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https://www.accessdata.fda.gov/drugsatfda_docs/label/2020/125514s071s090lbl.pdf

1.16	Tumor	Mutational	Burden-High	Cancer	
PEMBRO	is	indicated	for	the	treatment	of	adult	and	pediatric	
patients	with	unresectable	or	metastatic	tumor	mutational	
burden-high	(TMB-H)	[≥10	mutations/megabase (mut/Mb)]	
solid	tumors,	as	determined	by	an	FDA-approved	test	[see	
Dosage	and	Administration	(2.1)],	that	have	progressed	
following	prior	treatment	and	who	have	no	satisfactory	
alternative	treatment	options.	

This	indication	is	approved	under	accelerated	approval	based	
on	tumor	response	rate	and	durability	of	response	[see	
Clinical	Studies	(14.16)].	Continued	approval	for	this	
indication	may	be	contingent	upon	verification	and	
description	of	clinical	benefit	in	the	confirmatory	trials.	

Limitations	of	Use:	The	safety	and	effectiveness	of	PEMBRO	
in	pediatric	patients	with	TMB-H	central	nervous	system	
cancers	have	not	been	established.	



TMB	Definition

Tumor	mutational	burden	(TMB)	is	defined	as	the	
number	of	somatic	mutations	per	megabase of	
interrogated	genomic	sequence.		

And	it	demonstrates	predictive	biomarker	potential	for	
the	identification	of	cancer	patients	most	likely	to	
respond	to	immune	checkpoint	inhibitors.	



Average	TMB	High:	13.3%	of	Solid	Tumors
• Highest	TMB

• Melanoma
• NSCLC
• SCC

• GI	– High	TMB	Percentage
• 12%	Small	Bowel
• 5%	CRC
• 5%	Gastric

• Intermediate	and	Lower
• Breast
• Uterine
• Ovarian
• Kidney
• Prostate
• Bladder
• Head	and	Neck
• Some	Sarcomas

Per	FoundationOne



TMB
• TMB reflects the overall somatic genomic burden of 

mutations within a given tumor.

• TMB differs across tumor types, and variability within 
tumor types has been observed

• Prostate TMB 0.03 - 14.13 mutations/Mb
• Bladder TMB 0.04 - 99.68 mutations/Mb

• 10 mut/Mb as the lower bound of an “equivocal 
zone”, or a cut-off point that would identify patients 
with TMB-high tumors.

Reference	Text



Why	was	it	approved?

Overall response rate: 29% (95%, 21–39)
Duration of Response: 57% lasting ≥ 12 months 

The efficacy of pembrolizumab was supported by the results of 
whole-exome sequencing (WES) analyses of TMB in 
additional patients enrolled across multiple pembrolizumab 
clinical trials.

Marcus,	L,	et	al;.Clin Cancer	Res	2021;27:4685–9
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By	Mouagip - Codons	aminoacids table.png,	Public	Domain,	
https://commons.wikimedia.org/w/index.php?curid=5986132
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TMB	is	optimally	calculated	by	Whole	Exome	Sequencing	(WES)
Next	Generation	Sequencing	(NGS)	provide	TMB	estimates
• Time	Effective	and	Cost	Effective

By	SarahKusala - Own	work,	CC	BY	3.0,	https://commons.wikimedia.org/w/index.php?curid=9642932



NGS	TMB	vs	WES	TMB

Diana M Merino et al. J Immunother Cancer 2020;8:e000147





So	TMB	is	TMB?
Company	1 Company	2
1.9Mb	of	sequencing	coverage 0.8	Mb	of	sequencing	coverage	(793kb)
filter	out	germline	alterations filter	out	germline	variants

according	to	published	databases	and	
somatic-germline/zygosity

non-synonymous	alterations	 synonymous	and	non-synonymous	variants	
present	at	5%	or	greater

Do	not	filter	out	pathogenic	variants	
they	believe	size	of	sequencing	coverage	
minimizes	the	potential	impact	for	TMB	
overestimation	from	alterations	in	single	
driver	genes

Known	and	likely	driver	mutations	are	filtered	
out	to	exclude	bias	in	the	data	set



Vega	et	al.	Annals	of	Oncology;	v32	n12,	2021



Vega	et	al.	Annals	of	Oncology;	v32	n12,	2021

Impact of Gene Content

Impact of gene content 
Including/Exclduing:
• pathogenic variants 
• synonymous variants
on TMB estimate



Objectives
My	Learning	Objectives	

• Why	measure	TMB

• How	to	measure	TMB

• Issues	with	TMB

• MSI-H	vs	TMB

Castle	et	al.	Frontiers	in	Immunology	2019;	10.1856.



Why	was	it	approved?

Overall response rate: 29% (95%, 21–39)
Duration of Response: 57% lasting ≥ 12 months 

The efficacy of pembrolizumab was supported by the results of 
whole-exome sequencing (WES) analyses of TMB in 
additional patients enrolled across multiple pembrolizumab 
clinical trials.

Marcus,	L,	et	al;.Clin Cancer	Res	2021;27:4685–9



Marabelle et	al.	J	Clin	Oncol	38:1-10



Marabelle et	al.	J	Clin	Oncol	38:1-10



Marabelle et	al.	J	Clin	Oncol	38:1-10



Treatment	w/	Pembro in	TMB-H

TMB > 10: 
• ORR 30% [95% CI, 20.8–39.3]

• 4 patients   (4%) had a CR
• 26 patients (25%) had a PR 

• Median duration of response (DOR) 
• was not reached
• range 2.2+ to 34.8+ months 

• Most (66.6%) responders had a 
DOR of ≥24 months 

TMB < 10
• ORR of 6% (95% CI, 4.6–8.3) 
TMB ≥10 mut/Mb and <13 mut/Mb
• Exploratory analysis of 32 patients 
• ORR was 12% (95% CI, 4–29) 

• two CRs (6%)
• two PRs (6%)

TMB ≥13
• ORR of 37 % (95% CI, 26–50).

Friends	of	Cancer	Research
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Review	of	Published	Studies

Pooled	1732	retrospectively.

TMB	10-15	is	the
equivocal	zone.

TMB	≥	10 30.1%

TMB	<	10 13.8%

TMB	≥	15 37.4%

TMB	<	15 14.9%

Friends	of	Cancer	Research

TMB	≥	10	 24-40%
TMB	<	10,		 12-15%,	



TMB	and	RR	to	PD-1	Inhibition
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MSI	and	TMB

Chalmers	ZR,	
Connelly	CF,	

Fabrizio	D,	et	al.	
Genome	Med	

2017;	9:34.	



TMB	≥	10	?

N Engl J Med 2021; 384:1168-1170



TMB	≥	10	in	Colon	Cancer?

N Engl J Med 2021; 384:1168-1170



Conclusions
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Pembrolizumab	is	approved	for	
patients	with	TMB	≥	10	tumors,	
but	some	will	respond	better	and	
some	worse.


