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Sworder et al.1 developed an integrated simultaneous tumor and effector profiling (STEP) approach to study
resistance mechanisms to CD19-CAR T cell therapy in large B-cell lymphomas. Their study provides novel
biological insights and paves the way for future interventions.
Disease-free outcomes for adult patients

with relapsed/refractory large B cell lym-

phoma (r/r LBCL) have improved with the

advent of CD19-redirected chimeric anti-

gen receptor (CD19-CAR) T cell therapy.

However, after treatment approximately

half of the patients will experience disease

relapse, and a subset of patients have no

disease response toCD19-CARTcell ther-

apy at all.2 Mechanisms of resistance are

likelymultifactorial and relate to tumorcells

and the microenvironment, CAR T cells,

and native non-engineered immune cells.

Whilemanypotentialmechanismsof resis-

tance to CD19-CAR T cell therapies have

been described,3–5 comprehensive ana-

lyses that include tumor cells as well as

CAR T cells are in its infancy.

In the article ‘‘Determinants of resis-

tance to engineered T cell therapies tar-

geting CD19 in large B cell lymphomas,’’

recently published in Cancer Cell, Swor-

der et al.1 developed a comprehensive

approach for simultaneous tumor and

effector profiling (STEP) to characterize

the different cellular compartments

involved in treatment response and/or

development of resistance (Figure 1).

They profiled over 700 longitudinal pe-

ripheral blood samples from two indepen-

dent cohorts (discovery, n = 65; valida-

tion, n = 73) of patients with lymphoma,

who had received the FDA-approved

CD19-CAR T cell product axicabtagene

ciloleucel (axi-cel). Analyses included

measuring levels of (1) circulating tumor

DNA (ctDNA), (2) cell-free CD19-CAR

retroviral fragments (cfCD19-CAR), and

(3) cell-free T cell receptor (cfTCR) rear-

rangements. In addition, bulk RNA

sequencing (RNA-seq), genome-wide so-

matic copy number alteration (SCNA) an-
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alyses, and other analyses including CI-

BERSORTx were performed on tumor

tissue pre-treatment and at time of

relapse.

Consistent with prior reports,6 Sworder

et al.1 found higher levels of pre-treatment

ctDNAwere associated with worse event-

free survival (EFS) post CD19-CAR

T cell therapy. Measurement of cfCAR19

allowed for tracking of CAR T cells post-

infusion, similar to FACS analysis. While

CD19-CAR T cell levels differed between

detection methods, the measurements

weresignificantly correlated. Interestingly,

while the levels of cfCD19-CAR did not

differ between patients with ongoing dis-

ease response versus those with subse-

quent treatment failure, cfCD19-CAR frag-

ment length did (‘‘short’’ versus ’’long’’).

This included correlation of long, but not

short, cfCD19-CAR fragments with FACS

analysis, suggesting that short cfCAR19

fragments likely are derived from tumor-

infiltrating CAR T cells. If confirmed in

other studies, this would present a signifi-

cant advance since for the first time we

would be able to survey the presence of

CAR T cells within tumors with a ‘periph-

eral blood test’. cfCAR19 levels correlated

with cfTCR levels early post-infusion,

however this correlation weakened over

time. This finding suggests different

expansion and/or contraction kinetics of

CAR and non-engineered T cells, differ-

ences in their biodistribution, and/or

potentially the induction of endogenous

lymphoma-specific T cell responses.

The authors then explored the genomic

characteristics of tumor samples at base-

line and post CD19-CAR T cell therapy.

They characterized genomic characteris-

tics of r/r LBCL of this study cohort with
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and then explored baseline and emergent

genomic alterations associated with ther-

apeutic resistance. They identified

diverse factors that influence outcome

and observed reciprocal interactions be-

tween tumor cells, CD19-CAR T cells,

and the tumor microenvironment. The

mutational profile of r/r and naive LBCL

overall was similar. However, there was

an enrichment in alteration in several

genes including TP53 and MYC, and dif-

ferences in cell of origin and LymphGen

subtype distribution. Mutations in several

genes were significantly associated with

poorer EFS, including PAX5, IRF8, TP53,

and TMEM30A. Genetic alterations

emerged in several genes in the setting

of subsequent treatment failure, included

CD19, PPM1D, TP53, and PAX5. In addi-

tion, utilizing SCNA analyses, the authors

identified 9p24.1 amplifications, a gene

locus that encodes the immune check-

point molecules CD274 (PD-L1) and

PDCD1LG2 (PD-L2).

Exploration of potential interaction

between tumor cells and CAR T cells

showed that while the tumor mutational

profile was largely similar across patients,

several mutations were associated with

higher (TNFRSF14, BCL2, BTG) and lower

(IRF4) CD19-CAR T cell expansion. Inter-

estingly, mutations in TNFRSF14 were

associated with a unique composition of

immune cells in the microenvironment,

suggesting that such alterations may pro-

mote immunosuppression. Furthermore,

tumors with high levels of infiltrating

CD19-CAR T cells at the time of disease

progression exhibited gene signatures

associated with increased T cell exhaus-

tion and inflammation.
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Figure 1. Simultaneous tumor and effector profiling to elucidate determinants of response and resistance post CD19-CAR T cell therapy in
lymphoma
Simultaneous tumor and effector profiling (STEP) includes analysis of immune cells (circulating tumor DNA [ctDNA], cell-free CD19-CAR retroviral fragments
[cfCD19-CAR], cell free T-cell receptor [cfTCR] rearrangements), tumor cells (bulk RNA-seq, SCNA), and the TME (e.g., CIBERSORTx). For details see text. CART:
CD19-CAR T cells; LBCL: large B cell lymphoma; SCNA: somatic copy number alteration; TME: tumor microenvironment; Tu: tumor cells.
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Finally, Sworder et al.1 conducted a

multivariable analysis to assess the prog-

nostic impact of tumor, CD19-CAR

T cell, and non-engineered immune cell

features and patient outcomes. Higher

levels of ctDNA pre- and post-treatment

(weeks 1 and 4) maintained clinical signif-

icance, predicting worse EFS and overall

survival (OS). Additionally, higher levels

of cfCAR19 at week 1 were associated

with improved EFS, suggesting that early

CD19-CAR T cell expansion played a

role in long-term disease response. Evalu-

ation of clinical and molecular features

together in a stepwise model identified

that the inclusion of ctDNA levels at week

4with cfCAR19 levels at week 1was prog-

nostic for both EFS and OS. Finally, the

developed STEP score when using ctDNA

levels at 4weekspost-infusionwas able to

be stratify patient outcome.

In conclusion, this study highlights the

tremendous need for continued investiga-

tion into themultifacetedaspects that influ-

ence response to cellular therapeutics. The

study presents a tour de force in which the

authors implemented novel techniques to

evaluate the complex tumor versus cell

therapy ecosystem. This work is important

as the ability to predict long-term response

after CD19-CAR T cell therapy is currently

lacking, and novel biomarkers and prog-

nosticmodelsare urgently needed toguide

treatment decisions. While larger studies

are needed to confirm the authors findings,

measuring ctDNA and cfCD19-CAR levels

could be readily developed into clinical lab-

oratory improvement amendments (CLIA)-

approved laboratory tests.
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One somber finding of the study is that

there is not a unifying mechanism of im-

mune evasion toCD19-CART cell therapy,

which is analogous to resistance mecha-

nisms to immune checkpoint blockade.7

In this regard, one would predict that resis-

tance mechanisms to CD19-CAR T cell

products are not uniform, in particular to

CD19-CAR T cell products that utilize a

different costimulatory domain (CD28:

axi-cel; 41BB: tisagenlecleucel and liso-

cabtagene maraleucel). Likewise, resis-

tance mechanisms of other CD19-positive

hematological malignancies, including

leukemia, most likely will differ. Thus, pre-

venting relapsepostCD19-CARTcell ther-

apy will most likely require a personalized

medicine approach.
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