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Immunologic Monitoring

I. Choosing an assay

II. Assay validation

III. Establishing a core laboratory

Immune Environment

Global Effects of the
Environment

Effect on 
Immune Cells

Cells

Surface markers
Functional markers
Morphology
Types of cells

Magnitude

Cytokines
Chemokines
Immunosuppressive 
factors
Stroma

Proliferation
Functional Activity
Metabolic markers (NO)

Immune Measurements that 
May Predict Clinical Outcomes

“Ideal” Clinical Immunologic Assay

• Uses minimal amount of clinical material
• Requires no in vitro expansion 
• Multiple evaluations in short time period
• Sensitive to a broad range of responses
• Able to be used with cryopreserved cells
• Measures effector function
• Highly quantitative
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Immune Biomarker Development

OptimizationOptimization

ValidationValidation

ImplementationImplementation

DevelopmentDevelopment

RevalidationRevalidation

PrePre--ValidationValidation

Adapted from FDA WebsiteAdapted from FDA Website

Hypothesis driven choiceHypothesis driven choice
Establish reference info.Establish reference info.
Consider combinationsConsider combinations

Develop QA programDevelop QA program
Optimize reagentsOptimize reagents

Settle on performanceSettle on performance

Determine ruggedness Determine ruggedness 
Define positive responseDefine positive response

Identify limitationsIdentify limitations

CAN YOU ADVANCE FROM CAN YOU ADVANCE FROM 
A LABORATORY TO A LABORATORY TO 
A CLINICAL TOOL?A CLINICAL TOOL?

Benefits of Assay Development

• Enumerate and characterize immune 
response

• Assess potency of vaccine
• Prioritize strategies and formulations
• FDA interest for inclusion in clinical trials
• Early biomarker of vaccine efficacy?

Vaccine Alone

Vaccine +IFNα

• Stage I-III melanoma: 
adjuvant
• Modified gp100 peptide

HLA-A2
p209-2M

• Given sq in IFA q 2 or 3 
weeks
• HLA-tetramer assay 
• Increased peptide specific 
CD8+ in 28/29
• 28% of patients >1%
• IFN treatment did not effect 
• No difference in schedule

Smith et al, JCO, 2003

CMV

CMV

ADJUVANT SETTING
WITH OTHER THERAPIES

TESTING SCHEDULES

Optimizing Vaccines Based on Biomarkers
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Functional and Quantitative Assays

• Blastogenic response to antigen
– Specificity a question

• Delayed type hypersensitivity (DTH)
– Can assess function, not quantitative

• Lytic activity
– Reproducibility a question, varying sensitivity

• Cytokine secretion
– Quantitative and functional

• MHC Tetramer analysis
– Highly quantitative, can be combined with functional 

assays
• Antibody quantitation

– Humoral response, validated for infectious disease 
vaccines

Qualitative Assays
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• Functional response to 
antigen
• Question reproducibility

• Growth stimulation by antigen
• Not cell type specific
• Poorly standardized

• Lysis of target
• Low sensitivity
• in vitro manipulation

Immunologic Biomarkers: CMV Immunity
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CYTOKINE FLOW CYTOMETRYCYTOKINE FLOW CYTOMETRY

MHC TETRAMERSMHC TETRAMERS

• Quantitates cells based on cytokine secretion
• Evaluates secreted protein by “individual” cells
• Low limit of detection-1:100,000 precursors
• Assay based on functional endpoint

• Quantitates cells based on cytokine production
• Flow based assay counts individual cells-
1:20,000
• Complete phenotypic analysis-both CD4+ and 
CD8+
• Intercellular cytokine production 

• Based on specific peptide/MHC complex
• Flow based assay, highly quantitative, -1:20,000
• Enumerates antigen specific cells
• Restricted to specific HLA-antigen pairs-CD8+
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Cytokine Secretion
ELISPOT

• Low limit of detection
• Few cytokines
• No T cell subsets
• Prolonged in vitro step
• Technician dependent

Cytokine Flow Cytometry
• Higher limit of detection
• Several cytokines
• Multiple T cell subsets
• Short in vitro step
• More automated

Stimulated Unstimulated

Smith et al., 2003, JCO

MHC Tetramers

• MHC-peptide complexes that bind Ag specific T cells
• Flow cytometric read-out
• No in vitro step
• Highly quantitative: not based on function (key for 

cancer)
• MHC restricted
• Can be combined with other assays

Total IgG
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CMV Specific IgG Correlates with 
CMV IFNg T Cell Response

delaRosa et al, U-54, 2004
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Immunologic Monitoring

I. Choosing an assay

II. Assay validation

III. Establishing a core laboratory

Status of Immune Monitoring: Quantitation
and Reproducibility

Method
Validation

Accuracy

Precision

Limit of Detection

Limit of Quantitation

Linearity and Range

Specificity

System Suitability

Ruggedness/Robustness

Dominique Pifat, FDA Website, 2003

Immune 
Environment

Global Effects 
of the

Environment

Effect on 
Immune Cells

Cells

Ability to Standardize 
Immune Measurements

CV 10%

CV 100%

CV 50-10%

CV 100-50%
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Industry Standards

• Enzyme based assay <10%
• Binding (ELISA) 10-20%
• Cell based assay avg. 25% 
• Animal assay 20-50%
• Virus plaque assay 330% 

Source:  US Food and Drug 
Administration,2003

Precision

Variation

• Intra-assay Variability:  Defines positive cutoff.

• Interassay Variability:  Defines whether samples 
need to be assayed at one time 
(cryopreservation).

• Biological Assay:  Natural fluctuations in 
immunity (boosting immunity).
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Lathey, J., 2003 Biopharm International

High Variability in Functional T cells Assays

Media

Candida

PHA

ELIspot Intra-assay Variability
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Intraassay Precision of Optimized 
Common Assays

CMV response: A2 Peptide 
Low, Intermediate, High

Mean of 10-12 runs
6 replicates each

L
I
H
• Reproducibility is compromised at the lower 
limit of detection
• ELISPOT has highest variability, but sensitivity 
and specificity were >90%

Maecker et al, 2006

Definition of 
negative set by 

analysis of 20 CMV-
samples

Interassay Precision of Optimized 
Common Assays

Same donors
Triplicates on 8 different days

1 operator

Same donors
Triplicates on same day

3 trained operators

Maecker et al, 2006

• Reproducibility is compromised 
at the limit of detection
• ELISPOT has highest variability

• Well developed training system 
can limit changes in reproducibility

Linearity and Range of CMV Responses 

Maecker et al, 2006

Triplicates of serial dilutions
Donor PBMC high CMV response 

(>1%) into CMV-PBMC (no 
response)
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Limit of Reproducible Detection
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CV

CV

• Most sensitive may be least 
reproducible

• Establish performance
• Controls (Reference Pop):

Clones
Beads
Leukapheresis

• Low/Medium/High Response
• CMV as standard antigen
• Validation

New technicians
Reagent lot changes
Quarterly performance √

Challenges for Cellular Assays

T Cell Assays
Criteria ELIspot CFC Tetramers 

In vitro stim Yes Yes No 

Time >2 days 1-2 days Hours 

Limit of 
detection 

1:30,000- 
1:300,000 

1:5,000- 
1:20,000 

1:10,000- 
1:50,000 

Loss with 
freezing 

Yes +/- No 

Capture cells 
for further 

use 

No  Yes Yes 

Antigen 
specificty 

Indirect Indirect Direct 
 

 

Lab Assay to Clinical Tool

Parameters
Evaluated

Research Assays
HER2 Ab             p53 Ab

CLIA
Standard

Accuracy 12% 10% <10%

Precision
Intra-assay
Inter-assay

9%
20%

12%
15%

<10%
<10%

Specificity 77% 100% >80%

Sensitivity 89% 93% >90%

Linearity r=0.98 r=0.95 r=0.95
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Response Heterogeneity

IL-2 FITC IFN g FITC TNFa FITC

Donor 1

Donor 2

Donor 3

C
D

69
 

P
E

0.3% 0.9% 0.01%

5.8% 6.4%0.6%

3.3% 7.4% 7.6%

V.C. Maino and H.T. Maecker, 2002

Immunologic Monitoring

I. Choosing an assay

II. Assay validation

III. Establishing a core laboratory

Laboratory Issues

• Develop screens for critical reagents (sera)
• Single lot or brand for entire study
• Uniform collection and storage
• Date reagents
• Reference population for validation (clones, 

lines, responder)
• Technical variation
• Establish assay range and QA program
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Disis et al, JIM, 2006

Need for Effective Cryopreservation

Factors That Did Not 
Matter

• Dry ice, 24, 48, 72 
hours (p>0.05)
• Large vs. small 
volume thaw (p>0.05)
• Speed of spin at wash 
(p>0.05)
• # cells/vial (p>0.05)

Media additives

Temp at thaw

Optimized parameters
based on viability

Public Access Validated 
Cryopreservation Protocol

Maecker et al, BMC Immunol, 2005

Media Variability: AB Sera
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Measuring Immunity to Predict Clinical 
Outcomes

• No known assay predicts outcome
• Hypothesis driven
• Pre-clinical data

• What you pick needs to be standardized
• Test robustness early
• Invest in QA

• Multi-parametric analysis may define 
the successful response
• Patterns of response

Immune therapy designed to 
elicit a specific immune 

response

Ensure correspondence with 
another mechanistically similar 

assay

Choose or develop an 
assay to measure that 

response

Determine whether your 
assay choice can be 

standardized

Qualitative 
assays may 
be used, but 

only in 
conjunction 

with 
quantitative 

assays

CV ≤ 20-25%

YES
YESNONO

Examples:
ELISPOT vs.CFC

Granzyme B 
vs.CRA

Choose another Choose another 
assay approachassay approach

Move assay forward Move assay forward 
to Phase IIto Phase II

Clinical Application of Immunologic Assays
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