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Anesthetic Techniques and Cancer Recurrence
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Cancer is a major cause of morbidity and mortality
around the world. Surgical resection is the mainstay of
treatment of solid tumor. Perioperative factors affect cancer
cells and host’s immunity, which contribute to promote
the development of metastasis such as suppression of
cell-mediated immunity especially NK cell activity. Data
from laboratory and animal experiments suggests that
anesthesia and anesthetics may significantly contribute
immunosuppression and raises a valid concern regarding
the potential role of anesthetic and analgesic techniques
in causing cancer recurrence and metastases. Regional
anesthesia attenuates the neuroendocrine stress response,
reducing opioid, and intraoperative volatile anesthetic
agent requirements. Recent observational studies have
found a strong association between the use of regional
anesthesia for cancer surgery and reductions in late
recurrence of cancer. However, these findings must be
interpreted cautiously as the majority of studies are in vitro,
animal models and retrospective studies. Anesthesiologists
should choose anesthetic techniques that minimize the
impact of perioperative deleterious immune cell changes,
reduce the inflammatory and adrenergic surgical stress
response and focus on rapid return of functional recovery.
Keywords: general anesthesia, cancer recurrence,
immune system
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Taun gAufuuuuladamwe (nonspecific immunity)
WAz QRANAULULSNTE (specific immunity) Tnaszu
Qﬁﬁmﬁ’uuuuiuﬁ’nww (nonspecific immunity)
azdsznaumag epithelial barriers, granulocytes,
macrophages, natural killer (NK) cells Lag dendritic
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wuaneuanunsfneuzisetiia solid tumor
TuilaqiiuAanisinelaeanisindaeifeuidanziieann
agnalsfimunisinsafdoudadinlfinianalnnisung
nszanseTaguislE AausdnnsindaReuilensi
ﬁu@ﬂé’mmqmwm’%ﬁmmﬁmm_lmm (histologically
free margins) Afnu mmmmmmmimm@@u 139
ﬂ?mmwummmmmiummﬂ 49191 NNTUNS
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TRy (nonspecific immunity) LAY LULAUNNL
(specific immunity) (g‘]ﬁl‘ 2) NK Cell activity azgnnanig
finluiiufl uazaznduugniazing fuaetiedes
72 daluandenssngi AunNANTULLLRINE (specific
iymmunity) A¥iN13NATLUL cell-mediated immunity (CMI)
yNcytotoxic CD8 T Izmphocyte WAL helper CD4 T
lymphocyte 48NaINi prostaglandin E2 #4&319an

| Cancer Surgery | cells into the biood and
lymphatic circulation

cyclooxygenase pathway %@'ﬂﬂqw"ﬁfﬂmmi‘ﬁw’m%\‘i
macrophage, neutrophil, Th1 LAY NKs’ceII PRI
AUAYUNI9N9IUIe Th2 cell® dudeauqunis
apoptosis N9zAULANA angiogenesis LAZIANIIANATN
B BEEAEN Nt

angavasnalnlunisrouny angiogenesis auidely
afinnssingn Tmﬂwmqu]ﬂ,wmwﬂ@qmiwmmﬂﬁ
analn angiogenesis I&un VEGF, Transforming
growth factor B (TGF-P ) laz Matrix metalloproteinases
(MMPs) wazlnnsandsunnaes anti-angiogenic factors
14LA endostatin WAz angiostatin AINN1TANHINITHFA
masteotomyIumﬂqauwmmumwmﬁ mwmmimmm
sefes VEGF luidenifindy (1385pg ml™) oo
fauEIFA (806 pg mi™) amwummm

Shedding of malignant

| Lecal Tissue Damage | | Psychological Stress |

}
[ Acute Phase Response |[ Activationof SNS ][ Activationof HPA |
i 1

Release of Prostaglandins, Growth Factors, Matrix metalloproteinases, Catecholamines,
and Glucocorticoids
(Released levels related to magnitude of stressors)

Suppressed specific | | Suppressed innate
Immunity Immunity
«B lymphocytes Monocytes
«T lymphocytes «Macr
«Natural killer cells
«Dendritic celis
Granuocytes
Mast celis
!

\ \
Increased Anglogenesis | | Enhanced tumor
Jncreased VEGF cell adhesion
«Dec d angiostatin molecule
and endostatin expression

Jincreased tumour cell migration, invasion, growth and resistance to apoptosls |
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1. 2IMNRAL (Volatile anesthetic agents)
gaNaauTiia isoflurane Waz halothane AnaaANN3

11911289 NK-cell TUNIUANTRI9IKIBY LHAREATY

(lymphocyte antigen activity) sevoflurane fallaamnnis

WA cytokines (470 IL-1B waz TNF-a) a1n NK cells lu

NARANAABL® ANNNITANEINLIN enaNdaLdanalfiin

mﬁ‘LﬁlﬁJ"%wnm hypoxia-inducible factorta (HIF-1a) %IQ
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chemotaxis ﬁi’Nj AINANIAF19 hematopoietic cells %I\‘i
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An ﬂ@NVIVLm“LI N,0 65%Hazaandiau L‘Lﬁ‘?;lllm‘ﬁl‘l_m‘l_lﬂﬂu
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wansaiuluug cancer recurrence MAIAINAARNGA
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2. g1AAINI9naantaanmi (Intravenous
anesthetic agents)

Thiopental HKANATTULIYRANTL WLIIAANITL
finaag T-lymphocyte LaznAN1TRI9IUTIAINALN
monocyte cytolysis® Tudninnans W‘]_Imilﬁmmm“ﬂm
NULT WATANAIUINLDI NK cell Lﬁ@LﬁﬂUﬁUﬂZéNﬁQU@Nm

Propofol flqw?jr antineoplastic effects IAEINNTUNIL
Mmﬂﬂzﬂﬂ TNAUATNN19N 191 UIRITE UL HANAULAL
ﬂummimmt,mu‘llmmmam 159 AINNTANEINLIGN
propofol TR LR ANI RN SUNINT ANV ILTAE
Nz azldfinanananna1uaas NK cell cytotoxicity
‘luuumm@mmimm ITARNZATIS U mﬂmm@smumm
F&nsiaien propofol NNMABALABAAT yenanil propofol
mm@ﬂ?mmumaoﬂwty 224 cytotoxic T Cell LLazanm
N136519 Prostaglandin E2 AMNIAR monocyte NIUNT
Sufansinemaasianla cyclooxygenase'""?

Ketamine NNATUNIUIZLL immunomodulatory
effects 489 macrophage, lymphocytes LAy mast ce;ll
WL ketamine TLNAUNNTVINNNUARN THA cell”® wazeiues
N199119714289 NK cell cytotoxicity™ naaeaen151d
ketaminel1a11m 0.15 mg.kg” NaaAREARN NEUAN
mzmuiu;:mfmﬁu’]?”umimﬁm elective abdominal
surgery W91 ketamine Auaannirai pro-inflammatory
cytokine AIWAN IL-6 WAy TNF-a LAZNANITVINIUUAY
NK cell cytotoxicity MesdsnsEndn' tnafilaifina
sUNIUNNsa IL-2 G149 112 iy cytokine d1Atyluns
NNUBRITE UL HANAUIBIFIINE

Benzodiazepine Anns@nunlainnniin agelsfiniu
mqmmaﬁmmmmﬂ@ﬁﬁ whagiliiianansesyuy
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Qﬁﬁuﬁuimﬂthum\immmqum?m (stress response)
7897908’

Opioids NZMUATETHA TNTUAAILEY mu-opioid
receptor (MOR) funnAulyl 1y wzaen wazuziis
Wnun'® nnsdAnenlunaeanaass wud winsedunig
N19UTRY MOR Az@1u170aANI9IAA opioid-induced
tumour growth 3588182 35-50 LATAANNTUNINIZANEITR
uziialineFanay 45-70" a1ngu opioids a¥nswsii MOR
I PN mLmﬁL‘w mmwmumm LLZ\]"”ML@?N
nN9LnA anglogene8|s ® yanannii opioids Saluaduds
S:UUQM@Nﬂumsﬂum cell-mediated immune response
waz humoral immune response'® aginglafinnu nslasy
opioids wmmmmummmmnmm@mu‘lﬁmmmL'a\i”l,m
WATALNaNNTANE muumuumﬂm op|0|ds el opioids

yﬂ‘iyﬁ;u nuclear factor (NF)-KB E’ﬁ\il,ﬂu transcription
factor ndnlunisaruannalnnisdniauLaznisinans
TARAULANURILTA RN T
u@ﬂﬁ’]m’mmiﬂﬂmmﬂ m@\uﬂumnmmnu
ilesannuaaes opioids umml,muLLmﬂummm’m’m
FLUUNNANAY Anvadaiianvanetiadefifendaciunis
Ugmsen vinliluilaqiiuaedslianunsnagnasasenn
g% opioids slawtaaNzIslfatinaTnIaL’”

3. @171 (Local anesthetics)

a1 RN HA cytotoxic effect AALTARNLIN
Tae1m99 TnEN1IaANITULINFIT8Y mesenchymal stem cell
(MSC) a1nn1INAaas TALINI LR8I Tad MSC 104
UYNAABITINALENVINTUA ropivacaine fipnnuidudu
A 1 wudn Tunguiaadnaaes e nannET fiuaan
N1TULNFNURY MSC 3\1@mmmﬁu‘lﬁmmﬂ’ml,wa'mmm
199 1IAFNLISIE? LaNAINENNIANHIN LA LTA
uzi59lendiia adenocarcinoma 289AUALYNTN
ropivaciane LAz lidocaine W1 mmqu:ﬁ' Heaan
NN9LAROUAI TR T AR LI (reduced tumor cell
migration) Wag AANIAFI inflammatory cytokines ﬁﬁ
HARANNTRNS I LTBUTATNZISY LAz NATINIY
naln DNA Methylation 289 taduzifaLeTin uasing
FAN19N3THL tumor suppressor genes”

4. annqN NSAIDs

A NTLFIazasedns pro-inffammatory
prostaglandins Iaelanne PGE2 way leukotrienes aan
1N Lﬁ'ﬂzﬁ'\iLﬁ?‘Nﬂ’]iL@?ﬂ&lLaUIm (proliferation, survival,
migration A% invasion) LAZN19LNA metastasis VRILIAR
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nzide MlFRaan1zuIsdeNTiEnzaNiLNNIE3TY
Laﬂfwﬂjmﬂﬂrmmgﬂ (tumor microenvironment)
uaNaINY prostaglandins HNARBIEULYNANTLUBY
31an1g Taedudanisineuaes NK Cell, cytotoxic
T cells, dendritic cells LLﬂzﬂi‘z[ﬁjumiﬁ’N’]m}ﬂ\‘i
T regulatory cell AL macrophage Wﬁlﬁima”l\/IZtype
molecules G‘i’]‘me arginase | Frnminfiduds T-cel
act|vat|on @m/m n3neureaeulasd cyclooxygenase
NN@Lﬂ@ﬂuma‘ﬂ@N pro-carcinogen i1 carcinogen sn\‘i
fa3unn9iin mutation uaz neliAnNNsaiTasT
NaUndz* aann1sAnsnLLEas Nz e epithelial
origins 114 colorectal, breast, bladder, cervical Lag
ovarian insuansaanzedieslad COX-2 inniiulyl uay
{ANnN383e PGE2

aninanandnedi nssniay %mﬂun@imﬁﬁﬁmﬁ
MIFAANITUNTNT mmmm@ﬁu L?q ngldengs
NSAIDs anataeiannsAnNalniTlE anst #NGNNSAIDs
?NNE]‘V]ﬁ anti-angiogenic effect fngl ‘Mﬂﬂ’liﬁﬂﬁﬂu
N‘ﬂ')ml L39LINN® WU recurrence-free survival time
mumuslumﬂqw”lmumNSAIDs?zm’Nmimmm GH
‘lugﬂwmmﬂmﬂmumnqu NSAIDS WU
metastasis-free survival time LaT8RT138AT35 AN1lL
ngulalléFen doudilansSeriafulndn wu uzds
AaNgNUNIN AziiANIazdniautasndn Faunns
#1ngu NSAIDs mwmmu@ﬂﬂfm fawy n1sAnsly
AL Lﬁ‘\i[ﬂ’ﬂN@ﬂ‘MN’mV}L°]J’1§“1_Iﬂ’1§‘[ii’1[§l® retropubic
prostectomy VLQJW‘LIﬂ"J'WlILLfflﬂffﬂd‘ﬂ@dﬂ’]ﬁ‘mm\lwlﬁ\‘iﬁmlu
nauAlETuuazlall#FUEINSAIDs luszudnaingn?

aeinalsfinu LNUMIB9ENgH NSAIDs sian1sin
Tepnzife faasladaian miuwmmummmﬂm IUA
18981 UATIZEE nanvess e Timanzan 1l Lu@qmﬂﬂ’m
@uu FafidasAnduniazunandeureqsn dauie
@%ﬂummmmmmnmﬂum sialilunisaginaseq
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NAURY Regional anesthesia AaszUUNNANAUURY
F19Me

Regional anesthes”ia Auaan surgical stress
response tagn1aiAfUNITEINTZLaLTZd1NANN
afferent neural transmission asazilasfilaflé noxious
afferentinput [N D9z LUl sramdILnans 11119 regional
anesthesia Nuaan surgical stress response 1funnndn
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general anesthesia ANNNINTINILFLIAN TR stress
responselisnanie Suldun sxsinin m@‘lu@fam cortisol
waz C-reactive protein Wmﬂumﬂfmwmmmmﬂm
wAtlA regional anesthesia m”mmmmimmu mmﬂ
glaanga general anesthe5|a28 2

wanannil Tuﬂ@uﬂmmﬁuﬂ regional anesthesia
%s\lmﬂ"nmﬂ@‘u opioids LLaxﬂ’mZ\gN volatile anesthetics
Haandnmaila general anesthesia LazENTRNET £
HAnasumaduzisy sousae inldszuugiduiuaes
i'Nmgmmmﬁwmﬁlﬂuﬂﬂﬁ 9B lHAAANITLARA
ALl

ﬂ@f«gﬁuﬁmiﬁﬂmmnmﬂLﬁﬂqﬁum@m@q regional
anestr;esia Werudu general anesthesia Tusuniaiin
nzfeuazn1TuNINszaeredNziie TnannsAnedau
Iﬂﬂo_,iﬁﬂslﬁm’m@ulﬂﬁmdLQ@’]?:M']"NM?EJ’]I?T@ VT N9
AN systemic review mmmimﬂm Sun Y. bag
ALY $959U591N9N 20 NsAnEA dsznaudaagilae
NINNTT 54,000A% WUIN N19lEinATlA Regional
anesthesia lugaeszndnanesinsin fiénssenlnasuiia
U (Hazard ratio [HR] = 0.84, 95% CI, 0.75 - 0.94;
| =41%) whbiandnsnNIanaNgdet (HR=0.91, 95%
Cl, 0.70 - 1.18; 1=83%)™® %ﬂﬁmm@/mﬁmﬁumaﬁﬂm
289 Chen wazanse taanisdAneiidunisdnsaunn
Tunyfidsznandasdia 46,0000 iWisLifiaunates
combined general anesthesia 71l epidural anesthesia
Weufiu general anesthesia 1 Wina U W@ amen i waz
Winaetnsfaiau lufilhanguus Limﬂm

atnelsfi flasannnisAnsnimanil mmmummu
N3 lmAtia general anesthesia fuAng Gﬁ\‘imfﬂzﬁ\‘m@ﬂm
NHANALLAZALATHNIINANTUNTNITANLTINE mvl,m
ﬂﬂwm'ﬁﬂ’l?ﬂﬂw’]mumﬂ CEAS IR retrospective EIN
mwmmmmmme@mmmzﬂmqn selection LAY
information bias 29874 a1aflladefurinaaanzifadn
WAendasdag inlFlianansnuansdanaaes regional
anesthesia WUy general anesthesia 1¥atnafud
Lu@wmafmqmiﬂﬂmluﬂmuu A1N1I0AWLNANT TR
yosnziSeld et

NELSIULATUN (Breast Cancer)

mnmiﬁﬂt«m‘um Exadaktylos LarAny Tawinlu
gtlag 129 A mmmmmﬂ@uw \FUAUN (Mastectomy)
LL@“‘L@’T”M@NH’]LM@@\‘IU‘J‘L’JM‘J‘ﬂLL‘J‘ Immm\mﬂqmﬂumm
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ngx Aa nguwIn 50 A MnatiasziuaNFAnLUY
paravertebral block #9871 general anesthesia LAy
AILIANEINITLIAAIENI9YN paravertebral infusion
1981 48 FTas dauBnngu sznaudae 79 au AldFUNg
i‘t@ﬂqmﬁﬂLLuu general anesthesia LATAILANAINNT
UIANRNAA Fag patient-controlled analgesia WU
HAuuANFNeiuTeeaeIng at1eltdAnylusu
recurrence Wag metastasis free survival rate Lﬁl@mm
dnulil 24 uaz 36 LAAUNAINTHNFA®

904z nsdnenlunaeanaaes TnensuBauidiey
FLALURNANT pro-inflammatory cytokines NAULATUAY
kR A serum vesdtlaefidnFunnstinFadanmaiia
regional anesthesia Weniu general anesthesia WL3N
éluﬂ@'ll regional anesthesia AN98nA9209 |L—1[3 m?LﬁIN
mumm IL-10 ULazN"19aARI28I MMPS LAz Wain serum
AN HnziAssTadusfelunaeAmases W
serum mrmzm reg|onal anesthesia mmm@mmﬁ‘um
[51"3"]]@\‘1Lsﬁ@@NVLNVLﬂLN@LV]EI‘LIT]'LIﬂ@Nﬂ')‘LIﬂN 'aﬂml,mm
119m NK cell cytotoxicity WuINK Cell mnﬂ@u‘vﬂm
WANA regional anesthesia mmmmmu”lmmmﬂﬂqu
general anesthesia agiNaNuadATYNeans >

NZIFIAaNgNVNN
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ﬁﬁ@f&ﬂfj%ﬂumﬁqﬁi@ugnm’mmiﬁﬂmﬁmﬁummm
regional anesthesia 11 prostate cancer Tuilaqiiugau
wnadlunisAneuwuudeunas @y nnsAnEnUee Biki
LAYATLY Imﬁﬂ@m@‘uﬁqmﬁﬂqam”ﬁﬁm@mﬂwmmum
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Authors Year Number of patients Outcomes
Christopherson et al. 2008 177 Improved survival with Epidural anesthesia before1.46 years (P=0.012)
Cummings et al. 2012 42,151 Improved 5-yr survival(61% vs. 55% P=0.001) with Epidural anesthesia but no
difference in cancer recurrence rate
Gupta et al. 2011 655 Reduced rectal cancer mortality with Epidural anesthesia vs. GA (P=0.049)
Holler et al. 2013 749 Improved 5-year survival (62% vs. 54% P<0.02).
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