Figure 1B), independent of LymphGen classi�cation.
Conclusions:

We demonstrate that CD5 IHC and a novel CD5 gene signature identify high-risk, BCR-driven DLBCLs. Importantly, the CD5
signature also identi�es DLBCL patients with a selective survival advantage to BTK inhibitor-based therapy, independent of
LymphGen classi�cation. In conclusion, the CD5 signature expands upon LymphGen classi�cation as a biomarker of BTKi
response by accurately identifying DLBCLs with both genetic and non-genetic bases for BTKi response. The CD5 signature
and/or CD5 IHC should be prospectively evaluated in BTKi-based clinical trials for non-GCB DLBCLs.
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