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Background
CAR-T cells directed against the CD-19 (CART-19) have been
shown to lead to impressive rate of CR in certain patients with
non-Hodgkin’s lymphoma and acute lymphoblastic lymphoma,
but results in chronic lymphocytic leukemia (CLL) have been less
promising.1 There is some evidence that the tyrosine kinase
inhibitor ibrutinib may enhance the rate of deep and durable
responses when added to CART-19.2,3

A prospective clinical trial was performed to study this promising
combination therapy. 19 patients with CD19+ CLL who had been
on ibrutinib therapy for at least six months with at best a partial
response underwent CART-19 therapy. Preliminary results
(unpublished) indicate a high rate of complete and MRD negative
responses.

We sought to compare the transcriptional signature of (i) CART
infusion product and (ii) PBMC at various timepoints in complete
responders (CR) and non-responders (NR) to gain further insight
into the mechanism of action of this combination with the goal of
improving patient selection for this promising new therapy.

Methods

Results Conclusions

Single cell RNA sequencing (scRNAseq) using the 10x Genomics
platform was performed on cryopreserved PBMCs prior to CART
infusion (baseline) as well as on the CAR-T infusion product (IP)
from 3 complete responders and 1 non-responder on a pilot
study at our institution (NCT02640209). The Seurat pipeline and
SeqGeq were used for clustering and differential gene
expression. Gene set enrichment analysis (GSEA) was performed
using ‘Hallmark’ and ‘C3: transcription factor targets’.4 CLL cells
were defined as expressing CD5 and CD19 and their clonality was
confirmed by V(D)J clonotype analysis. CART cells were identified
using a unique sequence from the anti-CD19 scFv (clone FMC63).
A total of 39,770 cells were sequenced from the 8 samples (4
patients, 2 timepoints per patient).

• As evidenced by the above T-SNE plot, there were
no clusters unique to responders in the combined
IP analysis.

• Overall, the IP in all patients was characterized by
a proliferation and activation gene signature.

• A direct comparison of CR and NR CART cells
showed 456 differentially expressed genes. CAR-T
cells from CR patients were enriched in MYC
(proliferation), IFNy response, and T cell memory
signatures. In contrast, the NR patient CART cells
were most associated with apoptosis, TNFa
signaling and mTORC1 signaling.

• There were no significant differences in classical
exhaustion markers, perhaps reflecting the recent
activation state of the cells. The relative
proportion of CD4+ to CD8+ expressing cells
trended to be higher in the NR.

Infusion product comparison: Baseline PBMC comparison:

• Clustering of the pre-treatment PBMC single cell RNA sequencing 
data was on by patient basis (shown above) and in combination 
after correcting for batch effect (not shown). 

• The T cell population was significantly diminished in the non-
responding patient, particularly the CD8+ population. There was 
however a unique NK like cluster in the NR. Differential gene 
expression analysis showed IL32 and CORO1A as the most 
significantly upregulated in the NR. here was no clear differences 
in exhaustion markers between NR and CR T cells by gene set 
expression analysis (GSEA).  

• The monocyte population was non-existent in the non-responder 
and in one other patient. All complete responders had significant 
increase in monocyte populations as well as T cell expansion, in 
both CAR  transcript and non CAR expressing cells (not shown). 

• A comparison of CLL cells showed that CLL cells from the CR group 
did upregulate BTK. GSEA demonstrated increase in genes near the 
IRF1 transcription site and decrease in genes associated with E4F1, 
but no other significant findings.
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• With significant limitations, these data 
suggest that differences in the CAR-T 
infusion product do not predict response 
to treatment with CAR-T and ibrutinib 
treatment.

• There are transcriptional differences 
between complete responders and non-
responders, most notably between the T 
cell and monocyte populations.

• The significant heterogeneity in CLL cells 
within patients and between complete 
responders may obscure significant 
differences predictive of response to 
combination therapy.

• Future analysis will focus upon sequencing 
more patients who did not respond as well 
as transcriptional analysis of patients who 
received CAR-T cell therapy without 
ibrutinib pre-treatment, and select 
biologic experiments.
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