
Proof of mechanism
Patient stratification

Biomarker translation

Identify novel disease drivers and design better therapies

Uncover diverse and rare immune cell subsets and their function with the  
CyTOF™ XT PRO system – capturing critical biomarkers for improved immunotherapies. 

Capture the immune  
markers that matter



Taking CyTOF to new heights 
CyTOF XT PRO is the latest advancement in mass cytometry

Designed specifically for clinical research needs, the CyTOF XT PRO system scales sample 
throughput and complies with 21 CFR Part 11 relevant requirements. In addition, the enhanced 
software of the CyTOF XT PRO system improves sample multiplexing capabilities for large-scale 
clinical trials by streamlining data analysis for the debarcoding of custom isotope combinations.

The next evolution of  
mass cytometry is here – 
                                         .

Do more with your time.
See more from your samples.



Single-cell immune profiling – at scale

Analyzing immune responses across cohorts and parameters not possible with other methods,  
the CyTOF XT PRO system facilitates large immunophenotyping initiatives, while meeting regulatory 
needs for GLP labs. 

XTra Speed

Up to 4x enhanced throughput with automated 
sample handling to expedite insights 

XTra Reproducibility

<9.2% CV across sample collection methods to 
enable large cohorts, longitudinal sampling, and 
multi-site collections with ease and accuracy.

XTra Compliance

21 CFR Part 11 compliance-enabling software to 
meet requirements for clinical research insights 

XTra Scale

More than 100 barcoded samples in a single 
tube streamlined with integrated analysis 
capabilities, to support high-volume studies 

Power your clinical research
with CyTOF XT PRO



Widest immune coverage
The CyTOF XT PRO system is a powerful cytometry platform with proven sensitivity, dynamic range 
and resolution to capture 50-plus targets simultaneously, including cell surface markers, signaling 
proteins and cytokines.

* 	 Based on available conventional 25-color immunoprofiling assay. 
**	Markers represented in 40-marker Human T Cell Immune Checkpoint and Cytokine CyTOF Bundle, 40 Antibodies (PN 201348).
† 	 Pharma companies listed are the firms that manufacture and/or market the therapies in the published studies.
‡ 	 Top cancer immunotherapies by revenue in 2023

25 surface markers*

+25 intracellular/ 
functional markers**

The top cancer immunotherapies‡ have leveraged 
unique biomarkers – found by CyTOF technology

CyTOF technology has been adopted for use in hundreds of 
clinical trials worldwide for immune monitoring and biomarker 
discovery studies across broad areas including immuno-oncology, 
infectious disease, autoimmune disease and neuroscience.
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•	� Identifies changes from  
primary cell types

•	� Limited to one or two  
functional markers

•	� Restricts drug mechanistic 
characterization

•	� Simultaneously detects  
25-plus functional markers 
and 25 surface markers on 
single cells

•	� High dynamic range to  
cover rare cell types and  
low-expressing markers

•	� Fully characterizes the  
impact of drug mechanisms 

•	� KEYTRUDA† (pembrolizumab)

•	� OPDIVO† (nivolumab)

•	� YERVOY† (ipilimumab)

•	TECENTRIQ† (atezolizumab)

•	� DARZALEX† (daratumumab)

Conventional 
panel  
in spectral 
fluorescence

Additional 
simultaneous  
coverage with 
CyTOF panels



Identify unique biomarkers with early predictive insights

Understanding phenotypic and functional biological variation can generate actionable insights 
into molecular mechanisms and disease pathogenesis that refine targeted therapies and advance 
precision medicine approaches. For this reason, clinical researchers are including CyTOF technology 
in their clinical trials to better understand disease activity, drug response or outcome prediction.

CASE STUDY
CyTOF reveals several biomarkers of pembrolizumab efficacy in patients with lung cancer

In a Phase 1 clinical trial1, CyTOF technology was used to evaluate circulating immune predictors of 
pembrolizumab efficacy in patients with advanced non-small-cell lung carcinoma. CyTOF technology 
identified that classical monocytes, NK cells and ICOS+ CD4+ T cells were highly predictive of 
therapeutic efficacy.

Reveal hidden 
proteomic insights
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Figure 1. CyTOF technology identified that a 
composite score inclusive of monocytes, NK 
cells and ICOS+ CD4+ T cells is significantly 
associated with improved objective response 
rates, progression-free survival and overall 
survival. A) Heat map of immune cell populations 
according to clinical outcome groups with 
increased baseline frequencies in every group 
of patients with favorable outcomes (PR, PFS > 
median and OS > median). B) BIPS is a baseline 
immune peripheral score developed by adding a 
simple score developed by adding one point when 
the baseline frequency of each cell population was 
over the pre-cited threshold. BIPS values range 
from 0–3, with 0–1 identifying progressive disease 
and 2–3 identifying patients with clinical benefit 
from treatment.

Three immune cell populations 
increased the predictive value, 
rather than a singular biomarker – 
highlighting the importance for high-
dimensional cytometry in clinical trials.
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Superior intracellular resolution
CyTOF XT PRO detects more functionally diverse subsets — with accuracy

Cytokines represent a large percentage of published immune potency biomarkers; however, they 
are notoriously difficult to capture by fluorescence flow cytometry due to autofluorescence and 
spillover challenges. The CyTOF XT PRO system provides superior signal resolution for a wide range 
of intracellular markers, many of which cannot be clearly detected with spectral flow cytometry2. 
Characterizing the complex crosstalk of cytokines and their signaling pathways simultaneously with 
surface markers enables a clearer understanding of distinct immune signatures.

Capturing 50-plus markers simultaneously, with both cell type and function, 
is essential in understanding mechanisms behind immune potency and 

persistence, immune-related adverse events and immunosuppression.

Don’t miss the
unexpected



Figure 2. CyTOF data detected IL-10- and IL-13-expressing cells, where spectral flow cytometry data shows high background signal instead.  
A) Cells confirmed to be expressing IL-10 with ELISpot data. Left: full spectrum flow cytometry gating of IL-10 expression. Boxes show only background 
for unstimulated and stimulated populations. Right: CyTOF gates of IL-10 expression. Boxes highlight population with positive cytokine expression.  
B) Same as A) for IL-13 expression comparison. C) Comparison of pSTAT3 expression within the CD4+ population of stimulated and unstimulated 
samples. D) Comparison of T-bet expression within the CD4+ population

CASE STUDY

CyTOF identifies critical functional markers undetectable with spectral flow cytometry

In a comparison study2, Boston University found that the CyTOF XT system consistently demonstrates 
higher signal:noise resolution of intracellular markers compared with spectral flow cytometry. 
CyTOF technology was strikingly superior in the detection of all intracellular categories, including 
cytokines, phosphorylated proteins and transcription factors.

Read the application note 
Simultaneous Detection of Cell Surface Phenotype and Intracellular 
Functions with Superior Signal Resolution by CyTOF Technology
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Findings

•	 CyTOF technology clearly detected cytokine signals that spectral flow cytometry could not

•	 Rare IL-10 and IFNγ co-expressing cell subset identified only by CyTOF technology

•	� CyTOF technology was strikingly superior in detecting intracellular and intranuclear  
events across all three panels

https://fluidigm.my.salesforce.com/sfc/p/700000009DAw/a/QQ000002Nddp/87i3FMaflDS.U_TJqtdEDf8HKuImDudb3QB.I57otzw


Rapid and scalable immune profiling
CyTOF facilitates standardized and large-scale immunophenotyping initiatives

Mass cytometry analyzes immune responses at a scale not possible with other methods. The 
unique CyTOF advantage of discrete mass signals without overlap, and subsequent large number 
of available antibodies, simplifies panel design and eliminates the need for complicated spectral 
unmixing algorithms. 

	

CyTOF XT PRO expedites the end-to-end workflow for large immune profiling studies

CyTOF

Spectral 
flow

vs.

Time required for 30-plus markers 
is less than 1–2 weeks.

Time required for 30-plus markers 
is 8–12 weeks or more.

Combine 126-plus samples in a single tube with CyTOF barcoding

By staining and acquiring large numbers of samples in a single tube, sample 
barcoding significantly reduces workflow burdens, acquisition times and 
technical variability, while conserving precious clinical material.

☑ 	 Manual unmixing of FCS files

☑ 	� Check 28 x 28 plots (784 plots)  
for signal spillover

☑ 	 Adjust signal matrix

☑ 	� Check N x N plots for signal spillover; 
repeat as required

☑ 	 Load FCS file into analysis tool

Bi (1)
Pt (4)

Ir (2)
Lu (1)Er (4) 

Tm (1)
Tb (1)
Dy (4) 

Ho (1) Y (1)
I (1) 

Yb (5)
Pd (6)

Pr (1)Rh (1)

Nd (7)
Sm (4)
Eu (2) 

Gd (4)Cd (7)

89Y 110Pd 141Pr 150Nd 161Dy 191lr 209Bi

vs.

CyTOF technology enables simplified sample 
preparation through single-tube staining workflows, 
allowing seamless addition or substitution of markers 
without the need for spectral compensation or  
extensive assay re-optimization.

In spectral flow, there are strict requirements 
for fluorophore combinations that need 
rigorous testing and optimization, single-stain 
controls, and additional sample processing 
and algorithms7,8,9.

Day 0 Day 14 Day 60+

Design and 
optimization

Acquisition

☑ 	 Load FCS file into analysis tool

Design and optimization

Data QC
Acquisition



Routine cell phenotyping with CyTOF reagents

Several clinical trials10,11 have used the Maxpar™ Direct Immune Profiling Assay (MDIPA) for its 
comprehensive and convenient immunophenotyping screening in a single assay. The Maxpar Direct 
Immune Profiling Assay is a lyophilized and validated 30-marker antibody panel that can be easily 
combined with expansion panels and an automated five-minute analysis solution to quickly identify 
cell types and cell differentiation states.

Figure 3. Clinical trial schema. Peripheral blood and bone marrow were analyzed at baseline, prior to cycle 1, 
and following cycles 1 and 2 using the Maxpar Direct Immune Profiling Assay in two study arms and at different 
time points to evaluate the distinct clinical response pathways associated with TIGIT or LAG-3 blockade resistance.

CASE STUDY

Simplifying the design for a randomized two-arm clinical trial using MDIPA to profile 
peripheral blood and bone marrow in patients pre- and post-treatment 

In a Phase 1/2 multiple myeloma trial10, the Maxpar Direct Immune Profiling Assay was customized with six 
additional markers to evaluate the response following TIGIT–LAG-3 blockade to understand their immunologic 
effects and safety, both as single agents and in combination with pomalidomide and dexamethasone.

Quality data, 
faster
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Blood Bone 
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Responder 
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Responder 
TIGIT arm

Nonresponder 
LAG-3 or TIGIT arm

Baseline

Correlate of response/resistance

Anti-TIGIT Response: DNAM-1 on CD8 e�ector T and NK cells
  Resistance: CD112 on CD8 T cells

Anti-LAG-3 Response: naive CD4 T cells
  Resistance: PD-1 expression on T cells

MDIPA is easily 
implemented for different 
sample types and at 
different time points

Validated and  
ready-to-go assay
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Blood Bone 
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LAG-3 or TIGIT arm

Baseline

Correlate of response/resistance

Anti-TIGIT Response: DNAM-1 on CD8 e�ector T and NK cells
  Resistance: CD112 on CD8 T cells

Anti-LAG-3 Response: naive CD4 T cells
  Resistance: PD-1 expression on T cells

MDIPA revealed key 
biomarkers to  
clinical response

30-plus markers to reveal 
distinct immune changes



Highest reproducibility for any workflow
Analysis of clinical samples requires rigorous attention to data 
quality, comparability and reproducibility. CyTOF technology has 
exceptionally high reproducibility, as metal-tagged antibodies can 
withstand the harsh elements of time and temperature. Unlike 
fluorescent tags, which are light-sensitive, CyTOF reagents are 
extremely stable when storing, freezing or shipping samples. This 
alleviates time-sensitive restrictions when processing samples, 
especially required for large-scale clinical trials.

Ideal for: 

•	� Multi-site and 
longitudinal 
studies 

•	� Biobanked or 
stored samples

•	� Stain-freeze-
ship workflow

Consistency between sites and instruments

In a multi-site study, CyTOF technology demonstrated a high degree 
of reproducibility, with all population frequencies >5% having a 
coefficient of variation (%CV) of less than 10% in whole blood6.

CyTOF CV Fluor CV

<10%6

25–30%5

Flexible protocols,
same robust quality



Consistency across different sample collection methods4,5

Stain-preserve workflow Preserve-stain workflowFresh-stain 
workflow

TBMNK cells
and granulocytes
CD45+ TBMNK cells and
CD66b+ granulocytes
(gated on live single cells)

Basophils
CD123+CD38+ basophils
(gated on CD45+CD3–
CD19–CD14–CD56–
CD11c–HLA-DR– cells)

Dendritic cells
CD11c+ DCs and CD123+
plasmacytoid DCs
(gated on CD45+CD3–
CD19–CD14–CD56–
HLA-DR+ cells)

CD4+ and CD8+ 
T cells
(gated on CD45+CD19–
CD3+ cells)

CD4+ naive and 
central memory T cells
CD45RA+ naive and CD45RO+ 
central memory T cells
(gated on CD45+CD19–CD3+
CD4+CD27+ cells)

Naive and memory 
B cells
CD27– naive and CD27+
memory B cells
(gated on CD45+CD19–
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CD3+ T cells and 
CD19+ B cells
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CD45+CD66b– cells)
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Figure 4. Representative dot plots show the compatibility of the Human Broad Immune Profiling CyTOF 
Panel, 20 Antibodies with stabilization reagents and sample multiplexing in three different workflows3. 

Read the application note

CASE STUDY

Improving immunophenotyping strategies for longitudinal clinical trials

Researchers at the University of Sydney12 developed a robust CyTOF workflow to overcome the 
limitations in remote sample collection quality, aiming to better represent more diverse populations  
in clinical trials.

•	 Fresh-stain	 •	 Preserve-stain
•	 Stain-preserve	 •	 Frozen antibody cocktails 

In a comparison study with different experimental workflows, CyTOF technology demonstrates 
reproducible data quality4. For all 32 immune cell populations ≥5% in frequency, the %CV within each 
donor across the different workflows was <9.2%. In addition, frozen antibody cocktails are stable and 
yield comparable signal intensities over time.

Collect fresh 
whole blood 
samples.

1
Stain with 
ready-to-use 
custom lyophilized 
CyTOF panel.

2
Freeze and store.

3
Ship to central 
processing site 
(Charles Perkins 
Centre).

4
Barcode and stain 
samples with 
frozen CyTOF 
panel (intracellular 
targets).

5
Acquire on 
CyTOF system.

6
Automated 
report

7

About 40 minutes

Perth Melbourne Sydney (Charles Perkins Centre)

Figure 5. This graphic highlights a highly reproducible and robust stain-freeze-ship CyTOF workflow with a 50-plus functional and phenotypic 
panel to capture pre- and post-treatment responses, across multiple sites. Further, they employed sample barcoding, a unique CyTOF advantage, 
which provides even greater data consistency for large studies.

https://fluidigm.my.salesforce.com/sfc/p/#700000009DAw/a/QQ000001PwZh/exsZuRC0v.mLE7KXF8jjjkKdy4.R2nH6FGgHHrTRtNs


A multimodal instrument
Maximize your investment with add-on spatial proteomic capabilities

Add the tissue imager module to the CyTOF XT or CyTOF XT PRO system for powerful spatial 
proteomic insights. Imaging Mass Cytometry™ (IMC™) technology has become a widely adopted 
method due to mounting evidence demonstrating the important role that spatial context has 
in understanding disease progression, identifying biomarkers, developing therapeutics and 
monitoring therapeutic response. Since the tissue microenvironment is dynamic and highly 
heterogeneous, characterizing cell phenotypes, correlated locations and cell-to-cell interactions 
can provide predictive insights derived from the quantitation of spatial relationships and context.

Hyperion XTi  
Imaging Mass Cytometry 

CyTOF XT PRO  
Mass cytometry 

One instrument, dual functions
Leverage the unique integrated 
dual modality of single-cell and 
spatial proteomic capabilities with 
the Hyperion™ XTi Imaging System. 



Interpret tissue
heterogeneity

CASE STUDY

Predictive biomarker of response in checkpoint blockade combination therapy

IMC technology identified a unique biomarker of response in this Phase 3 clinical trial of 
atezolizumab (anti-PD-L1) combination therapy for 280 patients with early high-risk triple-
negative breast cancer. Both cellular composition and spatial organization within the tumor 
microenvironment were predictive of response in patients both pre- and on-treatment13.

Figure 6. Proliferating cancer and 
tumor microenvironment cell 
phenotypes predict response 
to immunotherapy. A) Highlights 
CD8+GZMB+ T cell density for 
immunotherapy on-treatment 
responder with image (left) and 
cell phenotype masks (right). White 
scale bar, 50 µm. B, C)  For subjects 
treated with immunotherapy, 12 
epithelial and 16 cell phenotypes 
predicted response. The blue outline 
represents the strongest predictors 
of immunotherapy response, 
with the proliferative fraction of 
MHC class I and MHC class II cells 
strongest among epithelial (cancer) 
cells and CD8+TCF1+ T cells the 
strongest response predictor 
overall. pCR: pathological complete 
response; RD: residual disease

A

B C

Add spatial context to 
your clinical research



A solution for any phase of research
Whether you’re doing discovery, translational or clinical research, we have a solution 
to meet your laboratory requirements.

Enhanced throughput  
Combining faster acquisition with 
automated sample handling

Compliant software  
Meets requirements for authenticity, integrity 
and confidentiality of clinical trial data with 21 
CFR Part 11 compliance

 CyTOF XT PRO CyTOF XT

21 CFR Part 11 compliance ●

Enhanced throughput mode 
Up to 4x faster than the CyTOF XT system ●

Autosampler Module 
Automated sample handling with up to 13 tubes that can be loaded into the 
carousel for unattended acquisition. Additional samples can be added on 
the fly as space is freed up.

● ●

CyTOF Software v9.2
Includes major feature upgrades that improve system automation and 
data analysis. Key enhancements include support for custom debarcoding 
to advance downstream analysis of sample multiplexing and automated 
sample dilution to improve hands-free operation.

● ●

Tissue imager–compatible 
Can be purchased as a single system or retrofitted later ● ●



Multimodal proteomics 
Flexibility to add the tissue imager 
module, now or later

Ready-to-go panels 
A library of more than 60 pre-optimized panels 
and 800 catalog antibodies to get your project 
started quickly

Product ordering information

Mass Cytometry Part Number

CyTOF XT PRO system 134001

Enhanced Throughput Kit  
(with CyTOF XT system) 134029 

CyTOF XT system 117001

Imaging Mass Cytometry Part Number

Hyperion XTi Imaging System  
(with CyTOF XT PRO system) 134347

Hyperion XTi Imaging System  
(with CyTOF XT system) 121701

Hyperion XTi Slide Loader 133068

Setting the standard in high-content proteomics
™

Single-cell 
proteomics

Spatial proteomics High-plex protein 
profiling

Multiplex antibody 
profiling



Unleashing tools to accelerate
breakthroughs in human health™
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