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Key Question  

1.What if one uses non companion assay ie
complimentary assay  – validity and concordance ?

2.Is there phenotypic drift with disease progression/ 
impact of chemotherapy  – repeat  biopsy and retest ? 

3.Why ICI work even in PDL1 negative NSCLC and do not 
work even in strong PD 1 positive patients  ?

4.Can we use TMB / MSI alone to decide treatment plan 
?

5. What’s the way forward – ideal biomarker ??



Prediction of response to CIT will require integrated analyses of the complex interplay 
of tumour and host immune factors

Adapted from Chen and Mellman. Immunity 2013

CIT predictive biomarkers are fundamentally different from the driver oncogene biomarkers identified for molecularly targeted
therapies: continuous rather than categorical (binary), spatially and temporally variable, and influenced by multiple complex
interactions with host-related factors rather than a single, dominant determinant (e.g. EGFRm)

Tumour Host

Microbiome

Prior therapies

Immune competence 
and repertoire

Germline genetics

Performance status

CIT predictive BMs in the tumour microenvironment are related to key steps 
of cancer immunity cycle



A. PD1/PDL1



1. Roche data on file; 2. Rosenberg et al. ECC 2015;
3. Fehrenbacher et al. Lancet 2016

PD-L1 expression on TC or IC across tumour types

Biology

• Programmed death-ligand 1 (PD-L1) is physiologically expressed by immune, 

endothelial, and other cell types in an inflammatory microenvironment. It binds 

to its receptors, PD-1 and B7.1, on the surface of 

T cells and acts as a checkpoint to down-modulate ongoing host immune 

responses in peripheral tissues

• In tumours, PD-L1 is expressed by multiple cell types within the tumour

microenvironment, including cancer cells (TC) as well as tumour-infiltrating 

immune cells (IC) (including lymphocytes, macrophages, and dendritic cells). 

PD-L1 can turn off effector T cells, and is regulated by adaptive (e.g. IFNg-

induced) or constitutive (e.g. oncogene-driven) mechanisms

Alterations in NSCLC

• PD-L1 expression occurs 

on TCs and/or ICs, with 

less overlap than in other 

tumour types 

• Intratumoural

heterogeneity can be 

temporal (dynamic 

expression over time) and 

geographical 

(inter- and intra-lesional)



22 C3 Dako

28—8 Ventana

SP 263

SP 142

Basics of PDL1 testing  ( Companion vs complimentary )

4 antibodies 2 platforms 





Complementary
OAK, 2L NSCLC, SP142

Companion
IMpower110, 1L NSCLC, SP142

Prevalence 

• Percentage of PD-L1+ tumours depends on the clinical setting, histology, and Dx assay used (including its scoring algorithm [TC and/or IC] and

cut-off value)

• In 1L metastatic NSCLC, PD-L1 has ~30% prevalence with ≥50% tumour proportion score (TPS, membrane staining only on TC) with 22C3 assay

Predictive/prognostic

• Depending on the indication, 

PD-L1 is a companion Dx 

(CDx, patient selection) or has 

complementary status 

(informative) 

• Prognostic implications can be 

dependent on the tumour type 

and/or setting
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PD-L1



PD-L1

Guidelines Dx methods

• Several commercial assays have been co-developed as CDx in 

clinical trials with different anti-PD-(L)1 drugs

• Challenges exist due to differences in analytical performance and 

scoring algorithms, including defined positivity cut-off values within a 

biological continuum. Several analytical concordance studies have 

been conducted

PD-L1 expression testing by IHC is recommended for all patients with newly 

diagnosed advanced NSCLC:

Positive results required (CDx, on label) for:

• pembrolizumab monotherapy in 1L or 2L+ 

• atezolizumab monotherapy in 1L 

• nivolumab/ipilimumab in 1L 

• durvalumab in stage III 

Informative (complementary) in 2L+ for nivolumab and atezolizumab

Based on analytical comparison studies, other commercial assays 

may be valid alternatives

PD-L1



• The PD-L1 (22C3) IHC test was first to receive FDA premarketing approval (PMA) and was introduced as a companion diagnostic, whereas the 
other assays were initially complementary diagnostics for drugs approved in NSCLC irrespective of PD-L1 status

PD-L1 IHC tests independently developed and clinically 
validated in clinical trials of PD-(L)1 inhibitors

PMA, premarketing approval. *The EMA label for SP263 enables its use 
as a diagnostic for nivolumab, pembrolizumab or durvalumab; 
‡’≥50% TC or ≥10% IC’ = TC3 or IC3; §’≥1% TC or ≥1% IC’ = TC1/2/3 or IC1/2/3

1. Vennapusa et al. Appl Immunohistochem Mol Morphol 2019
2. Rebelatto et al. Diagn Pathol 2016; 3. Dolled-Filhart et al. Arch Pathol Lab Med 2016

4. Phillips et al. Appl Immunohistochem Mol Morphol 2015 

Assay

Agilent/Dako PD-L1 IHC 

(22C3) pharmDx3

Agilent/Dako PD-L1 IHC 

(28-8) pharmDx4

VENTANA PD-L1 IHC

(SP142) assay1

VENTANA PD-L1 IHC

(SP263) assay2*

Primary diagnostic assay for: KEYTRUDA 

(pembrolizumab)

OPDIVO 

(nivolumab)

TECENTRIQ 

(atezolizumab)

IMFINZI

(durvalumab) 

Current PD-L1 IHC assay 

intended uses

Pembrolizumab
• 1L monotherapy: ≥50% TPS 

(EMA) or ≥1% (FDA)
• 2L monotherapy: ≥1% TPS

Durvalumab
• Post chemoradiation: ≥1% TC 

(EMA only – FDA is PD-L1 

all-comers)

Nivolumab
• 1L combination with ipilimumab 

(Yervoy): ≥1% TC (FDA)

Atezolizumab
• 1L monotherapy: ‘≥50% TC 

or ≥10% IC’‡ (FDA)

Complementary diagnostic for

the following

• 2L monotherapy: ‘≥50% TC 

or ≥10% IC’‡

• 1L combination with 

bevacizumab (Avastin) + 

chemotherapy: ‘≥1% TC 

or ≥1% IC’§

Pembrolizumab
• 1L monotherapy: ≥50% TC

• 2L monotherapy: ≥1% TC

Nivolumab
SP263 is only intended as a 

complementary diagnostic for 

nivolumab in NSCLC

• 2L monotherapy: ≥1%, ≥5% 

or ≥10% TC

Durvalumab
• Post chemoradiation (EMA 

only): ≥1% TC

Cell types scored in NSCLC TC TC TC and IC TC



IMpower 110:  
SP142 / 22C3 / SP263 

concordance  







OS benefit in PD-L1 high subgroup for atezolizumab over 
chemotherapy was maintained with 22C3 and SP263

Atezo
(n=107)

Chemo
(n=98)

mOS, mo 20.2 13.1

HR (95% CI)‡ 0.59 (0.40, 0.89)

Atezo
(n=134)

Chemo
(n=126)

mOS, mo 20.2 11.0

HR (95% CI)§ 0.60 (0.41, 0.86)

Atezo
(n=150)

Chemo
(n=143)

mOS, mo 19.5 16.1

HR (95% CI)§ 0.71 (0.50, 1.00)

SP142 (TC3 or IC3-WT)* 22C3 BEP-WT (TPS ≥50%)* SP263 BEP-WT (TC ≥50%)*
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Additional pre-specified PD-L1 biomarker analyses were performed using the Dako 22C3 PD-L1 IHC assay (exploratory endpoint) and 
VENTANA SP263 PD-L1 IHC assay (secondary endpoint) within the SP142 TC1/2/3 or IC1/2/3 WT population

*SP142 TC1/2/3 or IC1/2/3-WT (n=554); 22C3 BEP-WT (n=534); SP263 BEP-WT (n=546)
‡Stratified. §Unstratified

Herbst, et al. N Engl J Med 2020



Roche is now using the SP263 assay for newly 
initiated lung cancer trials and, moving forward, 
SP263 is our PD-L1 assay of choice lung cancer to 

best harmonise the testing landscape.



Challenges in using PD-L1 as a biomarker

Topalian SL. Nat Rev Cancer 2016

PD-L1 expression may be 

missed in small biopsy 

specimens, e.g. needle 

biopsies 

PD-L1 expression in tumour

samples collected months or 

years before might not 

accurately reflect PD-L1 

status at treatment initiation; 

therapies given after biopsy, 

may alter PD-L1 expression

Antibodies used for PD-L1 

detection have different 

affinities and specificities

PD-L1 expression among 

multiple tumour lesions from 

individual patients can vary 

over time and by 

anatomical site

PD-L1 epitopes detected by 

some antibodies are 

potentially unstable with 

prolonged specimen fixation 

or inadequate tissue 

handling before fixation

PD-L1 can be expressed by 

multiple cell types within 

the tumour

microenvironment, which 

poses challenges for scoring 

and interpretation







Mutation frequencies differ across tumour types

Biology

• Mutations (nonsynonymous) in coding sequences of the 
tumour genome (e.g. caused by DNA repair defects in 
MMR-deficient tumours and carcinogens) can result in 
abnormal proteins, presented as neo-antigens potentially 
recognised and targeted by the immune system

• Tumour mutational burden (TMB) is an accurate proxy for 
neo-antigen load translated into neo-antigen diversity

• Higher TMB is associated with higher levels of predicted 
neoantigens and response to CIT

Alterations in NSCLC

• NSCLC and SCLC are often tobacco carcinogen-associated and 
have among the highest prevalence of somatic mutations/TMB in 
human tumours

• TMB is highly variable between and within subtypes (NSQ has 
TMB-low subsets, particularly in never-smokers/oncogene-driven, 
while in SQ TMB has a more homogenous distribution of TMB-H)

• MMR-D/MSI-H NSCLC is a very rare subset of TMB-H (<0.5%) 

Kandoth et al. Nature 2013

B.TMB

high TMB levels will correlate with high neoantigen levels that will 

activate an antitumor immune response 



Predictive/prognostic

• TMB-H is associated with improved response (ORR, PFS, 

and OS) with CIT in multiple cancer types, including NSCLC 

• Ongoing prospective validation of bTMB as predictor for 

atezolizumab monotherapy efficacy in 1L NSCLC 

Prevalence

• Mutation load differs across tumour types1

• Prevalence depends on cut-off value and methodology; 

TMB-H identifies a population that is distinct from PD-L1 

IHC-positive patients

AML: acute myeloid leukaemia; CCC: clear cell carcinoma; 
CEC: corpus endometrial carcinoma; Mb: megabase

TMB

1. Kandoth et al. Nature 2013; 2. Foundation Medicine website. FoundationOne CDx. 

Available at: https://www.foundationmedicine.com/genomic-testing/foundation-one-cdx  

(Accessed September 2018); 3. Foundation Medicine Press Release. Blood TMB. Available at: 

http://investors.foundationmedicine.com/news-releases/news-release-details/foundation-

medicine-publishes-new-data-nature-medicine (Accessed October 2018)

PD-L1+

TMB-H

MSI-H

TIL-H

Tumour mutational burden (TMB) acts as a proxy for neoantigen 

load to allow more informed immunotherapy use; a blood-based 

TMB measurement is in progress for when tissue cannot be 

obtained2,3

TMB levels are typically high in patients with 

NSCLC who are smokers or former smokers. 

Low TMB is more commonly detected in never smokers.3 



bTMB associated with atezolizumab efficacy in 
retrospective analyses in 2L+ NSCLC

Gandara et al. Nat Med 2018

• TMB measured in blood correlates 
with TMB measured in tumour 
tissue 
(using FMI tests)

• Enrichment of PFS benefit was 
observed in the bTMB ≥16 
subgroup, while OS was consistent 
between the ≥16 and <16 
subgroups

Second-line or later atezolizumab▼

PFS in bTMB score-high vs low subgroups

Population n (%) PFS HR (95% CI)

bTMB score ≥ 16 158 (27) 0.65 (0.47 - 0.92)

bTMB score < 16 425 (73) 0.98 (0.80 - 1.20)

BEP 0.87 (0.73 - 1.04)583 (100)

ITT population 0.95 (0.82 - 1.10)850

0.25 1.0 1.5

Favours atezolizumab▼ Favours docetaxel
HR

OAK study

bTMB Computational Methodology and Study Design





TMB does not identify patients who will respond to chemotherapy; therefore, TMB 

has limited value for assessing combination immunotherapy plus chemotherapy 

regimens 



TMB is also not an ideal immune biomarker because some patients with low 

TMB levels respond to immunotherapy and others with high levels do not 

respond to immunotherapy 



high TMB levels do not correlate with PD-L1 expression levels in patients with 

NSCLC. 



• 1) lack of agreement on the definition of a cut off for 
designating high TMB levels; 

• 2) lack of standardization of TMB measurements across 
laboratories. 

• 3)Guidelines do not recommend measurement of TMB levels 
before deciding whether to use nivolumab plus ipilimumab 
regimens or to use other ICIs, such as pembrolizumab.

TMB



27

aData shown for Akagi et al. only includes tumor types with > 100 samples available for analysis; among tumor types with < 100 samples available, MSI-H prevalence was highest in the following tumor types: upper urinary tract (16.7%), adrenal 
gland (11.5%), and testis (9.1%). AC, adenocarcinoma; dMMR, deficient mismatch repair; MSI-H, microsatellite instability-high. 1. Cortes-Ciriano I et al. Nat Commun 2017;8:15180. 2. Lee V et al. Oncologist 2016;21:1200–1211. 3. Bonneville R 
et al. JCO Precis Oncol 2017. doi: 10.1200/PO.17.00073. 4. Akagi K et al. Cancer Sci 2021;112:1105–1113. 5. An JY et al. Int J Cancer 2012;131:505–511.

C.MSI-H/dMMR

• MSI-H, indicative of dMMR, is found across several tumor types1–4

• MSI-H is highly prevalent in Lynch syndrome–associated tumor types, such as endometrial (17%–30%), colon (16%–20%), and 
gastric cancers (7%–20%), but is rarely present in lung malignancies and melanoma (both < 1%)1,3,4

– Among endometrial cancers, rates of MSI-H range from 40%–50% in endometrioid tumors to 2% in serous and clear-cell tumors2

– Among gastric cancers, the incidence of MSI-H differs between eastern (8%–10%) and western nations (16%–25%)5
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MSI-H prevalence across tumor types reported by (A) Lee et al.2 and (B) Akagi et al.4,a

Adapted with permission 
from Oncologist.2
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1.PD1/ PD L1 : imperfect though most validated 
biomarker with limitation and evolution

2.TMB: some data to support biological  rationale, 
but less validation compared with PDL 1  

3.MSI : Highly uncommon in NSCLC and < 0.5 % 
SCLC- rarely used as predictive biomarker 

Conclusion 




