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Opinion

Can Anesthesia Influence Cancer Outcomes

After Surgery?

[Stirgery and |paif induce [stress and inflammatory re-
sponses that have radical [fféects on [célltlar and sys-
tems physiology, gxtendingwellbeyond he time ofsur
|gery. There is a growing appreciation that, in the same
way that mitigating the negative effects of such factors

plays animportant role in pfomoting wound hiealingand
|preventing complications (such as postoperative infec-
tions), surgery, anesthesia, and painjmightialso be asso-
ciated with the [fisk'of metastatic recurrence after can-
cer surgery. Naturally, speculation has followed that
modifications of perioperative interventions, such as
anesthetic or analgesic technique, may help reduce the
postoperative incidence of metastasis and improve
patients’ long-term survival.

While at first it may be tempting to challenge the
long-term importance of anesthesia in the context of a
chronic, highly heterogeneous, and fundamentally ge-
netic disease, it is worth considering how short-term
eventsand ensuing physiological disturbances during the
perioperative period might influence the fate of any

minimal residual cancer, which is anUndetectable popu?
lation of cancerous cells persisting after surgery as are-
sult of incomplete surgical clearance; intraoperative
|seeding of malignant cells into the surgical field, bload,
and lymphatic fluids (as with circulating tumor cells); or
the existence ofSlibclinicaljmicrometastatic disease prior
tosurgery. Whether these cells die, lie quiescent, or colo-
nize and |proliferate to emerge as new metastatic dis-

ease is thought to depend on'a complexinterplay of
tumor-associated, microenvironmental, and immunity-
[associatedfactors. There s a certain level of €Xperiment
talevidence that anesthetic drugs, opioids, blood trans-
fusion, and [otheF perioperative interventions may
[disrupt this delicate balance at a critical time of immu-
nological susceptibility.

One of the leading lines of enquiry to have arisen
from the emerging field of onco-anesthesia centers

around the effect of general anesthetic drugs on can-
cer cell biology and host antitumor immunity. An ex-
Ppanding body of experimental data has evolved from
more than 30 years of study into the conditioning ef-
fects of anesthetics in specialized organ tissues sub-
jected toischemia-reperfusion injury tosuggest thatigen-
eral anesthetic agents also have the capacity to directly
influence hallmark cancer-cell phenotypes and meta-

static jpotential. Importantly, there appear to be no-
table [differences in this respect between the 2 major

classes of general anesthetics in clinical use today: ifi¥
ialational fluorinateayaroEarbors, such as soflurane
or sevoflurane, and intravenous jpropofol. Inhalational

agents continue to account for nearly all general anes-
thetics given worldwide, but recent laboratory studies

have shown these to gnfianceangiogenesis, migration,

[range of icancer el types. Further work is required to

fully understand the molecular mechanisms driving these
phenotypes and determine the extent of their influ-

ence in vivo, but the/Strongest évidence to date points
toward a capacity to [potentiate oncogenic phosphoid
nositide 3-kinase (PI3K), protein kinase B (also known
asAkt), and mammalian target of rapamycin (mTOR) cell
signaling and up-regulate hypoxia-inducible factors, with
effects Ststained for as long as 24 hours aftera2=hour
lexpostire.lin addition to their effects on cancer cells, in-
|halational anesthetics also directly [impaif| the effector
functions of immune cells that play key roles in EUmor
cell surveillance andfelimination), leading tofeduced tu
[mor'cell’killing in Vitra and enhanced experimental
metastasis in-2 In contrast.- whichis com-

monly used to maintain anesthesia by way of a continu-
ous intravenous infusion, has been shown to @ntago?
nizethosesame cancer cells-signaling pathways'; inhibit
Gancer cell migration, invasion, and metastasis by re-
[ducing the synthesis of [matrix metalloproteinases and
impeding cell motility machinery?; and-the-
[fious effects of inhalational agents on [cellFmediated
Its_and prop-
erties may underpin these antitumoral effects and play a
role inoffsetting the Systemidiinflammatory response elic-
ited by major surgery, thereby potentially disrupting a ma-
jor axis by which circulating tumor cells colonize distant
sites and evade antitumor immune killing.
Potentially in keeping with the diverging pheno-
types observed in the laboratory between the 2 anes-

thetics, several recent fetfospective dlinical stuidiesS7
have shown an(association between iifialational anes-
thesia and [feduced long-term Strvival or recurrence-

free survival in patients with[€ancer who are undergo-
ing elective surgery compared with survival in similar
patients who receive propofol-based anesthesia. The
largest and most balanced of these® analyzed the out-

comes of 7030 patients with more than 207different

[typesoficancer at a tertiary cancer center in the|United
[Kingdom and, after propensity matching and adjust-

ment for confounding factors, reported a [iazardratiol
of 146 (95% Cl, 1.29-1.66) for death @ti5years in pa-
tients receiving a general anesthetic with isoflurane or
isevoflurane compared with a total intravenous tech-
nique with [propefel and the ultra-short-acting opioid
drug Femifentanil. Although Fetfospective and Sifgle-
[centeriin nature, with all the inherent biases and limita-
tions that entails, these results are €onsistent with the
aforementioned |basic Science data and have already
sparked debate within the specialty as to whether it is
yet appropriate or justified to switch to a total intrave-
nous anesthetic for patients undergoing cancer opera-
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tions. [Mst anesthetists wouldagree that theclinicalévidence base

S otyetSufficiently FOBUSE to SUPPGRY such a move, and it should
be acknowledged that there are alsoSeme'small-scalestuidies|show-

ingnodifferencein outcome. However, the popularity of and famil-
iarity with propofol-based anesthesia is steadily increasing, with ad-
vocates of the technique pointing toward other favorable
characteristics, including a reduced incidence of postoperative nau-
sea and vomiting, smoother emergence to consciousness, and more
rapid recovery. Nevertheless, future prospective and multicenter
trials with large sample sizes are urgently needed.

In addition to the potential outcomes of general anesthetic drugs,
there are also a number of inexpensive and readily available thera-
peutic @djURCts that may be safely used during the perioperative
period to help tackle the potential risks of disease progression JB=Ad

renoceptor antagonists, nonsteroidal anti-inflammatory drugs, and
lantithrombotic drugs are currently under evaluation in the labora-
tory and clinical trials.> Meanwhile, promising,_
properties have also been attributed to amide local anesthetics, such
as lidocainge. These drugs prevent nerve conduction via voltage-
gated sodium channelinhibition and in this way have been shown to

inhibit the invasive potential of metastatic cells that functionally ex-

press these channels.® Their potentially beneficial effectin cancer cells
is also mediated by Src inhibition, which prevents release of media-

tors of cancer cell migration and metastasis.g_
presses proliferation of cancer cells viaa directiinhibitory effect onthe
lepidermal growth factor receptor, a tyrosine kinase receptor essen-

tial for the proliferation and differentiation of tumors of epithelial cell
origin.’® Given tha
ingly popular constituent of multimodal analgesic regimens, particu-
larly for major surgeries (such as |laparotomy). this represents a fea-
sible and attractive adjunct.

Taken together, these scientific data should act as a catalyst for
prospective, randomized clinical trials to provide much-needed clar-
ity asto whether the tailored use of anesthetic drugs or adjuncts, such
as propofol and intravenous lidocaine, can help to improve long-
term oncological outcomes. Such trials will not be straightforward,
given the complexity and diversity of factors that confound the
perioperative period. However, the quest to define an anesthetic tech-
nique that promotes rather than undermines efforts to prolong
postoperative cancer-free survival is now an urgent priority; when
scaled, it may have the potential to rapidly and affordably improve
postoperative cancer outcomes worldwide.
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