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Trust but verify: optimization of a multiplex 
cytokine kit to monitor preclinical CRS
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Cytokine Release Syndrome (CRS)
A common adverse event in immunotherapies

• Systemic inflammatory response triggered by
infections or certain immunotherapies (monoclonals, 
bispecifics, CAR-T cells therapies, etc.)

• Initial cytokine release (IFN-γ, TNF-α) from on-targets 
(T cells, tumors) can induce a chain reaction via 
massive secretion of additional cytokines (IL-6, IL-8, 
IL-1b,…) from macrophages & endothelial cells

• Large variety of symptoms ranging from mild flu-like 
symptoms to organs failures and severe life-
threatening manifestations

* Shimabukuro-Vornhagen et al., 2018 Cytokine release syndrome

Grade 5 = death

Shimabukuro-Vornhagen et al., 2018* 
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CRS evaluation in preclinical studies
Cytokines as safety biomarkers

Soluble target / Antagonist MoA

CRS risk

Receptor / Antagonist MoA

Receptor / Cytotoxicity MoA

Receptor / Activating or 
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Immuno-oncology

Immuno-inflammation

• Translatability of preclinical cytokine data needs sufficient target
expression and drug X-reactivity in healthy monkeys

• CRS symptoms in NHP
– At least 3 clinical signs as lethargy, emesis, diarrhea, tremor, …
– High CRP levels (live monitoring)

– Other common abnormalities: cytopenias, elevated creatinine and/or liver
enzymes, strong glucose level decrease, …

– Sudden signs of poor health leading to euthanisia decision

• Systemic cytokine levels are required to confirm CRS suspicion
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Safety cytokine evaluation
Harmonized method across bioanalytical sites

1st dose

Predose 2h 6h 24h

last dose

Predose 2h 6h 24h

[c
yt
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e]

IFN-γ
TNF-α

IL-6
IL-8

Short panel of pro-inflammatory cytokines
+ Optional cytokines on case-by-case basis

A common method: U-PlexTM Proinflam Combo 1 
NHP Kit on MSD platform

• MSD is a common equipment for all Sanofi 
bioanalytical sites and CROs

• Off-the-shelf kit, previously used internally and by 
CROs for NHP studies

baseline

8 timepoints only
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MSD U-PlexTM Proinflam Combo 1 NHP kit

• Use V-plexTM human kit reagents (except for TNF-α)

• Calibrators with recombinant human cytokines

• Claimed to be cross-reactive with cynomolgus & rhesus monkey cytokines

• Presumed high sensitivity

• User feedback with in vivo samples: detect high cytokine spikes only, no baseline levels

Kit specifications

LLOQ
(pg/mL)

LOD
(pg/mL) % detected Range

(pg/mL)
Median
(pg/mL)

IFN-γ 1.07 0.68 – 1.35 0% (0/10) NA NA

IL-6 0.2 0.14 – 0.17 50% (5/10) ND – 1.21 0.255

IL-8 0.08 0.07 – 0.11 0% (0/10) NA NA

TNF-α 0.54 0.34 – 0.70 0% (0/10) NA NA
LLOQ/LOD for human cytokine in kit diluent 

* MSD datasheets: U-plex NHP IFN-γ; U-plex NHP IL-6; U-plex NHP IL-8; U-plex NHP TNF-α

Cynomolgus monkey plasma samples (n=10)*
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Evaluation of the U-PlexTM NHP kit
Cross-reactivity & sensitivity

LLOQ (pg/mL)

Human 
cytokine

Cynomolgus 
monkey cytokine

IFN-γ 5.0 – 10.0 775

IL-6 0.5 9

IL-8 0.5 332

TNF-α 1.0 – 4.0 7.0 - 17.5

LLOQ in kit diluent (MSD Diluent 43)
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70-150x

18x

664x

Ø Lack of cross-reactivity with cynomolgus monkey (cyno) IFN-γ and IL-8
Ø Sensitivity for cyno TNF-α is not sufficient for detecting baseline levels

1.5-17x
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Evaluation of the U-PlexTM NHP kit

IFN-γ
Low sensitivity

+ 
non parallelism

trends 

Parallelism with cyno plasma samples

IL-8 
Low sensitivity

+ 
non parallelism

trends 

IL-6 
Parallelism ü

TNF-α
Parallelism ü

Ø Insufficient sensitivity is confirmed with endogenous cyno IFN-γ and IL-8
Ø Is human cytokine sufficiently representative for its cyno counterpart?
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Development of customized U-plex assay
Optimized specifications

• 6 of 8 capture/detection reagents changed to improve sensitivity

• Protocol modifications to enhance parallelism
– Calibrators with recombinant cyno cytokines

– New surrogate matrix (5% cyno plasma in MSD Diluent 43)

– Higher sample dilution (MRD = 4)

• Assay successfully validated in cyno plasma ü

• Intended context of use (COU)
– Study samples will likely be analyzed at MRD level

– Cytokine fold-increase ideally determined from baseline 

– Robust method to be performed at different sites

Multiplex challenges
• Identify optimal compromising conditions
• Balance between acceptable performance 

and sensitivity
• Assay complexity multiplied by number of 

analytes
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Customized U-plex assay
Increased sensitivity

LLOQ (pg/mL)

U-PlexTM NHP kit
(MRD = 2)

Customized assay
(MRD = 4)

Cyno IFN-γ 775 40

Cyno IL-6 32 15.2

Cyno IL-8 >2000 6.6

Cyno TNF-α 44 20
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20x

2x

300x

2x

Ø Significant improvement of cross-reactivity/sensitivity for cyno IFN-γ and IL-8
Ø Slight sensitivity increases for cyno TNF-α and IL-6 at higher MRD

LLOQ in cynomolgus monkey plasma
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Customized U-plex assay
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Higher sensitivity 
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Parallelism with cyno plasma samples
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Parallelism ü

Ø Recombinant cyno cytokines are sufficiently representative of endogenous analytes
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Head-to-head comparison
Significant improvement for IFN-γ and IL-8

û Most of samples < LLOQ 
û Baseline levels are not detectable

ü All samples > LLOQ
ü Baseline levels are measurable
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Head-to-head comparison
Enhanced sensitivity for TNF-α

ü IL-6 is measurable
û TNF-α is not detectable

ü Comparable performance for IL-6 at higher MRD
ü TNF-α is detectable
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Case study
Cyno DRF study with Nanobody® molecule
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Baseline levels
Measured in 48 animals

LOD % detected
(≥ LOD) Range Mean Median SD

IFN-γ 10.6 100% (48/48) 12.0 – 426.1 78.0 49.9 78.6

IL-6 6.2 56.3% (27/48) 6.2 – 248.4 16.6 7.4 37.3

IL-8 5.1 100% (48/48) 13.8 – 971.7 233.1 164.5 250.3

TNF-α 2.6 64.6% (31/48) 2.6 – 78.9 6.4 3.6 11.2

IFN-γ IL-6 IL-8 TNF-α
1

10

100

1000

10000

Baseline levels (n=48)

pg
/m

L

LOD

values in pg/mL; n=48

Ø High inter-animal variability argues against the use of reference baseline values 
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Conclusions

Ø “Trust but verify”: method/kit verification is crucial 
! Data was shared with MSD: they confirmed that cross-reactivity evaluation was limited to the screening of native NHP 
samples, reactivity differences exist between NHP species and that the company supports customization efforts

+ MSD U-plexTM technology allows customization of multiplex methods and adjustment to COU

Ø Customized U-Plex assay used as routine method for safety cytokine analysis
! Extra logistical burden & reagent management follow-up

+ Reveal baseline levels and cytokine profiles undetected using the kit

Ø Is a superior assay needed for safety cytokine analysis?
! Measuring cytokine spikes only can be sufficient for safety context
+ Allows comparison with control/vehicle groups

+ Accurate fold-changes from baseline (and not from distant LLOQ)
+ Facilitate correlation between cytokine elevations and suspected CRS signs
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Customized U-plex assay
Assay range

ULOQ (pg/mL) LLOQ (pg/mL) LOD (pg/mL)

Cyno IFN-γ 9600.0 40.0 10.6

Cyno IL-6 7484.5 15.2 6.2

Cyno IL-8 3726.1 6.6 5.1

Cyno TNF-α 6400.0 20.0 2.6

values in cynomolgus monkey plasma
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Evaluation of the U-PlexTM NHP kit
Cross-reactivity with other cyno cytokines

LLOQ (pg/mL)

Human cytokine Cyno cytokine

IL-1b 1.0 15.0

IL-2 0.5 32-130

IL-10 1.0 >2000

LLOQ in kit diluent (MSD Diluent 43)
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Ø Lack of cross-reactivity with cyno IL-2 and IL-10


