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Tissue-agnostic versus tissue-driven oncology

Tissue-agnostic cancer therapy: a therapy that has a 
specific molecular target unrelated to tissue origin

C. Darwin T. Huxley



• Choice of chemotherapy is traditionally based on histologic classification
• Some molecular targets are confined to specific cell lineages (such as estrogen receptors and 

CD20 in mammary epithelium and B-cell lymphoid, respectively). This tissue distribution 
restricts the clinical utility of selective estrogen receptor modulators and rituximab to breast 
and B-cell cancer, respectively

• However, molecular alterations may be present in several cancer types
• Molecular or genetic alterations essential for the growth of cancer of one tissue origin 

(based on preclinical studies in cell culture and animal models) have been found to be 
important for another. A therapy successful against a target in one cancer type may therefore 
prove effective for the same target in a different cancer type

• This concept is welcome because it is based on scientific rationale, the pertinent biomarker 
assay to identify appropriate targets for treatment has been established, the pharmacology 
of an approved drug has been adequately delineated, and clinical trials that led to prior 
approval have established the optimal dosing and toxicity associated with the therapy

Tissue-agnostic versus tissue-driven oncology



Tissue-agnostic cancer therapy: examples

Luoh and Flaherty Ann Intern Med 2018



Tissue-agnostic cancer therapy: merits and hypes
- the example of colorectal cancer

• “Big killer cancer”
• Globally, CRC is the 3rd most 

commonly diagnosed cancer in 
males and the 2nd in females, 
with 1.65 million new cases and 
almost 835,000 deaths (2015)

Dientsmann et al. ASCO ED Book 2018



The PDX platform to study anti-EGFR sensitivity

Bertotti et al, Nature 2015



The PDX model to unveil the genomic landscape 
of resistance/sensitivity to anti EGFR mAbs in WT mCRC

Bertotti A et al, Cancer Discovery 2011
Bertotti A et al, Nature 2015

mCRC patient-derived xenogratfs
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• HER2 gene amplification occurs in 15-20% of aggressive breast and gastric cancers, 
and is associated with poor prognosis. 

• The standard of care for HER2-positive early breast cancer includes the HER2-targeting 
antibody, trastuzumab, administered with chemotherapy. In patients with advanced 
HER2-positive disease, the standard of care as first-line therapy includes dual blockade 
of HER2 with trastuzumab and pertuzumab, an antibody that binds to an alternative 
epitope of HER2. Other HER2-directed regimens include lapatinib + capecitabine and 
T-DM1 that is an antibody-drug conjugate (ADC) in which trastuzumab is coupled to a 
derivative of the potent inhibitor of microtubule polymerization maitansine

• In gastric cancer, the combination of trastuzumab + chemotherapy is the standard of 
care for first-line treatment of HER2+ tumors, while lapatinib, T-DM1 or the 
combination of trastuzumab and pertuzumab did not provide registrative results

Approved HER2-directed therapies: breast and gastric



Bertotti A et al, Cancer Discovery 2011

HER2+ mCRC-PDX are sensitive to dual HER2-blockade
with lapatinib + trastuzumab but not to either drug alone

HER2-directed combinations in mCRC preclinical models



HER2-targeted therapy in mCRC

Sartore-Bianchi et al, Lancet Oncol 2016
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HERACLES A Trial
Representative CE-CT scans of 2 mCRC responders

• 85 y-o male
• Left-sided RAS/BRAF 

WT CRC
• Multiple lung mets
• 4 previous line of Tx
• Her2 3+

• 79 y-o male
• Rectal RAS WT cancer
• Multiple lung and 

liver mets
• 4 previous line of 

Tx/metastasectomy
and local treatments

Sartore-Bianchi et al, Lancet Oncol 2016
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HERACLES A Trial
Spaghetti plot of tumor shrinkage trend and HER2 copy number

2 patients not shown: 121011 (GCN> 9,6) and 121013 (GCN< 9,6) early clinical PD.

1 year

Objective Response space ( > 30% shrinkage)

2 years 3 years

HER2 GCN> 9.6

HER2 GCN< 9.6

Patients on treatment
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dati corretti secondo revisione

		

						pt		IHC		CNV		data		giorni da baseline		misura

						121001		3		SOPRA		8/22/12		0		153.1

						121001		3		SOPRA		10/24/12		63		111.6

						121001		3		SOPRA		12/14/12		114		94.5

						121001		3		SOPRA		1/14/13		145		92.9

						121001		3		SOPRA		2/8/13		170		84.2

						121001		3		SOPRA		4/4/13		225		88.9

						121002		2		SOTTO		8/14/12		0		103

						121002		2		SOTTO		10/22/12		69		102

						121002		2		SOTTO		12/17/12		125		101

						121003		3		SOPRA		9/17/12		0		50

						121003		3		SOPRA		11/20/12		64		46

						121003		3		SOPRA		1/21/13		126		44.8

						121003		3		SOPRA		3/18/13		182		44.8

						121003		3		SOPRA		5/13/13		238		53

						121003		3		SOPRA		7/15/13		301		59

						121004		2		SOTTO		10/4/12		0		116

						121004		2		SOTTO		12/4/12		61		113

						121006		3		SOPRA		11/20/12		0		183.3

						121006		3		SOPRA		1/21/13		62		145

						121006		3		SOPRA		3/18/13		118		128.3

						121006		3		SOPRA		5/13/13		174		121.9

						121009		2		SOTTO		6/11/13		0		84

						121009		2		SOTTO		8/7/13		57		77

						121009		2		SOTTO		10/2/13		113		86.4

						121012		3		SOPRA		8/20/13		0		105

						121012		3		SOPRA		10/22/13		63		110

						121012		3		SOPRA		12/17/13		119		120

						121015		3		SOPRA		12/31/13		0		63.1

						121015		3		SOPRA		3/18/14		77		38.8

						121015		3		SOPRA		4/24/14		114		32.5

						121015		3		SOPRA		5/22/14		142		23.4

						121015		3		SOPRA		7/10/14		191		15.2

						121015		3		SOPRA		9/11/14		254		12.3

						121015		3		SOPRA		11/20/14		324		11.9

						121015		3		SOPRA		1/21/15		386		12.3

						121015		3		SOPRA		3/27/15		451		10

						121015		3		SOPRA		5/28/15		513		0

						121015		3		SOPRA		7/30/15		576		0

						121015		3		SOPRA		10/6/15		644		0

						121015		3		SOPRA		12/10/15		709		0

						121015		3		SOPRA		2/10/16		771		0

						121015		3		SOPRA		4/7/16		828		0

						121015		3		SOPRA		6/30/16		912		0

						121015		3		SOPRA		9/1/16		975		0

						121015		3		SOPRA		11/17/16		1052		0

						121015		3		SOPRA		1/26/17		1045		0

						121016		3		SOPRA		1/27/14		0		83

						121016		3		SOPRA		3/27/14		59		43

						121016		3		SOPRA		4/23/14		86		39

						121016		3		SOPRA		5/27/14		120		39

						121016		3		SOPRA		7/15/14		169		40

						121016		3		SOPRA		9/16/14		232		27

						121016		3		SOPRA		11/18/14		295		30

						121016		3		SOPRA		1/21/15		359		30

						121016		3		SOPRA		3/25/15		422		32

						121018		2		SOTTO		5/19/14		0		88.1

						121018		2		SOTTO		7/16/14		58		61

						121018		2		SOTTO		9/8/14		112		69.8

						121019		3		SOPRA		6/9/14		0		199

						121019		3		SOPRA		8/6/14		58		170

						121019		3		SOPRA		10/1/14		114		163

						121019		3		SOPRA		12/1/14		175		163

						121023		3		SOPRA		11/17/14		0		74

						121023		3		SOPRA		1/7/15		51		31

						121023		3		SOPRA		2/5/15		80		23

						121023		3		SOPRA		3/5/15		108		19

						121023		3		SOPRA		5/14/15		178		13

						121023		3		SOPRA		7/23/15		248		13

						121023		3		SOPRA		10/1/15		318		13

						121023		3		SOPRA		12/17/15		395		13

						121023		3		SOPRA		2/11/16		451		13

						121023		3		SOPRA		4/7/16		507		13

						121023		3		SOPRA		6/30/16		591		13

						121023		3		SOPRA		9/1/16		654		20

						121024		3		SOPRA		11/13/14		0		49

						121024		3		SOPRA		12/26/14		43		68

						121026		2		SOTTO		2/19/15		0		285

						121026		2		SOTTO		4/10/15		50		243

						121026		2		SOTTO		6/12/15		113		244

						121027		3		SOTTO		4/8/15		0		136

						121027		3		SOTTO		6/1/15		54		195

						121028		3		SOPRA		4/29/15		0		306

						121028		3		SOPRA		7/7/15		69		237

						121028		3		SOPRA		9/15/15		139		280

						121031		3		SOPRA		7/6/15		0		70

						121031		3		SOPRA		9/24/15		80		59

						121031		3		SOPRA		12/9/15		156		34

						121033		3		SOPRA		11/25/15		0		174

						121033		3		SOPRA		1/22/16		58		96

						121033		3		SOPRA		2/19/16		86		100

						121033		3		SOPRA		3/25/16		121		101

						121033		3		SOPRA		5/27/16		184		119

						121033		3		SOPRA		8/4/16		253		143

						121035		3		SOPRA		2/24/16		0		136

						121035		3		SOPRA		5/11/16		77		159

						122014		3		SOTTO		12/18/13		0		121.3

						122014		3		SOTTO		2/21/14		65		99.8

						122014		3		SOTTO		4/20/14		123		102.1

						122020		3		SOPRA		7/15/14		0		109

						122020		3		SOPRA		9/9/14		56		61

						122020		3		SOPRA		10/10/14		87		58

						122020		3		SOPRA		12/4/14		142		58

						122020		3		SOPRA		2/2/15		202		46

						122020		3		SOPRA		3/24/15		252		39

						122022		3		SOPRA		10/17/14		0		103

						122022		3		SOPRA		12/9/14		53		97

						122022		3		SOPRA		1/8/15		83		70

						122022		3		SOPRA		3/5/15		139		79

						122022		3		SOPRA		4/30/15		195		79

						122025		2		SOPRA		12/3/14		0		189

						122025		2		SOPRA		1/29/15		57		115

						122025		2		SOPRA		3/24/15		111		110

						122025		2		SOPRA		6/3/15		182		130

						122025		2		SOPRA		7/29/15		238		129

						122025		2		SOPRA		10/2/15		303		178

						122029		3		SOPRA		5/13/15		0		117

						122029		3		SOPRA		7/8/15		56		98

						122029		3		SOPRA		8/27/15		106		84

						122029		3		SOPRA		10/22/15		162		107

						122034		3		SOPRA		3/2/16		0		25

						122034		3		SOPRA		5/19/16		78		0

						122034		3		SOPRA		6/16/16		106		0

						122034		3		SOPRA		8/1/16		152		0

						122034		3		SOPRA		9/20/16		202		0

						122034		3		SOPRA		10/5/16		217		0

						124007		3		SOPRA		3/16/13		0		43

						124007		3		SOPRA		5/18/13		63		43						-517

						124021		3		SOPRA		9/22/14		0		27.5

						124021		3		SOPRA		12/1/14		70		10

						124021		3		SOPRA		1/7/15		107		10

						124021		3		SOPRA		3/4/15		163		6

						124021		3		SOPRA		3/4/15		163		0

						124021		3		SOPRA		4/29/15		219		6

						124021		3		SOPRA		6/24/15		275		6

						124030		3		SOTTO		7/23/15		0		241

						124030		3		SOTTO		9/8/15		47		209

						125005		2		SOTTO		10/29/12		0		129

						125005		2		SOTTO		1/9/13		72		223

						125017		3		SOPRA		4/23/14		0		138.8

						125017		3		SOPRA		7/7/14		75		106.9

						125017		3		SOPRA		9/5/14		135		119.1

						125017		3		SOPRA		10/31/14		191		131.4

						125032		3		SOPRA		8/27/15		0		62

						125032		3		SOPRA		11/6/15		71		47





pivot

		

		Etichette di riga		Somma di misura

		121001		625.2

		0.00		153.1

		63.00		111.6

		114.00		94.5

		145.00		92.9

		170.00		84.2

		225.00		88.9

		121002		306

		0.00		103

		69.00		102

		125.00		101

		121003		297.6

		0.00		50

		64.00		46

		126.00		44.8

		182.00		44.8

		238.00		53

		301.00		59

		121004		229

		0.00		116

		61.00		113

		121006		578.5

		0.00		183.3

		62.00		145

		118.00		128.3

		174.00		121.9

		121009		247.4

		0.00		84

		57.00		77

		113.00		86.4

		121012		335

		0.00		105

		63.00		110

		119.00		120

		121015		219.5

		0.00		63.1

		77.00		38.8

		114.00		32.5

		142.00		23.4

		191.00		15.2

		254.00		12.3

		324.00		11.9

		386.00		12.3

		451.00		10

		513.00		0

		576.00		0

		644.00		0

		709.00		0

		771.00		0

		828.00		0

		912.00		0

		975.00		0

		1045.00		0

		1052.00		0

		121016		363

		0.00		83

		59.00		43

		86.00		39

		120.00		39

		169.00		40

		232.00		27

		295.00		30

		359.00		30

		422.00		32

		121018		218.9

		0.00		88.1

		58.00		61

		112.00		69.8

		121019		695

		0.00		199

		58.00		170

		114.00		163

		175.00		163

		121023		258

		0.00		74

		51.00		31

		80.00		23

		108.00		19

		178.00		13

		248.00		13

		318.00		13

		395.00		13

		451.00		13

		507.00		13

		591.00		13

		654.00		20

		121024		117

		0.00		49

		43.00		68

		121026		772

		0.00		285

		50.00		243

		113.00		244

		121028		823

		0.00		306

		69.00		237

		139.00		280

		121031		163

		0.00		70

		80.00		59

		156.00		34

		121033		733

		0.00		174

		58.00		96

		86.00		100

		121.00		101

		184.00		119

		253.00		143

		122014		323.2

		0.00		121.3

		65.00		99.8

		123.00		102.1

		122020		371

		0.00		109

		56.00		61

		87.00		58

		142.00		58

		202.00		46

		252.00		39

		122022		428

		0.00		103

		53.00		97

		83.00		70

		139.00		79

		195.00		79

		122025		851

		0.00		189

		57.00		115

		111.00		110

		182.00		130

		238.00		129

		303.00		178

		124007		86

		0.00		43

		63.00		43

		124021		65.5

		0.00		27.5

		70.00		10

		107.00		10

		163.00		6

		219.00		6

		275.00		6

		124030		450

		0.00		241

		47.00		209

		125005		352

		0.00		129

		72.00		223

		125017		496.2

		0.00		138.8

		75.00		106.9

		135.00		119.1

		191.00		131.4

		125032		109

		0.00		62

		71.00		47

		121027		331

		0.00		136

		54.00		195

		122029		406

		0.00		117

		56.00		98

		106.00		84

		162.00		107

		121035		295

		0.00		136

		77.00		159

		122034		25

		0.00		25

		78.00		0

		106.00		0

		152.00		0

		202.00		0

		217.00		0

		Totale complessivo		11570





dati spaghetti

		

				Etichette di riga		Somma di misura

				121001

				0		100.00%

				2.0723684211		72.89%

				3.75		61.72%

				4.7697368421		60.68%

				5.5921052632		55.00%

				7.4013157895		58.07%

				121002

				0		100.00%

				2.2697368421		99.03%

				4.1118421053		98.06%

				121003

				0		100.00%

				2.1052631579		92.00%

				4.1447368421		89.60%

				5.9868421053		89.60%

				7.8289473684		106.00%

				9.9013157895		118.00%

				121004

				0		100.00%

				2.0065789474		97.41%

				121006

				0		100.00%

				2.0394736842		79.11%

				3.8815789474		69.99%

				5.7236842105		66.50%

				121009

				0		100.00%

				1.875		91.67%

				3.7171052632		102.86%

				121012

				0		100.00%

				2.0723684211		104.76%

				3.9144736842		114.29%

				121015

				0		100.00%

				2.5328947368		61.49%

				3.75		51.51%

				4.6710526316		37.08%

				6.2828947368		24.09%

				8.3552631579		19.49%

				10.6578947368		18.86%

				12.6973684211		19.49%

				14.8355263158		15.85%

				16.875		0.00%

				18.9473684211		0.00%

				21.1842105263		0.00%

				23.3223684211		0.00%

				25.3618421053		0.00%

				27.2368421053		0.00%

				30		0.00%

				32.0723684211		0.00%

				34.375		0.00%

				34.6052631579		0.00%

				121016

				0		100.00%

				1.9407894737		51.81%

				2.8289473684		46.99%

				3.9473684211		46.99%

				5.5592105263		48.19%

				7.6315789474		32.53%

				9.7039473684		36.14%

				11.8092105263		36.14%

				13.8815789474		38.55%

				121018

				0		100.00%

				1.9078947368		69.24%

				3.6842105263		79.23%

				121019

				0		100.00%

				1.9078947368		85.43%

				3.75		81.91%

				5.7565789474		81.91%

				121023

				0		100.00%

				1.6776315789		41.89%

				2.6315789474		31.08%

				3.5526315789		25.68%

				5.8552631579		17.57%

				8.1578947368		17.57%

				10.4605263158		17.57%

				12.9934210526		17.57%

				14.8355263158		17.57%

				16.6776315789		17.57%

				19.4407894737		17.57%

				21.5131578947		27.03%

				121024

				0		100.00%

				1.4144736842		138.78%

				121026

				0		100.00%

				1.6447368421		85.26%

				3.7171052632		85.61%

				121028

				0		100.00%

				2.2697368421		77.45%

				4.5723684211		91.50%

				121031

				0		100.00%

				2.6315789474		84.29%

				5.1315789474		48.57%

				121033

				0		100.00%

				1.9078947368		55.17%

				2.8289473684		57.47%

				3.9802631579		58.05%

				6.0526315789		68.39%

				8.3223684211		82.18%

				122014

				0		100.00%

				2.1381578947		82.28%

				4.0460526316		84.17%

				122020

				0		100.00%

				1.8421052632		55.96%

				2.8618421053		53.21%

				4.6710526316		53.21%

				6.6447368421		42.20%

				8.2894736842		35.78%

				122022

				0		100.00%

				1.7434210526		94.17%

				2.7302631579		67.96%

				4.5723684211		76.70%

				6.4144736842		76.70%

				122025

				0		100.00%

				1.875		60.85%

				3.6513157895		58.20%

				5.9868421053		68.78%

				7.8289473684		68.25%

				9.9671052632		94.18%

				124007

				0		100.00%

				2.0723684211		100.00%

				124021

				0		100.00%

				2.3026315789		36.36%

				3.5197368421		36.36%

				5.3618421053		21.82%

				7.2039473684		21.82%

				9.0460526316		21.82%

				124030

				0		100.00%

				1.5460526316		86.72%

				125005

				0		100.00%

				2.3684210526		172.87%

				125017

				0		100.00%

				2.4671052632		77.02%

				4.4407894737		85.81%

				6.2828947368		94.67%

				125032

				0		100.00%

				2.3355263158		75.81%

				121027

				0		100.00%

				1.7763157895		143.38%

				122029

				0		100.00%

				1.8421052632		83.76%

				3.4868421053		71.79%

				5.3289473684		91.45%

				121035

				0		100.00%

				2.5328947368		116.91%

				122034

				0		100.00%

				2.5657894737		0.00%

				3.4868421053		0.00%

				5		0.00%

				6.6447368421		0.00%

				7.1381578947		0.00%





SPAGHETTI IHC

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		2.0723684211		2.2697368421		2.1052631579		2.0065789474		2.0394736842		1.875		2.0723684211		2.5328947368		1.9407894737		1.9078947368		1.9078947368		1.6776315789		1.4144736842		1.6447368421		2.2697368421		2.6315789474		1.9078947368		2.1381578947		1.7434210526		1.8421052632		1.875		2.0723684211		2.3026315789		1.5460526316		2.3684210526		2.4671052632		2.3355263158		1.8421052632		2.5328947368		2.5657894737		1.7763157895

		3.75		4.1118421053		4.1447368421				3.8815789474		3.7171052632		3.9144736842		3.75		2.8289473684		3.6842105263		3.75		2.6315789474				3.7171052632		4.5723684211		5.1315789474		2.8289473684		4.0460526316		2.7302631579		2.8618421053		3.6513157895				3.5197368421						4.4407894737				3.4868421053				3.4868421053

		4.7697368421				5.9868421053				5.7236842105						4.6710526316		3.9473684211				5.7565789474		3.5526315789										3.9802631579				4.5723684211		4.6710526316		5.9868421053				5.3618421053						6.2828947368				5.3289473684				5

		5.5921052632				7.8289473684										6.2828947368		5.5592105263						5.8552631579										6.0526315789				6.4144736842		6.6447368421		7.8289473684				7.2039473684														6.6447368421

		7.4013157895				9.9013157895										8.3552631579		7.6315789474						8.1578947368										8.3223684211						8.2894736842		9.9671052632				9.0460526316														7.1381578947

																10.6578947368		9.7039473684						10.4605263158

																12.6973684211		11.8092105263						12.9934210526

																14.8355263158		13.8815789474						14.8355263158

																16.875								16.6776315789

																18.9473684211								19.4407894737

																21.1842105263								21.5131578947

																23.3223684211

																25.3618421053

																27.2368421053

																30

																32.0723684211

																34.375

																34.6052631579



121001

121002

121003

121004

121006

121009

121012

121015

121016

121018

121019

121023

121024

121026

121028

121031

121033

122014

122022

122020

122025

124007

124021

124030

125005

125017

125032

122029

121035

122034

121027

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

0.7289353364

0.9902912621

0.92

0.974137931

0.7910529187

0.9166666667

1.0476190476

0.6148969889

0.5180722892

0.6923950057

0.8542713568

0.4189189189

1.387755102

0.8526315789

0.7745098039

0.8428571429

0.5517241379

0.8227535037

0.9417475728

0.5596330275

0.6084656085

1

0.3636363636

0.867219917

1.7286821705

0.7701729107

0.7580645161

0.8376068376

1.1691176471

0

1.4338235294

0.6172436316

0.9805825243

0.896

0.6999454446

1.0285714286

1.1428571429

0.5150554675

0.4698795181

0.7922814983

0.8190954774

0.3108108108

0.8561403509

0.9150326797

0.4857142857

0.5747126437

0.8417147568

0.6796116505

0.5321100917

0.582010582

0.3636363636

0.8580691643

0.7179487179

0

0.6067929458

0.896

0.6650300055

0.3708399366

0.4698795181

0.8190954774

0.2567567568

0.5804597701

0.7669902913

0.5321100917

0.6878306878

0.2181818182

0.946685879

0.9145299145

0

0.5499673416

1.06

0.2408874802

0.4819277108

0.1756756757

0.683908046

0.7669902913

0.4220183486

0.6825396825

0.2181818182

0

0.5806662312

1.18

0.1949286846

0.3253012048

0.1756756757

0.8218390805

0.3577981651

0.9417989418

0.2181818182

0

0.1885895404

0.3614457831

0.1756756757

0.1949286846

0.3614457831

0.1756756757

0.1584786054

0.3855421687

0.1756756757

0

0.1756756757

0

0.1756756757

0

0.2702702703

0

0

0

0

0

0

0



SPAGHETTI CNV (2)

		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0		0

		2.0723684211		2.2697368421		2.1052631579		2.0065789474		2.0394736842		1.875		2.0723684211		2.5328947368		1.9407894737		1.9078947368		1.9078947368		1.6776315789		1.4144736842		1.6447368421		2.2697368421		2.6315789474		1.9078947368		2.1381578947		1.7434210526		1.8421052632		1.875		2.0723684211		2.3026315789		1.5460526316		2.3684210526		2.4671052632		2.3355263158		1.8421052632		2.5328947368		2.5657894737		1.7763157895

		3.75		4.1118421053		4.1447368421				3.8815789474		3.7171052632		3.9144736842		3.75		2.8289473684		3.6842105263		3.75		2.6315789474				3.7171052632		4.5723684211		5.1315789474		2.8289473684		4.0460526316		2.7302631579		2.8618421053		3.6513157895				3.5197368421						4.4407894737				3.4868421053				3.4868421053

		4.7697368421				5.9868421053				5.7236842105						4.6710526316		3.9473684211				5.7565789474		3.5526315789										3.9802631579				4.5723684211		4.6710526316		5.9868421053				5.3618421053						6.2828947368				5.3289473684				5

		5.5921052632				7.8289473684										6.2828947368		5.5592105263						5.8552631579										6.0526315789				6.4144736842		6.6447368421		7.8289473684				7.2039473684														6.6447368421

		7.4013157895				9.9013157895										8.3552631579		7.6315789474						8.1578947368										8.3223684211						8.2894736842		9.9671052632				9.0460526316														7.1381578947

																10.6578947368		9.7039473684						10.4605263158

																12.6973684211		11.8092105263						12.9934210526

																14.8355263158		13.8815789474						14.8355263158

																16.875								16.6776315789

																18.9473684211								19.4407894737

																21.1842105263								21.5131578947

																23.3223684211

																25.3618421053

																27.2368421053

																30

																32.0723684211

																34.375

																34.6052631579



121001

121002

121003

121004

121006

121009

121012

121015

121016

121018

121019

121023

121024

121026

121028

121031

121033

122014

122022

122020

122025

124007

124021

124030

125005

125017

125032

122029

121035

122034

121027

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

0.7289353364

0.9902912621

0.92

0.974137931

0.7910529187

0.9166666667

1.0476190476

0.6148969889

0.5180722892

0.6923950057

0.8542713568

0.4189189189

1.387755102

0.8526315789

0.7745098039

0.8428571429

0.5517241379

0.8227535037

0.9417475728

0.5596330275

0.6084656085

1

0.3636363636

0.867219917

1.7286821705

0.7701729107

0.7580645161

0.8376068376

1.1691176471

0

1.4338235294

0.6172436316

0.9805825243

0.896

0.6999454446

1.0285714286

1.1428571429

0.5150554675

0.4698795181

0.7922814983

0.8190954774

0.3108108108

0.8561403509

0.9150326797

0.4857142857

0.5747126437

0.8417147568

0.6796116505

0.5321100917

0.582010582

0.3636363636

0.8580691643

0.7179487179

0

0.6067929458

0.896

0.6650300055

0.3708399366

0.4698795181

0.8190954774

0.2567567568

0.5804597701

0.7669902913

0.5321100917

0.6878306878

0.2181818182

0.946685879

0.9145299145

0

0.5499673416

1.06

0.2408874802

0.4819277108

0.1756756757

0.683908046

0.7669902913

0.4220183486

0.6825396825

0.2181818182

0

0.5806662312

1.18

0.1949286846

0.3253012048

0.1756756757

0.8218390805

0.3577981651

0.9417989418

0.2181818182

0

0.1885895404

0.3614457831

0.1756756757

0.1949286846

0.3614457831

0.1756756757

0.1584786054

0.3855421687

0.1756756757

0

0.1756756757

0

0.1756756757

0

0.2702702703

0

0

0

0

0

0

0



SPAGHETTI GREZZI

		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1		1

		0.7289353364		0.9902912621		0.92		0.974137931		0.7910529187		0.9166666667		1.0476190476		0.6148969889		0.5180722892		0.6923950057		0.8542713568		0.4189189189		1.387755102		0.8526315789		0.7745098039		0.8428571429		0.5517241379		0.8227535037		0.9417475728		0.5596330275		0.6084656085		1		0.3636363636		0.867219917		1.7286821705		0.7701729107		0.7580645161		1.4338235294		0.8376068376		1.1691176471		0

		0.6172436316		0.9805825243		0.896				0.6999454446		1.0285714286		1.1428571429		0.5150554675		0.4698795181		0.7922814983		0.8190954774		0.3108108108				0.8561403509		0.9150326797		0.4857142857		0.5747126437		0.8417147568		0.6796116505		0.5321100917		0.582010582				0.3636363636						0.8580691643						0.7179487179				0

		0.6067929458				0.896				0.6650300055						0.3708399366		0.4698795181				0.8190954774		0.2567567568										0.5804597701				0.7669902913		0.5321100917		0.6878306878				0.2181818182						0.946685879						0.9145299145				0

		0.5499673416				1.06										0.2408874802		0.4819277108						0.1756756757										0.683908046				0.7669902913		0.4220183486		0.6825396825				0.2181818182																0

		0.5806662312				1.18										0.1949286846		0.3253012048						0.1756756757										0.8218390805						0.3577981651		0.9417989418				0.2181818182																0

																0.1885895404		0.3614457831						0.1756756757
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										125005		223		129		73%

										121027		195		136		43%

										121024		68		49		39%

										121035		159		136		17%

										121012		110		105		5%

										124007		43		43		0%

										121002		102		103		-1%

										121004		113		116		-3%

										121009		77		84		-8%

										121003		44.8		50		-10%
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Anti-HER2 therapy in CRC cohort of MyPathway Trial

Hainsworth JD et al, J Clin Oncol 2018



HERACLES-B: Pertuzumab + TDM-1

HER-2 +, RAS wt mCRC pts
progressed after fluoropyrimidine, 

oxaliplatin and irinotecan

Pertuzumab + TDM-1

PD

Phase II

Primary endpoint: ORR (Recist 1.1)

Target accrual: 27 pts

Siena S. et al, https://clinicaltrials.gov

Recruiting centers

• Niguarda – Milano

• Fond. Piemonte Oncol. – Candiolo

• Policl. S. Orsola Malpighi – Bologna

• SUN – Napoli

• IOV – Padova

• Campus Biomedico – Roma

• Molinette - Torino



Molecular Landscapes Predictive of Response and 
Primary Resistance to HER2 Blockade in mCRC

• Alterations in RAS/RAF at baseline:
6/7 (86%) refractory patients 
3/22 (14%) cases with clinical benefit 

• At secondary resistance:
emerging KRAS mutant clones and 

BRAF amplification were identified at 
progression in two SD patients and one 
PR case,

• Other alterations detected at 
progression:
ERBB2 p.L755S and p.V777L,
EGFR, 
PIK3CA 
PTEN

Siravegna et al, Cancer Cell 2018



Negative prognostic effect of BRAF in mCRC

Venderbosch et al, Clin Can Res 2014

BRAF MUT (any MSI) < BRAF WT MSI < BRAF WT MSS  

8%



Tim Maughan ESMO 2018

Negative prognostic effect of BRAF in mCRC



BRAF mutations in melanoma and CRC: differences



Approved BRAF-directed therapies: melanoma



Hyman et al, New Engl J Med 2015



Molecular mechanisms underlying resistance to 
BRAF-directed single inhibition in mCRC

Prahallad Nature 2012; Corcoran, Cancer Discovery 2012; Coffee EM, CCR 2013; Mao M CCR, 2013



pERK Waterfall plotDrug combination

Corcoran et al, Combined BRAF, EGFR, and MEK Inhibition in Patients 
With BRAFV600E-Mutant Colorectal Cancer. Cancer Discovery 2018



Tim Maughan ESMO 2018



MMR deficient CRCs are hypermutated

The Cancer Genome Atlas Network Nature 2012

5%



MSI and immune checkpoint inhibition in mCRC

Le et al, N Eng J Med 2015

Type of response
MSI 

(n=10)
MSS

(n=18)

Complete Response 0% 0%

Partial Response 40% 0%

Objective Response Rate 40% 0%

Disease Control Rate 90% 11%



Progression-Free and Overall Survival

CheckMate 142

aPer investigator assessment.
mo = month; NE = not estimable; NR = not reached 

Nivolumab + ipilimumab
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PFSa NIVO3 (Q2W) + IPI1 (Q6W)
N = 45

Median PFS, months (95% CI) NR (14.1–NE)

9-mo rate (95% CI), % 77 (62.0–87.2)

12-mo rate (95% CI), % 77 (62.0–87.2)

OSa NIVO3 (Q2W) + IPI1 (Q6W)
N = 45

Median OS, months (95% CI) NR (NE)

9-mo rate (95% CI), % 89 (74.9–95.1)

12-mo rate (95% CI), % 83 (67.6–91.7)
100

Lenz HJ et al, ESMO 2018



The landscape of recurrent kinase fusions in solid tumours

Stransky et al Nature Comm 2014



Bert Vogelstein, Science 2013

Gene fusions as uncommon oncogenic drivers in mCRC

2%



NTRK gene fusions as druggable targets in mCRC

entrectinib

Amatu, Sartore-Bianchi & Siena, ESMO Open 2016
0.5% prevalence of NTRK fusions CRC



A B

Pre-treatment
March 20, 2014

Post-treatment
April 23, 2014

Partial response in patient with TRKA 
rearranged chemorefractory mCRC

Sartore-Bianchi et al. J Natl Cancer Inst 2015

• 73 y-o female
• Left-sided

RAS/BRAF WT 
CRC

• Her2-
• Multiple liver

mets
• 3 previous line 

of Tx



Histologic, immunohistochemical, and fluorescence in situ hybridization analyses of 
primary tumor (A-C) and patient-derived xenograft from liver metastasis (D-F) of a 
CRC patient showing LMNA-NTRK1 gene fusion



Kloosterman et al., Cancer Res 2017

Oncogenic gene fusions and association with 
MSI status and mutations in mCRC

• 278 primary colon cancers
• 2.5% had a relevant gene fusion (kinase fusions 1.8%)
• Oncogenic fusions occurred only in lymph node-negative BRAF/KRAS WT tumors

5/7 occurred in MSI-H tumors





Tissue-agnostic approaches: opportunities and caveats

• Genomic medicine has been advancing 
rapidly since the introduction of massive 
parallel sequencing/next generation 
sequencing (NGS) technologies. Many 
commercial vendors as well as academic 
institutions have been offering extensive 
molecular testing for cancer care in a 
clinical setting, including cancer-related 
gene mutation analysis, copy number 
variation (CNV), gene rearrangement 
analysis, and RNA expression signatures. 

• Finding a driver gene mutation can lead to 
specific targeted therapies, which forms 
the basis for personalized / precision 
medicine and tissue-agnostic approaches.

Opportunities Caveats

• The integration of these test results into clinical care has been 
largely left up to the treating physician. 

• Proper utilization of these assays must be ensured to 
maximize benefits to the patient while also being cost-
effective.

• In the absence of these standards, efforts to investigate 
molecular targets may not favorably impact clinical care and 
potentially could drive up healthcare costs. 

• NGS is a powerful tool and while the cost associated with the 
assay is declining, NGS still requires extensive informatics 
support for data analysis. 

• The variability among the current available test options and 
complex results may be confusing to clinicians and 
pathologists. 



Molecular tumor boards



…Fully realizing the potential of tumor 
genomics to benefit clinical care remains 
challenging as surveys by ourselves and 
others indicate the use of genomic testing in 
oncology practice, but discomfort with 
interpreting results. 



Pie chart showing 
molecular targets 

in the pooled 
patients 

population (n=80)

Sartore-Bianchi et al, Targ Oncol 2017



Our single institution case series indicates that, in a heavily pretreated mCRC population, about 5% of
tumors display a potential actionable molecular context suitable for phase I/II trials with matched
therapeutics. Response rate and progression-free survival in our cohort were similar to earlier settings.
The presence of a KRAS mutation exerts an overall negative impact, and it was among exclusion criteria
in some studies. Application of molecular selection in mCRC is challenging and improves clinical
outcome even in later lines of treatment.

One patient (1%) had RECIST complete response (CR), 13 
patients (16.5%) had partial response (PR), and 28 (35%) stable 
disease (SD). 
Median PFS was 2.8 months (range 2.63-3.83), with 24% of 
patients displaying PFS >5 months. 
Median growth modulation index (GMI) was 0.85 (range 0-15.61) 
and 32.5% of patients had GMI > 1.33.

Sartore-Bianchi et al, Targ Oncol 2017



Conclusions
• Matching unique features of cancer types with effective therapies is a 

cornerstone of precision medicine
• Recent advances have found that the success of biomarker-driven cancer 

therapy may be relevant across sites of origin (tissue-agnostic approach) 
such as the case for immunotherapy with immune checkpoint inhibitors in 
MSI-H tumors

• However, the context of susceptibility to cancer therapy may vary 
depending on the primary histology

• Therefore, we should be agnostic on making an absolute dichotomy of tissue-
driven and tissue-agnostic approaches!

• Integration of tumor molecular boards would enhance application of 
precision medicine and make more tissue-agnostic biomarker therapies 
reaching the bedside
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