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Outline

– Cancer surgery and metastases

– Pathophysiology of cancer metastases

– Intravenous vs inhalation anaesthesia

– Opioids, regional anaesthesia and cancer

– Current and future research

– Modern anaesthesia and cancer care

…to gas or not to gas (in cancer)…



Cancer – the burden



Cancer surgery

• 80% of patients require surgery

• Many multiple times

• By 2030, over 45 million cancer operations

Sullivan et al. Lancet Oncology. 2015



Cancer – metastases

• All patients have 

circulating tumour 

cells

• Tumour handling / 

surgery increases 

numbers
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Surely surgery is curative….
7

Hiller J*, Perry N* et al Nat Rev Clin Onc 2018
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Schreiber et al. 2011, Science
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The hypothesis…

– Surgery releases cancer 

cells into the circulation

– Stress response can modify 

immune activity

– Anaesthesia / surgery can 

simultaneously..

– Directly affect cancer 

cells

– Modify immune activity



Drugs in anaesthesia

– Oxygen, Air and Nitrous oxide 

– Inhalation and intravenous anaesthetics

– Opioids

– Muscle relaxants 

– Anti emetics 

– Local anaesthesia/regional anaesthesia

– Vasopressors 

– Other adjuncts (alpha agonists, NSAIDS, Heparin)



Anaesthesics & the Cancer Cell

pentothal sodium

Mouse lungs 15 days after IV injection of 1 x 106 T10 sarcoma cells 

no anaesthetic

Shapiro et al. J. Clin. Invest. 1981
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Anaesthesia…..

Moudgil CJA 1997



British Journal of Anaesthesia, 115 (S2): ii34–ii45 (2015)



Volatile vs propofol anaesthesia



Propofol vs volatile - science

Ischaemic preconditioning
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Harris. Nature Reviews Cancer 2002
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Cell mediated immunity vs humoral

trResult
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Propofol TH1… Iso Th1
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Toxicology Letters 2017



BJA: British Journal of Anaesthesia, Volume 115, Issue suppl_2, December 2015, Pages ii34–ii45
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To gas or not to gas?

Clinical evidence?



Propofol vs volatile – clinical data

2500 pts

12 years inclusion

Non-sig after

adjustment
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• All elective cases June 2010 to May 2013 

(11716 cases)

• 3316 individual patients inhalational only

• 3714 patients TIVA only 
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• Outcome – Survival at censure date (31/10/14)

• Cox proportional hazard regression model (uni)

• Propensity score for baseline characteristics



Inhalational versus intravenous 
anaesthesia
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INHA

TIVA / 
other

INHATIVA

Sevoflurane Propofol

United Kingdom Royal Marsden

Wigmore, T., Mohammed K., Jhanji, S. Long-term survival for patients undergoing 

volatile versus IV anesthesia for cancer surgery. Anesthesiology 2016

Overall

By co-morbid status

(ASA score)

By presence/absence

of metastases



Inhalational versus intravenous 
anaesthesia
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INHA

TIVA / 
other

UK

INHATIVA

Royal Marsden

Sevoflurane Propofol

United Kingdom Royal Marsden

Inhalational anaesthesia mortality 22.8%

Propofol anaesthesia mortality 15.6%

Hazard ratio 1.46

Confidence interval 1.29 – 1.66

Wigmore, T., Mohammed K., Jhanji, S. Long-term survival for patients undergoing 

volatile versus IV anesthesia for cancer surgery. Anesthesiology 2016







in partnership with

Making the discoveries that defeat cancer

Hypothesis

“That the type of general anaesthetic drug used during cancer surgery impacts 

upon the metabolic physiology, survival adaptations and metastatic potential of 

malignant cells, with implications for post-operative disease progression”



in partnership with

Making the discoveries that defeat cancer

Elucidate impact of inhalational versus intravenous anaesthesia upon:

1) Cancer cell phenome

2) Cancer cell molecular signalling and metabolism

In order to:

1) Identify specific vulnerabilities to postoperative cancer progression 

2) Inform design and focus of future Randomised Controlled Trials
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Our pilot data

• Breast cancer models

• ER+ve / triple negative to start with

• Concentrating on metastatic pathways 

(alongside hypothesis of spread perioperatively)

• Apoptosis + colony formation / metabolism



Treatment Methodology
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5% CO2

21% O2

79% N2

Infrared gas 

analyser

Return

Anaesthetic

vaporizer

Dose

• 2.2% and 3.6% sevoflurane

• 1.4% and 2.0% isoflurane

• 2 – 8 µg/ml propofol (lipid emulsion)

Duration

• 2 - 6 hours to reflect typical duration of surgery
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Sevoflurane increases colony formation
MCF-7 (anchorage independent)
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Respiration impaired and phenotype 
persists
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Sevoflurane increases 4T1 lung metastasis 
in Balb/c tail vein inoculation model
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Sevoflurane increases 4T1 lung metastasis 
in Balb/c tail vein inoculation model
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Does anaesthesia make a difference?

YES

NO

MAY BE!
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What next ?
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Cancer Cell & Microenvironment 2016; 3: e1159.



- Anti-inflammatory 

- No evidence of cancer recurrence (animal models)

- Opioids in regional anaesthesia - ? Safe 

- Regional with TIVA – probably best technique

(or not !) RCT

Local and regional anaesthesia in cancer
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J Thorac Dis 2018;10(5):2804-2812

Suppression of mitochondrial respiration with local 

anesthetic ropivacaine targets breast cancer cells
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Glucocorticoids are widely used for prevention of 

chemotherapy-induced nausea and vomiting and as adjuvant 

therapy for pain control in patients with known metastatic 

cancer, without concern for worsening disease.

Dexamethasone for PONV – inconclusive evidence 

Muscle relaxants – No clinical trials 

Beta blockers – inconclusive evidence 

Anaesthesi adjuncts and cancer 



BJA 2015:115(52); ii35-ii45.
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Ravishankar.raobaikady@rmh.nhs.uk
BJA Education 19(1): 14-20 (2019)



Can anaesthetists make a difference in 
cancer care …. 

YES!



Pre-assessment  unit – Royal Marsden 
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Pre op Dietary Improvement Prehabilitation Pre op OT assessment

Pre op complex discharge 

planning
Polypharmacy optimisation High Risk Patient MDT

Pre op Anaemia 

correction 

Patient, Time Specific, Evidence Based Interventions –

Key 5 Pre Op Elements + 2 extra

Preoperative ANemiA among the elderly undergoing major abdominal surgery (PANAMA) 

study: Protocol for a single-center observational cohort study of preoperative anemia 

management and the impact on healthcare outcomes.
Medicine. 2018 May;97(21):e10838.



Journal of Hematology & Oncology 12: 34 (2019)

Iron and cancer ’

https://jhoonline.biomedcentral.com/


‘only OXYGEN can carry you to the top of the Everest’

Ravishankar.raobaikady@rmh.nhs.uk
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