@ TASHKENT MEDICAL ACADEMY WTMA

ISSN: 2181-3175



Journal of Education &

Scientific Medicine

ISSN 2181-3175

Tashkent Medical Academy

Review Article

Open © Access '

Correction of Perioperative Immuno-
suppression in Cancer Patients: current
approaches and future perspectives

N.K. Ibragimov, B.Z. Khamdamov, B.A. Rakhimov!

ABSTRACT

The immunosuppressive effects of surgical trauma, anesthesia, and opioid use in the perioperative period may com-

promise antitumor immunity in cancer patients, potentially promoting metastasis and recurrence. Strategies to cor-

rect or mitigate perioperative immunosuppression are gaining importance in oncologic anesthesiology. This review

summarizes current and emerging approaches to support immune function in the perioperative setting. These in-
clude pharmacologic interventions (e.g., COX-2 inhibitors, (3-blockers, dexmedetomidine), anesthetic technique
modification (e.g., regional anesthesia, TIVA), immune-modulating nutrition, and perioperative immunotherapy.

Mechanistic insights into immune restoration, timing of interventions, and clinical outcomes are critically discussed.

The review advocates for the implementation of personalized, immunologically informed perioperative care proto-

cols to enhance oncologic outcomes.

Keywords: Cancer, perioperative period, immunosuppression, immune correction, beta-blockers, dexmedetomidine,
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INTRODUCTION

The perioperative period in oncologic surgery repre-
sents a critical window during which systemic immune
function can be markedly suppressed by a combination
of surgical trauma, neuroendocrine activation, anesthetic
exposure, and opioid administration. While these physio-
logical responses are evolutionarily conserved mecha-
nisms aimed at limiting inflammation and facilitating
tissue repair, they may have unintended oncological con-

sequences, particularly in cancer patients with circulating
tumor cells or minimal residual disease [1,2]. Numerous
experimental and clinical studies suggest that this tran-
sient immunosuppressive state facilitates tumor cell sur-
vival, migration, and metastasis, potentially contributing
to disease recurrence and poorer long-term outcomes [3].

Key components of the host’s antitumor immunity,
including natural killer (NK) cells, cytotoxic T lympho-
cytes (CTLs), and antigen-presenting dendritic cells, are
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functionally impaired in the early postoperative period.
This immunosuppression is mediated by elevated levels
of glucocorticoids and catecholamines, reduced expres-
sion of cytotoxic effector molecules, and increased popu-
lations of regulatory T cells (Tregs) and myeloid-derived
suppressor cells (MDSCs) [4]. These changes collective-
ly create a permissive microenvironment for mi-
crometastatic proliferation and immune evasion.

Efforts to understand and correct perioperative im-
munosuppression have gained considerable traction in
recent years. Multiple pharmacologic agents—
including cyclooxygenase-2 (COX-2) inhibitors, [3-
adrenergic blockers, and alpha-2 agonists—have shown
immunorestorative potential in both preclinical and ear-
ly-phase clinical studies [5,6]. Simultaneously, anesthetic
techniques such as propofol-based total intravenous
anesthesia (TIVA) and regional anesthesia have been
associated with better preservation of immune sur-
veillance, particularly through their ability to attenuate
the neuroendocrine stress response and reduce systemic
inflammation [7].

In addition to pharmacologic modulation, immune-
targeted nutritional support and perioperative im-
munotherapy are emerging as viable adjuncts for restor-
ing immune homeostasis. Immunonutrition, with argi-
nine, glutamine, and omega-3 fatty acids, has been
shown to enhance T-cell proliferation, cytokine balance,
and wound healing in cancer surgery patients [8].
Meanwhile, the concept of "perioperative oncologic im-
munotherapy" —including checkpoint inhibition or cy-
tokine support during the perioperative phase—is being
actively explored in clinical trials, aiming to maintain
immunosurveillance during this vulnerable period [9].

Despite the promise of these approaches, their clinical
adoption remains limited, often due to fragmented proto-
cols, limited awareness among clinicians, and insuffi-
cient randomized controlled trial data. As immuno-on-
cology continues to evolve, the perioperative period
must be viewed not only as a time of surgical risk but
also as an opportunity for targeted immunological inter-
vention that may influence long-term cancer control.

This review aims to consolidate current knowledge
on the correction of perioperative immunosuppression in
cancer patients, highlighting both established and exper-
imental strategies. By examining their mechanisms of
action, timing of administration, and effects on clinical
outcomes, we seek to provide a comprehensive overview
that supports the development of personalized periopera-
tive protocols grounded in immunological principles.
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1. MECHANISMS OF IMMUNOSUPPRESSION
AND RATIONALE FOR CORRECTION IN THE
PERIOPERATIVE WINDOW

The perioperative phase of oncologic surgery is char-
acterized by profound physiological and immunological
shifts that can compromise the host’s antitumor defense
mechanisms. This transient yet clinically relevant state
of immunosuppression is primarily driven by the surgical
stress response, which activates the hypothalamic-pitu-
itary-adrenal (HPA) axis and the sympathetic nervous
system, resulting in elevated systemic concentrations
of cortisol, catecholamines, and proinflammatory cy-
tokines [10].

These neuroendocrine mediators exert pleiotropic
effects on immune function. Cortisol inhibits antigen
presentation, reduces cytokine production by Thl lym-
phocytes, and suppresses natural killer (NK) cell cyto-
toxicity. Catecholamines further suppress NK cells and
cytotoxic T lymphocytes (CTLs) via [3-adrenergic recep-
tor signaling, while also promoting angiogenesis and
tumor cell migration through enhanced secretion of vas-
cular endothelial growth factor (VEGF) and matrix met-
alloproteinases (MMPs) [11]. Simultaneously, an in-
crease in immunoregulatory T cells (Tregs) and myeloid-
derived suppressor cells (MDSCs) creates a tolerogenic
environment that favors tumor cell evasion and mi-
crometastatic seeding [12].

These immune perturbations are not merely theoreti-
cal concerns. Clinical and experimental data consistently
show that NK cell activity declines sharply within hours
after surgery, correlating with increased rates of metasta-
sis and reduced survival in animal models of breast,
lung, and colon cancer [13]. Similar findings have been
observed in human studies, where lower perioperative
NK cell activity is associated with early relapse, espe-
cially in high-risk malignancies [14].

Given the predictable timing and reversibility of this
immunosuppressive state, the perioperative window is
increasingly viewed as a therapeutic opportunity. The
goal is to interrupt the immunosuppressive cascade
through pharmacological, nutritional, or anesthetic
strategies that either preserve or restore immune func-
tion. Ideally, such interventions should be initiated pre-
operatively or intraoperatively, when tumor cells are
most vulnerable and the immune system can be primed
for effective surveillance.

Moreover, as immune checkpoint inhibitors and other
immunotherapies become standard in oncologic care,
preserving functional immunity during the perioperative
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period may be critical to sustaining their efficacy. For
instance, T-cell exhaustion or NK cell depletion may at-
tenuate response to neoadjuvant or adjuvant im-
munotherapy and limit its durability [15]. Thus, immune
protection is not only relevant to surgical recovery but
may also enhance synergy with systemic oncologic
treatments.

In light of this mechanistic understanding, periopera-
tive immune correction strategies aim to blunt the delete-
rious neuroendocrine-immune cross-talk, sustain innate
immune effector function, and limit the tumor-permis-
sive milieu that surgery and anesthesia may otherwise
exacerbate. These goals form the rationale for targeted
perioperative interventions—pharmacological, nutrition-
al, and procedural —that will be discussed in the follow-
ing sections.

2. PHARMACOLOGIC AND ANESTHETIC
STRATEGIES FOR IMMUNE SUPPORT

The recognition that surgery-induced immunosup-
pression can promote tumor progression has prompted
interest in pharmacological agents and anesthetic tech-
niques capable of modulating this response. A growing
body of experimental and clinical evidence supports sev-
eral perioperative strategies aimed at preserving immune
function and mitigating the oncologic risks associated
with immune dysfunction.

Among the most extensively studied agents are [3-
adrenergic blockers, particularly propranolol, which an-
tagonize the effects of catecholamines released during
surgical stress. Preclinical studies have demonstrated that
perioperative B-blockade reduces tumor cell adhesion,
angiogenesis, and metastasis in murine models [16].
Clinically, (3-blockers have been associated with preser-
vation of NK cell activity and a reduced incidence of
recurrence in breast and colorectal cancer patients un-
dergoing surgery [17]. Their ability to dampen sympa-
thetic nervous system activation makes them a logical
adjunct in the immunoprotective perioperative armamen-
tarium.

In parallel, cyclooxygenase-2 (COX-2) inhibitors,
such as celecoxib, have gained interest for their anti-in-
flammatory and antiangiogenic properties. COX-2 ex-
pression is upregulated in many tumors and is further
increased in the surgical setting, promoting prostaglandin
E2 (PGE2) production and immunosuppressive signaling
[18]. By inhibiting PGE2, COX-2 inhibitors have been
shown to enhance dendritic cell function, augment CTL
responses, and suppress MDSC activity. When combined
with [-blockers, they exhibit synergistic effects in pre-
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clinical cancer models, prompting calls for prospective
trials in human surgical oncology [19].

Dexmedetomidine, an o2-adrenergic agonist, is in-
creasingly used for sedation and sympatholytic effects.
While concerns exist regarding potential immunosup-
pression at high doses, recent studies suggest that low-
dose dexmedetomidine may preserve immune cell viabil-
ity and promote a balanced cytokine profile [20]. Its abil-
ity to reduce opioid consumption and attenuate the neu-
roendocrine stress response supports its role in immuno-
conscious perioperative care, although further research is
warranted.

Intravenous lidocaine, administered as a perioperative
infusion, has been shown to reduce proinflammatory cy-
tokine levels and preserve gut barrier integrity, which
indirectly supports immune competence. Though its di-
rect immunomodulatory effects are modest, lidocaine
contributes to opioid-sparing analgesia, itself a key goal
in reducing immune suppression [21].

The choice of anesthetic technique is equally conse-
quential. Total intravenous anesthesia (TIVA)
with propofol has demonstrated superior preservation of
NK cell activity, reduced oxidative stress, and inhibition
of pro-metastatic signaling pathways compared to in-
halational agents [22]. Propofol also inhibits cyclooxy-
genase activity and downregulates HIF-1a and VEGF,
key factors in the hypoxia-driven tumor microenviron-
ment [23]. Multiple retrospective studies have suggested
improved survival in patients undergoing oncologic
surgery with TIVA, although ongoing randomized trials
are needed for definitive conclusions.

In contrast, volatile anesthetics, such as sevoflurane
and isoflurane, have been associated with suppression of
immune function, upregulation of angiogenesis, and fa-
cilitation of epithelial-to-mesenchymal transition (EMT)
in cancer cells [24]. While their use remains widespread,
growing awareness of their potential immunosuppressive
effects has led some institutions to preferentially adopt
TIVA protocols in high-risk cancer cases.

Importantly, the reduction of perioperative opioid
use remains a cornerstone of immune preservation. Mul-
timodal analgesia strategies combining NSAIDs, aceta-
minophen, gabapentinoids, local anesthetics, and nerve
blocks allow for effective pain control while minimizing
the immunosuppressive burden of high-dose opioids
[25].

In summary, a range of pharmacological and anes-
thetic interventions show promise in correcting perioper-
ative immunosuppression in cancer patients. These
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strategies, when appropriately combined and personal-
ized, have the potential to transform perioperative man-
agement from a passive to a proactive, immune-support-
ive paradigm that aligns with modern principles of surgi-
cal oncology.

CONCLUSION

The correction of perioperative immunosuppression
represents a pivotal challenge and opportunity in the sur-
gical care of cancer patients. A growing body of evi-
dence has confirmed that surgical stress, anesthesia, and
opioid analgesia significantly impair host immune de-
fenses during a critical period of vulnerability, potential-
ly facilitating tumor recurrence and metastasis. However,
this period also provides a unique window for targeted
immunological intervention, aimed at preserving im-
mune competence and enhancing oncologic outcomes.

Pharmacologic agents such as f-blockers, COX-2
inhibitors, dexmedetomidine, and lidocaine have demon-
strated immunomodulatory effects that may translate into
clinical benefit. Similarly, the adoption of propofol-based
TIVA, regional anesthesia, and opioid-sparing
analgesia aligns with emerging strategies for immuno-
protection. When integrated into perioperative protocols,
these measures have the potential not only to optimize
short-term recovery but also to support long-term cancer
control.

Future efforts must focus on conducting robust clini-
cal trials to validate these approaches, developing bio-
markers for individualized immuno-monitoring, and
promoting interdisciplinary collaboration between on-
cologists, anesthesiologists, and surgeons. As im-
munotherapy becomes increasingly central in cancer
care, immunologically informed perioperative manage-
ment will be essential to realize its full potential.
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ONKOLOGIK BEMORLARDA PERIOPERAT-
SION IMMUNOSUPRESSIYANI KORREK-
SIYALASH: MAVJUD YONDASHUVLAR VA IS-
TIQBOLLAR

Ibragimov N.K., Xamdamov B.Z., Raximov B.A.
Toshkent Davlat Tibbiyot Universiteti
Buxoro Davlat Tibbiyot Instituti

Respublika ixtisoslashtirilgan onkologiya va radi-
ologiya ilmiy-amaliy tibbiyot markazi

ANNOTATSIYA

Jarrohlik stressi, anesteziya va opioidlar bilan bog‘liq
immunosupressiya saraton bilan og‘rigan bemorlarda
antitumor immunitetni susaytiradi va metastaz hamda
gaytalanish xavfini oshiradi. Ushbu maqolada perioper-
atsion davrda immun funksiyani qo‘llab-quvvatlashga
qaratilgan mavjud va istigbolli yondashuvlar ko‘rib
chiqiladi. Farmakologik vositalar (f3-blokatorlar, COX-2
ingibitorlari, dekmedetomidin), anesteziya usullarining
tanlovi (TIVA, regional anesteziya), immunoovqatlanish
va immunoterapiya imkoniyatlari muhokama qilinadi.
Ularning immunologik mexanizmlari, qo‘llash vaqti va
klinik natijalarga ta’siri ilmiy jihatdan tahlil qilinadi.
Shuningdek, shaxsiylashtirilgan, immunologik asoslan-
gan perioperatsion protokollarni joriy qilish zarurligi
asoslanadi.

Kalit so‘zlar: Saraton, perioperatsion davr, immuno-
supressiya, immun korektsiya, P-blokatorlar,
dekmedetomidin, anesteziya, onkologik jarrohlik
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KOPPEKIIU S NEPUOITEPAIIMOHHOM
NMMYHOCYIIPECCUN Y
OHKOJOI'MYECKHUX ITAIIMEHTOB:
COBPEMEHHBIE TIOAXObI U
NNEPCIIEKTHUBbI

HNoparumor H.K., Xampamos b.3., Paxumos b.A.

TamKkeHTCKUI roCyJapCTBEHHBIN MeTUIITHCKHAI
YHUBEPCHUTET

Byxapckuii rocygapcTBeHHbIN MeTULUHCKHUI
UHCTHUTYT

Byxapckuit ¢pumman Pecnyoimkanckoro
CIelaJIu3uPOBAHHOr0 HAYYHO-NIPAKTHYeCKOro
MEJULMHCKOr0 LEeHTPa OHKOJIOTMM Y PAJU0JIOTUH

AHHOTAINSA

HMIMMyHOCYTIpeCCMBHOE BO3AEVICTBUE XUPYPrHYECKOTO
cTpecca, aHECTe3WM W ONUOUJHOW Tepanuu B
nepuonepalMoHHOM MEpUOAe MOXET HapyllaThb
MPOTUBOOMYXOJIEBbI MMMYHUTET y OHKOJIOTMYECKHUX
NallUeHTOB M CHNOCOOCTBOBAThH PEUUAUBY U
METACTa3UpPOBAHNIO. B cTaTbe pacCMOTPEHBI AKTyaJIbHBIE
U TEpPCNEeKTUBHBbIE TMOAXOABI K KOPPEKUMH WMMYHHOW
AUC(PYHKOUU B 3TOM KPUTHUYECKOM NEPHOJE.
O6cysxpatorcst  (papMmakojorunyeckue crparerun (f3-
6nokaropnl, uHruoburopnl LIOI-2, mekcmeneToMuuH),
BbIOOp aHecte3un (TIVA, pernoHapHele METOAbI), POJb
VMMYHOIIUTAHUSI W BO3MOXHOCTH HMMYHOTEPANUN.
Oco6oe BHMMaHWE YHENIeTCs MEXaHW3MaM JeVCTBUS,
BPEMEHM Ha3HAYEHMS] W WX BIMSHUIO Ha KIVHUYECKUE
ucxonpl. IloguépkuBaeTcsi HEOOXOAMMOCTH BHEPEHUS
NepCOHANIU3UPOBAHHBIX, UMMYHOJOTUYECKHU
000CHOBAaHHBIX MPOTOKOJIOB MEPUONEPALNUOHHOTO
BEJICHNSI B OHKOXUPYPIUH.

KiroueBble ciioBa: Pak, nepronepauyoHHbIN NEPUOS,
UMMYHOCYNpeccusi, UMMYyHHasi Koppekuus, [3-
6J0KaTOpPbl, JJ€KCMEJETOMUAUH, aHECTEe3usd,
OHKOJIOrMYecKasi XUupyprus
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