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PD-L1 Assay Terminology:

• Companion Diagnostic Test (Cdx) 
• Test result required for prescription of the drug.  

• Specified on the Drug Label

• Often, this category is typically used when the test is an inclusion criteria for 
the trial (but not always – see gastro-esophageal)

• Complementary Diagnostic Test 
• Test result is predictive, but not required for prescription of the drug

• Nice to have, but not need to have – No clear message on reimbursement

• Term attributed to Liz Mansfield when she was at the FDA

• Mostly, this category is used when the assay is integrated into the trial, but 
not used for inclusion criteria (All-comers trials)
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FDA Cleared or Approved Companion Dx’s (protein)
Test Scoring System Indication Drug Date of Decision or 

Notice

PD-L1 IHC 22c3 
PharmDx

TPS (0, 1-49, >50) Lung Cancer Pembrolizumab 10/24/2016

PD-L1 IHC 22c3 
PharmDx

CPS (<1, >1) Gastroesophageal/GEJ 
adenoca

Pembrolizumab 10/23/2017

PD-L1 IHC 22c3 
PharmDx

CPS (<1, >1) Cervical Cancer Pembrolizumab 6/12/2018

Ventana ALK D5F3 CDx +/- Lung Cancer Ceritinib or Crizotinib 6/12/2015

Dako EGFR PharmDx
Kit

+/- Colorectal Cancer Cetuximab or 
panatumumab

9/27/2006

Dako C-Kit PharmDx +/- GIST Imatinib 11/02/2012

Pathway Anti-HER2 
(4B5)

0-3+ Breast Cancer trastuzumab 4/9/2014

Bond Oracle HER2 IHC 
system

0-3+ Breast Cancer trastuzumab 4/18/2012

Herceptest (Dako) 0-3+ Breast Cancer Trastuzumab, 
pertuzumab and 
adotrastuzumab
emtansine

9/25/1998
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Current Companion Dx for PD-L1

Test Scoring System Indication Drug Date of Decision or 
Notice

PD-L1 IHC 22c3 
PharmDx

TPS Lung Cancer Pembrolizumab 10/24/2016

PD-L1 IHC 22c3 
PharmDx

CPS Gastroesophageal/GEJ 
adenoca

Pembrolizumab 10/23/2017

PD-L1 IHC 22c3 
PharmDx

CPS Cervical Cancer Pembrolizumab 6/12/2018
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Assay Comparison Literature:
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Blueprint

NCCN
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BLUEPRINT-1:
• 39 Cases – no outcome data
• 3 pathologists – from Dako and Ventana
• 4 Assays – FDA/IUO 
• Not statistically powered
• By agreement of 6 companies (BMS, 

Merck, Genentech, AZ, Dako, Ventana)

NCCN:
• 90 Cases- no outcome data
• 13 pathologists – from 7 academic sites
• 4 Assays – 3FDA/IUO and 1 LDT (E1L3N on Leica Bond) 
• Prescribed, powered, statistical protocol for ICC 

between pathologists, assays and localization.
• Led by NCCN, sponsored by BMS
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Comparison of Immune Cell Scores

BLUEPRINT-1: NCCN:
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Released 5/22/2018
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25 pathologists reading 81 cases (including some cytology 
specimens) after a 1.5 day training course

M. Tsao et al, IASLC presentation at WCLC 2017
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Blueprint 2 results similar to NCCN study

NCCN Study

Blueprint 2 Study

M. Tsao et al, IASLC presentation at WCLC 2017
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Summary:

Two statistically powered, multi-institutional studies (NCCN and 
Blueprint 2) and a number of smaller studies have shown

1. The 22c3, 28-8 and SP263 assays are practically equivalent, while the SP142 
assay shows uniformly lower scores for both tumor cells and immune cells

2. Cytology specimens, although not included in the label for the FDA 
approved assay, are practically equivalent to surgical biopsy specimens 
although there is just slightly lower concordance in the TPS scoring.

3. Pathologist can read TPS (tumor proportion scores) with high concordance, 
but even with training, are not concordant in reading of immune cell 
scores.

4. ICC is higher when assessing higher percentages of cells
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Checkmate 26 – the most promising TMB data

PD-L1 >5% by IHC

Carbone et al, NEJM 2017
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TMB does not predict Overall Survival
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In BMS 568 TMB and PD-L1 Identify Distinct 
and Independent Populations of NSCLC

PD-L1 expression (%)

r = -0.16
P = 0.13
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Inverse Relationship between PD-L1 and TMB 
in the literature

Rizvi H. et al., 2017, JCO

86 NSCLC cases analyzed with MSK-IMPACT panel (341-468 genes)
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49 NSCLC cases analyzed with whole exome sequencing

Gettinger. et al., 2018, Nat Comm (in press)
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PD-L1 Expression and TMB are complementary

H. Rizvi et al JCO 2018
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29 of 312 (9%) cases 
discordant assignment

From Checkmate 26
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Summary:

1. TMB is a biomarker for immunotherapy and it is 
complementary to PD-L1

2. TMB is PREDICTIVE for outcome
3. TMB testing is NOT standardized (Biggest Challenge for TMB)
4. TMB may be associated with PFS but not OS
5. Sensitivity and Specificity (AUC) no better than existing tests
6. TMB costs about 5-10X IHC (actual cost, not charge) and 

uses 10x as much tissue
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An RNA-based Signature?



Yale School of Medicine

Overview of Biomarker Development for Immune 
PD-1/L1 Checkpoint Blockade

• Companion vs Complementary Diagnostic Tests

• Immunohistochemistry

• Genomic testing (targeted and TMB)

• Expression (mRNA) signatures

• Multiplex Fluorescence

• cfDNA and other circulating markers (NLR, LIPI) 



Yale School of Medicine

Tumeh et al., 2014 Nature

Association between TILs and Response to PD-1  blockade
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Testing CD4, CD8 and CD20 for Prediction for 
Response to Immunotherapy in Melanoma

QIF:

Cell

counts:
0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0

0

5 0

1 0 0

C D 4
+

/ t o t a l

T i m e  ( d a y s )

P
r

o
g

r
e

s
s

i
o

n
-

f
r

e
e

 
s

u
r

v
i

v
a

l
 

(
%

)

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0

0

5 0

1 0 0

C D 8
+

/ t o t a l

T i m e  ( d a y s )

P
r

o
g

r
e

s
s

i
o

n
-

f
r

e
e

 
s

u
r

v
i

v
a

l
 

(
%

)

0 5 0 0 1 0 0 0 1 5 0 0 2 0 0 0

0

5 0

1 0 0

C D 2 0
+

/ t o t a l

T i m e  ( d a y s )

P
r

o
g

r
e

s
s

i
o

n
-

f
r

e
e

 
s

u
r

v
i

v
a

l
 

(
%

)

P = 0.12 P < 0.0001 P = 0.043
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P = 0.47 P = 0.0002 P = 0.19
– HI (n = 28)
– LO (n = 66)

– HI (n = 27)
– LO (n = 67)

– HI (n = 39)
– LO (n = 55)

– HI (n = 34)
– LO (n = 60)

– HI (n = 31)
– LO (n = 63)

– HI (n = 21)
– LO (n = 73)

Pok Fai Wong et al, in review

HR=0.29
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Predictive performance of CD8 evaluated by receiver 
operating characteristic (ROC) curves in Melanoma
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–– Total, AUC = 0.75 

(95% CI, 0.65–0.85)

–– Mono, AUC = 0.71 

(95% CI, 0.54–0.88)

–– Dual, AUC = 0.83

(95% CI, 0.70–0.95)

–– Total, AUC = 0.78 

(95% CI, 0.68–0.87)

–– Mono, AUC = 0.77 

(95% CI, 0.64–0.90)

–– Dual, AUC = 0.83
(95% CI, 0.68–0.99)

–– Total, AUC = 0.72 

(95% CI, 0.61–0.83)

–– Mono, AUC = 0.69 

(95% CI, 0.53–0.85)

–– Dual, AUC = 0.77

(95% CI, 0.63–0.91)

–– Total, AUC = 0.77 

(95% CI, 0.67–0.87)

–– Mono, AUC = 0.77 

(95% CI, 0.64–0.90)

–– Dual, AUC = 0.81
(95% CI, 0.66–0.97)

Cell counts

Quantitative 
Fluorescence

Pok Fai Wong et al, in review
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PD-L1/PD-1 interaction to predict response

Johnson, Bordeaux…Dakappagari, AACR 2016 
and CCR in press
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Questions – during panel discussion


