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The phase 3 ZUMA-7 trialinsecond-line large B cell lymphoma demonstrated
superiority of anti-CD19 CART cell therapy (axicabtagene ciloleucel (axi-cel))
over standard of care (SOC; salvage chemotherapy followed by hematopoietic
transplantation) (NCT03391466). Here, we present a prespecified exploratory
analysis examining the association between pretreatment tumor characteristics
and the efficacy of axi-cel versus SOC. B cell gene expression signature (GES)

and CD19 expression associated significantly withimproved event-free
survivalfor axi-cel (P=0.0002 for B cell GES; P= 0.0165 for CD19 expression)
butnotSOC (P=0.9374 for B cell GES; P=0.5526 for CD19 expression). Axi-cel
showed superior event-free survival over SOC irrespective of B cell GES and

CD19 expression (P=8.56 x 10’ for B cell GES high; P= 0.0019 for B cell GES

low; P=3.85x10"° for CD19 gene high; P=0.0017 for CD19 gene low). Low

CD19 expressionin malignant cells correlated with atumor GES consisting of
immune-suppressive stromal and myeloid genes, highlighting the inter-relation
between malignant cell features and immune contexture substantiallyimpacting
axi-cel outcomes. Tumor burden, lactate dehydrogenase and cell-of-origin
impacted SOC more than axi-cel outcomes. T cell activation and B cell GES, which
areassociated with improved axi-cel outcome, decreased with increasing lines of
therapy. These data highlight differences in resistance mechanisms to axi-cel and
SOCand support earlierintervention with axi-cel.

Axi-cel is an autologous anti-CD19 chimeric antigen receptor (CAR)  international, multicenter phase 3 study of axi-cel versus SOC (defined
T cell therapy initially approved for the treatment of relapsed/refrac-  as two or three cycles of protocol-defined, investigator-selected,
tory large B cell lymphoma (LBCL) in adults after at least two lines  platinum-based chemotherapy withintention to subsequently undergo
of systemic therapy. ZUMA-7 (NCT03391466) was a randomized, high-dose chemotherapy with autologous stem cell transplantation
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(HDT-ASCT) for chemosensitive patients') as second-line treatment
in patients with LBCL who were refractory to, or had relapsed no more
than 12 months after, first-line chemoimmunotherapy. Axi-cel was
superior to SOC, with significant improvement in efficacy, and dis-
played a manageable safety profile'. In the primary event-free survival
(EFS) analysis, the EFS hazard ratio was 0.398 (P < 0.0001; median EFS
of 8.3 versus 2.0 months and estimated 24-month EFS rates of 40.5%
versus16.3% in the axi-cel versus SOC arms, respectively). Despite these
striking results, a substantial number of patients presented primary
(noresponse) or secondary (relapse after initial response) resistance
to CAR T cell therapy, warranting further investigation into potential
biomarkers associated with treatment resistance.

In LBCL, among clinical and real-world evidence in the chemo-
immunotherapy era, known prognostic factors include high tumorbur-
den, elevated lactate dehydrogenase (LDH), activated B cell (ABC)-like
molecular subgroup, age and systemic inflammatory markers like
interleukin-6 and C-reactive protein®’. In the cellular therapy era, as
shown in ZUMA-1 (third-line or higher LBCL), tumor burden and LDH
associated negatively with efficacy to CART cell therapy®. Additionally,
quality and quantity of pretreatment tumor infiltration of T cells, as
characterized by ImmunoSign 21 (IS21; T cell gene expression signa-
ture (GES)) and by Immunoscore (immunohistochemistry (IHC) with
CD3and CD8cells), associated positively with outcomes to CART cell
therapy™. Translational data from patients treated with CAR T cell ther-
apyintherealworld further highlight the impact of tumor-associated
chronic inflammation, checkpoint ligand upregulation, myeloid cell
suppression of CAR T cell function" and an association between pat-
terns of tumor genomic complexity and CAR T cell outcomes™. None-
theless, predictive biomarkers for CART cellinterventionacross lines
of therapy are not well established, and the associations between tumor
gene expression profiles and responses have not been investigated
exhaustively?”. Theimportance of theimmune contexture within the
tumor for CART cell therapy remains elusive'®"* 5,

Here, we performed analyses of pretreatment tumor characteris-
ticsin ZUMA-7 to discover tumor-specific features predictive of axi-cel
or SOC efficacy.

Results

B cell GES associates with EFS and duration of response post
axi-cel

Toidentify markers associated with outcome in LBCL, an exploratory
prespecified gene expression analysis of pretreatment tumor biopsies
(based on available samples collected either at initial diagnosis or
before lymphodepleting chemotherapy) was performed, leveraging
the NanoString PanCancer 10360 Panel to evaluate predefined GES
(Supplementary Table1). The association of signatures with outcomes
was analyzed (Fig. 1). In second-line axi-cel-treated patients, the
B cell signature (I0360) was the only predefined signature associated
P =0.01) with higher probability of ongoing response (versus pro-
gression after response and no response; Fig. 1a,c), and improved EFS
(P=0.00024) and duration of response (DOR; P= 0.024; patients with
high signature value (>median) versus those with low value (<median);
Fig.1b,d). The prespecified B cell lineage signature included BLK, CD19,
MS4A1, TNFRSF17, FCRL2, FAM30A, PNOC, SPIB and TCL1A genes.

Ofthose genes, expression of CD19, MS4A1 and TNFRSF17was elevated
significantly among axi-cel (P=0.0182, P=0.0098 and P= 0.0040,
respectively) but not SOC patients in ongoing response, with fold
increases 0f 22%,40% and 69%, respectively (Extended DataFig.1). Con-
versely, expression of hypoxia was associated significantly with shorter
EFS (P=0.032) and expression of hypoxia, nitric oxide synthase 2
(NOS2) and the natural killer (NK) CD569™ NanoString signature were
associated significantly with shorter DOR (P=0.04, P=0.045 and
P=0.048, respectively; Fig. 1b).

In the SOC arm, the B cell signature was not associated with effi-
cacy, and few NanoString signatures associated with efficacy endpoints
(Fig.2a,b). Immune GES for macrophages, myeloid, antigen presenta-
tion machinery (APM), NK or CD8 T cells were associated with either
ongoing response, EFS and/or DOR (none of the signatures associated
consistently with all three efficacy metrics), suggesting that enrich-
ment of select tumorimmuneinfiltrates might be a factor supporting
SOC responses. Nonetheless, axi-cel EFS was improved versus SOC
for all subgroups, including high APM (P = 0.0002 > median; Fig. 2c).

GES clusters revealed distinct tumor microenvironment
immune contextures

Based on unsupervised clustering analyses of NanoString 10360 GES,
four main clusters wereidentified, underlying different tumor micro-
environment (TME) immune contextures (Fig. 3a and Supplementary
Table1). The first cluster, herein referred to as the B cell lineage and
proliferationindex (BPI), included signatures like B cell, proliferation,
APM loss and glycolytic activity. Signatures from BPI presented the
highest hierarchical separation from the other three main clusters,
suggesting a relatively simpler TME with abundant and highly pro-
liferative cancer cells and lower immune cell infiltration versus the
other clusters. Asecond cluster, termed the stromal and immunosup-
pressive index (Sll), featured gene sets inclusive of stroma, myeloid
and endothelial cells, NOS2, transforming growth factor-3 (TGFf),
B7-H3, arginasel (ARG1) and hypoxia. In this cluster, hypoxiaand NOS2
signatures (10360) were associated negatively with EFS and/or DOR
following axi-cel treatment (Fig. 1b). A third cluster was enriched for
signatures of NK cells, macrophages and antigen-presenting cells.
A fourth cluster consisted primarily of T cell infiltration features.
The third and fourth clusters showed a relatively close hierarchical
correlation, perhapsjointly representing tumors that are more complex
and immune infiltrated.

Inaddition, SupplementaryFig.1reportsclustering of theindividual
genes from which the 10360 signatures are derived, presenting the
directionality of the association of each gene for the I0360 signatures
and the possibility to uncover further subclusters.

Sl and BPl associated with EFS in the axi-cel arm

By root meansquare, the signatures from each of the four clusters of
predefined NanoString signatures (Fig. 3a) were combined to create
indices for further analysis. BPI (cluster 1) and SII (cluster 2) were
associated positively and negatively, respectively, with EFSand DOR
inthe axi-cel arm (EFS: P=0.0009 for BPland P = 0.0114 for SII; DOR:
P=0.1522 for BPl and P = 0.0271 for SII; Fig. 3b and Extended Data
Figs.2and3).Thethirdandfourthclusterswerenotassociated withEFS

Fig.1|High B cell gene signature was associated with improved EFS and
higher probability of durable response after axi-cel. a, Association of
ongoing response with 10360 signatures as a volcano plot. The plot presents
descriptive Pvalue and fold change of 10360 signatures in ongoing response
versus others (response followed by progressive diseases and no response) in
the axi-cel arm. The fold change is presented as log,((group one)/(group two)).
Statistical analyses were conducted using Kruskal-Wallis test (numerical versus
categorical). b, NanoString 10360 GES associated with DOR (blue data points)
and EFS (green data points) in the axi-cel arm. Two-sided P values were calculated
viaa Cox proportional hazards model. ¢, B cell gene signature by response

(where nreflects the number of independent patients with each response type)
in the axi-cel (left; n = 58, ongoing response; n = 54, relapsed; n = 16, no response)
and SOC (right; n =18, ongoing response; n = 28, relapsed; n = 52, no response)
arms. The box plots show quartile1(Q1), medianand Q3, and the lower and upper
whiskers show Q1 - 1.5 x interquartile range (IQR) and Q3 + 1.5 x IQR, respectively.
d, Kaplan-Meier estimate of EFS by B cell gene signature and treatment arm
(axi-cel versus SOC). Patients who did not meet the criteria for an event had their
data censored (tick marks). Unstratified Cox proportional hazards Pvalues
(two-sided) are presented. CI, confidence interval.
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and/or DOR following axi-cel (Supplementary Fig.2). Notably, none of
these biomarkers associated with grade >3 cytokinerelease syndrome
orneurologic events (Supplementary Tables 2and 3). None of the four
clusters were associated significantly with outcomeinthe SOC arm

(BPI shown

in Extended Data Fig. 2c). None of the four clusters

associated with cell of origin (Extended Data Fig. 4). Notably, BPI
associated positively with high-grade B cell ymphoma (HGBL) and
double-/triple-hit disease (Fig. 3c). Median EFS in the HGBL subgroup
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followed by progressive disease and no response) in the SOC arm. The fold
change s presented as log,((group one)/(group two)). Statistical analyses
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following axi-cel treatment was 21.5 months (95% CI, 3.7-not evalu-
able; unstratified hazard ratio (HR) (axi-cel over SOC) = 0.318). EFS

of the HGBL subtype was not significantly different from that of

the non-HGBL subtype (DLBCL + others) in the axi-cel arm, albeit
adirectionally favorable HR was seen (unstratified HR (HGBL over
non-HGBL) = 0.692; 95% Cl, 0.384-1.245). The SOC arm showed an
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Fig. 3 |NanoString 10360 signature clustering and their association with EFS
and HGBL status in the axi-cel arm. a, Unsupervised clustering of NanoString
10360 GES by Spearman rank-order correlation. Group 1 (red) represents BPI,
whichincludes relatively low non B cell infiltration genes. Group 2 (purple)
represents SlI, whichincludes stromal and immune-suppressive genes. Group
3 (blue) represents mostly NK and myeloid cells (immune infiltration genes).
Group 4 (green) represents mostly Tlymphocytes (immune infiltration genes).
Indices were calculated by the room mean square method. b, Kaplan-Meier
estimate of EFS by Slland treatment arm (axi-cel versus SOC). Patients who

did not meet the criteria for an event had their data censored (tick marks).
Unstratified Cox proportional hazards Pvalues (two-sided) are presented.

cAssociation between HGBL/double-/triple-hit status (n = 46) versus other
disease type (n =210), where nreflects the number of independent patients
with each disease type, with the four clusters. HGBL status correlated positively
with BPI. The box plots show Q1, median and Q3, and the lower and upper
whiskers show Q1 - 1.5 xIQR and Q3 +1.5 x IQR, respectively. Two-sided P
values were calculated per Wilcoxon test and are reported. IFN, interferon;
IL-10, interleukin-10; JAKSTAT, Janus kinase signal transducer and activator of
transcription; MAGE, melanoma antigen gene; MHC, major histocompatibility
complex; MMR, mismatch repair; MSI, microsatellite instability; PD-1,
programmed cell death protein 1; PD-L1, programmed death-ligand 1; T,,1, T
helper type1; TIS, tumor inflammation signature; T, cell, regulatory T cell.

opposite trend (unstratified HR (HGBL over non-HGBL) =1.17; 95%
ClI,0.723-1.892).

CD19 expression had differential impact on efficacy

CD19 protein expression (H-score) on malignant tumor B cells was cor-
related with CD19 gene expression and the B cell GES (Supplementary
Fig. 3). Consistent with a role for the B cell GES in axi-cel-mediated
efficacy (Fig.1), CD19 gene and protein expression also correlated with
axi-cel EFS (Fig. 4a,b). Axi-cel EFS was improved in patients with high
(>median) CD19 gene and protein expression relative to those with
lower expression (<median; Fig. 4a,b). Axi-cel remained superior to
SOCacross CD19 gene expression subgroups (Fig.4a,b). The objective
responserate (ORR) in patients deemed CD19 negative by IHC (H-score
<5) was 84.6% versus 66.7% in the axi-cel versus SOC arm, respectively
(Supplementary Table 4, descriptive P = 0.6299).

Patients with lower CD19 protein expression (H-score < median)
harbored a more complex, immune-infiltrated TME enriched with
several immunosuppressive features, including GES for regulatory
Tcells, T cellexhaustion, ARGI, indoleamine 2,3-dioxygenase 1 (IDO1),
B7-H3, CTLA4, and macrophage and myeloid cells (Fig. 4c). The poorest
EFS after axi-cel treatment was observed in patients with tumors that
harbored both low CD19 protein expression and high SlI, suggesting
thatboth TMEimmunosuppressionand target expression playarolein
resistance to CAR T cell therapy (Fig. 4d). Conversely, in patients with
higher CD19 protein expression (>median), lack of durable response
was associated withincreased glycolytic activity (Extended DataFig. 5).
CD19 expression did not associate with grade >3 cytokine release
syndrome or neurological events (Supplementary Tables 2 and 3).

A stem-like axi-cel product may overcome an unfavorable TME
Similar to evidence obtained in ZUMA-1 (third line)®, T cellimmunophe-
notyping of ZUMA-7 axi-cel products suggested that less differentiated
cellsinthe CART cell product (CCR7°CD45RA" T cells) were associated
withimproved efficacy and survival'>*°, Here, we further investigated
whether anaxi-cel productenrichedin CCR7'CD45RA" T cells, consid-
ered anaive-like T cell or stem memory phenotype”, may overcome the
adverse effects of an unfavorable TME. Indeed, patients with relatively
lower CD19 protein expression (H-score as assessed by IHC) showed
improved EFS when there was a higher frequency of CCR7*CD45RA"
T cells in the product (Fig. 4e). Patients with relatively higher SII
also showed a trend toward improved EFS with higher frequency of
CCR7'CD45RA" T cellsin the product (Fig. 4f; descriptive P= 0.3096).

Notably, the frequency of product CCR7*CD45RA" T cells (Supple-
mentary Fig. 4 for gating strategy) did not associate with tumor CD19
protein or gene expression, B cell GES or SII (Supplementary Table 5).

High SPD and elevated LDH impact SOC outcomes

Tumor burden, per sum of product diameters (SPD) and LDH levels—
bothknown prognostic biomarkers in LBCL**—were evaluated. SPD was
correlated with LDH (Spearman R, 0.42; P=1.93 x 10™). In the axi-cel
arm, there was no significant association between outcome and SPD or
LDH, whereas SOC outcomes were impacted by high SPD (>median) and
elevated LDH (Fig. 5a,b). Axi-cel EFS wasimproved versus SOC for both
high (HR=10.29; P=4.74 x107"°) and low SPD (HR = 0.49; P=0.0002)
and when comparing elevated and normal LDH levels (HR = 0.32 and
0.50, respectively; P=2.5x10"°and P= 0.0006). EFS in axi-cel patients
was not significantly associated with SPD (HR = 0.92;95% Cl, 0.60-1.34;
P=0.68) orLDH (HR=1.1;95%Cl, 0.75-1.65; P= 0.61), but was worse in
SOC patients with higher SPD (HR =1.51;95% Cl1,1.06-2.15; P= 0.02) or
higher LDH (HR =1.56; 95% CI,1.10-2.20; P= 0.01).

Consistent results with SPD were observed by logistic regres-
sion analyses around the probability of achieving complete response
(Supplementary Fig.5). A significant (P=0.0029) association between
SPD and complete response was observed only for the SOC arm
(Supplementary Fig. 5). In third-line LBCL (ZUMA-1 pivotal cohorts
1+2),therewasastrong correlation between SPD or LDH and ongoing
response in axi-cel-treated patients®. Given that a similar correlation
was not observed insecond-line LBCL (ZUMA-7 axi-cel arm; Fig. 5a,b),
it was hypothesized that differences in SPD,LDH, TME characteristics
and other prognostic parameters might account for the differences
between ZUMA-1and ZUMA-7 by shifting the relative impact of these
factors.Indeed, acomparison of SPD or LDH between ZUMA-1 (cohorts
1+2)andthe ZUMA-7 axi-celarm demonstrated that patientsinZUMA-7
had overall lower median SPD and LDH versus patients in ZUMA-1
(Fig. 5¢,d). The range of SPD was similar, while the range of LDH was
higherin ZUMA-7.

SPD and LDH negatively correlated with anumber of NanoString
10360 signatures, and with clusters 3 and 4 (Extended Data Fig. 6),
indicative of a less immune-infiltrated TME in high burden tumors.
Indeed, high SPD positively correlated with APM loss, and negative
correlations were found for MHC2, APM and several T cell and cytotoxic
Tcellsubsets (Extended DataFig. 6). These findings are consistent with
ZUMA-1 (ref. 10), where high tumor burden was also associated with
reduced immune infiltration.

Fig. 4| Patients treated with axi-cel who demonstrated improved EFS

harbor higher CD19 gene expression and protein in the tumor. For all panels,
patients who did not meet the criteria for an event had their data censored (tick
marks). a, Kaplan-Meier estimate of EFS by CD19 gene expression and treatment
arm (axi-cel versus SOC). b, Kaplan-Meier estimate of EFS by CD19 protein
expression (H-score as assessed by IHC) and treatment arm (axi-cel versus SOC).
¢, Association between CD19 H-score and GES as a volcano plot. The plot presents
descriptive Pvalue and fold change of GES in patients with a median CD19 H-score
<150 versus >150. Clusters1and 2 are shown in blue. The fold change is presented

aslog,((group one(/(group two)). Statistical analyses were conducted using
Kruskal-Wallis test (numerical versus categorical). d, Kaplan-Meier estimate

of EFSin the axi-cel group by Slland CD19 protein expression. e, Kaplan-Meier
estimate of EFSin the axi-cel group by median of CCR7'CD45RA" T cells in axi-cel
product and CD19 protein (H-score) in tumor. f, Kaplan-Meier estimate of EFS in
the axi-cel group by median of CCR7'CD45RA" T cells in axi-cel product and SII
intumor. For panels a, b and d-f, unstratified Cox proportional hazards P values
(two-sided) are presented.
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To further assess whether axi-cel may overcome high tumor
burden or high LDH in second line, the relationship between SPD
and durable response in ZUMA-7 was explored on patients with SPD

@ EFS by median of CD19 gene expression and by axi-cel and SOC arms

>median value from ZUMA-1 (3,721 mm?) or with LDH value twice the
upper limit of normal (ULN) from ZUMA-7 (ULN; 390 U/I). Even with
these increased thresholds, there was no association between SPD

b EFS by median of baseline CD19 protein expression (H-score as assessed by IHC)
and by axi-cel and SOC arms
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Fig. 5| Axi-cel EFS was superior to SOC irrespective of SPD or LDH. a, Kaplan-
Meier estimate of EFS by SPD and treatment arm (axi-cel versus SOC). b, Kaplan-
Meier estimate of EFS by LDH and treatment arm (axi-cel versus SOC). Fora and

b, patients who did not meet the criteria for an event had their data censored (tick
marks); unstratified Cox proportional hazards Pvalues (two-sided) are presented.

c,d, Tumor burden (SPD; c¢) and LDH (d) of ZUMA-7 (axi-cel arm; n = 158, tumor

burden; n=170,LDH) and ZUMA-1phase 2 cohorts 1+ 2 patients (n = 101 for tumor

burdenand LDH). e, IS21 gene expressionindices by line of therapy (n=86,1L;

line therapy (n=149). h, B7-H310360 GES at initial diagnosis (n = 90) and after

Time of biopsy collection

n=142,21;n=25,3L.f,Bcelll0360 GES at initial diagnosis (n = 90) and after first-
line therapy (n=149).g, T cell I0360 GES at initial diagnosis (n = 90) and after first-

first-line therapy (n =149). For panels c-h, box plots show Q1, median and Q3, and
the lower and upper whiskers show Q1 - 1.5xIQRand Q3 + 1.5 x IQR, respectively;

nvalues reflect the number of independent patients in each respective group.
Two-sided Pvalues were calculated per Wilcoxon test and are reported.

1L, first-line; 2L, second-line; 3L, third-line; IS, ImmunoSign.
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Fig. 6| Summary of second-line biomarkers associated with efficacy.
Biomarkers associated with efficacy in the axi-cel (left) and SOC (right) arms. Red
represents higher levels and blue represents lower levels. Antigen presentation
and immune effector function includes possible associations with macrophages,

Biomarkers

I Lower level

‘ Better Outcome
Efficacy (for example, EFS) Worse Outcome
Tumor burden (SPD)
Normal <«~—— LDH Elevated

’ GCB molecular subgroup H Non-GCB-like subgroup ‘

Antigen presentation and immune effector function

[ categorical feature

myeloid, APM, NK or CD8 T cells. “Tumor burden (by SPD), LDH and GCB
subgroup did notimpact outcomes in the axi-cel arm. °CD19 expression did not
impact outcomes in the SOC arm. °CD19 protein expression was measured by
IHC, and B cell signature and CD19 mRNA by NanoString.

or LDH and responses in the axi-cel arm (Supplementary Fig. 6a,b).
In addition, logistic regression analysis showed the lack of a strong
association between SPD and responses to axi-cel among patients with
high ZUMA-7 SPD (>median) or top-quartile of SPD (Supplementary
Fig.6c,d).

Tumor immune contexture evolution through lines of therapy
Previously, GES of T cell functionality and trafficking into the TME,
namely IS21, associated with complete response rate and PFS following
third-line axi-cel treatment'®. Here, IS21 correlated with lower tumor
burden (Extended Data Fig. 6). Leveraging the timing of biopsy col-
lection, we observed that IS21 expression was significantly lower in
second-line and third-line therapy setting compared with first-line
setting (Fig. 5e; P=0.004 and P=0.023 when comparing 1L versus 2L
and 1L versus3L).Bcelland T cell 10360 GES also decreased (P= 0.026
and P=0.00438, respectively) from initial diagnosis (before first line)
to after first-line therapy (Fig. 5f,g), while immunosuppressive B7-H3
signature increased (Fig. 5h; P=0.012).

Subgrouping of the associative analyses described in the above
sections, based ontiming of biopsy collection (Supplementary Table 6),
substantially reduces the number of patients for each group, limiting
interpretability. Of note, more biopsies were collected after first line
compared with before first-line therapy. Nevertheless, these analyses
presented clear consistency for the associations of B cell signature, BPI,
CD19 expression (mMRNA or H-score) or Sl with EFS following axi-cel
treatment, regardless of the time of biopsy collection (Extended Data
Fig. 7). With the sole exception of CD19 mRNA, the predictive value of
the GES seemed toincrease when assessment was performed proximal
to axi-cel treatment (after first line), which is particularly observed
for the Sl signature. Consistency was also observed in the SOC arm
forthe APM 10360 GES, albeit the predictive value of the GES seemed
stronger when assessed at initial diagnosis (before first-line therapy;
Extended DataFig. 8). The negative correlation between CD19 H-score
and stromal and inflammatory GES was observed regardless of the tim-
ing of biopsy collection (Extended DataFig. 9). Regardless of timing of
biopsy collection, B cell and proliferation GES increased consistently as
CD19 H-scoreincreased (H-score >median), while all other signatures,
except ARG1 and melanoma antigen gene, decreased consistently as
CD19 H-score increased.

Molecular subgrouping did notimpact outcome in axi-cel arm
The prognostic value of molecular subgrouping into cell of origin (by
gene expression analysis), germinal center B cell (GCB)-like, ABC-like
and unclassified, were previously described in the context of first-line
chemoimmunotherapy**. Considering the limited number of patients

for ABC-like and unclassified subtypes in ZUMA-7 (ref. 1), these two
categories were grouped together as non-GCB-like. Axi-cel EFS was
similar for GCB-like and non-GCB-like subgroups and was superior
to SOC (Extended Data Fig. 10; axi-cel, P= 0.6355 for GCB-like versus
non-GCB-like; P=1.25x107 and P=2.97 x 10°¢ for axi-cel versus SOC
for GCB-like and non-GCB-like, respectively; Fig. 6 for representative
model). Conversely, non-GCB status was associated negatively with
SOCEFS (P=0.0114). All four gene expression clusters (Fig. 3) did not
associate with cell of origin by molecular subgroup (Extended Data
Fig.4). Thelatterisalso represented by a principal component analysis
(PCA) utilizing all genomic features significantly associated with clinical
outcomes (ongoing response, EFS or DOR) for either arm of the study
(Supplementary Fig. 7). Cluster 1 (BPI) and B cell-related genes con-
tributed inversely to the principal components as compared with
features associated with clusters 2,3 and 4 that had more similar con-
tributions to the components, supporting the identified clusteringin
Fig.3a.Whilethe clusters were differentially involved in distinct sections
of the PCA plot, GCB status showed a diffuse pattern, supporting the
independence of GCB status from the above clusters.

Discussion

ZUMA-7isthelargest available clinical datasetinthe CAR T cell therapy
setting for second-line LBCL. Here, we explored the ZUMA-7 dataset
to uncover tumor biomarkers associated with outcome (EFS, DOR,
ongoing response, complete response, objective response) to CAR
T celltherapy (axi-cel) or SOC (salvage chemotherapy/HDT-ASCT). We
determined that outcomes to axi-cel or SOC are influenced differen-
tially by malignant cell characteristics and the composition of the TME
inthe second-line setting, providinginsightsinto the putative mecha-
nisms driving responsiveness to these therapies. For instance, tumor
GESrepresentative ofimmune contextures, including the B cell signa-
ture and Sll, acluster enriched with stromal and immune-suppressive
features, were associated positively and negatively, respectively, with
CART cell therapy outcome. Notably, bulk tumor CD19 gene expres-
sionby NanoString I0360 and malignant cell CD19 protein expression
(H-score as assessed by IHC) were correlated and associated positively
with cell therapy outcome.

The analyses reported herein identified principal clusters of
GES. The SII, which associated negatively with clinical outcome,
could be reflective of an immune-suppressive TME, including
myeloid-associated immune-suppressive and TGF3-activated stromal
genes. Within thisimmune contexture, CAR T cells may not sufficiently
traffic to malignant cells or sustain a functional state**. Previous work
demonstrated an association between myeloid cell infiltration and
checkpointligand upregulationin LBCL, and additional investigation
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iswarranted to determine whether the SlI-classified tumors promote
T cell dysfunction. In contrast, BPI was associated positively with
HGBL/double-/triple-hit disease and a favorable clinical outcome.
Thelatter high-risk subgroup was more likely to have high BPlindices,
indicatinga more uniform malignant B cell population with less diverse
immune infiltration. Therefore, favorable clinical outcomes with
axi-celmay be dependent on tumors that, albeit aggressive and highly
proliferative, lack active cellular suppressive mechanisms, making
them more sensitive to CART cell intervention.

A main finding of this study was the clear distinction between
axi-cel and SOC biomarkers associated with outcome (Fig. 6). While
the B cell GES and CD19 H-score associated positively with outcomes
after axi-cel treatment, other TME immune features, including APM
and dendritic cells associated positively with outcomes after SOC.
This reinforces the mechanistic distinction between direct antigen
engagement of CD19 by the CAR under axi-cel, versus co-opting the
endogenous immunity against tumor epitopes (dependent on anti-
gen processing and presentation mechanisms*) under SOC. Notably,
outcomes with axi-cel were improved versus those with SOC for all
presented biomarker subgroups.

The association between CD19 protein expression (H-score) on
malignant cells and outcome corroborated recent results from Spiegel
etal.using flow cytometry inasmaller dataset (n =15)*. Further inves-
tigationiswarranted; extrapolation of these findings using real-world
clinical testing for CD19 is not substantiated given the carefully con-
trolled nature of the real-time fresh tumor quantitative flow assay by
Spiegel et al. and the centralized and standardized nature of our IHC
assay.

Axi-cel demonstrated improved EFS over SOC regardless of CD19
expression (bulk gene expression or H-score). Nevertheless, in the
ZUMA-7 axi-cel arm, patients with lower CD19 H-score presented amore
complex, immune-infiltrated TME, underscoring that the relatively
shorter EFS of axi-cel in patients with lower CD19 protein expression
may be dependent not only on suboptimal target expression, but also
onconcurrentand confounding immune contexture features. In fact,
low CD19 H-score associated with SII, which associated negatively with
axi-cel EFS, and the association between CD19 H-score and EFS seemed
confined mostly to patients having a high Sll index.

The four clusters of TME signatures described herein and the
associations of clusters 1 (BPI) and 2 (SII) with CAR T cell therapy out-
comeshave notbeenreported previously. Alizadeh et al. reported that
the overall gene expression profile of acomplex diffuse LBCL (DLBCL)
lymphnodebiopsy can be approximated by a collection of related GES,
revealing cell-of-origin GCB and ABC prognostic subgroups”. Similar
conclusions were presented by Rosenwald et al.?®, where an unclassi-
fied molecular subgroup was identified in addition to GCB and ABC
groups. Further genomic subgrouping of GCB and ABC have also been
established by Chapuy et al.”. Cell of origin may itself have predictive
value, where more intensive chemoimmunotherapy can be considered
for the worse prognosis ABC subtype®. In our analyses, cell of origin
had apredictive value for SOC therapy, but lacked predictive value for
CART cell therapy, with axi-cel showing similar efficacy for either GCB
or non-GCB subtypes, reflecting profound mechanistic differences
between treatment modalities.

The four clusters of GES reported herein present biological fea-
tures that are different from the GCB, ABC and type 3 (unclassified)
signatures defined per cell of origin. There was no association between
any of the four clusters with GCB or non-GCB status. Rosenwald et al.
alsouncovered additional DLBCL GES, named ‘proliferating cells, ‘reac-
tive stromal and immune cellsinthe lymphnode, and ‘major histocom-
patibility complex class Il complex’®. While different methodologies
preventdirect comparison, it seems likely that thereis a partial overlap
ofthebiological features represented by the twoindependent studies.
Forinstance, cluster 2 (SIl) here may have similarities with the ‘reactive

stromal and immune cells in the lymph node™,

Similarly, the ‘mesenchymal’ signature recently presented by
Kotlov et al.* in the context of first-line LBCL is expected to partly
overlap with cluster 2 (SII) presented here. Kotlov et al. also found that
the HGBL subtype was enriched in a‘depleted (DP)’ microenvironment,
which presented features of B cell proliferation and relatively lower
infiltration of immune cells. Here, we present a strong association
between cluster 1 (B cell proliferation) and HGBL. One could envision
that cluster 1 presented here overlaps with the DP microenvironment
of Kotlov et al.”’. Notably, the authors found that the DP microenvi-
ronment associated with the worst PFS following R-CHOP (first-line
therapy), while the mesenchymal subtype associated with the best
PFS (among the four gene expression-defined TME). Here, we report
potentially opposite outcomes with CAR T cell therapy, where the B
cell proliferation and stromal clusters associated with best and worst
outcome, respectively. These observations might have important
implications with CAR T cell therapy and other therapeutics moving
toearlier lines of treatment, as there may be response-predictive value
to these TME signatures. Consistently, Steen et al. recently proposed
up to five malignant B cell states and 39 immune cell states in LBCL,
which could assembleinto up to nine ecotypes (TME subtypes based on
interactions between tumor and immune cell states), and showed pre-
dictive value for some of these tumorimmune contextures®. Although
several available therapies present distinct mechanisms of action, the
best treatment option in LBCL may rely on stratification by deeper
molecular characterization, including TME features and cancer cell
mutational profile'®**%,

Another mainfinding of this study was the shiftin influential bio-
markers, most notably tumor immune contexture, across lines of
therapy, supporting earlier intervention with CAR T cell therapy. This,
together with the possible impact of lines of therapy on CART cell
product fitness®**¢, may well explain the different landscape of predic-
tive markers across different lines of therapy. As shown here, tumors
exposed to fewer therapies had greater IS21, a GES previously associ-
ated with improved immune infiltration and outcome to axi-cel', as
well as greater B cell signature. This may be due to TME evolution and/
orbiasin patientsurvival and selection through lines of therapy. Alto-
gether, because of favorable tumor characteristicsand T cell fitness, it
is possible that axi-cel would present a further improved therapeutic
profile in first-line therapy. This scenario is consistent with results
recently published from the ZUMA-12 study, which reported a 78%
complete response rate and 89% ORR infirst-line patients with high-risk
LBCL treated with axi-cel*®.

The results presented herein also demonstrate that axi-cel was
superior to SOC with an even wider margin in patients with high SPD
or elevated LDH—tumor-aggressiveness features with known negative
prognostic value. There was a lack of an association between SPD or
LDH andresponses inthe ZUMA-7 axi-cel arm. This differs from previ-
ousobservationsin third-line LBCL (ZUMA-1)¢. While lower median SPD
and LDHinZUMA-7 versus ZUMA-1 might account for these differences,
ZUMA-7 enrolled many patients with substantial tumor burden and
elevated LDH, and the range of SPD was similar between the two stud-
ies. Thus,in ZUMA-7, the lack of association between SPD and outcome
may be due, at least partly, to favorable TME immune contextures in
the second-line versus the third-line setting, as described above. Onthe
other hand, SPD and LDH may not be the most informative prognostic
metrics of tumor burden, and other approaches might prove more
useful, including metabolic tumor volume, as previously reported in
both second-line and third-line LBCL**®, These observations suggest
thatamore favorable TMEimmune contexture in second-line LBCL may
enable CART cell therapy to overcome large tumor burden.

While patients with reduced B cell signature and less favorable
immune TME showed a poorer clinical outcome, a key question is
whether actionable product characteristics may help overcome
such unfavorable features. As presented herein, a CAR T cell prod-
uct enriched in the CCR7°"CD45RA" T cell phenotype may improve
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outcomes in patients with lower CD19 protein expression and higher
immunosuppressive features.

This study had certain limitations. As the analyses herein are
exploratory, conclusions drawn from these data will require further
confirmation in an independent validation cohort. The number of
patientsincluded in each analysis varied due to the availability of data
from ZUMA-7 and ZUMA-1 cohorts 1+ 2. While no statistically signifi-
cant associations between sex and efficacy were detected in axi-cel or
SOC arms, the detection of minor, yet significant, interactions would
require amuch larger sample size than currently available. Future
studies should also gather spatial information to better understand
tumor immune cell contexture.

Knowledge of theimmune contexture is essential for understand-
ing mechanisms of action and likelihood of prolonged response to CAR
T cell therapy'®*. In addition to SPD, metabolic tumor volume, LDH
and target (CD19) expression, measurements of tumor immune con-
texture using Immunoscore, IS21 (ref. 36), B cell, as well as stromal and
immunosuppressive gene signatures, are emerging asimportant and
interrelated determinants of durable responses to axi-cel intervention.
Collectively, these observations may help inform studies evaluating
patient management based on tumor biology/biomarkers and design
of next-generation therapeutics.

Online content

Any methods, additional references, Nature Portfolio reporting sum-
maries, source data, extended data, supplementary information,
acknowledgements, peer review information; details of author con-
tributions and competing interests; and statements of data and code
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Methods

Inclusion and ethics

Studies were approved by the institutional review board at each
study site and were conducted in accordance with the Good Clinical
Practice guidelines of the International Conference on Harmoniza-
tion"*°, Patients provided written informed consent for samples to
be collected and analyzed. Financial compensation was not provided
to patients.

Patient samples and efficacy readouts

Evaluable samples from patientsin the safety analysis sets of ZUMA-7
(NCT03391466; n=170) and ZUMA-1 cohorts 1+2 (NCT02348216;
n=101) were analyzed (Supplementary Tables 7 and 8). Covariates
were overall uniformamong the analysis subgroups. Clinical data from
ZUMA-7 were collected using Medidata Rave from 77 sites worldwide.
Between 25January 2018, and 4 October 2019, 359 patients underwent
randomization. The number of patientsincluded in each analysis varies
based ondataavailability; for clarity, the specific nvalues areincluded
in each figure. The safety analysis set of ZUMA-7 was defined as rand-
omized patients who received at least one dose of axi-cel or SOC. The
safety analysis set of ZUMA-1 was defined as all patients treated with
any dose of axi-cel.

ZUMA-7 efficacy endpoints (ORR, best response, EFS, DOR and
ongoing response) utilized the primary analysis data cutoff date'. EFS
was defined as time from randomization to the earliest date of dis-
ease progression per Lugano Classification*, commencement of new
lymphoma therapy or death from any cause. Ongoing response was
defined as patients who were in ongoing response (complete response
or partial response) by the ZUMA-7 primary analysis data cutoff date'.
Progression after response was defined as patients who achieved a
complete response or partial response and subsequently experienced
disease progression. Patients who achieved stable disease or progres-
sive disease as best response were included within the category of no
response’. To contextualize select findings, data from patients with
evaluable samplesin ZUMA-1 pivotal cohorts1+ 2 were included with
aminimum follow-up of 60 months.

Analysis of GES

Tumor biopsy collection and processing of formalin-fixed paraffin-
embedded biopsy specimens was similar between ZUMA-1 (ref.10) and
ZUMA-7.Gene expression data were collected from tumor biopsies via
acentrallaboratory. Wet laboratory analysis of NanoString 10360 was
performed at Neogenomics. Raw data were transferred to NanoString
for calculation of the 10360 scores and cell-of-origin status (GCB versus
non-GCB). All correlative analyses were formed at Kite, a Gilead
Company. Analyses were reproduced by at least two independent
contractors and further analyzed for correctness. InZUMA-7, biopsy
collectionwas based on availability with collections of either archival
biopsy frominitial diagnosis or freshly collected before ZUMA-7 lym-
phodepleting chemotherapy (when archival was not available, not
paired, Supplementary Table 3). Gene expression and molecular sub-
groupanalysiswere performed by leveragingthe NanoString PanCancer
10360 Panel and Lymphoma Subtyping Test. Predefined GES from
NanoString (proprietaryalgorithm; https://nanostring.com/products/
ncounter-assays-panels/oncology/pancancer-io-360/) were analyzed
for clustering and association with efficacy readouts. Unsupervised
clustering of GESs was performed in TIBCO Spotfire (v.11.4.3) using
the calculated hierarchical clustering method (unweighted pair group
method with arithmetic mean; distance measure-Euclidean, ordering
weight-average value, empty value replacement method-constant
value, replace with 0 and normalization-none). 1S21, a predefined GES
of T cellinfiltration and function, was calculated from gene expression
values of the PanCancer 10360 panel using a proprietary algorithm
from Veracyte'. For individual gene expression values, Nanostring
RCC and RLF files were imported on nsolver Analysis software (v.4.0).

Raw data were further analyzed with nCounter Advanced Analysis
(v.2.0.134) and normalized linear counts output were used for all
further analysis. Based on the PanCancer 10360 panel, expression of
individual genes, cell subtypes within the TME and their association
with clinical outcome were investigated.

Analysis of CD19 expression level

CD19 protein expression level was measured by IHC using a validated
assay at NeoGenomics*’. Hematoxylin and eosin staining allowed
formalin-fixed paraffin-embedded tissue evaluation for tumor con-
tent and block quality controls. Slides were scanned with an Aperio
AT2 slide scanner to generate digital images at x20 magnification. A
trained pathologist identified the tumor area and provided qualita-
tive and semiquantitative assessments. IHC staining was performed
using tissue sections and an automated immunostainer (DAKO). IHC
staining for CD19 (LE-CD19, cytoplasmic domain) was scored by com-
posite H-score. H-scores were calculated as a product of IHC intensity
(scale1-3) multiplied by the percentage of tumor cellsat agiveninten-
sity (0-100%) by central pathology review. IHC staining with H-score
<5 was assigned as ‘negative’; 5-300 was assigned as ‘positive’ for the
purpose of data quantification.

Analysis of product attributes

Product T cell phenotypes and other product attributes were assessed
at Kite, a Gilead Company, by flow cytometry based on CCR7 and
CD45RA expression (NanoString PanCancer 10360 Panel). The gating
strategy to derive the T cell phenotypes is summarized in Supple-
mentary Fig. 4. Additional product characterization of costimulatory
(CD27, CD28) and activation and exhaustion markers (PD-1, TIM-3,
LAG3) was performed by flow cytometry using a validated assay at
CellCarta.

Analysis of tumor burden

Tumor burden was estimated as the sum of product diameters of
up to six target lesions per Cheson 2007 criteria®, assessed by cen-
tral review. LDH was quantified at each site’s clinical laboratory, as
previously described'. LDH was reported by each site as elevated
(>reference range) or nonelevated (<reference range) for the local
laboratory.

Association analysis and related statistics

Biomarkers from exploratory endpoints were analyzed for associations
with each other and with efficacy endpoints. Spearman’s rank-order
correlation was used to evaluate association between analytes. Kaplan—
Meier plots and Cox regression were used to evaluate association
between biomarkers and time-to-event endpoints. Wilcoxon rank
sumtest and logistic regression were used to evaluate the relationship
between biomarkers and binary outcomes. Kruskal-Wallis tests were
used to evaluate association between biomarkers and categorical end-
points. For these post hoc analyses, all P values were descriptive and
P < 0.05 was considered significant. No adjustments for multiplicity
testing were performed. Covariates were subdivided into subgroups by
median value, quartile values, or asindicated (for example, SPD value
of 3,721 mm?). Plots were generated using TIBCO Spotfire (v.11.4.3),
SAS (v.8.3), R (v.4.2.3) or GraphPad Prism (v.8).

PCA of outcome associated genomic features

PCA was performed utilizing all genomic features derived from
NanoString expression profiling that were significantly associated
with clinical outcomes in the axi-cel or SOC arm (P < 0.05; ongoing
response, EFS or DOR). Genomic feature types included were 10360
signature scores, cluster scores derived from 10360 clusters, or
genesincluded within any of the I0360 signatures. Subjectsincluded
in this analysis were those with NanoString expression profiling of
pretreatment tumor biopsies which passed quality control n =256).
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AllPCA-related analyses and plots were performedin R v.4.2.2 (2022-
10-31 ucrt). The FactoMineR (v.2.8) package was utilized to perform
the PCA with the PCA function, default settings. The PCA loadings
plot was generated using the fviz_pca_var() function from the fac-
toextra package (v.1.0.7). All PCA patient dot plots were generated
utilizing ggplot2 (v.3.4.2) functions and colors were represented with
scale_color_manual for categorical feature overlays or scale_color_
gradient2 for continuous variables where the feature values were
log,,-transformed and the midpoint of the color scaling was defined
asthelog,,-transformed median value.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

Kite is committed to sharing clinical trial data with external medi-
cal experts and scientific researchers in the interest of advancing
public health. As such, Kite shares anonymized individual patient
data (IPD) upon request or as required by law and/or regulation.
Qualified external researchers may request IPD for studies of Kite
or Gilead compounds approved in the USA and the European Union
with amarketing authorization date on or after1january 2014 and are
publicly listed on clinicaltrials.gov or the European Union-Clinical
Trials Registry. For studies of newly approved compounds or indi-
cation, the IPD will be available for request 6 months after US Food
and Drug Administration and European Medicines Agency approval.
Such requests are at Kite’s discretion and are dependent on the
nature of the request, the merit of the research proposed, avail-
ability of the data and the intended use of the data. If Kite agrees to
therelease of clinical data for research purposes, the requestor will
be required to sign a data sharing agreement to ensure protection
of patient confidentiality before the release of any data. Access
can be requested by contacting medinfo@kitepharma.com and
requests willbe addressed within 60 days. The NanoString data from
ZUMA-7 patients discussed in this publication will be deposited in
the National Center of Biotechnology Information Gene Expression
Omnibus (NCBI GEO) and will be accessible through the GEO Series
with the following accession number and access code, respectively:
GSE248835 and inmducmctjux;jsj.
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a Association of Genes With Ongoing Response Versus Others (Relapse + No Response) in Patients Treated With Axi-Cel
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Extended DataFig. 1| Elevation of select B-cell genes was associated with
ongoing response. Panel ashows the association of ongoing response with
genesincluded in Nanostring10360™ GES as a volcano plot in axi-cel treated
patients. The corresponding Nanostring 10360™ GES for each gene is appended
to the gene namein the label. The plot presents the descriptive two-sided P value
and fold change of each gene in ongoing responders versus others (response
followed by progressive disease and no response) in the axi-celarm. The fold
change is presented as Log2([median Ongoing]/[median Others]). Statistical
analyses were conducted using the Wilcoxon rank sum test (numerical vs

categorical). Panel b shows the association of ongoing response with genes
included in Nanostring 10360™ GES as a volcano plot in SOC-treated patients.
The corresponding Nanostring 10360™ GES for each gene is appended to the
gene namein the label. The plot presents the descriptive two-sided P value
and fold change of each gene in ongoing responders versus others (response
followed by progressive disease and no response) in the SOC arm. The fold
change is presented as Log2([median Ongoing]/[median Others]). Statistical
analyses were conducted using the Wilcoxon rank sum test (numerical vs
categorical). axi-cel, axicabtagene ciloleucel; SOC, standard of care.
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Extended Data Fig. 2| BPI correlated with responses to axi-cel. Panelsaand b
show association between cluster 1(BPI) and ongoing response in the axi-cel (left)
and SOC (right) arm. Panel aincludes ongoing responders (n = 58, axi-cel;n =18,
SOC) versus others (combined progression after response and no response;

n =70, axi-cel; n=80,SOC), whereas Panel b includes ongoing responders (n =58,
axi-cel; n =18, SOC) versus progression after response (n = 54, axi-cel; n =28,
SOC) versus no response (n =16, axi-cel; n =52, SOC). For panels a-b, box plots
show Q1, median, and Q3, and the lower and upper whiskers show Q1-1.5(IR) and
Q3 +1.5(IR), respectively; n values reflect the number of independent patients

ineach respective group. For panels a-b, two-sided Pvalues were calculated per
Wilcoxon test and Kruskal-Wallis test, respectively, and are reported. Panel ¢
shows the Kaplan-Meier estimate of EFS by BPl and treatment arm (axi-cel vs
SOC). Patients who did not meet the criteria for an event had their data censored
(tick marks). Unstratified Cox proportional hazards Pvalues (two-sided) are
presented. Axi-cel, axicabtagene ciloleucel; BPI, B-Cell Lineage and Proliferation
Index; Cl, confidence interval; EFS, event-free survival; HR, hazard ratio; IR,
interquartile; Q, quartile; SOC, standard of care.
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Extended DataFig. 3 | SIl and BPI clusters negatively and positively,
respectively, associated with DOR following axi-cel treatment. a,b,
Kaplan-Meier estimate of DOR by SlI (a) and by BPI (b) in the axi-cel treatment
arm (Sl High versus SII Low; BPI High vs BPI Low). Patients who did not meet

the criteria for an event had their data censored (tick marks). Unstratified Cox
proportional hazards Pvalue (two-sided) is presented. Axi-cel, axicabtagene
ciloleucel; BPI, B-cell lineage and proliferation index; SII, stromal and
immunosuppressive index; axi-cel, axicabtagene ciloleucel.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02754-1

1000 . . 1000

100 100

10

BPI (Cluster 1)
S
1
SlI (Cluster 2)
; .
7 &

-| Wilcoxon P=0.66 | Wilcoxon P=0.69

-
-

T T T T
GCB Non-GCB GCB Non-GCB
n=191 n=52 n=191 n=52
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respectively; nvaluesreflect the number ofindependent patientsin each respective
group. Two-sided Pvalues were calculated per Wilcoxon test and are reported. BPI,
B-Cell Lineage and Proliferation Index; GCB, germinal center B-cell subgroup;

IR, interquartile; Q, quartile; SII, Stromal and Immunosuppressive Index.
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Extended DataFig. 5| Failure to achieve durable response in patients with
high CD19 H-score may be driven by a high glycolytic activity. Panel a shows
association between ongoing response and I0360™ signatures as a volcano

plot. Descriptive Pvalue is reported over GES signature fold change in patients
with ongoing response versus others. The fold change is shown as Log2([group
one]/[group two]). Statistical analyses were conducted using Kruskal-Wallis test
(numerical vs categorical). Panel b shows glycolytic activity (10360) by response
inthe axi-cel arm for patients with high CD19 H-score (>median; left; n =31,

ongoing response; n =20, relapsed; n = 7, no response) and low CD19 H-score
(< median; right; n = 24, ongoing response; n = 31, relapsed; n = 8, no response).
Box plots show Q1, median, and Q3, and the lower and upper whiskers show
QI-1.5(IR) and Q3 + 1.5(IR), respectively; n values reflect the number of
independent patients in each respective group. Two-sided Pvalues were
calculated per Kruskal-Wallis test and are reported. Axi-cel, axicabtagene
ciloleucel; GES, gene expression signature; IR, interquartile range; Q, quartile.
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Extended Data Fig. 6 | See next page for caption.
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Extended DataFig. 6 | High SPD or LDH tumors were lessimmune infiltrated. IS, ImmunoSign; JAKSTAT, Janus kinase signal transducer and activator of
Panels a and b show the relation of SPD (Panel a) or LDH (Panel b) with GES, transcription; MHC, major histocompatibility complex; NK, natural killer; NOS,
asindicated. The volcano plots present descriptive two-sided P value over nitric oxide synthase; PD, programmed death; PD-L, programmed death-ligand;
Spearman’s R. APM, antigen presentation machinery; DC, dendritic cell; LDH, SPD, sum of product diameters; TGF, transforming growth factor; Thl, T helper
lactate dehydrogenase; IDO1, indoleamine 2,3-dioxygenase 1; IFN, interferon; type 1; TIS, tumor inflammation signature.
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Extended Data Fig. 7| B-cell signature, BP1, CD19 expression and SII
association with EFS following axi-cel treatment by timing of biopsy
collection. Panel a shows the association of B-cell signature, BPI, CD19
expression as mRNA or H-score, or Sl with EFS following axi-cel treatment,
stratified by tumor biopsy collection timing: either before (initial diagnosis) or
after 1L treatment versus overall. For each subgroup, the number of independent
patients with an event >median or <median are reported within the figure out
ofthe total number of patients in each respective subgroup (ie, n with event/N

2
After 1L, SliLow 49 48 34 31 31 30 30 30 29 26 21 18 13 6 6 4

total for the subgroup). Panel b-e show the Kaplan-Meier estimates of EFS for
select biomarkers (as indicated), limited to patients with biopsy collected after
1L treatment, before lymphodepletion chemotherapy (proximal to axi-cel
treatment). Unstratified Cox proportional hazards Pvalues (two-sided) are
presented. For panels b-e, patients who did not meet the criteria for an event had
their data censored (tick marks). axi-cel, axicabtagene ciloleucel; CI, confidence
interval; EFS, event-free survival; HR, hazard ratio.
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Extended Data Fig. 8| APM 10360™ signature association with EFS following
SOC treatment by timing of biopsy collection. Panel a shows the association
of APM10360™ signature with EFS following SOC treatment stratified by tumor
biopsy collection timing: either before (initial diagnosis) or after 1L treatment
versus overall. For each subgroup, the number of independent patients with
an event >median or <median are reported within the figure out of the total

number of patients in each respective subgroup (ie, n with event/N total for the
subgroup). Panel b shows the Kaplan-Meier estimate of EFS by APM, limited to
patients with biopsy collected after 1L treatment. Unstratified Cox proportional
hazards Pvalue (two-sided) is presented. Patients who did not meet the criteria
for an event had their data censored (tick marks). Cl, confidence interval;

EFS, event-free survival; HR, hazard ratio; SOC, standard of care.

Nature Medicine


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02754-1

Group based on P values Log2FoldChange

B intersection 0.4
B After_1L_and_Overall 02
Before_1L_and_Overall OO >
M Overall 1_0:4
-0.6
DC.I0360
EIARRCAEONZE Macrophages.|0360
EYAREEIERES Myeloid.|0360
L RVERIEIE Stroma.|0360
ey 7 BERY CD8.T.Cells.|0360
REREVEIAREEE CTLA4.10360
CIARESREOREY Cytotoxic.Cells. 10360
Py o BEEl Endothelial.Cells. 10360
EYARPIEREYY IDO1.10360
S0 | B IFN.Downstream.|0360
RUEARVERY IFN.Gamma.l0360
SECIROEEY Inflammatory.Chemokines.|0360
SUEPARGEER | ymphoid.|0360
EY  EX Mast.Cells.10360
SCNAREOERY Neutrophils. 10360
1 B NK.Cells.|0360
— o BOELE Stromal and Immunosuppressive Index (SlI)
SZEIRIEERY T.Cells.|0360
SU<E R ENgd TH1.Cells.10360
=i BNES Treg.|0360
(IR 271 B—Cell Lineage and Proliferation Index (BPI)
el BEEY ARG1.10360
SRR ROKEY B7.H3.10360
[
o
=]
®
>
Q
c
o

B BNl Exhausted.CD8.10360
ol Bl MAGES. 10360

Skl el Proliferation. 10360

Group based

Before_1L_and _Overall

After_1L_and _Overall

Overall
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(axi-cel versus SOC). Patients who do not meet the criteria for an event had their
datacensored (tick marks). Unstratified Cox proportional hazards P values
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(two-sided) are presented. axi-cel, axicabtagene ciloleucel; CI, confidence
interval; EFS, event-free survival; GCB, germinal center B cell-like; HR, hazard
ratio; SOC, standard of care.
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Data exclusions  No data were excluded from the analyses.

Replication The data are from two clinical studies. All analyses were reproduced by at least two independent operators and were further analyzed for
correctness. There has been no replication of the clinical study. There are not any additional studies in 2L LBCL where to replicate the
observations, yet. The findings reported in the study could be confirmed by prospective validation in subsequent trials.

Randomization  Patientsin ZUMA-7 were randomized to axi-cel or historical standard of care therapy, as previously described (Locke, et al. New Engl J Med.
2022;386(7):640-654). For these analyses, patients were analyzed based on their randomized treatment. ZUMA-7 is a phase 3 randomized
study of axi-cel Vs SOC. Randomization (allocation factors) were response to first-line therapy (primary refractory, vs relapse < 6 months of
first-line therapy vs relapse > 6 and < 12 months of first-line therapy) and second-line age-adjusted International Prognostic Index (IP1) (Oto 1
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biomarker values (> median Vs <= median) and outcome, Ongoing response Vs others (by data cut off), as indicated throughout the
manuscript.
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Clinical trial registration  ClinicalTrials.gov: NCT03391466 for ZUMA-7; NCT02348216 for ZUMA-1 Cohorts 1+2

Study protocol The ZUMA-7 study protocol was published in Locke, et al. New Engl J Med. 2022;386(7):640-654. The ZUMA-1 protocol was
published in Neelapu, et al. New EnglJ Med. 2017;377(26):2531-2544.

Data collection Clinical data from ZUMA-7 were collected using Medidata Rave® from 77 sites worldwide. Between January 25, 2018, and October 4,
2019, 359 patients underwent randomization for ZUMA-7. Evaluable samples from patients in the safety analysis sets ofZUMA-7
(N=170) and ZUMA-1 Cohorts 1+2 (N=IOI) were analyzed. For this reason, the number of patients included in each analysis varies
based on data availability; for clarity, the specific n values are included within each figure.

Outcomes Outcomes were not assessed prospectively in this exploratory analysis. The ZUMA-7 dataset was used to uncover novel tumor
biomarkers associated with outcome (event-free survival, duration of response, ongoing response, complete response, objective
response) to axi-cel or standard of care. ZUMA-7 efficacy endpoints (ORR, best response, EFS, DOR, and ongoing response) utilized
the primary analysis data cutoff date. EFS was defined as time from randomization to the earliest date of disease progression per
Lugano Classification, commencement of new lymphoma therapy, or death from any cause. Ongoing response was defined as
patients who were in ongoing response (CR or partial response [PR]) by the ZUMA-7 primary analysis data cutoff date. Progression
after response was defined as patients who achieved a CR or PR and subsequently experienced disease progression. Patients who
achieved stable disease or progressive disease as best response were included within the category of no response.
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Methodology

Sample preparation CART cell products were manufactured from patient apheresis material. After manufacturing, CAR T cell products were
harvested and viably cryo-preserved into small aliquots for subsequent testing. Flow cytometry testing was performed
immediately after thawing of the CAR T cell product vials.

Instrument BD FACSCanto™ Il (serial number: R33896203053, reference number: 338962)

Software Software used for acquisition/collection is BD FACSDiva™ v9.0 and for analysis is FlowJo v10.7

Cell population abundance The preparation consisted of almost entirely (>90%) T cells because of the manufacturing process utilized to produce axi-cel.
Purity is accessed by flow assay looking at viability, CD3+, and CAR+ by QC.

Gating strategy FSC/SSC gating is used to identify single mononuclear cell population (lymphocytes). To identify single cells, FSC-H/FSC-A

gating is used. SSC-A/FSC-A gate identifies total lymphocyte population. Live cells are identified by the viability marker 7-
AAD, where live cells are 7-AAD negative. Total viable T cells are identified by positive CD3 staining. Further phenotyping of
CD3+ T cells is done by staining with CD4, CCR7, and CD45RA markers. CD8+ T cells are defined as CD3+ and CD4-. For CCR7
and CD45RA, we use FMO (Fluorescence minus one) controls to accurately identify the positive and negative populations for
those phenotypes. T cell Memory phenotypes are defined as the following, Naive T cells (CCR7+ CD45RA+), Central Memory
T cells (CD3+ CCR7+CD45RA-), Effector T cells (CD3+ CCR7- CD45RA+), and Effector Memory T cells (CD3+ CCR7- CD45RA-).

Tick this box to confirm that a figure exemplifying the gating strategy is provided in the Supplementary Information.
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