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Reporting Summary
Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency 
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics
For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

n/a Confirmed

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement

A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided 
Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested

A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient) 
AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted 
Give P values as exact values whenever suitable.

For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code
Policy information about availability of computer code

Data collection The investigator and study staff of each trial site collected samples, as available, from patients. Clinical data was collected using Medidata 
Rave. 

Data analysis All statistical analyses and plots were performed through the R software v.v.4.2.1 and v.4.2.2 (2022-10-31 ucrt), using predefined packages. 
Flow cytometry analysis was performed using FlowJo v. X, Data Analysis Software. Protein analysis was performed using MSD Discovery 
Workbench and Simple Plex Explorer softwares. 

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and 
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

Data
Policy information about availability of data

All manuscripts must include a data availability statement. This statement should provide the following information, where applicable: 
- Accession codes, unique identifiers, or web links for publicly available datasets 
- A description of any restrictions on data availability 
- For clinical datasets or third party data, please ensure that the statement adheres to our policy 

 

Kite shares anonymized individual patient data (IPD) upon request or as required by law or regulation with qualified external researchers based on submitted 
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curriculum vitae and reflecting non conflict of interest. The request proposal must also include a statistician.  Approval of such requests is at Kite’s discretion and is 
dependent on the nature of the request, the merit of the research proposed, the availability of the data, and the intended use of the data. Data requests should be 
sent to medinfo@kitepharma.com and will be addressed within 60 days. 

Research involving human participants, their data, or biological material
Policy information about studies with human participants or human data. See also policy information about sex, gender (identity/presentation), 
and sexual orientation and race, ethnicity and racism.

Reporting on sex and gender Sex (biological attribute) has been included and was self-reported by the study participants. Sex was included in the 
univariate, multivariate, and subgroup PFS analysis.

Reporting on race, ethnicity, or 
other socially relevant 
groupings

Subanalyses based on race and ethnicity were not performed and are therefore not reported herein. 

Population characteristics Age (<65 vs ≥65), number of prior lines of therapy, baseline ECOG performance status, disease stage, and disease type are 
included in the univariate, multivariate, and subgroup PFS analysis.

Recruitment Patients were enrolled and recruited at participating clinical study sites according to the eligibility criteria defined in each 
study protocol. Potential sources of selection bias are inherent to clinical trial enrollment and are reflected in the protocol-
defined inclusion and exclusion criteria. 

Ethics oversight Each study site’s institutional review board reviewed and approved the study protocol and amendments, and all patients 
provided written informed consent for collection and analysis of biospecimens. The study was executed in accordance with 
the Declaration of Helsinki and in accordance with the International Conference on Harmonization Good Clinical Practice 
guidelines. Patients in the studies did not receive compensation for their participation. All eligible patients were at least 18 
years of age.  
  
Notably, these were large multi-center trials conducted across many institutions. The clinical protocols were approved by the 
Institutional Review Boards (IRB) or Independent Ethics Committees (IEC) at each participating sites.

Note that full information on the approval of the study protocol must also be provided in the manuscript.

Field-specific reporting
Please select the one below that is the best fit for your research. If you are not sure, read the appropriate sections before making your selection.

Life sciences Behavioural & social sciences  Ecological, evolutionary & environmental sciences

For a reference copy of the document with all sections, see nature.com/documents/nr-reporting-summary-flat.pdf

Life sciences study design
All studies must disclose on these points even when the disclosure is negative.

Sample size No power calculation was performed. We included all consented patients within the safety population set in ZUMA-1, ZUMA-2, ZUMA-5, 
ZUMA-6, ZUMA-7, ZUMA-14 and the response evaluable set in ZUMA-12 with flow cytometry product phenotyping data available.

Data exclusions No data was excluded from the analyses. 

Replication All statistical analysis were reproduced by at least two independent operators and were further analyzed for correctness. There is no 
replication of the clinical studies included in the meta-analysis. The findings reported in the study could be confirmed by prospective 
validation in additional trials.

Randomization Trials included were not randomized except for ZUMA-7 [Locke et al, N Engl J Med, 2022 Feb 17;386(7):640-654] which randomized patients 
to axi-cel or standard of care. We did not perform any additional randomization or allocation as part of this study. Participants were enrolled 
and treated according to the protocols of the parent ZUMA clinical trials and were included in this meta-cohort analysis if the relevant product 
phenotyping and clinical data were available. The analytical groups presented in this study (e.g., Low, Mid, and High) were defined post hoc 
based on the distribution of measured continuous variables and were used solely for statistical analyses. Potential confounding factors were 
controlled using multivariable Cox proportional hazards regression models that included study cohort and relevant clinicopathologic 
covariates as described in the Methods. 

Blinding There was no blinding in ZUMA-1, ZUMA-2, ZUMA-5, ZUMA-6, ZUMA-7, ZUMA-12, and ZUMA-14. 

Reporting for specific materials, systems and methods
We require information from authors about some types of materials, experimental systems and methods used in many studies. Here, indicate whether each material, 
system or method listed is relevant to your study. If you are not sure if a list item applies to your research, read the appropriate section before selecting a response. 
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Materials & experimental systems
n/a Involved in the study

Antibodies

Eukaryotic cell lines

Palaeontology and archaeology

Animals and other organisms

Clinical data

Dual use research of concern

Plants

Methods
n/a Involved in the study

ChIP-seq

Flow cytometry

MRI-based neuroimaging

Antibodies
Antibodies used Product flow cytometry:  

BD Biosciences APC-H7-mouse α human CD8 Clone SK1, Cat#641400, 1:20, 0.25 μg/test 
BioLegend FITC-mouse α human CD197 (CCR7) Clone G043H7, Cat# 353216, 1:40, 1.0 μg/test 
BioLegend BV421-mouse α human CD3 Clone SK7, Cat# 344834, 1:200, 0.05 μg/test 
BioLegend APC-mouse α human CD45RA Clone HI100, Cat# 304112, 1:40, 0.015 μg/test 
BD Biosciences 7-AAD cellular viability stain, Cat# 559925  
 
Subset of antibodies in the apheresis standard flow cytometry panel [CD3, CD45RA, CCR7, CD25, CD45, CD8, CD4, CD127, CD28, 
CD27, viability]:  
BioLegend Ax700–mouse α human CD3 Clone UCHT1, Cat# 300424 
BioLegend PerCP-Cy5.5–mouse α human CD4 Clone RPA-T4, Cat# 300530 
BioLegend BV711–mouse α human CD8 Clone RPA-T8, Cat# 301044 
BioLegend PE-Dazzle594–mouse α human CD197 (CCR7) Clone G043H7, Cat# 353236 
BioLegend BV421–mouse α human CD45RA Clone HI100, Cat# 304130 
ThermoFisher Scientific DyLight800 Malemide viability stain, Cat# 46621 
 
Analysis was performed longitudinally, therefore multiple lots of the antibodies described above were utilized. List and characteristics 
of CyTOF reagents are in Supplementary Table 4. 

Validation Specificity testing of 1-3 target cell types with either single- or multi-color analysis (including positive and negative cell types). Once 
specificity is confirmed, each new lot must perform with similar intensity to the in-date reference lot. Brightness (MFI) is evaluated 
from both positive and negative populations. Each lot product is validated by QC testing with a series of titration dilutions.

Clinical data
Policy information about clinical studies
All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration NCT02348216 (ZUMA-1), NCT03391466 (ZUMA-7), NCT03761056 (ZUMA-12), NCT03105336 (ZUMA-5), NCT02601313 (ZUMA-2 
Phase 2 Cohort 1), NCT04880434 (ZUMA-2 Phase 2 Cohort 3), NCT02926833 (ZUMA-6), NCT04002401 (ZUMA-14)

Study protocol All essential study information can be found on clinicaltrials.gov using the clinical trial registration numbers and in each study clinical 
publication, as referenced in the methods section.

Data collection Clinical data and biospecimens were collected prospectively at participating ZUMA trial sites according to protocol-defined schedules. 
Clinical data were captured using Medidata Rave.  
 
Clinico-pathological information was provided by the sites, product and apheresis flow cytometry data was generated using the BD 
FACS Canto II and BD LSR II, respectively. Ferritin was analyzed using the Roche Immunoanalyzer or Simple plex Ella immunoassays, 
CRP was measured using the Meso Scale Discovery (MSD) V-Plex Vascular Injury Panel 2 immunoassay, and LDH was quantified at 
each site’s clinical laboratory. Anti-CD19 CAR T cells (cells/μL blood) was generated using qPCR. 

Outcomes Primary efficacy and safety outcomes were prespecified in the individual ZUMA trial protocols and were assessed according to 
protocol-defined criteria. The present analysis utilized these prospectively collected efficacy and toxicity endpoints. 
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Novel plant genotypes Describe the methods by which all novel plant genotypes were produced. This includes those generated by transgenic approaches, 
gene editing, chemical/radiation-based mutagenesis and hybridization. For transgenic lines, describe the transformation method, the 
number of independent lines analyzed and the generation upon which experiments were performed. For gene-edited lines, describe 
the editor used, the endogenous sequence targeted for editing, the targeting guide RNA sequence (if applicable) and how the editor 
was applied.

Seed stocks Report on the source of all seed stocks or other plant material used. If applicable, state the seed stock centre and catalogue number. If 
plant specimens were collected from the field, describe the collection location, date and sampling procedures.

Authentication Describe any authentication procedures for each seed stock used or novel genotype generated. Describe any experiments used to 
assess the effect of a mutation and, where applicable, how potential secondary effects (e.g. second site T-DNA insertions, mosiacism, 
off-target gene editing) were examined.

Plants

ChIP-seq

Data deposition
Confirm that both raw and final processed data have been deposited in a public database such as GEO.

Confirm that you have deposited or provided access to graph files (e.g. BED files) for the called peaks.

Data access links 
May remain private before publication.

For "Initial submission" or "Revised version" documents, provide reviewer access links.  For your "Final submission" document, 
provide a link to the deposited data.

Files in database submission Provide a list of all files available in the database submission.

Genome browser session 
(e.g. UCSC)

Provide a link to an anonymized genome browser session for "Initial submission" and "Revised version" documents only, to 
enable peer review.  Write "no longer applicable" for "Final submission" documents.

Methodology

Replicates Describe the experimental replicates, specifying number, type and replicate agreement.

Sequencing depth Describe the sequencing depth for each experiment, providing the total number of reads, uniquely mapped reads, length of reads and 
whether they were paired- or single-end.

Antibodies Describe the antibodies used for the ChIP-seq experiments; as applicable, provide supplier name, catalog number, clone name, and 
lot number.

Peak calling parameters Specify the command line program and parameters used for read mapping and peak calling, including the ChIP, control and index files 
used.

Data quality Describe the methods used to ensure data quality in full detail, including how many peaks are at FDR 5% and above 5-fold enrichment.

Software Describe the software used to collect and analyze the ChIP-seq data. For custom code that has been deposited into a community 
repository, provide accession details.

Flow Cytometry

Plots
Confirm that:

The axis labels state the marker and fluorochrome used (e.g. CD4-FITC).

The axis scales are clearly visible. Include numbers along axes only for bottom left plot of group (a 'group' is an analysis of identical markers).

All plots are contour plots with outliers or pseudocolor plots.

A numerical value for number of cells or percentage (with statistics) is provided.

Methodology

Sample preparation Cryopreserved patient-derived transduced axi-cel product and apheresis samples were thawed, and concentrations were 
adjusted before transferring to a 96-well round-bottom assay-plate. 

Instrument BD FACS Canto II (product) and BD LSR II (apheresis)

Software BD FACSDiva, FlowJo, Data Analysis Software



5

nature portfolio  |  reporting sum
m

ary
April 2023

Cell population abundance For product, BD FACSDiva software (acquisition window) must acquire 30,000 events in the T Cell gate (P4). For apheresis, 
the full volume was acquired for each sample. 

Gating strategy Product: 
1)  FSC threshold was set to 25000  
2) FSC-H by FSC-A dot plot with gate (P1) encompassing only singlet events. P1 is labeled as “Singlets”. 
3)  7-AAD by FSC-A dot plot, and from the “Singlets” population, gate (P2) is generated and encompasses viable cells. Label 
P2 as “Live Cells”.  
4)  SSC-A by FSC-A dot plot, and from the “Live Cells” population, gate (P3) encompassing all cells. Label P3 as “All Cells”.  
5)  From the “All Cells” (P3) population, create a CD3 (BV421) by SSC-A dot plot and create a gate (P4) encompassing CD3Pos 
T cells. Label P4 as "T Cells”.  
6)  From the “T Cells” (P4) population, create a CD8 (APC-H7) by CD3 (BV421) dot plot.  
7) Create a gate (P5) to encompass the CD3Pos and CD8Pos population. 
8)  Create a gate (P6) to encompass the CD3Pos and CD8Neg population (CD4pos).  
9)  From the “T Cells” (P4) population, create a CCR7 (FITC) by CD45RA (APC) dot plot and draw a quadrant gate. Acquire the 
fully stained test sample “Stain control” to adjust the gating. 
 
Apheresis: 
 1) SSC-A by Time dot plot with gate (Time) encompassing total events with removal of flow instabilities and fluidic anomalies. 
 2) FSC-H by FSC-W dot plot, and from “Time” population,  gate (FSC-W) is generated and encompasses singlet events. 
 3) SSC-H by SSC-W dot plot, and  from “FSC-W” population, gate (SSC-W) is generated, providing further data cleanup to 
encompass only singlet events 
 4) SSC-A by CD45 dot plot, and from “SSC-W” population, gate (CD45+) is generated to identify leukocytes. 
 5) SSC-A by MDL-800 dot plot, and from “CD45+” population, gate (Live) is generated to identify live CD45+ cells. 
 6) From the “Live” population, create a SSC-A by CD3 dot plot and generate a gate (CD3+) to encompass all CD3+ T cells. 
 7) From the “CD3+” population, create a CCR7 by CD45RA dot plot and generate a quadrant gate to identify memory, naïve, 
and effector T cell populations.

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

Magnetic resonance imaging

Experimental design

Design type Indicate task or resting state; event-related or block design.

Design specifications Specify the number of blocks, trials or experimental units per session and/or subject, and specify the length of each trial 
or block (if trials are blocked) and interval between trials.

Behavioral performance measures State number and/or type of variables recorded (e.g. correct button press, response time) and what statistics were used 
to establish that the subjects were performing the task as expected (e.g. mean, range, and/or standard deviation across 
subjects).

Acquisition
Imaging type(s) Specify: functional, structural, diffusion, perfusion.

Field strength Specify in Tesla

Sequence & imaging parameters Specify the pulse sequence type (gradient echo, spin echo, etc.), imaging type (EPI, spiral, etc.), field of view, matrix size, 
slice thickness, orientation and TE/TR/flip angle.

Area of acquisition State whether a whole brain scan was used OR define the area of acquisition, describing how the region was determined.

Diffusion MRI Used Not used

Preprocessing

Preprocessing software Provide detail on software version and revision number and on specific parameters (model/functions, brain extraction, 
segmentation, smoothing kernel size, etc.).

Normalization If data were normalized/standardized, describe the approach(es): specify linear or non-linear and define image types used for 
transformation OR indicate that data were not normalized and explain rationale for lack of normalization.

Normalization template Describe the template used for normalization/transformation, specifying subject space or group standardized space (e.g. 
original Talairach, MNI305, ICBM152) OR indicate that the data were not normalized.

Noise and artifact removal Describe your procedure(s) for artifact and structured noise removal, specifying motion parameters, tissue signals and 
physiological signals (heart rate, respiration).

Volume censoring Define your software and/or method and criteria for volume censoring, and state the extent of such censoring.
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Statistical modeling & inference

Model type and settings Specify type (mass univariate, multivariate, RSA, predictive, etc.) and describe essential details of the model at the first and 
second levels (e.g. fixed, random or mixed effects; drift or auto-correlation).

Effect(s) tested Define precise effect in terms of the task or stimulus conditions instead of psychological concepts and indicate whether 
ANOVA or factorial designs were used.

Specify type of analysis: Whole brain ROI-based Both

Statistic type for inference

(See Eklund et al. 2016)

Specify voxel-wise or cluster-wise and report all relevant parameters for cluster-wise methods.

Correction Describe the type of correction and how it is obtained for multiple comparisons (e.g. FWE, FDR, permutation or Monte Carlo).

Models & analysis

n/a Involved in the study
Functional and/or effective connectivity

Graph analysis

Multivariate modeling or predictive analysis

Functional and/or effective connectivity Report the measures of dependence used and the model details (e.g. Pearson correlation, partial correlation, 
mutual information).

Graph analysis Report the dependent variable and connectivity measure, specifying weighted graph or binarized graph, 
subject- or group-level, and the global and/or node summaries used (e.g. clustering coefficient, efficiency, 
etc.).

Multivariate modeling and predictive analysis Specify independent variables, features extraction and dimension reduction, model, training and evaluation 
metrics.


