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Overview 

The global burden of disease is changing at a rapid pace, with an exponential increase in the 
incidence of cancer, obesity and age-related morbidity. The World Health Organisation (WHO) 
predicts 22 million new cancer diagnoses per year globally by 2030. Of the current 15.2 million 
new cases of cancer (2015) an estimated 60-80% of cases will need surgery, some several 
times, for diagnostic, therapeutic, or palliative reasons.  

It is increasingly recognized that anaesthetists have the opportunity to positively influence 
oncological outcomes, with potential for disease modification. This lecture will explore our 
current understanding of how the biological perturbations (neural-inflammatory-
immunomodulating stress responses) that accompany surgery and how anaesthetic technique 
impact the susceptibility to perioperative tumor spread, including activation of 
micrometastatic disease. These pathophysiological processes impact tumour-stromal 
interaction, immune-editing, and genotypic plasticity and can be modulated by our choice of 
anaesthetic techniques, which include anaesthetic agents (e.g. volatiles [which are 
immunogenic], TIVA [which may have anti-inflammatory properties], neuraxial techniques 
[which block the adrenergic system]) and perioperative adjuncts (e.g. opioids, NSAIDS, β-
blockers [which are anti-adrenergic and anti-inflammatory]). Whilst much of our understanding 
of these potential interactions comes from either in vitro cell line or xenograft models, there is 
increasing clinical data (albeit predominantly retrospective in nature) demonstrating an 
association with improved long-term survival for anaesthesia techniques that are underpinned 
by an anti-adrenergic-anti-inflammatory strategy. Until such time as adequately powered, 
randomized, controlled trials confirm or refute these findings we should place emphasis on 
such a strategy, which is easily delivered within our current armamentarium of regional 
(neuraxial) and intravenous anaesthetic techniques. 

Additionally, it is recognized that postoperative morbidity negatively impacts on the ability of 
patients to return to their intended oncological treatment (RIOT; the cancer journey – with 
postoperative adjuvant therapy) with reduced cancer survival. As such, our focus should be on 
a comprehensive approach to patient care to facilitate optimal surgical outcomes, thereby 
ensuring timely access to such adjuvant therapies to potentially improve oncological outcomes 
by minimizing loco-regional recurrence and distant metastasis. Sedentary lifestyle choices, co-
morbid disease, and neoadjuvant cancer treatments adversely impact on the physiologic 
capacity (fitness) of patients, which increases postoperative morbidity. Well-coordinated 
perioperative care plans with optimization of co-existing diseases, prehabilitation with 
exercise, haematinic and nutritional optimization, implementation of evidence-based and 
outcome driven perioperative care pathways, a thorough understanding of the potential 
impact of anaesthetic technique on cancer biology, intensive postoperative surveillance to 
ensure early rescue from postoperative complications, and aggressive treatment of recurrent 
cancer are integral to achieving better cancer outcomes.  

Discussion 

The global burden of disease is changing at a rapid pace, with an exponential increase in the 
incidence of cancer, obesity and age-related morbidity. Cancer is currently the leading cause 
of death in developing nations and ranks next to cardiovascular diseases as the most common 
cause of death in the developed world. The WHO predicts that there will be 22 million new 
diagnoses of cancer per year globally by 2030. For many cancers, a diagnosis is no longer a 
terminal disease, but rather considered a chronic medical condition, often requiring 
increasingly complex surgical procedures with a curative intent. Of the 15.2 million new cases 
of cancer in 2015, an estimated 80% of cases will need surgery, some several times.1 For the 



majority of patients with solid organ tumors, surgical resection still remains the cornerstone of 
intervention for both curative as well as palliative measures. As such, as perioperative clinicians 
anaesthetists have an important role if effectively managing this global cancer ‘tsunami’. 

Surgery is a cost-effective intervention in terms of adjusted quality of life years gained by the 
patients. Importantly, lack of timely surgical access is estimated to equate to total welfare loss 
of ~17% of gross domestic product (GDP), with cancer and trauma accounting for more than 
95% of macroeconomic loss in developing countries.2 Improvements in early detection and 
effective new cancer treatment modalities will lead to a significant increase in the numbers of 
cancer survivors who will continue to need perioperative services for care of their primary 
tumors, disease recurrence, and non-oncological surgical care. As such, building surgical 
capacity should be a global health priority, with an urgent need for an improved understanding 
of the perioperative needs of the cancer surgery population and a thorough understanding of 
the implications of the biology of the disease process and cancer therapies on perioperative 
care and vice versa to ensure further improvement in cancer outcomes.  

Within the 21st century a model of comprehensive cancer care, which is research driven, has 
resulted in lower rates of perioperative morbidity and mortality and improved oncological 
outcomes for a variety of solid tumours reported by high-volume centres.3-8 This benefit 
extends into long-term survival, with a significantly greater 5-year survival benefit from high-
volume centres for oesophageal cancer surgery, with significant but lesser benefit also 
reported in gastric, pancreatic, and lung cancers. This observed correlation between hospital 
volume and late survival after cancer surgery is best explained by the differences in the quality 
of the initial surgery (including lymph node dissection and margin free resection) performed by 
high-volume and/or subspecialty trained surgeons and within the setting of an integrated 
multidisciplinary network of expertise, including medical oncology, pathology and radiology, 
anaesthesiology, perioperative and critical care medicine, and allied health services. Well-
coordinated perioperative care plans with better optimization of co-existing diseases, 
implementation of evidence-based and outcome driven perioperative care pathways, a 
thorough understanding of the impact of anaesthetic agents on cancer biology, intensive 
postoperative surveillance with early rescue from postoperative complications,9,10 and 
aggressive treatment of recurrent cancer are integral to achieving better outcomes. Cancer 
patients and survivors present with increasingly complex medical co-morbidities, age-related 
conditions, disease specific challenges, including underlying causative risk factors, location of 
tumour, and side effects of increasingly complex cancer therapies (chemotherapy, 
immunotherapy and radiotherapy) with consequent alteration of local and distant organ 
function. In addition, our understanding of how the biological perturbations that accompany 
the perioperative surgical stress response and how our anaesthetic techniques impact 
susceptibility to perioperative tumor spread and control is rapidly evolving. As such, it is 
increasingly recognized that perioperative clinicians have the opportunity to positively 
influence oncological outcomes for cancer patients, with accumulating evidence for potential 
disease modification dependent upon anaesthetic technique and management of the 
perioperative period.12-15  

Significant advances have been made with regards to understanding the pathophysiological 
processes (neural-inflammatory-immunomodulating stress response) of the perioperative 
period and their effects on tumour-stromal interaction, immune-editing, and genotypic 
plasticity and how we can modulate these effects within our current armamentarium of 
anaesthetic techniques, including anaesthetic agents (e.g. volatiles, TIVA, neuraxial techniques) 
and perioperative adjuncts (e.g. opioids, NSAIDS, β-blockers).12-18  Furthermore, cancer 
treatments can impair the physiologic reserve (functional capacity; fitness) of patients,19,20 with 
significant impact on the ability of patients to withstand surgery without morbidity.21,22 The 
ability to optimise patients to ensure optimal postoperative outcome is underpinned by the 
subsequent adverse impact of postoperative morbidity on the ability of patients to return to 
their intended oncological treatment (RIOT; postoperative adjuvant therapies) and the cancer 
care journey.15,23 Therefore, an in-depth knowledge of the adverse effects and toxicities 
associated with cancer therapies (chemotherapeutic agents, immunotherapy and 
radiotherapy) on the patient’s overall functional status and timing of the surgical intervention 
to offer the patient the best chance for cancer control or cure is crucial. While we continue to 
undertake basic and translational research to better understand the perioperative biology in 



the context of cancer care, our aim and efforts should be focused on optimizing the patient’s 
preoperative condition (prehabilitation) to ensure the maximum benefits of surgery 
(neoadjuvant therapy when indicated, nutritional enhancement, physiological conditioning 
[strength and cardiovascular training], anaemia management, and behavioral therapy for stress 
response reduction), minimize postoperative complications, and ensuring that the patient 
remains ‘on track’ to complete their cancer journey (adjuvant therapies).24,25  

Currently there are no prospective randomized controlled studies, which offer clear benefits of 
one anaesthetic technique (or perioperative strategy) over the other in terms of recurrence 
free survival or overall survival after cancer surgery. Published retrospective studies offer 
contradictory results and most of the studies have not taken the oncological factors (tumor 
stage and type, tumor burden, lympho-vascular space invasion, response to therapy, etc.), 
nutritional state, inflammatory burden and functional status into account.28 Furthermore, one 
has to acknowledge the known shortcomings (bias in treatment allocation to the study groups) 
of a retrospective study despite the strengths of the clinical end points. In-vitro and animal 
data similarly cannot be correlated with or translated to clinical experience although they form 
the basis for future research models and can guide appropriate clinical protocols. Published 
literature from in-vitro and animal models usually involves studying the effects of individual 
cell lines in a controlled environment. We now also understand that the cancer biology for each 
of the tumors is different, and also that within each tumor there is phenotypic and genotypic 
heterogeneity and plasticity that explains the differences in response to therapy amongst 
individual patients and also the existence of circulating tumour cells (CTCs) often exacerbated 
by surgery.26,27 Our growing understanding of the concept of CTC release during surgery offers 
one possible explanation for the tenacity of some of the tumors in escaping the innate 
immunity of the host, with potential activation of the distant microenvironment for CTCs and 
that of undetected micrometastatic disease by the biologic perturbation that accompanies the 
perioperative surgical stress response. This potentially leads to loco-regional disease and 
distant clinical metastasis years after the primary therapeutic interventions with curative 
intent. This may explain the bimodal recurrence pattern observed after breast cancer surgery 
that is positively impacted in observational studies by perioperative NSAIDs.28-31  

To optimally care for the cancer surgery population, we need hypothesis driven protocols to 
evaluate if indeed these strategies are efficacious in improving long-term cancer outcomes. 
However, we should also marry lean methodology in our processes of care, with enhanced 
recovery programs that incorporate clinical strategies that target biologically plausible 
mechanisms (e.g. neural-inflammatory-immunomodulation) that may drive cancer recurrence 
to ensure optimal oncological outcomes. In the complex perioperative space, where key 
interventions to influence outcomes are frequently multimodal it will be difficult to show the 
efficacy of any one intervention (anti-adrenergic, anti-inflammatory strategies, avoiding 
volatile anesthesia, opioid-sparing strategies, goal directed fluid therapy and hemodynamic 
optimization, minimizing oxygen debt, etc.) singularly or as a unimodal intervention. It is 
therefore vital for anaesthetists and perioperative clinicians to collaborate with specialists in all 
areas of cancer care delivery (medical oncologists, immunologists, radiation oncologists, 
surgical oncologists, intensive care physicians, integrative medicine clinicians, and internal 
medicine physicians). 

Contemporary surgical practice strategies focus on preoperative and perioperative 
optimisation to combat the morbidity inflicted by cancers and their treatments. Examples of 
these include prehabilitation with high protein nutrition, and exercise regimes to facilitate 
recovery from deconditioning associated with neoadjuvant therapies.24 Some of this work has 
been incorporated into enhanced recovery packages, where opportunity presents for 
perioperative clinicians to be key advocates in initiating lifestyle changes in cancer patients—
smoking cessation, exercise, and initiating discussions on advance care planning (ACP). 

In summary, effective perioperative care of the cancer patient is increasingly complex and our 
knowledge of the biologic impact of the adrenergic-inflammatory-immune (surgical) stress 
response and anaesthetic techniques on cancer progression pathways, and thus long-term 
outcomes, is rapidly expanding. As such, anaesthesia and perioperative care for cancer 
patients should not simply be the prevention of awareness and administration of analgesia but 
rather an opportunity to minimise the biological perturbation of the surgical stress response 



and to adjust anaesthetic techniques to minimize activation of cancer progression pathways. 
More importantly, we should focus our perioperative strategies on reducing perioperative 
morbidity to ensure functional recovery after surgery that allows timely return to intended 
oncologic (adjuvant) therapies (RIOT).23 It is this comprehensive approach to patient care that 
could potentially influence oncological outcomes by minimizing loco-regional recurrence and 
distant metastasis. We require an ongoing concerted effort by scientists and clinicians, with 
focused research to improve our understanding of the impact of anaesthetic and perioperative 
strategies on long-term cancer outcomes to effectively confront the global cancer ‘tsunami’.  

 

Recommended Reading 

1. Sullivan R, Alatise OI, Anderson BO, et al. Global cancer surgery: delivering safe, 
affordable, and timely cancer surgery. Lancet Oncol 2015;16:1193-224. 

2. Alkire BC, Shrime MG, Dare AJ, Vincent JR, Meara JG. Global economic consequences of 
selected surgical diseases: a modelling study. Lancet Glob Health 2015;3 Suppl 2:S21-7. 

3. Birkmeyer JD, Sun Y, Wong SL, Stukel TA. Hospital volume and late survival after cancer 
surgery. Ann Surg 2007;245:777-83. 

4. Buurma M, Kroon HM, Reimers MS, Neijenhuis PA. Influence of Individual Surgeon 
Volume on Oncological Outcome of Colorectal Cancer Surgery. Int J Surg Oncol 
2015;2015:464570. 

5. Fong Y, Gonen M, Rubin D, Radzyner M, Brennan MF. Long-term survival is superior after 
resection for cancer in high-volume centers. Ann Surg 2005;242:540-4; discussion 4-7. 

6. Funk LM, Gawande AA, Semel ME, et al. Esophagectomy outcomes at low-volume 
hospitals: the association between systems characteristics and mortality. Ann Surg 
2011;253:912-7. 

7. Luchtenborg M, Riaz SP, Coupland VH, et al. High procedure volume is strongly 
associated with improved survival after lung cancer surgery. J Clin Oncol 2013;31:3141-6. 

8. Scharl A, Gohring UJ. Does Center Volume Correlate with Survival from Breast Cancer? 
Breast Care (Basel) 2009;4:237-44. 

9. Ghaferi AA, Birkmeyer JD, Dimick JB. Complications, failure to rescue, and mortality with 
major inpatient surgery in medicare patients. Ann Surg 2009;250:1029-34. 

10. Ghaferi AA, Birkmeyer JD, Dimick JB. Variation in hospital mortality associated with 
inpatient surgery. N Engl J Med 2009;361:1368-75. 

11. Quam L, Smith R. What can the UK and US health systems learn from each other? BMJ 
2005;330:530-3. 

12. Hiller JG, Hacking MB, Link EK, Wessels KL, Riedel BJ. Perioperative epidural analgesia 
reduces cancer recurrence after gastro-oesophageal surgery. Acta Anaesthesiol Scand 
2014;58:281-90. 

13. Wigmore TJ, Mohammed K, Jhanji S. Long-term Survival for Patients Undergoing Volatile 
versus IV Anesthesia for Cancer Surgery: A Retrospective Analysis. Anesthesiology 
2016;124:69-79. 

14. Horowitz M, Neeman E, Sharon E, Ben-Eliyahu S. Exploiting the critical perioperative 
period to improve long-term cancer outcomes. Nat Rev Clin Oncol 2015;12:213-26. 

15. Day RW, Cleeland CS, Wang XS, et al. Patient-Reported Outcomes Accurately Measure 
the Value of an Enhanced Recovery Program in Liver Surgery. J Am Coll Surg 
2015;221:1023-30 e1-2. 

16. Bartal I, Melamed R, Greenfeld K, et al. Immune perturbations in patients along the 
perioperative period: alterations in cell surface markers and leukocyte subtypes before 
and after surgery. Brain Behav Immun 2010;24:376-86. 

17. Benish M, Bartal I, Goldfarb Y, et al. Perioperative use of beta-blockers and COX-2 
inhibitors may improve immune competence and reduce the risk of tumor metastasis. 
Ann Surg Oncol 2008;15:2042-52. 

18. Neeman E, Zmora O, Ben-Eliyahu S. A new approach to reducing postsurgical cancer 
recurrence: perioperative targeting of catecholamines and prostaglandins. Clin Cancer 
Res 2012;18:4895-902. 

  



19. West MA, Loughney L, Lythgoe D, et al. The effect of neoadjuvant chemoradiotherapy on 
whole-body physical fitness and skeletal muscle mitochondrial oxidative phosphorylation 
in vivo in locally advanced rectal cancer patients--an observational pilot study. PLoS One 
2014;9:e111526. 

20. West MA, Loughney L, Lythgoe D, et al. Effect of prehabilitation on objectively measured 
physical fitness after neoadjuvant treatment in preoperative rectal cancer patients: a 
blinded interventional pilot study. Br J Anaesth 2015;114:244-51. 

21. Hightower CE, Riedel BJ, Feig BW, et al. A pilot study evaluating predictors of 
postoperative outcomes after major abdominal surgery: Physiological capacity compared 
with the ASA physical status classification system. Br J Anaesth 2010;104:465-71. 

22. West MA, Lythgoe D, Barben CP, et al. Cardiopulmonary exercise variables are associated 
with postoperative morbidity after major colonic surgery: a prospective blinded 
observational study. Br J Anaesth 2014;112:665-71. 

23. Aloia TA, Zimmitti G, Conrad C, Gottumukalla V, Kopetz S, Vauthey JN. Return to 
intended oncologic treatment (RIOT): a novel metric for evaluating the quality of 
oncosurgical therapy for malignancy. J Surg Oncol 2014;110:107-14. 

24. Huang GH, Ismail H, Murnane A, Kim P, Riedel B. Structured exercise program prior to 
major cancer surgery improves cardiopulmonary fitness: a retrospective cohort study. 
Support Care Cancer 2016;24:2277-85. 

25. Jack S, West MA, Raw D, et al. The effect of neoadjuvant chemotherapy on physical 
fitness and survival in patients undergoing oesophagogastric cancer surgery. Eur J Surg 
Oncol 2014;40:1313-20. 

26. Li W, Zhou X, Huang Z, et al. Laparoscopic surgery minimizes the release of circulating 
tumor cells compared to open surgery for hepatocellular carcinoma. Surg Endosc 
2015;29:3146-53. 

27. Pesta M, Fichtl J, Kulda V, Topolcan O, Treska V. Monitoring of circulating tumor cells in 
patients undergoing surgery for hepatic metastases from colorectal cancer. Anticancer 
Res 2013;33:2239-43. 

28. Retsky M, Rogers R, Demicheli R, et al. NSAID analgesic ketorolac used perioperatively 
may suppress early breast cancer relapse: particular relevance to triple negative 
subgroup. Breast Cancer Res Treat 2012;134:881-8. 

29. Retsky MW, Demicheli R, Hrushesky WJ, Baum M, Gukas ID. Dormancy and surgery-
driven escape from dormancy help explain some clinical features of breast cancer. APMIS 
2008;116:730-41. 

30. Demicheli R, Biganzoli E, Boracchi P, Greco M, Retsky MW. Recurrence dynamics does 
not depend on the recurrence site. Breast Cancer Res 2008;10:R83. 

31. Demicheli R, Retsky MW, Hrushesky WJ, Baum M, Gukas ID. The effects of surgery on 
tumor growth: a century of investigations. Ann Oncol 2008;19:1821-8. 

 

 


