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Objectives 

Review the carcinogenesis model and 
“two-hit” hypothesis 

Review the principles for anesthesia care 
of the oncology patient 

Describe the literature findings related to 
anesthetic agent choice and cancer 

recurrence 
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BACKGROUND 

3000 BC- the word cancer was not used, the oldest description of the 
disease is from Egypt. It is called the Edwin Smith Papyrus. It describes 8 
cases of tumors or ulcers of the breast that were treated by cauterization 
with a tool called the fire drill. The description adds that there is not 
treatment for the condition. 

460-370 BC. The disease was first called cancer by Greek physician 
Hippocrates. He is considered the “Father of Medicine.” Hippocrates used 
the terms carcinos and carcinoma to describe non-ulcer forming and ulcer-
forming tumors. In Greek this means a crab 
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https://www.news-medical.net/health/Cancer-History.aspx 



Cancer Statistics 
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https://cancerstatisticscenter.cancer.org/#!/ 
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https://gis.cdc.gov/cancer/USCS/DataViz.html 
https://www.cancer.org/cancer/cancer-basics/lifetime-probability-of-developing-or-dying-from-cancer.html 
https://www.cancerresearchuk.org/about-cancer/coping/physically/how-can-cancer-kill-you 

The American 
Cancer Society 

estimates 1/3 to 
½ of Americans 

will develop 
cancer in their 

lifetime 
BUT not all 
cancers kill 

you. Overall, 
more than 50% 

of people 
diagnosed with 
cancer live for 
more than 5 
years. Some 
cancers have 

survival rates of 
more than 90% 

https://gis.cdc.gov/cancer/USCS/DataViz.html




Cancer is in the news! 

7 

Precision Medicine in 

Oncology Care: Using 

Every Available Tool 

Register Now 

10.21 CDK Inhibitor Therapy in 

HR+/HER2- Advanced 

Breast Cancer: Clinical 

Characteristics and 

Choices 

Regist

er Now 

10.21 Systemic Lupus 

Erythematosus: Charting a 

Course for Improved 

Outcomes 

Regist

er Now 

10.22 HER2-Positive Breast 

Cancer and Resistance: 

What Next 

Regist

er Now 

10.22 Treating Cancer-Associated 

Thrombosis Today: New 

Concepts and Perspectives 

Regist

er Now 

10.27 Advanced Hodgkin 

Lymphoma: How Can We 

Do Better? 

Regist

er Now 

Medscape October 2018 

https://email.mc.vanderbilt.edu/owa/redir.aspx?C=h4J2L-4DewYHG8dJsB2Ef2wKpY1rPGvZUojS0chUUMIkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e3a7aadfacee9dd7856b39b208bf37f75120408c17746114991dc62b13898ae21988165319f89e64dd4259663f935d107&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863243968&sdata=2hJB95O/FuwexouhKKkqm+pDLUSu0C6KH9rwXegW2YU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=h4J2L-4DewYHG8dJsB2Ef2wKpY1rPGvZUojS0chUUMIkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e3a7aadfacee9dd7856b39b208bf37f75120408c17746114991dc62b13898ae21988165319f89e64dd4259663f935d107&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863243968&sdata=2hJB95O/FuwexouhKKkqm+pDLUSu0C6KH9rwXegW2YU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=h4J2L-4DewYHG8dJsB2Ef2wKpY1rPGvZUojS0chUUMIkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e3a7aadfacee9dd7856b39b208bf37f75120408c17746114991dc62b13898ae21988165319f89e64dd4259663f935d107&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863243968&sdata=2hJB95O/FuwexouhKKkqm+pDLUSu0C6KH9rwXegW2YU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=h4J2L-4DewYHG8dJsB2Ef2wKpY1rPGvZUojS0chUUMIkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e3a7aadfacee9dd7856b39b208bf37f75120408c17746114991dc62b13898ae21988165319f89e64dd4259663f935d107&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863243968&sdata=2hJB95O/FuwexouhKKkqm+pDLUSu0C6KH9rwXegW2YU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=h4J2L-4DewYHG8dJsB2Ef2wKpY1rPGvZUojS0chUUMIkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e3a7aadfacee9dd7856b39b208bf37f75120408c17746114991dc62b13898ae21988165319f89e64dd4259663f935d107&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863243968&sdata=2hJB95O/FuwexouhKKkqm+pDLUSu0C6KH9rwXegW2YU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=h4J2L-4DewYHG8dJsB2Ef2wKpY1rPGvZUojS0chUUMIkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e3a7aadfacee9dd7856b39b208bf37f75120408c17746114991dc62b13898ae21988165319f89e64dd4259663f935d107&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863243968&sdata=2hJB95O/FuwexouhKKkqm+pDLUSu0C6KH9rwXegW2YU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=DM5wEVINCiIvwnETOBu164ezQcMNcZ5VoIdabTgujxQkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863253972&sdata=4oXEsvT2nVr2HrqaCH4p+I2oaL7+QjiBpdTwSplNDrg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=1XUYQr9zOaK1Pmb3LZ-Jg6dMxmDJBuERfE540O-dIEUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863263980&sdata=Qjw5CZ6fzotc+Ix8bXnAxUiyBWKlhJGJ2ivK749LIDQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=1XUYQr9zOaK1Pmb3LZ-Jg6dMxmDJBuERfE540O-dIEUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e5aadd5663eaeb301286540032ca96bd259f8a9ecf990fcf58674bcb1bda1775cbafe029b15035019a5295577010450ed&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863263980&sdata=Qjw5CZ6fzotc+Ix8bXnAxUiyBWKlhJGJ2ivK749LIDQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=hfLbg-sbnZ-rqWDHl1S7AbPn9HnhS5ZENsCODFn7qh8kphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e96b0178e03ebc087d7ecccff654a62818f614a29f9b7c2232c4238612b61a376636d6981197ad8dcff46bb339fae7716&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863263980&sdata=XCZj6Ps3HmJH4bc3fux+2KD3i4YmRhmIlq7plKnxsrQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=hfLbg-sbnZ-rqWDHl1S7AbPn9HnhS5ZENsCODFn7qh8kphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e96b0178e03ebc087d7ecccff654a62818f614a29f9b7c2232c4238612b61a376636d6981197ad8dcff46bb339fae7716&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863263980&sdata=XCZj6Ps3HmJH4bc3fux+2KD3i4YmRhmIlq7plKnxsrQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=hfLbg-sbnZ-rqWDHl1S7AbPn9HnhS5ZENsCODFn7qh8kphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e96b0178e03ebc087d7ecccff654a62818f614a29f9b7c2232c4238612b61a376636d6981197ad8dcff46bb339fae7716&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863263980&sdata=XCZj6Ps3HmJH4bc3fux+2KD3i4YmRhmIlq7plKnxsrQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=hfLbg-sbnZ-rqWDHl1S7AbPn9HnhS5ZENsCODFn7qh8kphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e96b0178e03ebc087d7ecccff654a62818f614a29f9b7c2232c4238612b61a376636d6981197ad8dcff46bb339fae7716&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863263980&sdata=XCZj6Ps3HmJH4bc3fux+2KD3i4YmRhmIlq7plKnxsrQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=ndiitGkNIpocOPvTPtgvD5KdfGKYKHOioEhK6jwdg64kphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e96b0178e03ebc087d7ecccff654a62818f614a29f9b7c2232c4238612b61a376636d6981197ad8dcff46bb339fae7716&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863273988&sdata=XSZaTdltDDVjjygTHCLwT2UqKEKw84KafVCU15CtpQQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=ndiitGkNIpocOPvTPtgvD5KdfGKYKHOioEhK6jwdg64kphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e96b0178e03ebc087d7ecccff654a62818f614a29f9b7c2232c4238612b61a376636d6981197ad8dcff46bb339fae7716&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863273988&sdata=XSZaTdltDDVjjygTHCLwT2UqKEKw84KafVCU15CtpQQ=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=tgbE284eq2I4G_h36KGFC2mzoT--1_0UabDwJVsoYaUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e6e9edf2341331192ff0c1be25cee30d449732df20a9b608e872a88d4454478b4bc3ae3dd11ef340962f077c33a3d9175&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863273988&sdata=w0HJ5yA5xSMHKzxV/z07/VYS2qZDS81piUyapCm1FvE=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=tgbE284eq2I4G_h36KGFC2mzoT--1_0UabDwJVsoYaUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e6e9edf2341331192ff0c1be25cee30d449732df20a9b608e872a88d4454478b4bc3ae3dd11ef340962f077c33a3d9175&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863273988&sdata=w0HJ5yA5xSMHKzxV/z07/VYS2qZDS81piUyapCm1FvE=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=tgbE284eq2I4G_h36KGFC2mzoT--1_0UabDwJVsoYaUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e6e9edf2341331192ff0c1be25cee30d449732df20a9b608e872a88d4454478b4bc3ae3dd11ef340962f077c33a3d9175&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863273988&sdata=w0HJ5yA5xSMHKzxV/z07/VYS2qZDS81piUyapCm1FvE=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=tgbE284eq2I4G_h36KGFC2mzoT--1_0UabDwJVsoYaUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e6e9edf2341331192ff0c1be25cee30d449732df20a9b608e872a88d4454478b4bc3ae3dd11ef340962f077c33a3d9175&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863273988&sdata=w0HJ5yA5xSMHKzxV/z07/VYS2qZDS81piUyapCm1FvE=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=tgbE284eq2I4G_h36KGFC2mzoT--1_0UabDwJVsoYaUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e6e9edf2341331192ff0c1be25cee30d449732df20a9b608e872a88d4454478b4bc3ae3dd11ef340962f077c33a3d9175&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863273988&sdata=w0HJ5yA5xSMHKzxV/z07/VYS2qZDS81piUyapCm1FvE=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=lC1H9Tjn6rPxHiAeCJt1fcFuMrpb0dWEHxyhDJvZ_WwkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e6e9edf2341331192ff0c1be25cee30d449732df20a9b608e872a88d4454478b4bc3ae3dd11ef340962f077c33a3d9175&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863284001&sdata=hUW5Jx8viaxcznfOY8m41CorNEocsREeAng/ZtHFutg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=lC1H9Tjn6rPxHiAeCJt1fcFuMrpb0dWEHxyhDJvZ_WwkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e6e9edf2341331192ff0c1be25cee30d449732df20a9b608e872a88d4454478b4bc3ae3dd11ef340962f077c33a3d9175&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863284001&sdata=hUW5Jx8viaxcznfOY8m41CorNEocsREeAng/ZtHFutg=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=kl9uZNc025PUDDvCApHDd4ntyoDrg6LgAuVDG2EfQcUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1eaddaeb23b9ec6dd1241e26ce862abbc2167f309b0fbe78ff091df90b321c7a5e59a1187b5816ec508f18402892b619f5&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863294005&sdata=A+LtN1IZyx0JhvUqj0EdiMmfDpyY8SA8kLiMYu4w4cU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=kl9uZNc025PUDDvCApHDd4ntyoDrg6LgAuVDG2EfQcUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1eaddaeb23b9ec6dd1241e26ce862abbc2167f309b0fbe78ff091df90b321c7a5e59a1187b5816ec508f18402892b619f5&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863294005&sdata=A+LtN1IZyx0JhvUqj0EdiMmfDpyY8SA8kLiMYu4w4cU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=kl9uZNc025PUDDvCApHDd4ntyoDrg6LgAuVDG2EfQcUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1eaddaeb23b9ec6dd1241e26ce862abbc2167f309b0fbe78ff091df90b321c7a5e59a1187b5816ec508f18402892b619f5&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863294005&sdata=A+LtN1IZyx0JhvUqj0EdiMmfDpyY8SA8kLiMYu4w4cU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=kl9uZNc025PUDDvCApHDd4ntyoDrg6LgAuVDG2EfQcUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1eaddaeb23b9ec6dd1241e26ce862abbc2167f309b0fbe78ff091df90b321c7a5e59a1187b5816ec508f18402892b619f5&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863294005&sdata=A+LtN1IZyx0JhvUqj0EdiMmfDpyY8SA8kLiMYu4w4cU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=kl9uZNc025PUDDvCApHDd4ntyoDrg6LgAuVDG2EfQcUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1eaddaeb23b9ec6dd1241e26ce862abbc2167f309b0fbe78ff091df90b321c7a5e59a1187b5816ec508f18402892b619f5&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863294005&sdata=A+LtN1IZyx0JhvUqj0EdiMmfDpyY8SA8kLiMYu4w4cU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=kl9uZNc025PUDDvCApHDd4ntyoDrg6LgAuVDG2EfQcUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1eaddaeb23b9ec6dd1241e26ce862abbc2167f309b0fbe78ff091df90b321c7a5e59a1187b5816ec508f18402892b619f5&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863294005&sdata=A+LtN1IZyx0JhvUqj0EdiMmfDpyY8SA8kLiMYu4w4cU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=kl9uZNc025PUDDvCApHDd4ntyoDrg6LgAuVDG2EfQcUkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1eaddaeb23b9ec6dd1241e26ce862abbc2167f309b0fbe78ff091df90b321c7a5e59a1187b5816ec508f18402892b619f5&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863294005&sdata=A+LtN1IZyx0JhvUqj0EdiMmfDpyY8SA8kLiMYu4w4cU=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=xLbjEr1YfAFAxAiBXIcnZVKDkJepm5k2OEXCmadev7kkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e16e3f7f6fa06ceee99ebcbad3f557d00e53b007cd223a2bf46f755d4585febe4005a825a2cc7a330406c89176b0289de&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863304013&sdata=DgjCDPqIBr75nPnfLr1bBVqxsqKq2vwAcjYmAFykuYI=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=xLbjEr1YfAFAxAiBXIcnZVKDkJepm5k2OEXCmadev7kkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e16e3f7f6fa06ceee99ebcbad3f557d00e53b007cd223a2bf46f755d4585febe4005a825a2cc7a330406c89176b0289de&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863304013&sdata=DgjCDPqIBr75nPnfLr1bBVqxsqKq2vwAcjYmAFykuYI=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=xLbjEr1YfAFAxAiBXIcnZVKDkJepm5k2OEXCmadev7kkphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e16e3f7f6fa06ceee99ebcbad3f557d00e53b007cd223a2bf46f755d4585febe4005a825a2cc7a330406c89176b0289de&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863304013&sdata=DgjCDPqIBr75nPnfLr1bBVqxsqKq2vwAcjYmAFykuYI=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=UnvCULQg-sC_T67m2yBMKviREx8MkGRps0q-M-eZWKckphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e16e3f7f6fa06ceee99ebcbad3f557d00e53b007cd223a2bf46f755d4585febe4005a825a2cc7a330406c89176b0289de&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863314026&sdata=h5nR/OXiWEgw+6EsItLX7ZLhDVoQL4D5DBirk4RJH08=&reserved=0
https://email.mc.vanderbilt.edu/owa/redir.aspx?C=UnvCULQg-sC_T67m2yBMKviREx8MkGRps0q-M-eZWKckphcScjXWCA..&URL=https://na01.safelinks.protection.outlook.com/?url=http://click.mail.medscape.org/?qs=c02d070b33601f1e16e3f7f6fa06ceee99ebcbad3f557d00e53b007cd223a2bf46f755d4585febe4005a825a2cc7a330406c89176b0289de&data=02|01|MICHAEL.LEERSNYDER@VANDERBILT.EDU|50341e0dc58347392f0a08d6347c8b7b|ba5a7f39e3be4ab3b45067fa80faecad|0|0|636754106863314026&sdata=h5nR/OXiWEgw+6EsItLX7ZLhDVoQL4D5DBirk4RJH08=&reserved=0


Cancer Incidence 

 

8 
https://www.cancer.gov/about-cancer/understanding/statistics 



Carcinogenesis Model 

9 https://www.slideshare.net/docsartorfaqeer/carcinogenic-agents-and-their-cellular-interactions 



Early detection 
Upstream data fusion (UDF) 

• Traditional breast cancer identified by Chest- X 
ray 

• New ex military imaging software allows 
overlapping of multimodal imaging to obtain 
early diagnosis 

• Ideally ultrasound, Chest X ray and MRI imaging is 
combined. Initial studies with CXR and MRI 
improved from 86.8 to 94.1% detection rate and 
separation of malignancy from benign tumors 

10 

  
Breast Cancer Multi-Modality/Exam Detection (MMED) Using Upstream Data 
Fusion (UDF) 
 



 

11 
https://www.cell.com/cell/fulltext/S0092-8674(11)00127-9?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0092867411001279%3Fshowall%3Dtrue 



Knudson Two-Hit Hypothesis 
In order for a particular cell to become cancerous, both of the cell's tumor suppressor genes must be 
mutated. This idea is known as the "two-hit" hypothesis, and it was first proposed by geneticist Alfred 

Knudson in 1971 

Original work in retinoblastoma 
Activation of Proto-oncogene 
Deactivation of tumor suppressor genes 
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NHS National Genetics Education and Development Centre Genetics 
and Genomics for Healthcare www.geneticseducation.nhs.uk  
https://www.nature.com/scitable/topicpage/tumor-suppressor-ts-
genes-and-the-two-887 

http://www.geneticseducation.nhs.uk/


• 2013-Actress Angelina Jolie announced 
in a New York Times op-ed article on 
Tuesday that she underwent a 
preventive double mastectomy after 
learning that she carries a mutation of 
the BRCA1 gene, which sharply 
increases her risk of developing breast 
cancer and ovarian cancer. 

• It has been estimated that the lifetime 
risk of breast cancer in women with a 
BRCA1 or BRCA2 mutation ranges from 
about 50% to 85% compared to 12% in 
the general population 
 

• https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-
mastectomy/index.html 

• Gordis, L. Epidemiology, 5th ed. Philadelphia, PA: Elsevier Saunders; 2013 
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http://www.cnn.com/2013/05/14/health/jolie-what-is-brca/index.html
http://www.cnn.com/2013/05/14/health/jolie-what-is-brca/index.html
https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-mastectomy/index.html
https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-mastectomy/index.html
https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-mastectomy/index.html
https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-mastectomy/index.html
https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-mastectomy/index.html
https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-mastectomy/index.html
https://www.cnn.com/2013/05/14/showbiz/angelina-jolie-double-mastectomy/index.html


Suppressing Cancer Cells 

Caretaker Genes 

Immune System 

• Natural Killer Cells- bodies primary defense 

• Cystotoxic T-Cells 

• T-Helper cells TH1 ( produce interferon) 

• Dendritic cells 
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Cosgrove, M. (2018). Intraoperative management of the Cancer Patient: Can 
Intraopertive technique promote metastasis in the postoperpative period. Oral 
presentation at :  AANA Congress: Sept 2018. Boston, MA. 
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Tuesday, 18 September 2018 12:33 

First RNA-based therapy approved in US and Europe 

 

Gene-silencing technique works without altering the person’s DNA, and prevents harmful proteins 

from being made in their cells   

   
In August, a new therapy – the first of its kind – was approved in the US and Europe to treat a genetic disease- hereditary TTR mediated Amyloidosis. 
The therapy uses small pieces of RNA to effectively 'silence' a faulty gene, without changing the DNA of the patient. 

https://www.genomicseducation.hee.nhs.uk/news/item/450-first-rna-based-therapy-approved-in-us-and-europe/ 



ANESTHESIA 
CONSIDERATIONS 

16 



Preop Considerations 

Correction of derangements 
• Nutrient deficiencies 
• Electrolyte imbalance 
• Hydration status 
Adverse effects of treatment 
• End organ damage to heart, lung, kidney, liver, 

hematologic, endocrine and airway 
• Risk of thromboembolic events 
• Malnutrition-dehydration, impaired wound 

healing 
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Cosgrove, M. (2018). Intraoperative management of the Cancer Patient: 
Can Intraopertive technique promote metastasis in the postoperpative 
period. Oral presentation at :  AANA Congress: Sept 2018. Boston, MA. 
 



Chemotherapy Target 

• Goal: Selective toxicity:  target rapidly-dividing cells 

 

• Caveat:  includes some normal cells 
– Bone marrow 

– Gastrointestinal 

– Skin 

– Hair follicles 

 

• Side effects are relative 

• Risk of secondary cancer 
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General Considerations for  
Anesthesia 

• Myelosuppression 

• Immunosuppression 

 

• Nadir 
– Erythrocytes:  120 days 

– Thrombocytes:  6-7 days 

– Leukocytes:  4-6 hours 

– Take home-best to wait > 120days 

• Attention to aseptic technique 

Ambrus AL et al. Causes of death in cancer patients. J Med. 1975. 6(1):61-4 



Chemotherapeutics 

• Alkylating agents 

• Antibiotic agents 

• Antimetabolite agents 

• Plant alkaloids 

• Nitrosureas 

• Enzymes 

• Taxanes 

• Random Synthetics 

• Miscellaneous 

20 



Alkylating Agents 

• Interfere with mitosis 

• Indications 
– Breast and ovarian carcinomas 

– Lymphoma, melanoma, multiple myeloma 

• Side effects 
– Myelosuppression (dose limiting factor) 

– Pulmonary fibrosis 

– Plasma pseudocholinesterase inhibition 

21 

Busulfan 
 
Chlorambucil 
 
Cyclophos-
phamide 
 
Ethylenimine 
 
Ifosamide 
 
Mechlor-
ethamine 
 
Melphalan 
 
Triazine 
 
Carmustine 
 
Lomustine 



Antimetabolites 

• Inhibit normal enzymatic 
function 
– Analogs of functional cells but are 

dysfunctional 
 

• Indications 
– GI and pulmonary carcinomas 
– Osteogenic sarcoma 
– Lymphoblastic leukemia 
– Burkett’s lymphoma 

22 

5-Axa-
cytidine 
 
Cladribine 
 
Cytarabine 
 
Fludarabine 
 
Fluorouracil 
 
Mercapto-
purine 
 
Metho-
trexate 
 
Pentostatin 
 
Thioguanine 
 



Antimetabolites 

 

• Side effects 

– Renal failure 

– Capillary leak syndrome 

– Acute and chronic hepatotoxicity 
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5-Axa-
cytidine 
 
Cladribine 
 
Cytarabine 
 
Fludarabine 
 
Fluorouracil 
 
Mercapto-
purine 
 
Metho-
trexate 
 
Pentostatin 
 
Thioguanine 



Antibiotic Agents 

• Inhibition of DNA and RNA synthesis 

 

• Wide variety of cancers 

 

• Side effects 
– Cardiac toxicity  (>550 mg/m2) 

• Permanent cardiomyopathy 

– Pulmonary fibrosis 

 

 
24 

Adriamycin 
 
Bleomycin 
 
Daunorubicin 
 
Mitomycin 



Plant Alkaloids 

• Terminates M-phase of cell division 

 

• Indications 

– Hodgkin’s Lymphoma 

– Non-Hodgkin’s Lymphoma 

– Testicular Cancer 
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Vinblastine 
 
Vincristine 
 
Vinorelbine 



Plant Alkaloids 

• Side effects 

– Neurotoxicity 

• Recurrent laryngeal nerve palsy 

• CNS impairment 

• CN palsies 

– Sensory impairment 

– Substantial leukopenia 
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Vinblastine 
 
Vincristine 
 
Vinorelbine 



Is there an APP for that? 

For Patients 

• ChemoWave 

• CancerAid 

• MyMedical 

• StupidCancer 

• CaringBridge 

• Cancer.net Mobile 

• DrawerMD 

For Healthcare workers 

Epocrates.com 

Lexicomp.com 

Chemocare.com 

Bccancer.bc.ca/health-
professionals 

Stanfordhealthcare.org 
and search chemotherapy 
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https://chemowave.com/ 
https://www.maacenter.org/blog/7-apps-for-cancer-patients/ 

https://chemowave.com/


General Considerations 

• Side effects from inadvertently targeted 
tissues 
– Myelosuppression 

– Nausea and vomiting 

– Diarrhea 

– Stomatitis 

– GI ulceration 

• Nadir 

• Aseptic technique 

28 



Future treatments 

•  
Cancer cells commandeer a 
“don’t eat me” signal, called 
CD47, to escape elimination 
by our innate immune 
system’s first responders. 
Blocking CD47 “don’t eat me” 
signals while releasing and 
boosting “eat me” signals is 
the core focus of our research 
to enable the patient’s own 
immune system to attack and 
destroy their cancer 

29 https://www.fortyseveninc.com/science#pipeline 



Patient Evaluation 

• Bone marrow function 
– Blood product preparedness 

– Antibody formation 

 

• Pulmonary 
– Subjective DOE 

– CXR 

– ABG 
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Patient Evaluation 

• Cardiac 
– ECG & Echo 

– Invasive monitoring 

– Urinary output 

– Anesthesia agent choice 

 

• Hepatic/Renal 
– Evaluation of function 

– Prudent choice of pharmacology 
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Patient Evaluation 

• Neurologic 

– ANS; existing paresthesias 

– CNS; mental status 

• Use of regional anesthesia? 

 

• Agent-specific alterations 

– Pseudocholinesterase deficiency 
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Does Surgery/Anesthesia Impact 
Cancer Progression? 

33 
Tavare, A. N., Perry, N. J.S., Benzonana, L. L., Takata, M. and Ma, D. (2012), Cancer recurrence after 

surgery: Direct and indirect effects of anesthetic agents*. Int. J. Cancer, 130: 1237–1250. 
doi:10.1002/ijc.26448 

http://onlinelibrary.wiley.com/doi/10.1002/ijc.26448/full


SURGERY TECHNIQUE 
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Implications of surgery4,5,6 
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7. The Role of the Perioperative Period in Recurrence After Cancer Surgery 
Gottschalk, Antje MD*,†; Sharma, Sonal MD*; Ford, Justin MD*; Durieux, Marcel E. MD, PhD*; Tiouririne, Mohamed MD* 
Anesthesia & Analgesia: June 2010 - Volume 110 - Issue 6 - p 1636–1643 

 

Incision 
Pain 
Stress 
SNS stimulation 
Tissue manipulation 
Access to blood stream, 
Lymph, vessel walls 
Hypothermia 

https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000
https://journals.lww.com/anesthesia-analgesia/toc/2010/06000


ANESTHESIA TECHNIQUE 
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 Univariable association between 
paravertebral block and cancer recurrence 

37 

Exadaktylos MD, Aristomenis K, Buggy DC, Moriarty FCARCSIDenis C, Mascha PDE, Sessler DI. Can 

Anesthetic Technique for Primary Breast Cancer Surgery Affect Recurrence or Metastasis? Anesthesiology. 

2006;105(4):660-664. 



Occurrence of Recurrence 

• Tumor cells survive after surgery 

– Released during excision 

– Natural Killer Cell 

 

• Avoidance of Immune System 

– Micrometastases 

• Requirements: 
– Mitosis signaling 

– Angiogenic signaling 

38 
This Photo by Unknown Author is 
licensed under CC BY 

https://www.flickr.com/photos/niaid/29228845335
https://creativecommons.org/licenses/by/2.0/


What We Know 
What We Don’t Know 

• Prospective randomized research has not 
been done yet 

– Difficult for many reasons 

 

• Most research is retrospective 

– Although very suggestive… 

39 



Induction Agents 

Propofol 

• Not much action on reducing NK 
cell activity 

Ketamine 

• Increases retention of lung tumors 

Thiopental 

• Immunosuppressant actions 

• Reduces NK cell activity 

40 

Melamed R, Bar-Yosef S, Shakhar G, Shakhar K, Ben-Eliyahu S. Suppression of 
Natural Killer Cell Activity and Promotion of Tumor Metastasis by Ketamine, 
Thiopental, and Halothane, but Not by Propofol: Mediating Mechanisms and 
Prophylactic Measures. Anesthesia & Analgesia. 2003;97(5):1331-1339. 



Propofol Benefit? 

• Mice inoculated with 
intraperitoneal tumor cells 

 

• Randomized:  
Intraperitoneal treatment 
– Saline 

– Propofol 

– Intralipid 

 

• Tumor growth measured 

 

41 
Kushida A, Inada T, Shingu K. Enhancement of Antitumor Immunity after Propofol Treatment in Mice. 
Immunopharmacology and Immunotoxicology. 2007;29(3-4):477-486. 



Inhaled Agents 

• Breast cancer surgery 
 

• Proliferation of cancer 
cells in serum 
postoperatively 
 

• Variable: 
– inhaled+opioid 
– Propofol+block 

42 
Deegan CA, Murray D, Doran P, Ecimovic P, Moriarty DC, Buggy DJ. Effect of anaesthetic technique on oestrogen 
receptor-negative breast cancer cell function in vitro†. BJA: British Journal of Anaesthesia. 2009;103(5):685-690. 



Inhalation agents 

Halogenated 

• Reduce NK cell number 

• Reduce NK cell function 

• Suppress lymphocytes 

• Attenuate interferon production 

• Alter release of tumor necrosis factor (TNF) 

• Alter release of cytokines 

• Increase tumor metastasis via angiogenesis 

43 

Cosgrove, M. (2018). Intraoperative management of the Cancer Patient: 
Can Intraopertive technique promote metastasis in the postoperpative 
period. Oral presentation at :  AANA Congress: Sept 2018. Boston, MA. 



Nitrous Oxide 

• Inhibits formation of mononuclear cells 

• Depresses neutrophil chemotaxis and function 

• Most potent stimulator of lung and liver 
metastasis of all anesthetic drugs studied 
(animal studies) 

44 

Cosgrove, M. (2018). Intraoperative management of the Cancer Patient: Can Intraopertive technique promote metastasis in the postoperpative period. Oral 
presentation at :  AANA Congress: Sept 2018. Boston, MA. 

 



What about Xenon? 
 
Effect of xenon anaesthesia on relapse-free survival in treatment of 
breast cancer: relation with immune status: 1AP3-4 
• Avdeev, S.; Stakheeva, M.; Odyshev, V.; Faltin, V.; Slonimskay, E. 
• European Journal of Anaesthesiology: June 2014 - Volume 31 - Issue - p 11 
• Evidence-based Practice and Quality Improvement 

Studied 60 breast cancer patients on day 1 and day 7 after 
radical surgery.  
• 29 patients who received xenon anesthesia 
• 31 patients who received anesthesia with nitrous oxide 
• 6-year follow-up period (2005 - 2011). 
Conclusion: Analysis of changes in the immune status of 
patients who received xenon anesthesia showed not only the 
absence of suppression of cell mediated and humoral immune 
responses but also the presence of protective effect on the 
functional activity of neutrophil phagocytes. 
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Inhaled vs. Propofol 

• Amount of 
apoptosis from 
patients 
undergoing breast 
cancer surgery 

 

• Pre-surgery 

• 1 hour post-op 
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Pre Prop   Pre Sevo  Post Prop  Post Sevo 

+block         +opioid     +block       +opioid 

Jaura AI, Flood G, Gallagher HC, Buggy DJ. Differential effects of serum from patients administered distinct 
anaesthetic techniques on apoptosis in breast cancer cells in vitro: a pilot study. BJA: British Journal of 
Anaesthesia. 2014;113(suppl_1):i63-i67. 



Opioids 

Opioid 
Stimulate 

• Mitogenesis 

• Angiogenesis 

Tumor 
proliferation 

47 

Farooqui M, Li Y, Rogers T, et al. COX-2 inhibitor celecoxib prevents chronic morphine-induced promotion of 
angiogenesis, tumour growth, metastasis and mortality, without compromising analgesia. British Journal of 
Cancer. 2007;97(11):1523-1531. doi:10.1038/sj.bjc.6604057. 



Are all the Opioids the same? 

48 

Opioids effect on tumor recurrence
Peri & post 
operative

Morphine

Codeine

Fentanyl

Hydromorphine

Buprenorphine

Tramadol

Cosgrove, M. (2018). Intraoperative management of the Cancer Patient: 
Can Intraopertive technique promote metastasis in the postoperpative 
period. Oral presentation at :  AANA Congress: Sept 2018. Boston, MA. 
 



Angiogenesis: 
Vascular Endothelial Growth Factor 

49 https://selfhacked.com/blog/need-know-vegf-good-bad/ 



Is the Opposite True? 

50 

Morphine 

Control 

Morph + Nalox 

Naloxone 

Gupta K, Kshirsagar S, Chang L, et al. Morphine Stimulates Angiogenesis by Activating Proangiogenic 

and Survival-promoting Signaling and Promotes Breast Tumor Growth. Cancer Research. 

2002;62(15):4491-4498. 



Cyclooxygenase Inhibitors 

• Decrease angiogenesis 

 

• Increase tumor 
apoptosis 

 

• Decrease opioid effects 
on cancer recurrence 

51 

Farooqui M, Li Y, Rogers T, et al. COX-2 inhibitor celecoxib prevents chronic morphine-induced promotion of 
angiogenesis, tumour growth, metastasis and mortality, without compromising analgesia. British Journal of 
Cancer. 2007;97(11):1523-1531. doi:10.1038/sj.bjc.6604057. 



Ketorolac 

METHODS: The main objective was to compare 
the incidence of breast cancer recurrence among 
patients who received different analgesics during 
surgery. 
 
RESULTS: Univariate and multivariate analyses 
showed a lower cancer recurrence rate when 
ketorolac was given before surgery (P = 0.019). 
Other analgesics (sufentanil, ketamine, and 
clonidine) were not associated with a significant 
reduction in cancer recurrence rates in our 
series. 
 
CONCLUSION: This retrospective analysis 
suggests that intraoperative administration of 
ketorolac decreases the risk of breast cancer 
relapse compared with other analgesícs. 

 

52 

Forget, P., Vandenhende, J., Berliere, M., Machiels, J., Nussbaum, B., Legrand, C., & De Kock, M. (2010). Do 
Intraoperative Analgesics Influence Breast Cancer Recurrence After Mastectomy? A Retrospective Analysis. 
Anesthesia & Analgesia, 110(6), 1630-1635. 



Local Anesthetics 

• Lidocaine may be suppressing angiogenic potential in 
some prostate cancer types by decreasing the 
morphine-induced production of VEGF 

• Lidocaine infusions may acquire a distinct clinical 
application in the perioperative care of prostate cancer 
patients 

53 
Votta-Velis, G, Ansenberger-Fricano, K, DeAbreau, ALP, Bonini, M, Borgeat, A.  Lidocaine opposes morphine-induced 
VEGF secretion by prostate cells.  (2015).  40th Annual Regional Anesthesiology and Acute Pain Medicine Meeting 



Local Anesthetics 

• Early evidence indicates that LAs decrease cancer 
cell migration 

• Location, concentration, duration are still 
unknown. 

54 

Piegeler T, Votta-Velis EG, Liu G, et al. Anti-metastatic Potential of Amide-linked Local Anesthetics: Inhibition of 
Lung Adenocarcinoma Cell Migration and Inflammatory Src Signaling Independent of Sodium Channel Blockade. 
Anesthesiology. 2012;117(3):548-559. doi:10.1097/ALN.0b013e3182661977. 



Local Anesthetics: 
Regional, Opioid-Sparing 

Background: PSA levels after 
surgery 

 GA + epidural 
 GA + opioid 

 
Results: GA + epidural had an 
estimated 57% lower risk of 
recurrence compared with 
the general anesthesia plus 
opioids group 
 

55 
Biki, B. C., Mascha, E. M., Moriarty, D. I., Fitzpatrick, J. J., Sessler, D., & Buggy, D. (2008). Anesthetic Technique for 
Radical Prostatectomy Surgery Affects Cancer Recurrence: A Retrospective Analysis. Anesthesiology, 109(2), 180-
187. 



Hypothermia and 
Natural Killer (NK) 

Activity 

• Rats anesthetized 
with thiopental for 
2.5 hours  

 

• Randomized: 

– Normothermia 

– hypothermia 

56 
Ben-Eliyahu PDS, Shakhar MAG, Rosenne MSE, Levinson MDY, Beilin MDB. Hypothermia in Barbiturate-anesthetized 
Rats Suppresses Natural Killer Cell Activity and Compromises Resistance to Tumor Metastasis  A Role for Adrenergic 
Mechanisms. Anesthesiology. 1999;91(3):732-732. 



Con 

• Randomized 
controlled trial 

 

• No difference in 
epidural vs. without 

57 
Myles, P., Peyton, P., Silbert, B., Hunt, J., Rigg, J., & Sessler, D. (2011). Perioperative epidural analgesia for major 
abdominal surgery for cancer and recurrence-free survival: Randomised trial. British Medical Journal, 342(7800), 746. 



Putting it all together 

58 

Perioperative factors that may promote 
metastasis 

Chemotherapy side effects 
Immune 
system depression 
Stress 
response 

Exaggerated 
by 

SNS 
stimulation 

Pain 

Hypothermia 
Anesthetic 
Technique 

Good Versed Cox 2 Regional Propofol Lidocaine infusion 

Bad Opiods Volatiles Ketamine Sterioids Alpha 2 
 Calcium channel 
blockers 

Surgical 
procedure 

Tumor manipulation, stress 
response 

Hypoxia and 
hyperoxia Bad 

Allogenic 
blood 
transfusion Bad 

1,2,3 



Summary 

Anesthetic agent Mitogenesis Angiogenesis 

Propofol 

Thiopental 

Ketamine 

Volatile 

Opioids 

COX inhibitors 

Local Anesthetics 
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A suggested technique: 
Propofol TIVA 
Regional block 
COX-2 inhibitor 
Ketorolac 

Or, more generally: 
Propofol 
COX-2 inhibitor 
Whatever reduces 
opioid consumption 



Vanderbilt Breast ERAS for partial 
mastectomy with lymphadenectomy or 

total mastectomy 
Preop:- Gabapentin/Tylenol  
Intraop 
• TIVA with Propofol LMA vs ETT with BIS 
• PEC 1 and 2 block with Ropivicaine 
• Methadone if opioid dependant 
• Hydromorphone 0.5-1mg if necessary 
• Toradol 
Post op 
• Gabapentin/Tylenol/motrin/oxycodone +/- tramadol 
PONV- Zofran, haloperidol, scopolamine, promethazine 
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The End 
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