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Editorial
The lifetime probability of suffering from cancer is 43% for men and 38% for women [1]. 

Surgical excision remains a cardinal element in the oncological care of most solid cancers; surgery is 
used to prevent, diagnose stage, palliate, and treat cancer [2]. Unfortunately, ample data suggest that 
the surgical procedure itself, along with a multitude of perioperative factors, generate a permissive, 
pro-neoplastic environment for cancer progression [2]. The excision or debulking of the primary 
neoplastic mass induces and promotes metastatic or residual disease by releasing satellite tumor 
foci from the inhibitory concomitant tumor resistance of the primary tumor [3]. Many different 
immune cells play an important role in both inhibiting and promoting metastatic disease, and the 
perioperative suppression of natural killer or cytotoxic T cells’ antimetastatic capacities was shown 
to mediate postoperative cancer progression [4,5]. Additionally, several perioperative variables are 
believed to impact the oncological outcomes, such as surgical stress, anesthetic management,  
transfusion of red cells, hypothermia, and occurrence of postoperative complications [6]. General 
anesthetics and opioid analgesic agents are long believed to influence cancer recurrence by direct 
impact on the micro-environment and growth of the neoplasia [2,6]. Similarly, the use of opioids 
to control pain have been shown in animals and humans to activate stress responses, suppress cell 
mediated immunity, increase angiogenesis, and promote the progression of metastatic disease [6]. 
The volatile anesthetics sevoflurane and isoflurane are frequently used for maintenance of general 
anesthesia. In-vitro studies have implicated volatile anesthetics in promoting metastasis via direct 
survival-enhancing effects on cancer cells, as well as suppression of immune cell function and 
tumoircidal activities [7-9]. However, the molecular mechanisms for such effects are not completely 
understood, and differ between inhaled agents and cancer cell lines. Propofol is the most widely used 
agent for induction and maintenance of intravenous anesthesia. Some preclinical data suggest that 
propofol may possess antitumor effects on several cancer cell lines [10,11]. Propofol antineoplastic 
effects are plausibly mediated either via its regulatory role on ribonucleic acid pathways and 
signaling in cancer cells, or via enhancement of natural killer cell activity. Additionally, propofol’s 
anti-inflammatory and anti-oxidative properties may subsequently mitigate or protect against 
perioperative immune suppression [8,9,11]. The results of clinical studies addressing the effects of 
specific anesthetic and analgesic agents remain inconclusive since they were retrospective in nature, 
lacked the statistic power to detect small effects, and suffered from inevitable methodological 
limitations [6]. Therefore, available clinical evidence is insufficient to support a preferred anesthetic 
agent or establish guidelines for oncological surgery.

The recent, prospective, double-blind trial by Chung-Sik et al. [12] randomized patients 
undergoing colorectal cancer surgery to maintenance of anesthesia with either the volatile agent 
sevoflurane or the intravenous agent propofol. The authors then compared immune cells’ profiles 
before and after anesthesia in both groups. Expression profiles of circulating immune cells, e.g., 
natural killer, helper and cytotoxic T cells, neutrophils, lymphocytes, and monocytes, after propofol 
or sevoflurane anesthesia were comparable. The authors concluded that propofol is not superior to 
sevoflurane for colorectal cancer surgery.

We salute the authors on this detailed and important investigation. Their finding that the choice 
of general anesthetic for colorectal cancer surgery has minimal if any effect on early perioperative 
immune status illuminates an important and controversial topic. However, several limitations of 
the study are to be acknowledged. First, matching the pathological stage of the colon cancer in the 
two treatment groups is, of course, essential. The authors conclude that the two study groups had 
comparable pathological stages of colon cancer. However, a single significance test comparing the 
two groups for all five-stages combined yielded p=0.071 [12], thus indicating that the groups most 
likely differ in at least one of these stages (i.e., p<0.05). Such a difference may have skewed the 
results; therefore, a statistical sub-analysis for each pathological stage should have been planned 
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for such an eventuality, or at the least the authors should have 
implemented a set of unplanned post hoc comparisons [13]. Second, 
the authors state that propofol was reported to have a greater (i.e., 
desirable) antitumor effect than volatile anesthetics in oncological 
surgery, yet they hypothesized that propofol-based anesthesia 
would have fewer harmful effects on circulating immune cells than 
equipotent doses of volatile anesthetics. This apparent inconsistency 
remains unexplained. Lastly, a trade-off between type I and II error 
rates is inevitable [14]. The authors chose traditional type I and type 
II errors of 0.05 and 0.2, respectively. However, we are certain that in 
this clinical context failure to reject the null hypothesis (type II error) 
is as important as falsely rejecting it (type I error); therefore, the type 
I and II errors should have been equal when calculating the necessary 
sample size and statistical power [15].

The novel findings of Chung-Silk et al. [12] randomized, double-
blind, and prospective trial-namely that the fraction of circulating 
natural killer cells and T lymphocytes was comparable between 
propofol and sevoflurane-based anesthesia in patients undergoing 
colorectal cancer surgery-are an important contribution to the 
topic. The immunomodulatory aftermaths of general anesthetics are 
well-described [16]. Immunosuppressive effects are ascribed to an 
increased apoptosis or a decrease in circulating immune cells [17]. 
Nevertheless, compelling evidence suggests simultaneous, opposing 
immuno-activation [16]. General anesthetics-induced 
immunosuppression and immuno-activation may be either 
detrimental or beneficial, subject to the clinical scenario [16,18]. 
Thus, the clinical significance of findings of studies implementing 
laboratory measures as a surrogate of immunocompetence could 
not be readily inferred. Additional clinical trials of longitudinal 
oncological outcomes are required to determine the safer general 
anesthetic for cancer surgery.
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