
Journal of Anaesthesiology Clinical Pharmacology | April-June 2014 | Vol 30 | Issue 2 147

Anesthesia and cancer 
recurrence:  What is the 
evidence?

Surgery forms a major component of the multimodality treatment 
of solid tumors. Primary excision may be curative by itself, or it 
may be combined with neoadjuvant or adjuvant chemotherapy 
and/or radiotherapy. Despite advances in therapy, loco-regional 
recurrence and metastases remain a major source of morbidity 
and mortality in cancer patients. There has been increasing 
interest in the events occurring during surgery and in the 
perioperative period that lead to liberation of cancer cells into 
the circulation and enable survival and growth of circulating 
tumor cells, leading to regional recurrences and metastases. 
Data from laboratory and animal experiments suggests that 
anesthesia and anesthetics may contribute significantly to this 
pro-tumor environment and affect long-term outcomes after 
cancer surgery. The review article published in this issue of the 
journal,[1] summarizes the experimental data and raises a valid 
concern regarding the potential role of anesthetic and analgesic 
techniques in causing cancer recurrence and metastases. The 
authors conclude that perioperative care has a definitive role 
in cancer-free survival and suggest modifying our current 
practice.[1] Does this mean that anesthesiologists have at least 
been partly responsible (unknowingly and unwittingly) for 
poor oncological outcomes? We suggest that we should also 
examine the available human clinical data in greater detail and 
perhaps be more circumspect in our conclusions at this stage.

What is the Experimental Evidence?

Several reviews, including the article published in this issue 
of the journal, have dealt with this subject.[1-6] We will briefly 
summarize the major conclusions. 

At least three factors operating in the perioperative period lead 
to a shift in the balance toward tumor progression. 
1. Surgery itself and the associated neuroendocrine stress 

response have a negative effect on the immune system due 

to depressed cell-mediated immunity. Even after complete 
excision of the tumor, circulating tumor cells released during 
the surgical procedure may eventually lead to recurrence 
or metastases as they escape the immune surveillance.[7] 

Concentrations of tumor-related anti-angiogenic factors 
(e.g., angiostatin and endostatin) are decreased while 
angiogenic factors such as vascular endothelial growth 
factor (VEGF) are increased. Surgery is also associated 
with release of transforming growth factor-beta (TGF-B) 
that plays a significant role in establishing tumor blood 
supply and cell proliferation.[8-10]

2. Anesthesia impairs numerous immune functions, including 
those of neutrophils, macrophages, dendritic cells, T-cell, 
and natural killer (NK) cells. Induction agents (ketamine, 
thiopentone) as well as inhalation agents (halothane) have 
been shown to depress NK cell activity in animal studies. 
Upregulation of hypoxia-inducible-factors (HIF) in tumor 
cells by volatile anesthetics may contribute to a tumor’s 
recurrence by stimulating cytoprotective or protumorigenic 
behavior in residual cells.[5] Propofol may not contribute 
to the depression of immune function according to current 
available evidence.[11] Propofol also does not upregulate 
synthesis of HIF.[5] Amide local anesthetics have shown 
in vitro studies to have cytotoxic activity, which could prove 
to be beneficial in preventing cancer recurrence.[12]

3. Opioid analgesics inhibit both cellular and humoral 
immune function in humans, increase angiogenesis, and 
promote breast tumor growth in rodents. Opioids interfere 
with immune function by depressing NK cell activity.[4,5] 

However, opioids may reduce the stress response to pain 
and offer some benefit.

Perhaps regional anesthesia might play an important role 
in preventing cancer recurrence and metastases, both by 
attenuating the stress response to surgery and pain, and also 
by providing excellent analgesia that will minimize or eliminate 
the need for opioids.

The data from animal models, cell lines, and experimental 
laboratory data in humans thus points to a significant role 
for perioperative anesthetic care in the outcomes from cancer.

What is the Human Clinical Data on 
Anesthesia and Cancer Outcomes?

There are no results from prospective randomized controlled 
trials yet available. Human clinical data consists largely of 
retrospective reviews. The best available evidence is in the form 
of post-hoc analyses of randomized controlled trials (RCTs) 
that were originally designed to answer a different question. 
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The studies essentially compared patients given general 
anesthesia (GA) and/or regional anesthesia plus regional 
analgesia versus patients given GA and systemic analgesia. 
They are summarized below:

Breast cancer
In a retrospective study, 129 patients received GA for surgery 
for breast cancer.[13] Patients who received paravertebral block 
for analgesia had nearly 4 times greater recurrence-free survival 
(RFS) compared to those who received intravenous patient 
controlled analgesia (PCA) (6% vs. 24%, P = 0.013). 

Gastrointestinal cancers
Two retrospective studies showed benefit in some groups of 
patients, but not in all patients. Gupta et al.[14] found that 
patients with colon cancer did not have a better survival with 
epidural analgesia, whereas patients with rectal cancer did. 
Christopherson[15] found no difference in overall survival (OS) 
in patients with colon cancer receiving general anesthesia 
(GA) compared with epidural plus GA. However, epidural 
use was associated with better survival in patients without 
metastases upto 1.46 years after surgery. Gottschalk et al.[16] 

reviewed the records of 669 patients undergoing colorectal 
cancer surgery. They concluded that use of epidural analgesia 
for perioperative pain control during colorectal cancer surgery 
was not associated with a decreased cancer recurrence; 
however, a potential benefit was observed in older patients. 

Two retrospective studies and two studies performing secondary 
analyses from previous prospective RCTs showed no benefit 
of regional versus GA. The Surveillance, Epidemiology, and 
End Results (SEER) study[17] was a large, population-based 
study of over 40,377 patients. Outcomes of patients undergoing 
surgery for colon cancer receiving epidural analgesia were 
compared to those receiving traditional analgesia. The type 
of postoperative analgesia in the non-epidural group was not 
clear. There was no difference in RFS survival, but a significant 
benefit on OS with epidural analgesia. Day et al.[18] performed 
a retrospective analysis of 424 patients from a prospectively 
maintained database of patients undergoing laparoscopic 
resection for colorectal adenocarcinoma. There was no OS 
or disease-free survival (DFS) advantage with the use of 
regional analgesia (spinal or epidural) in patients undergoing 
laparoscopic colorectal cancer resection. No survival advantage 
was seen with regional analgesia even when patients with 
extranodal metastases were removed from the analysis.

Myles et al. performed a post-hoc analysis of patients in the 
MASTER trial who had potentially curative resection of 
cancer.[19] The MASTER trial[20] was a prospective RCT 
comparing combined epidural and GA versus GA plus 
systemic opioid analgesia for major abdominal surgery. Of the 

503 patients studied, most of whom had colon cancer, RFS 
was similar in both epidural and control groups (hazard ratio 
0.95, 95% confidence interval 0.76 to 1.17; P = 0.61). They 
concluded that use of epidural block in abdominal surgery for 
cancer is not associated with improved cancer-free survival.[19] 
Similarly, Binzack et al.[21] performed a retrospective study 
of patients previously included in a prospective RCT. The 
EP group received GA with bupivacaine thoracic epidural 
analgesia, and the SC group received GA with fentanyl 
followed by continuous subcutaneous morphine. After 5 years, 
RFS was 43% in EP group and 24% in SC group, but the 
difference did not reach statistical significance for RFS nor 
for overall survival (P = 0.10 and 0.16, respectively). The 
type of analgesia was not a statistically significant predictive 
factor for RFS on multivariate analysis.

The only study to suggest a worse outcome with epidural 
anesthesia was a retrospective study in patients undergoing 
radiofrequency ablation of hepatocellular carcinoma under 
GA or epidural anesthesia.[22] In the multivariate analysis, 
the intraoperative and postoperative use of opioids was not 
associated with worse outcomes. The authors speculated that 
longer and more frequent treatments were possible under GA, 
contributing to the better outcome observed.

Ovarian cancer
Two of four retrospective studies demonstrate a benefit with 
intraoperative use of epidural anesthesia and postoperative 
analgesia compared to GA followed by intravenous 
analgesia.[23,24] In two other studies, epidural anesthesia 
and analgesia were not associated with better RFS or OS 
compared to non-epidural analgesia.[25,26]

Prostate cancer
The results of three retrospective studies conducted in patients 
with prostate cancer are also conflicting. Biki et al.[27] showed a 
significant 57% difference in biochemical RFS in 102 patients 
who received combined general and epidural anesthesia and 
analgesia compared with 123 patients who received GA and 
parenteral opioids. Wuethrich et al.[28] found significant clinical 
PFS, but not biochemical RFS, cancer-specific survival, or OS. 
Forget, in a large study of 1111 patients, was unable to show 
a difference in biochemical RFS.[29] Tsui et al.[30] performed a 
secondary analysis of subjects undergoing radical prostatectomy 
who had participated previously in a RCT evaluating pain 
control, blood loss, and the need for perioperative allogeneic 
blood transfusion. The patients were randomly allocated to 
receive either GA alone (n = 50) or combined general and 
epidural anesthesia (n = 49). No difference was observed 
between the epidural and control groups in disease-free survival 
at a median follow-up time of 4.5 years.
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Malignant melanoma
In one retrospective study, there was no difference in survival 
between patients receiving general and spinal anesthesia 
compared to those receiving GA alone.[31] Another study of 
4329 patients found a statistically significant improvement 
in probability of survival (85% vs. 78%) in patients given 
local anesthesia as opposed to general anesthesia for excision 
of melanoma.[32]

Chen and Miao performed a meta-analysis[33] that included 
14 studies and 18 sub-studies. They found that epidural 
anesthesia and/or analgesia might be associated with improved 
overall survival in patients with operable cancer undergoing 
surgery (especially in colorectal cancer), but it did not support 
an association between epidural anesthesia and cancer control, 
as there was no difference in the recurrence-free survival.

In summary, the results from retrospective studies are 
conflicting. Many studies could not establish whether the cause 
of death was cancer-related or not. Hence, based on these 
findings, it is difficult to speculate whether epidural analgesia 
had a clinically meaningful impact on cancer recurrence.

The drawbacks of many of the current studies are that there 
are many confounding factors, including tumor biology, 
allogeneic blood transfusions, other concomitant medications, 
and the role of neoadjuvant and adjuvant anticancer therapies. 
There could a number of hidden confounders not factored 
into a multivariate analysis of retrospective, observational, 
non-randomized data. General anesthetics are multi-modal, 
and even the use of regional anesthesia is almost always 
supplementary to general anesthesia. The role of intrathecal 
and epidural opioids commonly used in regional analgesia and 
pain management has not been explored. While anesthetics 
and opioids seem to play a role in promoting tumor growth in 
isolated cell lines and in animal models, extrapolation to the 
patient with cancer where multiple networks and interactions 
exist may be simplistic. It must also be determined whether 
the pro-tumor effect of anesthetics and opioids observed in the 
laboratory are likely to make an impact on survival in patients 
in the real world receiving potent anticancer chemotherapy, 
molecular-targeted therapies, and hormonal therapies that are 
prescribed to cancer patients. 

On the other hand, it could be argued that if making a 
relatively minor change to anesthetic practice has the potential 
to reduce cancer recurrence even to a small extent, it is 
logical to do so. Taken together, current data are sufficient 
only to generate a hypothesis that an anesthetic technique 
during primary cancer surgery could affect recurrence or 
metastases.[3] Prospective RCTs are needed to answer these 
questions. There are at least three ongoing RCTs in breast, 

lung, and colon cancer (NCT 00418457, NCT 01179301, 
NCT 00684229), and we await their results over the next 
1-5 years with great interest. 

What Should Clinicians Do?

The role of uncontrolled pain in immunosuppression appears 
to be greater than that of individual anesthetic agents. Certainly, 
the role regional anesthesia and analgesia can be expanded 
where appropriate and used to ensure optimal analgesia 
and hemodynamic stability. Patients receiving opioids for 
appropriate clinical indications should continue to receive 
them, and there should be no denial of pain relief to cancer 
patients. Volatile anesthetics may be given, and while total 
intravenous anesthesia with propofol appears attractive where 
easily applicable and appropriate, it must be kept in mind that 
concomitant administration of an opioid will also be necessary.

Thus, while the basic science literature does point towards a 
potential detrimental effect of anesthetic technique on cancer 
outcomes, current data do not call for a drastic change in the 
perioperative management of cancer patients.

Jigeeshu V Divatia, Reshma Ambulkar
Department of Anesthesia, Critical Care and Pain, Tata Memorial 

Hospital, Mumbai, Maharashtra, India

Address for correspondence: Dr. Jigeeshu V Divatia, 
Department of Anesthesia, Critical Care and Pain, 

Tata Memorial Hospital, Mumbai, Maharashtra, India. 
E-mail:jdivatia@yahoo.com

References

1. Jyotirmoy Das, Sudhir Kumar, Sangeeta Khanna, Yatin Mehta. Are 
we causing the recurrence-impact of perioperative period on long-
term cancer prognosis: Review of current evidence and practice. 
J Anaesth Clin Pharmacol 2014;30:153-9.

2. Green JS, Tsui BC. Impact of anesthesia for cancer surgery: Continuing 
professional development. Can J Anaesth 2013;60:1248-69.

3. Heaney A, Buggy DJ. Can anaesthetic and analgesic techniques 
affect cancerrecurrence or metastasis? Br J Anaesth 2012; 
109(Suppl 1):i17-28.

4. Colvin LA, Fallon MT, Buggy DJ. Cancer biology, analgesics, and 
anaesthetics: Is there a link? Br J Anaesth 2012;109:140-3.

5. Tavare AN, Perry NJ, Benzonana LL, Takata M, Ma D. Cancer 
recurrence after surgery: Direct and indirect effects of anesthetic 
agents. Int J Cancer 2012;130:1237-50.

6. Gottschalk A, Sharma S, Ford J, Durieux ME, Tiouririne M. Review 
article: Therole of the perioperative period in recurrence after 
cancer surgery. Anesth Analg 2010;110:1636-43.

7. Peach G, Kim C, Zacharakis E, Purkayastha S, Ziprin P. Prognostic 
significance of circulating tumour cells following surgical 
resection of colorectal cancers: A systematic review. Br J Cancer 
2010;102:1327-34.

8. Looney M, Doran P, Buggy DJ. Effect of anesthetic technique onserum 
vascular endothelial growth factor C and transforminggrowth 



Divatia and Ambulkar: Anesthesia and cancer recurrence

150 Journal of Anaesthesiology Clinical Pharmacology | April-June 2014 | Vol 30 | Issue 2

factor β in women undergoing anesthesiaandsurgery for breast 
cancer.Anesthesiology 2010;113:1118-25.

9. Thaker PH, Han LY, Kamat AA, Arevalo JM, Takahashi R, Lu C, 
et al. Chronic stress promotestumor growth and angiogenesis 
in a mouse model of ovarian carcinoma. Nat Med 2006;12:
939-44.

10. Lutgendorf SK, Cole S, Costanzo E, Bradley S, Coffin J, Jabbari S, 
et al. Stress-related mediatorsstimulate vascular endothelial growth 
factor secretion by two ovariancancer cell lines. Clin Cancer Res 
2003;9:4514-21.

11. Melamed R, Bar-Yosef S, Shakhar G, Shakhar K, Ben-Eliyahu 
S.Suppression of natural killer cell activity and promotion oftumor 
metastasis by ketamine, thiopental, and halothane, butnot by 
propofol: Mediating mechanisms and prophylactic measures.
Anesth Analg 2003;97:1331-9.

12. Sakaguchi M, Kuroda Y, Hirose M. The antiproliferative effect 
oflidocaine on human tongue cancer cells with inhibition of 
the activityof epidermal growth factor receptor. Anesth Analg 
2006;102:1103-7.

13. Exadaktylos AK, Buggy DJ, Moriarty DC, Mascha E, Sessler DI. 
Cananesthetic technique for primary breast cancer surgery affect 
recurrenceor metastasis? Anesthesiology 2006;105:660-4.

14. Gupta A, Björnsson A, Fredriksson M, Hallböök O, Eintrei C. 
Reduction in mortality after epidural anaesthesia and analgesia 
in patients undergoing rectal but not colonic cancer surgery: A 
retrospective analysis of data from 655 patients in central Sweden. 
Br J Anaesth 2011;107:164-70.

15. Christopherson R, James KE, Tableman M, Marshall P, 
Johnson FE. Long-term survival after colon cancer surgery: A 
variation associated with choice of anesthesia. Anesth Analg 
2008;107:325-32.

16. Gottschalk A, Ford JG, Regelin CC, You J, Mascha EJ, Sessler DI, 
et al. Association between epidural analgesia and cancer recurrence 
after colorectal cancer surgery. Anesthesiology 2010;113:27-34.

17. Cummings KC3rd, XuF, Cummings LC, Cooper GS. Acomparison 
of epidural analgesia and traditional pain management effects on 
survival and cancer recurrence after colectomy: A population-based 
study. Anesthesiology 2012;116:797-806.

18. Day A, Smith R, Jourdan I, Fawcett W, Scott M, Rockall T. 
Retrospective analysis of the effect of postoperative analgesia on 
survival in patients after laparoscopic resection of colorectal cancer. 
Br J Anaesth 2012;109:185-90.

19. Myles PS, Peyton P, Silbert B, Hunt J, Rigg JR, Sessler DI; ANZCA 
Trials Group Investigators. Perioperative epiduralanalgesia for 
major abdominal surgery for cancer andrecurrence-free survival: 
Randomised trial. BMJ 2011;342:d1491.

20. Rigg JR, Jamrozik K, Myles PS, Silbert BS, Peyton PJ, Parsons RW, 
et al. MASTER Anaethesia Trial Study Group. Epidural anaesthesia 
and analgesia andoutcome of major surgery: A randomised trial. 
Lancet 2002;359:1276-82.

21. Binczak M, Tournay E, Billard V, Rey A, Jayr C. Major abdominal 
surgery for cancer: Does epidural analgesia have a long-term effect 

on recurrence-free and overall survival? Ann Fr Anesth Reanim 
2013;32:e81-8.

22. Lai R, Peng Z, Chen D,Wang X, Xing W, Zeng W, et al. The effects 
of anesthetic technique on cancer recurrence in percutaneous 
radiofrequency ablation of small hepatocellular carcinoma. Anesth 
Analg 2012;114:290-6.

23. de Oliviera GS Jr, Ahmad S, Schink JC, Singh DK, Fitzgerald 
PC, McCarthy RJ. Intraoperativeneuraxialanesthesia but not 
postoperative neuraxial analgesia is associated with increased 
relapse-free survival in ovarian cancer patients after primary 
cytoreductive surgery. Reg Anesth Pain Med 2011;36:271-7.

24. Lin L, Liu C, Tan H, Ouyang H, Zhang Y, Zeng W. Anaesthetic 
technique may affect prognosis for ovarian serous adenocarcinoma: 
A retrospective analysis. Br J Anaesth 2011;106:814-22.

25. Lacassie HJ, Cartagena J, Brañes J, Assel M,Echevarria GC. The 
relationshipbetween neuraxial anesthesia and advanced ovarian 
cancer-related outcomes in the Chilean population.Anesth Analg 
2013;117:653-60.

26. Capmas P, Billard V, Gouy S,Lhommé C, Pautier P, Morice P, et al. 
Impact of epidural analgesia on survival in patients undergoing 
complete cytoreductive surgery for ovarian cancer. Anticancer Res 
2012;32:1537-42.

27. Biki B, Mascha E, Moriarty DC, Fitzpatrick JM, Sessler DI, Buggy 
DJ. Anesthetic technique for radical prostatectomy surgery 
affectscancer recurrence: A retrospective analysis. Anesthesiology 
2008;109:180-7.

28. Wuethrich PY, Hsu Schmitz SF, Kessler TM,Thalmann GN, Studer 
UE, Stueber F, et al. Potential influenceof the anesthetic technique 
used during open radical prostatectomyon prostate cancer-related 
outcome: A retrospective study. Anesthesiology 2010;113:570-6.

29. Forget P, Tombal B, Scholtès JL, Nzimbala J, Meulders C, Legrand C, 
et al. Do intraoperative analgesics influence oncological outcomes 
after radical prostatectomy for prostate cancer? Eur J Anaesthesiol 
2011;28:830-5.

30. Tsui BC, Rashiq S, Schopflocher D, Murtha A, Broemling S, Pillay J, 
et al. Epidural anesthesia and cancer recurrence rates after radical 
prostatectomy.Can J Anaesth 2010;57:107-12.

31. Gottschalk A, Brodner G, Van Aken HK, Ellger B, Althaus S, Schulze 
HJ. Can regional anaesthesia for lymph-node dissection improve the 
prognosis in malignant melanoma? Br J Anaesth 2012;109:253-9.

32. Schlagenhauff B, Ellwanger U, Breuninger H, Stroebel W, Rassner 
G, Garbe C. Prognostic impact of the type of anaesthesia used 
during the excision of primary cutaneous melanoma. Melanoma 
Res 2000;10:165-9.

33. Chen WK, Miao CH. The effect of anesthetic technique on survival 
in human cancers: A meta-analysis of retrospective and prospective 
studies. PLoS One 2013;8:e56540.

“QUICK RESPONSE CODE” LINK FOR FULL TEXT ARTICLES

The journal issue has a unique new feature for reaching to the journal’s website without typing a single le  er. Each ar  cle 
on its fi rst page has a “Quick Response Code”. Using any mobile or other hand-held device with camera and GPRS/other 
internet source, one can reach to the full text of that par  cular ar  cle on the journal’s website. Start a QR-code reading 
so  ware (see list of free applica  ons from h  p://  nyurl.com/yzlh2tc) and point the camera to the QR-code printed in the 
journal. It will automa  cally take you to the HTML full text of that ar  cle. One can also use a desktop or laptop with web 
camera for similar func  onality. See h  p://  nyurl.com/2bw7fn3 or h  p://  nyurl.com/3ysr3me for the free applica  ons.

Announcement

How to cite this article: Divatia JV, Ambulkar R. Anesthesia and cancer 
recurrence: What is the evidence?. J Anaesthesiol Clin Pharmacol 
2014;30:147-50.
Source of Support: Nil, Confl ict of Interest: None declared.


