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Tumor mutational burden (TMB):

a predictive biomarker of response to checkpoint blockade

Hellmann et al, NEJM, 2018 Forde, Chaft, and Smith et al, NEJM, 2018
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TMB and The Importance of Neoantigens

Rizvi et al, Science, 2015 Forde, Chaft, and Smith et al, NEJM, 2018
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TMB and The Importance of Neoantigens

Gubin MM and Schreiber RD, Science, 2015

Identifying 
these patients 

=
predictive 

power



ELISpot: The gold standard in immunological 

monitoring

Adapted from ImmunoSpot

Pitfalls:
• Can’t track response without repeating assay

• Can’t link with FFPE specimens

• Can’t track geographic distribution

• Background after culture/treated patients

• Cytokine-dependent

• No clonal dynamics



T cell receptor (TCR) sequencing

TCR Vβ CDR3 sequencing
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T cell receptor (TCR) sequencing

TCR Vβ CDR3 sequencing Sample types:
FFPE

Flash frozen
Viably frozen
Cultured cells

If you can get DNA, you can track it!



ELISpot May Underestimate the Anti-Tumor Immune ResponseFigure 1 

Figure 1 
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ELISpot May Underestimate the Anti-Tumor Immune Response



The Functional Expansion of Specific T Cells (FEST) 

Assays
• Combines experimental T cell culture with in silico 

identification of clones corresponding to Ag-specific T 
cells
– ViraFEST

– TAAFEST

– BactiFEST

– OncoFEST

– AutoFEST

– MANAFEST



Basic Workflow of the MANAFEST Assay

+
Whole exome 

sequencing

Cryobank

Peptide synthesis & 
resuspension

Bioinformatic 
identification of 

MANAFEST+ clones

MANAFEST
PBMC



Data Analysis & Bioinformatic Pipeline

• What is considered “MANAFEST+”?
– Significant expansion compared to “no peptide”

– Significant expansion compared to every other peptide

– Odds ratio >5

– No significant expansion in response to any other peptide
• ~46 peptides for optimum specificity

• Match w/ clones found in tumor

• Evaluate peripheral dynamics of MANAFEST+ 
clones



Sensitivity & Specificity
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Sensitivity & Specificity
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Example MANAFEST Data Visualization
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Possibilities: tracking antigen-specific T cells in 

every biological compartment & specimen typeN
o

 p
ep

ti
d

e
M

A
N

A
 2

M
A

N
A

 3
M

A
N

A
 4

M
A

N
A

 5
M

A
N

A
 6

M
A

N
A

 7
M

A
N

A
 8

M
A

N
A

 9
M

A
N

A
 1

0
M

A
N

A
 1

8
M

A
N

A
 1

9
M

A
N

A
 2

0
M

A
N

A
 2

3
M

A
N

A
 2

4
M

A
N

A
 2

5
M

A
N

A
 2

6
M

A
N

A
 2

7
M

A
N

A
 2

8
M

A
N

A
 2

9
M

A
N

A
 3

0
M

A
N

A
 3

3
M

A
N

A
 3

4
M

A
N

A
 3

5
M

A
N

A
 3

6
M

A
N

A
 3

7
M

A
N

A
 3

8
M

A
N

A
 4

3
M

A
N

A
 4

4
M

A
N

A
 4

5
M

A
N

A
 4

6
M

A
N

A
 4

7
M

A
N

A
 4

8
M

A
N

A
 4

9
M

A
N

A
 5

0
M

A
N

A
 5

1
M

A
N

A
 5

2
M

A
N

A
 5

3
M

A
N

A
 5

4
M

A
N

A
 5

5
M

A
N

A
 5

6
M

A
N

A
 5

7
M

A
N

A
 5

8
M

A
N

A
 5

9
M

A
N

A
 6

0
M

A
N

A
 6

1
M

A
N

A
 6

2
M

A
N

A
 6

3
C

E
F

0

25

50

75

100

125

A
b
u
n
d
an

ce
 o

f 
M

A
N

A
F

E
S

T
+

 c
lo

n
o
ty

p
es

af
te

r 
cu

lt
u
re

 

CASSLTGGYTGELFF

CASNKLGYQPQHF

CASSLLENQPQHF

TCR Vb CDR3 clonotype

0.0

0.2

0.4

0.6

0.8

F
re

q
u
en

cy
 o

f 
M

A
N

A
F

E
S

T
+

 c
lo

n
o
ty

p
es

 
in

 F
F

P
E

 t
is

su
e

Pre-rx

tumor

biopsy

Resected

primary tumor

Resected

primary 

tumor stroma

Resected

lymph node

metastasis

0.00

0.02

0.04

0.06

0.08

0.10

F
re

q
u
en

cy
 o

f 
M

A
N

A
F

E
S

T
+

 c
lo

n
o
ty

p
es

 
in

 f
re

sh
-f

ro
ze

n
 t

is
su

e

Resected

tumor

Resected

distal 

normal lung

Resected 

uninvolved 

lymph node

Pre-rx 2 4 10 64 68
0.000

0.004

0.008

0.012

0.016

0.020

0.024

0.028

0.032

0.036

0.040

Weeks post first dose

F
re

q
u
en

cy
 o

f 
M

A
N

A
F

E
S

T
+

 c
lo

n
o
ty

p
es

in
 p

er
ip

h
er

al
 b

lo
o
d

a b 

c d e 

CASSLEESKQYF

CASSLYFSSGNTIYF

CASKARANQPQHF

CASTLGAGTEAFF

CASSLGSDGYTF

CASNTEVDQPQHF

CASNKLGYQPQHF

CASSLLENQPQHF

CAIRADYYGYTF

CASSSRDNYEQYF

CASSPRGSNQPQHF

CASSLSGTGYHEQYF

CASSLTGGYTGELFF

CASSLQGGMGNQPQHF

CASSGTTYGYTF

M
A

N
A

 9

M
A

N
A

 7
M

A
N

A
 3

0

M
A

N
A

 6

M
A

N
A

 5
7

M
A

N
A

 8

M
A

N
A

 5
M

A
N

A
 1

8

M
A

N
A

 1
9

M
A

N
A

 5
2

M
A

N
A

 6
1

M
A

N
A

 6
0

M
A

N
A

 5
6

M
A

N
A

 1
0

M
A

N
A

 4
7

M
A

N
A

 2
6

M
A

N
A

 5
5

M
A

N
A

 4
5

M
A

N
A

 2
0

M
A

N
A

 4
6

M
A

N
A

 5
9

M
A

N
A

 3
4

M
A

N
A

 5
4

M
A

N
A

 5
8

M
A

N
A

 2
8

M
A

N
A

 2

M
A

N
A

 6
2

M
A

N
A

 2
3

M
A

N
A

 5
1

M
A

N
A

 2
7

M
A

N
A

 3

M
A

N
A

 5
0

M
A

N
A

 4
3

M
A

N
A

 3
3

M
A

N
A

 4
9

M
A

N
A

 3
7

M
A

N
A

 4
4

M
A

N
A

 2
4

M
A

N
A

 4

M
A

N
A

 3
8

M
A

N
A

 4
8

M
A

N
A

 3
5

M
A

N
A

 6
3

M
A

N
A

 5
3

C
E
F

M
A

N
A

 2
5

M
A

N
A

 2
9

M
A

N
A

 3
6

Figure 5 

Peripheral Blood FFPE Tissue Fresh-Frozen Tissue



Possibilities: associating 

antigen-specific T cell 

dynamics with clinical 

parameters
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Possibilities:

tracking geographic distribution of antigen-specific T cell repertoire

Anti-CD8 stained section
Whole slide scanned 20x
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Quantitative outputs: a wealth of data

• # of positive peptides

• Frequency of each positive clone

• Combined frequency of positive clones

• Expansion compared to baseline

• Common motifs

• Peripheral and intratumoral dynamics



How does MANAFEST stack up?
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Future Directions

• Opportunities for machine learning approaches 

• Phenotyping neoantigen-specific clonotypes

• Association with clinical parameters in a variety of 

disease and treatment settings

• Assay development and optimization: cross-institutional 

validation with MSKCC
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