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Abstract
Oral squamous cell carcinoma represents a significant public health challenge in Asia, 
where multimodal therapies, while extending survival, impose substantial biologic and 
psychosocial stress. Sustained activation of the sympathetic–adrenal–medullary axis 
and dysregulation of the hypothalamic–pituitary–adrenal axis increase catecholamines, 
cortisol, interleukin‑6, and C‑reactive protein, accelerating tumor progression, impairing 
treatment tolerance, and increasing cardiovascular risk. Betel quid chewing, prevalent in 
the region, exacerbates inflammation and contributes to cardiovascular comorbidities. 
Resilience, defined as the ability to restore physiologic and emotional homeostasis, 
modulates these pathways, with higher resilience linked to improved recovery, quality 
of life, and survival. Current evidence supports interventions including structured 
psychoeducation, cognitive‑behavioral therapy, and peer mentoring to reduce anxiety and 
enhance treatment adherence. Smoking and betel quid cessation, alongside cardiometabolic 
optimization, mitigate inflammatory burden. Nonopioid strategies, including acupuncture, 
transcutaneous vagus nerve stimulation, and mindfulness, recalibrate neuro‑immune 
signaling while minimizing opioid reliance. Enhanced recovery surgical protocols and 
omega‑3  supplementation attenuate inflammatory responses and preserve lean mass. 
Emerging biomarkers such as heart rate variability and neutrophil–lymphocyte ratio show 
promise for real‑time stress and inflammation monitoring. Digital health technologies and 
telerehabilitation extend intervention benefits postdischarge. Future research should focus 
on validating predictive biomarkers, developing resilience‑stratified trials, integrating 
cardio‑oncology surveillance, and implementing precision supportive care models that 
incorporate stress, inflammation, and resilience metrics to optimize oncologic and 
cardiovascular outcomes in this high‑risk population.

Keywords: Inflammation, Integrative interventions, Oral squamous cell carcinoma, 
Resilience, Stress

Multimodal therapy often induces lasting toxicities that 
cause substantial physical and psychological distress and may 
accelerate disease progression  [5,6]. Patients with OSCC face 
heavy health burdens, with the highest suicide rates and most 
severe pain among all cancers  [7,8]. Stress and inflammation 
interact synergistically, impairing quality of life  (QoL); 
worsening prognosis; and driving cancer onset, growth, and 

Introduction

Oral squamous cell carcinoma  (OSCC) remains a major 
global health burden, with disproportionately high 

incidence and mortality in Asian populations [1]. Taiwan reports 
the highest age‑standardized incidence of lip and oral cavity 
cancer among South and Southeast Asian nations  [2]. Notably, 
OSCC ranks as the second leading cause of cancer‑related 
death in Taiwanese adults aged 45–54  years  [3], reflecting 
a concerning rise in younger cohorts. Surgery remains the 
primary treatment for OSCC, with adjuvant radiotherapy  (RT) 
or concurrent chemoradiotherapy  (CRT) selected on the basis 
of tumor stage and pathological invasion [4].
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metastasis  [6]. Resilience, which is the ability to adapt and 
maintain psychological, cognitive, and physical stability 
after a cancer diagnosis, is linked to enhanced survival  [5,9]. 
Higher resilience is linked to better survival rates, highlighting 
the roles of immune and neuropsychological mechanisms in 
reducing stress and supporting recovery  [10‑12]. However, 
evidence on the interplay among stress, inflammation, and 
resilience and on strategies to assess and enhance resilience in 
patients with OSCC undergoing multimodal therapy is limited.

In this article, recent evidence on the interplay of stress, 
inflammation, and resilience in patients with OSCC undergoing 
multimodal therapy was reviewed. Neuroendocrine‑immune 
dysregulation mechanisms that affect disease course and 
cardiovascular risk were examined. Emerging interventions, 
including psycho‑behavioral support, inflammatory modulation, 
and nonopioid pain management, were evaluated. Challenges 
in developing precision supportive care models that incorporate 
point‑of‑care biomarkers and resilience metrics to optimize 
oncologic and QoL outcomes were addressed.

Stress and inflammation: A complex 
signaling network in oral cancer 
progression

Stress and inflammation form a mutually reinforcing network 
that drives OSCC progression. Patients experience psychological 
stress from diagnosis, physical burden from invasive 
treatments, and persistent anxiety about recurrence and social 
disruption  [5]. Acute stress activates the sympathetic nervous 
system (SNS), releasing epinephrine and norepinephrine, which 
bind to β₂‑adrenergic receptors  (β₂‑ARs) to mobilize energy 
for immediate responses. On the other hand, chronic stress 
induces sustained activation of the hypothalamic–pituitary–
adrenal  (HPA) axis, increasing glucocorticoids that suppress 
immune function and promote systemic inflammation [12].

Stress hormones, particularly through β₂‑AR, accelerate 
the growth of oral squamous carcinoma cells and stimulate 
secretion of interleukin  (IL)‑6, enhancing tumor‑associated 
inflammation. Tumor‑derived cytokines, such as IL‑6 and IL‑1β, 
can disrupt central nervous system function, leading to HPA axis 
dysregulation and symptoms such as depression, insomnia, and 
pain  [13]. Stress hormones and tumor cytokines amplify each 
other, worsening cancer outcomes and patient well‑being [12,14].

Cigarette smoking, betel quid chewing, and alcohol 
consumption increase carcinogenic risk through bioactive 
compounds that trigger chronic inflammation, promoting tumor 
growth  [14]. In Taiwan, approximately 90% of OSCC cases 
are associated with long‑term betel quid use. Key alkaloids, 
such as arecoline and arecaidine; damage oral epithelial cells; 
induce systemic inflammation; and contribute to cardiovascular 
comorbidities, including hyperlipidemia, metabolic syndrome, 
and atherosclerosis [14].

Psychological distress and functional 
impairment

Many patients with OSCC face considerable anxiety and 
uncertainty due to insufficient knowledge regarding their illness 

and treatment options  [15]. This psychological burden impairs 
informed decision‑making and reduces therapy adherence [15]. 
Postoperative changes, such as altered facial appearance and 
impaired speech or eating, harm body image, self‑esteem, and 
worsen depressive symptoms  [16]. Depression, anxiety, and 
posttraumatic stress are markedly higher than in the general 
population, increasing with disease advancement and adversely 
affecting treatment outcomes and survival [17].

Psychological distress closely correlates with clinical 
symptoms. Before treatment, 33% of patients report stress 
from oral ulcers and eating difficulties, rising to 77% during 
RT  [18]. Notably, 15.7% experience suicidal ideation within 
1 year of diagnosis  [7]. Despite these challenges, few patients 
access psychological support  [19], highlighting a critical gap 
in psycho‑oncological care.

Surgical stress and inflammatory 
responses

Surgical procedures elicit a systemic inflammatory response 
involving pro‑inflammatory cytokines, endothelial dysfunction, 
and neutrophil activation, potentially leading to organ dysfunction 
and adverse outcomes [20]. Surgical procedures activate the HPA 
axis and SNS, increasing cortisol and catecholamine levels [6,11]. 
Even short procedures can induce substantial inflammation due 
to tissue trauma, hypothermia, transfusions, and anesthetic effects. 
These responses upregulate cytokines that affect wound healing, 
infection risk, and tumor immunology [21].

OSCC surgeries, often involving complex resections and 
neck dissections, have postoperative complication rates of 
20%–50%  [22]. Increased inflammatory markers after surgery 
correlate with reduced QoL and increased complication 
rates, underscoring the need for targeted anti‑inflammatory 
strategies [23]. Complication risk increases with comorbidities, 
poor nutrition, and surgical complexity. Advanced tumors 
or those affecting critical structures require extensive 
resections, causing increased functional deficits and prolonged 
rehabilitation [5].

Stress induced by radiotherapy and 
chemotherapy

Postoperative CRT remains the standard treatment approach 
for patients with locally advanced OSCC  [4]. RT utilizes 
high‑energy ionizing radiation to damage the DNA of cancer 
cells and inhibit their proliferation. However, this process 
also affects normal tissues, inducing various forms of cellular 
stress, including oxidative stress, DNA damage responses, 
and endoplasmic reticulum stress, which contribute to further 
tissue damage and inflammation  [24]. These stress pathways 
exert a double‑edged effect, promoting tumor cell death while 
simultaneously heightening normal‑tissue susceptibility to 
inflammation and damage, which ultimately limits treatment 
tolerability. Chemotherapeutic agents, such as cisplatin and 
5‑fluorouracil (5‑FU), enhance radiosensitivity and induce cancer 
cell apoptosis but cause oxidative damage to healthy cells.

CRT is associated with severe side effects, including 
bone marrow suppression, mucocutaneous inflammation, and 
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vascular toxicity. It frequently causes grade  ≥3 acute adverse 
events, which reduce treatment adherence, leading to dose 
reductions, interruptions, or early termination, and ultimately 
worsen prognosis and survival [24].

Pain mechanisms and challenges in oral 
cancer

Despite the WHO guidelines, cancer pain remains 
undertreated, with patients with OSCC particularly 
experiencing a high burden. Pain affects up to 83.4% of 
patients during treatment and persists in 38%–45% 1  year 
after diagnosis  [25]. These pain statistics reflect the dense 
innervation of the oral cavity, aggressive tumor invasion, and 
considerable psychological stress [26].

OSCC pain, often accompanied by sensory disturbances 
or motor dysfunction, evolves with disease and treatment, 
defying conventional classification systems for facial pain 
or headaches  [26]. Within the tumor microenvironment, 
cancer cells release cytokines and prostaglandins, sensitizing 
nociceptors, lowering pain thresholds, and amplifying 
nociceptive signaling  [27]. Tumor invasion into tissues and 
bone causes nerve damage, leading to hyperalgesia and 
widespread pain. Emotional stress activates the thalamo‑limbic 
system, worsening anxiety and depression, which intensify 
pain perception and perpetuate physical and psychological 
distress.

Treatment‑related pain in OSCC arises from tissue injury, 
inflammation, and neuropathic damage. Surgery induces acute 
postoperative pain via localized trauma, typically resolving 
with healing. CRT causes mucositis, xerostomia, and ulceration, 
exacerbating discomfort. Neuropathic pain, marked by burning 
or tingling, affects 25%–60% of patients, with RT contributing 
in 20%  [25,28]. Both treatments trigger prostaglandin and 
cytokine release, activating nociceptors [28,29].

Additional complications include shoulder dysfunction 
after lymph node dissection or RT, causing pain and restricted 
mobility  [30]. Chronic pain increases cardiovascular disease 
risk, with a dose–response link between pain severity and 
cardiovascular events, particularly in patients with preexisting 
conditions [31].

Hidden cardiovascular risks in patients 
with oral cancer

Cardiovascular disease accounts for approximately 22% of 
deaths among cancer survivors, making it a major cause of 
mortality  [32]. In Eastern Taiwan, 35.3% of newly diagnosed 
patients with OSCC have coexisting hypertension  [33]. 
Arecoline in betel quid induces sympathetic activation, causing 
tachycardia and hypertension while triggering inflammation 
and coagulation cascades that disrupt lipid metabolism and 
vascular homeostasis, increasing vascular stress [14].

Extensive OSCC surgeries, often lasting 8–16  h, 
impose considerable anesthetic and hemodynamic burdens, 
increasing venous thromboembolism risk from 0.5% 
to 13%  [34,35]. Cervical lymphadenectomy may cause 
lymphedema and increased venous pressure, impairing local 

circulation. Cisplatin‑based chemotherapy is associated with 
arrhythmias and ischemic events, particularly in vulnerable 
patients  [36], and 5‑FU causes cardiotoxicity in up to 68% 
of cases  [37]. Targeted therapies  (e.g.,  cetuximab and PD‑1 
inhibitors) and RT further heighten cardiovascular risk by 
accelerating carotid atherosclerosis and increasing stroke 
risk  [36]. These treatment‑related effects, combined with 
lifestyle factors and chronic stress, contribute to substantial 
long‑term cardiovascular morbidity. Prospective cohorts 
using multimodal vascular imaging and autonomic profiling 
could elucidate treatment‑related cardiotoxicity and inform 
preventive strategies for high‑risk OSCC survivors.

Psychological distress and quality of life 
assessment

The National Comprehensive Cancer Network recommends 
routine screening for psychological distress in patients 
with cancer to enhance supportive care  [38]. The Distress 
Thermometer, a 0–10 Visual Analog Scale paired with a 
39‑item problem checklist, is widely used to screen for distress. 
A score of ≥4 prompts referral for psychosocial or psychiatric 
evaluation  [38]. The Depression, Anxiety, and Stress Scale‑21 
measures symptom severity across three domains, enabling 
longitudinal monitoring of psychological well‑being  [39]. 
Health‑related QoL is evaluated using disease‑specific and 
generic tools. Cancer‑specific QoL instruments  [40], and the 
12‑item Short‑form Health Survey  (SF‑12) are commonly 
employed. With its brevity and robust psychometric properties, 
SF‑12 is particularly suitable for patients with oral cancer [41].

Physiological stress and inflammation 
assessment

Physical function and nutritional status remarkably affect 
patients’ ability to tolerate oncological treatment and manage 
associated stress. The Malnutrition Universal Screening Tool 
reliably predicts postoperative complications and long‑term 
survival  [42]. Pain, inflammation, and nutritional decline are 
bidirectionally linked. Persistent nociceptive and inflammatory 
processes accelerate catabolism and reduce oral intake, 
creating a cycle that hinders clinical recovery  [43]. Increased 
inflammatory burden can reduce the efficacy of nutritional 
interventions, limiting their benefits despite appropriate use. 
Comprehensive pain assessment, incorporating multiple tools 
and evaluating neuropathic features when relevant, is thus 
essential for effective patient care [44].

The neutrophil–lymphocyte ratio  (NLR) is a cost‑effective 
prognostic biomarker in oral cancer. Increased preoperative 
NLR is associated with advanced tumor staging, poor 
differentiation, lymphovascular invasion, and reduced overall 
survival in patients with OSCC  [45], and structural brain 
changes linked to depression [46,47].

Cardiovascular and autonomic status
Noninvasive tools such as the ankle–brachial index and 

pulse wave velocity  (PWV) assess arterial stiffness and 
thromboembolic risk in patients with cancer. A  meta‑analysis 
found higher PWV in patients with cancer than in healthy 
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controls, supporting its role in predicting cardiovascular 
events  [48]. Routine head‑and‑neck computed tomography 
scans for cancer surveillance can detect vascular 
abnormalities, such as carotid wall thickness  >2  mm, luminal 
narrowing  >50%, or noncalcified soft plaques, which pose 
greater stroke risk than calcified lesions  [49]. Doppler 
ultrasound, which measures intima‑media thickness, is the 
primary screening method [50].

Heart rate variability  (HRV) reflects autonomic nervous 
system function and physiological adaptability. Higher HRV is 
linked to better survival in patients with cancer [51], whereas 
reduced variability, indicating sympathetic dominance, is 
common across cancer types. Although HRV research in 
OSCC is limited, studies in nasopharyngeal carcinoma 
show its utility in detecting subclinical cardiotoxicity 
during CRT  [52]. Future research should develop real‑time 
monitoring platforms integrating wearable HRV data with 
inflammatory markers, such as IL‑6 and NLR, to enable 
early detection of stress  –  inflammation surges and timely 
interventions.

Multidimensional resilience assessment
Resilience reflects psychological adaptability and 

physiological robustness in facing adversity  [5]. The 25‑item 
Resilience Scale assesses domains, such as inner strength, 
social support, life purpose, and problem‑solving, with higher 
scores linked to better disease adaptation and fewer depressive 
symptoms  [53]. The 14‑item Resilience Scale  (RS‑14) is 
more concise than the original 25‑item version  [54], requiring 
only 3  min to complete, with validated reliability in Chinese 
populations [55]. Higher resilience correlates with better QoL, 
reduced psychological distress, and greater hope and optimism 
in patients with oral cancer [56].

Current psychosocial interventions for cancer patients integrate 
cognitive‑behavioral therapy (CBT), maladaptive‑response 
modification, and positive coping strategies to cultivate positive 
thinking and optimism, which in turn foster hope and adaptive 
coping  [57]. However, existing tools struggle to capture 
resilience’s multidimensional nature, posing methodological 
challenges [58]. Advancing understanding of stress, inflammation, 
and resilience interactions requires integrating subjective 
and objective assessments with targeted interventions  [59]. 
Randomized controlled trials  (RCTs), stratified by baseline 
resilience phenotypes, are needed to evaluate whether tailored 
CBT, HRV biofeedback  (HRV‑BFB), or mindfulness programs 
yield resilience‑dependent benefits.

Future studies should integrate subjective assessments, 
such as RS‑14, with objective physiological markers, such 
as HRV, to establish clinical practice value. An online 
platform incorporating electronic health records and 5  min 
HRV measurements during routine vital sign monitoring 
could minimize clinical burden while enabling individualized 
precision interventions. Table  1 lists key stress–resilience–
inflammation metrics and their assessment timings, and 
Table  2 shows an overview of vascular and inflammatory 
biomarkers monitored in oral cancer.

Stress management and 
resilience‑enhancing strategies
Psychosocial interventions

Stress management interventions improve cancer 
prognosis, QoL, and resilience by regulating psychological, 
physiological, and immune responses  [13]. Interdisciplinary 
strategies enable tailored care models for patients with OSCC, 
enhancing clinical and rehabilitation outcomes. Psychosocial 
interventions, including support networks, psychoeducation, 
and psychotherapy, reduce anxiety, promote adaptation, and 
improve treatment engagement. Multimodal approaches are 
increasingly effective for managing psychological stress in 
patients with OSCC. Support from healthcare providers, 
family, and peers reduces preoperative anxiety and aids 
treatment adaptation [61]. A survey found that 40% of patients 
with cancer reported unmet needs for personalized information 
and coping strategies at diagnosis [15]. Peer support programs 
reduce isolation and boost self‑efficacy through shared 
experiential knowledge [62].

Psychoeducational interventions, often delivered by 
advanced practice nurses, address gaps in understanding 
disease progression, treatment side effects, and functional 
outcomes. RCTs show that preoperative counseling reduces 
anxiety, enhances surgical preparedness, improves pain control, 
and shortens hospital stays  [63]. Psychoeducation promotes 
treatment adherence and informed decision‑making, reducing 
fear and improving body image adaptation. Meta‑analyses 
suggest improved 1‑year survival, likely due to enhanced 
compliance [62].

Psychotherapeutic approaches yield varied results. CBT, 
which targets maladaptive stress responses, shows inconsistent 
long‑term benefits, possibly due to communication barriers 
limiting engagement [64]. Physiologically based interventions, 
such as HRV‑BFB, are more promising. A  systematic 
review of 19 controlled trials found that resonant frequency 
breathing improved autonomic regulation, reducing pain, 
fatigue, emotional distress, and sleep disruption, highlighting 
neurophysiological modulation’s role in psychological 
outcomes [65].

Lifestyle modifications and comorbidity 
management

Ceasing betel quid use reduces OSCC risk, with 
over  10  years of abstinence aligning risk levels 
with never‑users  [66]. Nurse‑led smoking cessation 
programs, combining brief counseling and structured 
education, remarkably boost quit rates, even with short 
interventions  [66,67]. Strict management of hypertension, 
hyperlipidemia, and diabetes reduces chronic inflammation 
and postoperative complications  [68]. Proactive prevention 
of thrombosis and stroke is critical because chemoradiation 
increases cardiovascular strain. The American Heart 
Association’s ABCDE framework provides a practical 
approach: A: risk awareness and aspirin for high‑risk patients, 
B: blood pressure control, C: cholesterol management and 
sustained smoking cessation, D: diet optimization and diabetes 
control, and E: regular exercise  [69]. Comprehensive oral 



Peng, et al. / Tzu Chi Medical Journal 2026; 38(1): 59-67

� 63

health care supports optimal postoperative function and 
rehabilitation [70].

Cardio‑oncology guidelines [71] recommend utilizing 
the Heart Failure Association‑International Cardio‑Oncology 
Society risk scoring system [72] for all patients receiving 
potentially cardiotoxic cancer therapies, with proactive 
cardioprotective strategies established for those classified as 
high or very high risk. For patients undergoing anthracycline 
chemotherapy, early initiation of angiotensin‑converting 
enzyme inhibitors or angiotensin II receptor blockers before 
treatment commencement is advised, potentially supplemented 
with beta‑blockers and/or statins on the basis of individual 
risk profiles  [71]. Regarding anticoagulation management, 
patients with atrial fibrillation or flutter should receive direct 
oral anticoagulants or low‑molecular‑weight heparin (LMWH) 
as first‑line therapy, and aspirin or LMWH monotherapy 
is not recommended for primary thromboprophylaxis  [71]. 
For patients with OSCC, LMWH combined with statins is 
recommended as the preferred peri‑operative antithrombotic 
prophylaxis [73].

Integrative approaches for cancer pain 
management

Pharmacologic management, primarily with opioids, 
is essential for cancer pain relief, but a multimodal 
approach combining opioids, nonopioids  (e.g.,  nonsteroidal 
anti‑inflammatory drugs [NSAIDs]), and co‑analgesics (e.g., 
antidepressants and anticonvulsants) optimizes outcomes  [74]. 
Despite available treatments, cancer pain is often undertreated 
due to limited education and fear of side effects, necessitating 
regular reassessment to balance relief and adverse effects [74].

Nonpharmacologic strategies complement pharmacologic 
treatments. Transcutaneous electrical nerve stimulation (TENS) 
and transcutaneous auricular vagus nerve stimulation (ta‑VNS) 
with pregabalin reduce pain intensity, with TENS promoting 
endogenous opioid release and ta‑VNS alleviating neuropathic 

pain  [75]. Functional relaxation eases pain, anxiety, insomnia, 
fatigue, and nausea during CRT  [76]. Acupuncture and 
acupressure reduce pain and opioid use while improving QoL, 
with combined acupuncture and drug therapy outperforming 
drug therapy alone  [77]. Exercise programs, especially 
those exceeding 8  weeks, decrease pain and improve 
physical function, fatigue, and psychological symptoms  [78]. 
Mindfulness‑based interventions reduce pain intensity and 
psychological distress in short‑  and long‑term follow‑up  [79]. 
These modalities, used alone or alongside pharmacologic 
treatments, reduce opioid dependence and support holistic pain 
management [80].

Nutritional counseling and support
Nutritional support is vital in OSCC treatment. 

High‑calorie, protein‑rich oral supplements are recommended, 
with enteral nutrition or prophylactic gastrostomy considered 
case by case  [81]. During adjuvant therapy, particularly 
1–1.5 months post‑RT, weekly nutritional assessments manage 
mucositis and dysphagia to maintain weight and support 
treatment precision  [82]. Early postoperative nutrition, started 
within 24  h, enhances wound healing and reduces stress 
responses [83].

Supplementation with N‑3 polyunsaturated fatty acids 
during treatment helps prevent malnutrition and improves 
outcomes  [82]. Nutritional interventions during CRT support 
body weight maintenance  [84]. Systematic reviews show that 
nutritional counseling increases energy and protein intake in 
patients with cancer undergoing treatment [85]. In home‑based 
care, personalized plans and anti‑inflammatory diets, such as 
the omega‑3‑rich Mediterranean diet, are beneficial. This diet 
improves metabolic indices, including reduced body weight, 
fat mass, and body mass index  (BMI), while enhancing QoL 
in patients with cancer  [86]. These nutritional strategies 
bolster physiological function and resilience throughout 
treatment.

Table 2: Inflammation and cardiovascular risk biomarkers in oral cancer: Assessment and clinical significance
Biomarker Clinical significance Changes in oral cancer References
IL‑6 Tumor‑related inflammation; associated with depression and pain Increased under stress; drives progression [60]
NLR Systemic inflammation; predicts survival Increased in patients with advanced disease [45]
HRV Autonomic function; predicts survival and cardiotoxicity Reduced, indicating sympathetic dominance [51,52]
PWV Arterial stiffness; predicts cardiovascular events Increased in patients with vascular injury [48]
HRV: Heart rate variability, IL‑6: Interleukin‑6, NLR: Neutrophil–lymphocyte ratio, PWV: Pulse wave velocity

Table 1: Summary of clinical tools and biomarkers for assessing stress, inflammation, and resilience in oral cancer
Biomarker/Tool Type Clinical purpose Timing of use References
NLR Blood biomarker Systemic inflammation index Pre/postsurgery, during CRT [45]
HRV Physiological monitoring Autonomic function and adaptation; prognostic value Pre/posttreatment, remote monitoring [51,52]
PWV Vascular health measure Assessment of arterial stiffness and cardiovascular risk Prognosis, comorbidity assessment [48]
DT Psychological scale Rapid screening for psychological distress Diagnosis, during and posttreatment [38]
DASS‑21 Psychological scale Assessment of depression, anxiety, and stress Throughout treatment and follow‑up [39]
RS‑14 Psychological scale Evaluation of resilience/adaptive capacity Pre‑ and postintervention [54]
SF‑12 QoL scale Brief, validated measure of health‑related QoL Throughout treatment [41]
CRT: Chemoradiotherapy, DASS‑21: Depression, Anxiety, and Stress Scale‑21, DT: Distress Thermometer, HRV: Heart rate variability, NLR: 
Neutrophil‑to‑lymphocyte ratio, PWV: Pulse wave velocity, RS‑14: 14‑item Resilience Scale, SF‑12: 12‑Item Short‑Form Health Survey, QoL: Quality of 
life
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Perioperative care: Mitigating 
inflammation and stress

Surgery, a key treatment for OSCC, triggers considerable 
inflammation and stress, increasing thrombosis and infection 
risks. Postoperative infections occur in 10%–50% of cases, and 
they are linked to low BMI, diabetes, and hypoalbuminemia [87]. 
Prophylactic antibiotics, such as penicillin  (e.g.,  ampicillin/
sulbactam) or cephalosporins, given 30–60  min preoperatively 
and continued for 24–48  h, reduce infection risk without 
overuse  [23]. Enhanced recovery after surgery  (ERAS) 
protocols target inflammation through early mobilization 
to lower pro‑inflammatory cytokines, optimized analgesia 
to reduce stress, and nutritional supplementation to support 
anti‑inflammatory processes  [88]. ERAS protocols, supported 
by 18 studies on oral and maxillofacial reconstruction, decrease 
readmissions, complications, and hospital stays  [89]. Effective 
management of stress and inflammation enables chemoradiation 
initiation within 6 weeks, improving outcomes [90].

Adjuvant therapy shift to home‑based 
rehabilitation

Chemoradiation‑induced mucositis, affecting 20%–80% of 
patients with OSCC, is managed at home with oral hygiene, 
saline rinses, and topical analgesics like palifermin  [91]. 
Prophylactic swallowing exercises and resistance training 
improve functional and psychological outcomes [92]. 
Cervico‑scapular syndrome, caused by RT‑related soft‑tissue 
inflammation, responds to physiotherapy with 
anti‑inflammatory myofascial techniques [30]. Cardiovascular 
toxicity monitoring by multidisciplinary teams includes 
baseline assessments and targeted interventions [69].

Digital health technologies enhance communication, 
education, and self‑management between patients with cancer 
and healthcare providers  [93]. Deinstitutionalized remote 
care models help address specialist service accessibility 
inequities, particularly for patients in remote areas, to 
optimize health outcomes and effectively utilize limited 
healthcare resources  [94]. Telerehabilitation platforms 
with biomarker tracking can achieve functional outcomes 
comparable to in‑person programs while maintaining high 
adherence  [93]. Telehealth exercise‑based rehabilitation 
improves cardiorespiratory fitness and physical activity 
in cancer survivors  [93,94]. A  meta‑analysis of 18 
online mindfulness‑based intervention trials reported 
small‑to‑moderate reductions in IL‑6 and C‑reactive 
protein (CRP), alongside improvements in mood and pain [60]. 
Traditional Chinese medicine, such as acupoint stimulation, 
shows preliminary benefits in reducing pro‑inflammatory 
cytokines, fatigue, and depressive symptoms, though larger 
trials are needed. Psychoneuroimmunology‑based interventions, 
including CBT and mindfulness‑based stress reduction, 
consistently downregulate key inflammatory mediators such 
as IL‑6, CRP, tumor necrosis factor‑alpha, and Nuclear Factor 
kappa-light-chain-enhancer of activated B cells (NF‑κB) [95].

Inflammatory modulation therapies
Inflammation promotes tumor growth and metastasis in OSCC, 

with β₂‑AR activation driving pro‑inflammatory cytokine release 
and worsening the tumor microenvironment  [96]. Beta‑blockers, 
which block β₂‑AR, showed preclinical potential but yielded 
mixed clinical results, including no reduction in cancer risk and 
worsened survival in some oncological studies  [97,98]. NSAIDs, 
which inhibit COX pathways, have unclear benefits because 
postdiagnosis use is associated with increased mortality  [99]. 
These inconsistent findings underscore the need for RCTs to define 
the role of beta‑blockers, NSAIDs, and cytokine‑modulating 
agents, optimizing timing, dosage, patient selection, oncologic 
efficacy, and cardiovascular safety  [96‑99]. Given these 
uncertainties, clinical decision‑making should prioritize established 
cardiovascular indications rather than cancer‑specific outcomes 
when prescribing β‑blockers and NSAIDs. For patients with 
OSCC with cardiovascular comorbidities, β‑blockers remain 
indicated for hypertension, heart failure, or postmyocardial 
infarction management according to established cardiology 
guidelines [71]. Evidence‑based integrative interventions and their 
effects on inflammation, stress, and QoL are presented in Table 3.

Future directions
Critical gaps persist despite advances in oral cancer 

supportive care. Can HRV and NLR be validated to predict 
stress‑induced inflammatory surges? Which interventions, 
such as psychoeducation, biofeedback, or mindfulness, 
provide the greatest benefit for low‑versus‑high‑resilience 
patients stratified by self‑report and HRV NLR metrics? 
How can echocardiography, computed tomography, and 
PWV be integrated into cardio‑oncology surveillance? Do 
beta‑blockers, statins, or anti‑inflammatory agents prevent 
betel quid‑related cardiotoxicity? Which telerehabilitation 
features with integrated biomarker tracking best manage 
stress‑induced inflammatory surges? How can tiered 
biomarker strategies prioritize self‑reported symptoms while 
using laboratory testing as supplementary support? How 
can phase‑adaptive monitoring systems dynamically adjust 
support intensity throughout treatment timelines? What 
combination of automated reminders, caregiver platforms, 
and hybrid education can bridge digital literacy gaps to 
maximize long‑term adherence? Finally, how can standardized 
frameworks be developed for biological functional and 
patient‑reported outcomes? What barriers hinder resilience 
enhancement and inflammation control in precision care? 
Rigorous clinical research addressing these questions is 
essential to improve oral cancer outcomes.

Conclusion
In this review, evidence on stress–inflammation–resilience 

triad in patients with OSCC undergoing multimodal therapy is 
synthesized. Stress and systemic inflammation, exacerbated by 
betel quid chewing, drive tumor progression and cardiovascular 
risk, and resilience mitigates these effects, improving 
functional recovery and survival. Interventions, including 
psychosocial support, lifestyle modifications, nonopioid 
analgesia, nutritional counseling, and rehabilitation, target 
this triad effectively. However, gaps in real‑time biomarker 
monitoring, resilience‑stratified trials, and cardio‑oncology 
surveillance persist. Bridging digital literacy gaps through 
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innovative platforms and hybrid education models remains 
essential. Future research should focus on optimizing 
integrative protocols, developing predictive biomarkers, and 
implementing precision supportive care models to enhance 
clinical outcomes and QoL for this population.
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