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Abstract

Preoperative sarcopenia has emerged as an important determinant of adverse postoperative and
long-term outcomes in patients with resectable non—small cell lung cancer (NSCLC). Its frequent
coexistence with systemic inflammation may further worsen survival outcomes. At the same time,
neoadjuvant chemotherapy and chemoimmunotherapy have substantially improved pathological
response and survival in resectable NSCLC. However, their interaction with host-related factors such
as sarcopenia and systemic inflammatory status remains insufficiently characterized. This narrative
review aims to synthesize current evidence regarding the interplay between preoperative sarcopenia,
systemic inflammation, and neoadjuvant therapy in resectable NSCLC and evaluates their potential
combined impact on surgical and oncological outcomes. A narrative synthesis of 20 studies involving
patients undergoing lung cancer resection was performed. Sarcopenia was primarily assessed using
computed tomography or PET-CT-derived skeletal muscle indices, most commonly the skeletal
muscle index, whereas systemic inflammation was evaluated using biochemical inflammatory
markers. The available evidence consistently indicates that preoperative sarcopenia is associated with
poorer long-term survival, and this adverse effect appears to be amplified in the presence of systemic
inflammation. Although neoadjuvant chemoimmunotherapy has improved tumor response and
survival outcomes, it may also act as a systemic stressor capable of aggravating muscle loss.
Importantly, no study to date has simultaneously evaluated sarcopenia, systemic inflammation, and
neoadjuvant therapy within a unified analytical framework. Most available studies focus primarily
on sarcopenia, while inflammatory or treatment-related parameters are typically analyzed
separately. Overall, while sarcopenia and systemic inflammation are recognized predictors of
adverse outcomes in resectable NSCLC, robust evidence integrating them with neoadjuvant therapy
is lacking. Clarifying their potential interaction may improve risk stratification and help optimize
perioperative management strategies in the era of neoadjuvant therapy.

Keywords: sarcopenia; non-small cell lung cancer; neoadjuvant chemoimmunotherapy; systemic
inflammation; inflammatory indexes; lung resection surgical outcomes; lung resection oncological
outcomes
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Introduction

Rationale and Background

Non-small cell lung cancer (NSCLC) poses a major global health challenge and remains a leading
cause of cancer mortality[1,2]. For early-stage and locally advanced NSCLC, surgical anatomic
resection is the cornerstone of curative-intent treatment[3-5]. Patient staging and management
depend on the eighth TNM classification, underscoring the importance of complete resection[3,5].

Despite progress in surgical techniques and staging, recurrence risk after curative resection
remains high, prompting research into more effective systemic strategies to complement or precede
surgery[6,7]. Current perioperative management emphasizes that optimizing oncological success
requires more than focusing on tumor traits[4]. Effective care integrates patient biological readiness
and resilience—host factors—for major surgery, along with systematic evaluation of modern
systemic therapies[4].

Sarcopenia in the Thoracic Surgical Patient

Sarcopenia is not just a theoretical concept but a clinically recognized and measurable condition
and is frequently observed in patients undergoing surgical resection for lung cancer. Reported
prevalence varies substantially across studies, ranging from approximately 9% to 56%, largely
depending on the definition and assessment method used[8]. In a large systematic review using CT-
based measurements, the mean prevalence was approximately 43% among patients undergoing lung
cancer surgery[9]. Sarcopenia is characterized by a progressive loss of skeletal muscle mass
accompanied by declines in muscle strength and physical function[8,9].

Systemic Inflammation as a Prognostic Component

Alongside sarcopenia, systemic inflammation constitutes a critical component of the host-tumor
interaction. Cancer-associated inflammation is a recognized hallmark of malignancy that drives
metabolic dysregulation and immune suppression. In NSCLC, elevated inflammatory burden—
commonly quantified by readily available biochemical indices such as the Neutrophil-to-
Lymphocyte Ratio (NLR), the Platelet-to-Lymphocyte Ratio (PLR), and C-reactive protein (CRP)—
has been consistently associated with adverse long-term overall and disease-free survival
Furthermore, systemic inflammation acts as a catabolic driver, frequently coexisting with and
accelerating muscle depletion, thereby creating a physiological environment that may hinder the
efficacy of immune-based therapies[10,11].

The Evolving Landscape of Neoadjuvant Therapy

The management of resectable NSCLC has undergone a paradigm shift with the integration of
immunotherapy into the neoadjuvant setting. Moving beyond traditional platinum-based
chemotherapy, neoadjuvant chemoimmunotherapy (nCIT) has emerged as the new standard of care
for eligible patients (stages II-IIIB). Landmark trials, most notably CheckMate 816, have
demonstrated that nCIT significantly outperforms chemotherapy alone, delivering unprecedented
rates of pathological complete response (pCR) and extending event-free survival[7,12]. These
"oncological gains" define the success of the modern era, offering the promise of systemic control of
micrometastatic disease prior to resection.

However, this therapeutic intensification introduces a "grey area" regarding the patient’s
physical readiness for surgery. While nCIT successfully downstages the tumor, it simultaneously
imposes a dual physiological burden on the host: the known catabolic toxicity of chemotherapy
combined with the systemic immune activation of checkpoint inhibitors. This cumulative stress raises
concerns that the therapy intended to cure the cancer may inadvertently deplete the patient’s
physiological reserves—specifically affecting muscle mass and inflammatory status—thereby
altering the risk profile for the subsequent surgery.
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The Host-Tumor-Therapy Triad: Key Determinants of Preoperative Resilience

Preoperative assessment of NSCLC patients implies a comprehensive evaluation of three
potentially interacting domains that define physiological resilience. First, sarcopenia, representing a
critical depletion of metabolic reserve as described above[9] (Nishimura et al., 2019). Second, systemic
inflammation, mediated by host-tumor interactions, drives catabolism and suppresses anti-tumor
immunity[10,11]. Third, neoadjuvant systemic therapy —encompassing both traditional platinum-
based chemotherapy and contemporary chemoimmunotherapy (nCIT)—acts as a cumulative
physiological stressor. This therapeutic multimodal approach imposes a composite burden,
combining the established cytotoxicity of chemotherapy with the systemic immune activation of
checkpoint inhibitors[7,12].

The interplay between these domains is biologically grounded. As synthesized by Deng et al.,
tumor-derived inflammation depletes immunomodulatory myokines, compromising the host's
response to nCIT[13]. Concurrently, pharmacokinetic disparities—where conventional dosing leads
to relative overdosing in muscle-depleted patients—further amplify toxicity risks[14]. However,
despite the robust oncological improvements demonstrated by nCIT[7,12], the extent to which this
tripartite interaction undermines patient resilience remains unexamined.

Objectives and Narrative Review Strategy

The primary objective of this study was initially to evaluate the interplay of the entire Host-
Tumor-Therapy Triad. However, given the scarcity of studies simultaneously evaluating all three
factors in a single cohort, this study was designed as a narrative review. Consequently, it adopts a
narrative synthesis approach to:

1. Systematically analyze sarcopenia as the central, measurable determinant of host resilience.

2. Evaluate its associations with systemic inflammation and neoadjuvant therapy outcomes where
data exists.

3. Define the critical evidence gap preventing the implementation of a unified preoperative risk
stratification model.

This narrative framework is essential for integrating diverse evidence streams to optimize both
short-term safety outcomes and long-term survival (Overall Survival and Disease-Free Survival).

Methods

Literature Search and Study Selection

This narrative review synthesizes contemporary literature on the interplay of preoparative
sarcopenia, systemic inflammation, and neoadjuvant therapy (chemotherapy and
chemoimmunotherapy) in resectable NSCLC management. To ensure a transparent and reproducible
identification process, a structured search strategy was adopted, incorporating key elements of the
PRISMA framework for study identification and selection (Figure 1). It is important to note that this
was not a systematic review or meta-analysis. No formal risk-of-bias assessment or quantitative
synthesis was performed.

Relevant studies were identified through searches of PubMed, Scopus, and the Cochrane
Library. To ensure the retrieval of high-quality evidence, the search was restricted using specific
database filters for publication type, including: Clinical Trial (Phase I-IV), Comparative Study,
Controlled Clinical Trial, Evaluation Study, Multicenter Study, Observational Study, Pragmatic
Clinical Trial, Randomized Controlled Trial, and Validation Study. Additionally, filters for English
language, Humans, and the publication window (January 1st, 2021 — November 30th, 2025) were
applied. During full-text screening, 17 records were excluded. Although these appeared in search
results despite the applied filters, detailed assessment revealed them to be conference abstracts or
supplementary materials lacking adequate methodological descriptions for CT analysis (e.g., missing
sarcopenia cut-offs). Therefore, they were removed to maintain data quality.
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Figure 1. Flow chart: Identification and selection of the studies.

The comprehensive search string and the detailed strategy, including terms for NSCLC,
sarcopenia, body composition, systemic inflammation, surgical outcomes, and neoadjuvant therapy,
are provided in Table A1 (Appendix A). Titles and abstracts were screened independently by two
authors against the inclusion criteria: (1) original research involving patients undergoing curative-
intent resection for NSCLC; (2) assessment of sarcopenia using CT- or PET-CT-based body
composition analysis; and (3) reporting of overall survival, disease-free survival, or postoperative
complications. Discrepancies were resolved through discussion between the two reviewers to reach
a consensus.

Adaptation of Review Strategy

The initial objective of this review was to evaluate the preoperative interplay of the entire Host-
Tumor-Therapy Triad (sarcopenia, systemic inflammation, and neoadjuvant therapy) and its
combined impact on postoperative surgical and oncological outcomes. However, the screening
process revealed a critical scarcity of integrated data: while studies focusing solely on sarcopenia
were abundant, those investigating its combined effect with systemic inflammation were limited, and
studies simultaneously evaluating the full tripartite interaction were virtually non-existent.
Consequently, the review strategy was adapted to reflect this landscape. Sarcopenia was analyzed as
the primary, most consistently reported biomarker of host resilience. Where available, its interaction
with systemic inflammation and neoadjuvant therapy was synthesized to highlight emerging
patterns, ultimately aiming to define the significant knowledge gap preventing the implementation
of a unified preoperative risk stratification model.
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Exclusion Criteria and Data Quality

Specific exclusion criteria were applied to minimize heterogeneity and ensure data reliability.
Neoadjuvant chemoradiotherapy was excluded a priori, as the addition of thoracic radiotherapy
introduces distinct patterns of pulmonary toxicity and body composition changes not directly
comparable with systemic therapy alone. Similarly, studies were excluded if curative-intent resection
was not performed or if cancer histology was other than NSCLC.

To further ensure the reliability of the extracted data—particularly regarding the technical
specifications of CT-based body composition analysis (e.g., software, vertebral levels, and cut-offs)—
conference abstracts and editorial correspondence were strictly excluded, as detailed in the search
strategy. Only full-text original articles published in peer-reviewed journals were retained. Finally,
while systematic reviews and meta-analyses were excluded from the formal selection set to avoid
data redundancy, they were utilized for background contextualization and manual reference
checking. Moreover, their reported outcomes were critically compared with the findings of the
present review to further highlight the identified evidence gap, with a summary comparison
provided in Table 4.

Final Study Selection

Full-text assessment was sought for 57 records. Of these, 17 were excluded primarily due to the
unavailability of a full peer-reviewed manuscript or insufficient methodological detail. Ultimately,
20 original studies met the inclusion criteria and were retained for the final synthesis. Figure 1
illustrates the flow diagram for the identification and selection process.

Results
Theoretical Framework: The Three Preoperative Pillars of Risk

First Pillar: Sarcopenia

The Critical Role of Nutritional Status in Risk Stratification

Nutritional status is now recognized as a crucial factor in determining perioperative risk in
cancer surgery[15,16]. Despite its importance, it has historically often been underestimated or
neglected within the context of the overall preoperative assessment of patients[15]. Evidence shows
that poor nutritional status is associated with worse postoperative outcomes in lung cancer, though
findings may vary depending on patient and surgical factors[15].

Assessment of Sarcopenia

Sarcopenia is one of the most significant manifestations of malnutrition and overall deterioration
of physical health, characterized by a progressive and extensive loss of skeletal muscle mass,
accompanied by a decline in muscle strength and functionality[8,9]. This phenomenon is closely
associated with the aging process, as well as with chronic pathological conditions, including cancer-
related cachexia[8,9]. Accurate and reliable assessment of sarcopenia is a critical element for effective
preoperative risk stratification and the appropriate planning of therapeutic interventions[8,9,17].
Computed tomography-based assessment of skeletal muscle mass is widely recognized as a robust
method for the evaluation of sarcopenia, with cross-sectional analysis at the level of the third lumbar
vertebra (L3) serving as the established reference standard. Measurements obtained at this
anatomical landmark demonstrate a strong association with whole-body skeletal muscle mass and
enable reliable calculation of the Skeletal Muscle Index (SMI). In oncological cohorts, including
patients with lung cancer, low SMI values derived from L3 CT images have been consistently
associated with adverse clinical outcomes, underscoring the prognostic relevance of CT-based body
composition analysis. As CT imaging is routinely incorporated into cancer staging and follow-up,
L3-based muscle assessment provides a feasible and clinically informative approach for early
identification of sarcopenia and patient risk stratification[18].
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The Impact of sarcopenia on Perioperative and Long-Term Outcomes

The available body of research clearly demonstrates that the presence of sarcopenia is associated
with adverse perioperative and long-term outcomes in patients undergoing surgical management of
lung cancer[8,17,19,20].

Evidence from systematic reviews and meta-analyses consistently confirms that preoperative
sarcopenia is a robust predictor of adverse outcomes. Specifically, Yang et al. demonstrated that
sarcopenia significantly lowers long-term overall survival (HR 2.23, 95% CI: 1.68-2.94)[17].
Regarding surgical safety, a large-scale meta-analysis by Nishimura et al. revealed that sarcopenic
patients face a more than two-fold increase in the risk of perioperative complications (e.g.,
pneumonia, prolonged air leak, atrial fibrillation) with an Odds Ratio of 2.51 (95% CI: 1.55-4.08)[9].
These findings were further corroborated by Kawaguchi et al., who confirmed the association with
both postoperative complications (OR 1.86, 95% CI: 1.42-2.44) and poor overall survival (HR 2.89,
95% ClI: 2.31-3.62)[8].

The adverse effects of sarcopenia are even more pronounced in patients undergoing combined
multimodal therapeutic approaches. In oncological patients receiving combined radiotherapy and/or
chemotherapy regimens, the presence of sarcopenia has been associated with a significantly increased
risk of adverse events (specifically grade 3 or higher, toxicities, such as myelosuppression, radiation
pneumonitis, and esophagitis), with an estimated relative risk (RR) of approximately 1.44 (95% CI:
1.15-1.80)[21]. Simultaneously, sarcopenia has been shown to elevate the overall risk of mortality, as
indicated by a hazard ratio (HR) of 1.66 (95% CI: 1.35-2.03)[21]. These data suggest that muscle mass
loss may play an active pathophysiological role affecting treatment tolerance and survival[14,21].

Second Pillar: Systemic Inflammation

Systemic Inflammation in NSCLC

The interaction between cancer and the host’s immune response is considered fundamental to
disease progression[22,23]. The systemic inflammatory response (SIR) plays a central role, as it
significantly influences processes such as tumor growth, local invasion, and distant
metastases[22,23]. Accordingly, the baseline inflammatory status of a patient constitutes a strong
prognostic indicator that significantly influences outcomes in patients with non-small cell lung cancer
(NSCLC), particularly those scheduled for surgical treatment[23]. Commonly measured systemic
inflammation markers in NSCLC, as well as their prognostic value, are summarized in Table 1.

Table 1. Markers used for measuring Systemic Inflammation status in NSCLC patients.

Components / Prognostic Value For

Mark linical Implicati
AT Calculations methods Clinical Implication Postoperative NSCLC Outcomes
. Preoperative CRP higher than 40
. ._Opverall systemic . . .
Serum C-reactive protein, mg/L predicts higher postoperative
CRP ) inflammatory burden; . .
concentration (mg/L) morbidity and mortality after lung
acute-phase response ,
cancer resection.
High preoperative NLR predicts
Neutrophil count / ‘Innate versus adaptive . more Post'operative pulmonary
NLR immune balance; systemic complications and poorer
lymphocyte count . . .
inflammation recurrence-free and overall survival
in NSCLC.
High PLR i i ith
Platelet count / Platelet-driven urt?avorabiz ::ijfi Vf\;letee and
PLR inflammation/thrombosis

lymphocyte count . overall survival after NSCLC
and immune system status

surgery.
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High SII predicts a higher risk of

Global balance between .
postoperative pulmonary

Platelets x neutrophils / . .
systemic inflammation and

SII

lymphocytes . complications and shorter survival
immune response .
after lung cancer resection.
Low preoperative PNI (<50)
Serum albumin Combined nutritional predicts more postoperative
PNI concentration and total reserves and immune complications, prolonged air leak
lymphocyte count competence and poorer OS/RFS after NSCLC

resection.

Abbreviations. C-reactive protein (CRP); neutrophil-to-lymphocyte ratio (NLR); platelet-to-lymphocyte ratio
(PLR); systemic immune-inflammation index (SII); prognostic nutritional index (PNI); non-small cell lung cancer

(NSCLC); overall survival (OS); recurrence-free survival (RFS); forced expiratory volume in 1 second (FEV1).

Blood-Based Inflammatory Markers and Their Prognostic Value in Resected NSCLC.

CRP, a classic acute-phase reactant, provides a straightforward and immediate assessment of
overall systemic inflammatory burden. High preoperative CRP levels, specifically those exceeding a
cutoff of >40 mg/L, have been identified as a critical threshold. Lopez-Pastorini et al. demonstrated
that levels exceeding >40 mg/L serve as an independent and significant indicator for both elevated
postoperative morbidity (p < 0.001) and higher mortality (p = 0.021) following anatomical lung
resection[24].

As summarized in Table 1, NLR and PLR are simple indices calculated from standard complete
blood counts and provide an accessible window into systemic inflammatory activity. NLR reflects
the balance between neutrophil-driven innate immune responses and lymphocyte-dependent
adaptive immunity, while PLR reflects platelet-associated inflammatory— and potentially
thrombotic—processes in relation to lymphocyte counts[25-28].

Reflecting the systemic inflammatory burden, NLR and PLR serve as surrogate markers of the
balance between innate/adaptive immunity and platelet-associated inflammation[25,28]. In the
specific context of resectable NSCLC, elevated levels of these indices have been consistently validated
as robust independent predictors of adverse oncological outcomes, including reduced recurrence-
free and overall survival[23,29].

Systemic Immune-Inflammation Index (SII)

The Systemic Immune-Inflammation Index (SII) is a composite score derived from platelet,
neutrophil, and lymphocyte counts that reflects systemic inflammatory and immune status. In
patients undergoing lung cancer resection, high preoperative SII is independently associated with an
increased risk of postoperative pulmonary complications (PPCs) (OR 2.77, 95% CI: 1.08-7.16),
alongside established clinical factors such as reduced forced expiratory volume in 1 second
(FEV1)[30]. Furthermore, high preoperative inflammation-based scores, including SII and the C-
reactive protein-to-albumin ratio (CAR), have been associated with an increased risk of early tumor
recurrence following lung cancer resection. Specifically, elevated CAR has been identified as a robust
independent predictor of recurrence-free survival (HR 1.99, 95% CI: 1.20-3.28)[31]. Taken together,
SII serves as a composite surrogate marker reflecting the balance between cancer-associated
inflammatory activity and host immune status, integrating platelet, neutrophil, and lymphocyte
components[30,31].

Prognostic Implications of NLR, PLR, and SII

In NSCLC, inflammatory cell-derived markers such as NLR, PLR, and SII have gained attention
as indicators of host-tumor interactions. High values typically reflect a pattern of increased
circulating neutrophils and platelets together with relative lymphopenia. This profile is associated
with a biological environment that favors tumor progression and impaired anti-tumor immune
surveillance, as outlined in reviews of biological mechanisms with clinical relevance integrating
preclinical evidence[10,11].

Clinical studies in patients undergoing lung cancer resection reinforce the prognostic relevance
of these inflammatory indices. Observational data show that higher preoperative NLR, PLR, and SII
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are associated with poorer recurrence-free and overall survival following surgery. Specifically,
Mazzella et al. identified elevated preoperative levels of these markers as significant predictors of
mortality, reporting Hazard Ratios of 2.14 (95% CI: 1.17-3.93) for NLR, 2.27 (95% CI: 1.28-4.02) for
PLR, and 2.59 (95% CI: 1.53-4.38) for SII[23]. Similarly, in a large cohort analysis, H.-L. Wu et al,,
validated preoperative NLR as an independent predictor for both recurrence-free (HR 1.27, 95% CI:
1.06-1.51) and overall survival (HR 1.36, 95% CI: 1.07-1.72)[29]. Beyond long-term survival, these
markers also impact short-term recovery; specifically, elevated SII has been identified as a strong
independent predictor of postoperative pulmonary complications (OR 2.77, 95% CI: 1.08-7.16)[30].

In addition, certain inflammatory markers—particularly SII— have been linked to an increased
likelihood of postoperative pulmonary complications after lung resection, highlighting their
potential utility in perioperative risk stratification[30]. These findings underscore that systemic
inflammation, as reflected by blood-based indices, is not only a feature of tumor biology but also a
predictor of postoperative vulnerability.

Taken together, evidence from autoimmune, infectious, and oncologic research demonstrates
that NLR and PLR are informative, low-cost markers of inflammatory status. In NSCLC, elevated
NLR, PLR, and SII are associated with less favorable oncologic outcomes and, in some cases, with
higher risk of postoperative pulmonary complications.

Prognostic Value of prognostic nutritional index (PNI) in Resected NSCLC

To objectively measure the systemic, combined impact of inflammation and nutritional status,
composite indices have been established. PNI is calculated based on two readily available
parameters: serum albumin levels and the total peripheral blood lymphocyte count[32,33]. Multiple
studies have consistently associated a low preoperative PNI value (commonly defined as <50) with
an increased incidence of postoperative complications— particularly infectious morbidities—and
significantly reduced overall and recurrence-free survival in patients who have undergone complete
resection of NSCLC[32-34]. For instance, one study specifically reported an HR of 2.18 (95% CI: 1.08—
4.21) for overall survival and 2.57 (95% CI: 1.46—4.38) for recurrence-free survival[33]. Similarly, Park
et al. demonstrated that low PNI is independently associated with both poorer overall survival (HR
1.5, 95% CI: 1.2-1.8) and an increased risk of postoperative pulmonary complications (OR 1.7, 95%
CI: 1.3-2.3)[34].

Integration of Sarcopenia and Inflammatory Status: Synergistic Risk

An increasingly important area of research focuses on the prognostic synergy arising from the
combination of anatomical nutritional status (i.e., sarcopenia, as assessed via CT imaging) and
biochemical immune-nutritional status (i.e, PNI, which reflects systemic inflammation via
lymphocyte count and albumin levels)[35]. The combined assessment of skeletal muscle mass and
serum inflammatory nutritional markers is particularly valuable, as it simultaneously considers
multiple parameters of patient's physiological reserves[35].

Recent studies confirm that the coexistence of sarcopenia and systemic immuno-nutritional
dysfunction exerts a synergistically negative effect on the prognosis of surgical patients[35].
Specifically, the patient group characterized by the combination of “Sarcopenia and Low PNI”
exhibited particularly poor outcomes. This group demonstrated significantly higher rates of both
severe respiratory (38.5% vs. 15.0%, p=0.006) and overall complications (53.8% vs. 31.4%, p=0.02)
compared with patients who did not present these combined risk factors. Furthermore, multivariate
analysis identified this combined status as an independent predictor of respiratory complications (OR
3.23, 95% CI: 1.25-8.35)[35]. These findings underscore the critical need for the simultaneous
evaluation of multiple factors during preoperative assessment to enable a more accurate
quantification of risk[35].

Additional observations support this synergistic model. Chang et al. demonstrated that systemic
inflammation, assessed via NLR, may be a stronger prognostic determinant for overall survival than
muscle mass alone (HR 2.04, 95% CI: 1.33-3.22 for NLR versus non-significant p=0.113 for
sarcopenia)[36]. Conversely, Sato et al. showed that low skeletal muscle index and low PNI
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independently worsen survival, reinforcing their biological complementarity (HR 1.85, 95% CI: 1.09-
3.14 for low SMI and HR 2.03, 95% CI: 1.23-3.35 for low PNI)[37].

Collectively, these data highlight the need for multidimensional preoperative risk stratification
that integrates structural, biochemical, and immunological parameters. Such an approach may enable
more accurate identification of high-risk patients and support the development of targeted
prehabilitation strategies aimed at modulating inflammation, preserving muscle mass, and
improving overall resilience before curative-intent lung cancer surgery.

Third Pillar: Neoadjuvant Chemotherapy And Chemoimmunotherapy

Neoadjuvant systemic Therapy in Resectable NSCLC

In resectable NSCLC patients, systemic therapy —comprising platinum-based chemotherapy or
combined chemoimmunotherapy —can be delivered either after surgery (adjuvant) or before surgery
as neoadjuvant treatment. Neoadjuvant therapy is administered preoperatively with the intent to
reduce primary tumor burden, facilitate nodal downstaging, increase the likelihood of complete (R0)
resection, and eradicate micrometastatic disease early point, while also providing an in vivo
assessment of treatment response that may correlate with long-term outcomes such as event-free
survival (EFS) and overall survival (OS)[38,39].

Neoadjuvant systemic strategies, when combined with surgery, have been shown to improve
DFS and OS compared with surgery alone[38—41]. Accordingly, leading professional societies,
including the American College of Chest Physicians and the Society of Thoracic Surgeons, endorse
the use of neoadjuvant systemic therapy in resectable NSCLC, with treatment selection guided by
tumor stage, molecular profile, comorbidity burden, and patient-specific factors[4,40].

Current US guidelines favor neoadjuvant chemoimmunotherapy (nCIT) for stage II-IIIB
NSCLC, particularly in patients with elevated PD-L1 expression, due to higher rates of pathological
complete response and the potential for improved long-term survival[12]. Consequently,
professional societies emphasize the personalization of these preoperative approaches based on
tumor biology and patient status[4,40].

nCIT provides superior oncologic outcomes compared with neoadjuvant chemotherapy alone
in patients with resectable NSCLC. In the phase III CheckMate 816 trial, neoadjuvant nivolumab
combined with chemotherapy resulted in a 5-year OS rate of 65.4% versus 55.0% for chemotherapy
alone, with a significant reduction in the risk of recurrence or death as reflected in event-free survival
analyses|[7,42].

In addition, nCIT is associated with substantially higher rates of major pathological response
(MPR), a recognized surrogate marker for long-term survival, with reported MPR rates reaching up
to 49.3% compared with 19.0% in chemotherapy-only regimens[43]. Randomized trials such as
CheckMate 816 and KEYNOTE-671 have consistently demonstrated higher rates of pathological
complete response (pCR), prolonged EFS, and improved OS with nCIT compared with chemotherapy
alone[7,12].

Treatment-related catabolic and inflammatory stress in the sarcopenic host

Although nCIT preserves a generally favorable perioperative safety profile, it is associated with
a distinct spectrum of treatment-related toxicities. Neoadjuvant chemotherapy is primarily associated
with classical cytotoxic adverse events, including neutropenia, anemia, thrombocytopenia,
gastrointestinal toxicity, fatigue, alopecia, and peripheral neuropathy, with grade 3—4 adverse events
reported in up to 33% of patients depending on regimen and treatment intensity[44]. In contrast,
specific nCIT regimens have demonstrated manageable safety profiles, with grade 3—4 toxicity rates
ranging from 18% to 22% in some trials[45,46].

The addition of immune checkpoint inhibitors introduces immune-related adverse events such
as pneumonitis, colitis, hepatitis, endocrinopathies, and dermatologic reactions, which may delay or
preclude planned surgical procedures[46,47]. These immune-mediated toxicities are driven by
immune activation, cytokine release, and tissue inflammation and may be accompanied by
phenomena such as nodal immune flare and increased fibrosis, potentially complicating surgical
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dissection, such as extented surgery time, without substantially increasing perioperative
complication rates[44-46,48-51]. A comparative analysis of treatment-related adverse events and
surgical implications between neoadjuvant chemotherapy and chemoimmunotherapy in resectable
NSCLC is summarized in Table 2.

In patients with preexisting sarcopenia or heightened systemic inflammation, these treatment-
related insults may exert disproportionate catabolic and inflammatory effects, leading to treatment
interruptions, delays in proceeding to surgery, or impaired postoperative recovery. Through these
mechanisms, neoadjuvant therapy-induced stress may indirectly influence long-term oncologic
outcomes, including OS and DFS, by modifying treatment delivery, surgical fitness, and
perioperative resilience in the above patients.

Table 2. Comparative analysis of treatment-related adverse events and surgical implications between

neoadjuvant chemotherapy and chemoimmunotherapy in resectable NSCLC.

Neoadjuvant Chemoimmunotherapy

Feature Neoadjuvant Chemotherapy (nCIT)
Classic cytotoxic: Neutropenia, Combined: Cytotoxic effects +
Common Toxicities anemia, nausea, fatigue, alopecia, andImmune-related adverse events
neuropathy. (irAEs).

[ : : . o/ _ o . .
Grade 3-4 TRAEs Up to 33% (primarily hematological 18% —22% (e.g., neutropenia, diarrhea,

like neutropenia). and fatigue).
) . . . irAEs: Pneumonitis, colitis, hepatitis,
Unique Risks Cumulative marrow suppression. . X p
and endocrinopathies.
. . Potential for delays due to irAEs or
Surgical Impact Standard recovery expectations.

"immune flare."

Abbreviations. Neoadjuvant Chemoimmunotherapy (nCIT); Treatment-Related Adverse Events(TRAEs);

Immune-related Adverse Events (irAEs).

Lack of Host-Factor Stratification in Contemporary nCIT Trials.

Current high-impact nCIT trials, such as CheckMate 816, focus primarily on pathological
response and survival but lack systematic stratification based on baseline sarcopenia or immuno-
nutritional or inflammatory status[7,50,52]. CT-derived skeletal muscle indices, inflammatory
markers such NLR, PLR, and CRP-related metrics, as well as composite scores like PNI, are rarely
included in prespecified subgroup analyses, despite their known prognostic value in thoracic
oncology.

While technical difficulty in surgery and postoperative recovery, following nCIT is well-
documented[53], the specific influence of sarcopenia on these outcomes remains largely unexplored.
Furthermore, a significant and largely unexplored gap persists regarding the synergistic relationship
between sarcopenia, systemic inflammation, and the use of neoadjuvant therapy before surgery on
critical long-term outcomes in patients with lung cancer[54]. This lack of evidence limits the
development of individualized risk management strategies and hampers accurate risk stratification
when selecting patients for intensive neoadjuvant therapy.

Key findings of reviewed researches

Figure 1 presents the flow diagram illustrating the process of study identification and selection
for the review. A total of 2,004 records were identified through electronic databases, including 1,708
from PubMed, 145 from the Cochrane Library, and 151 from Scopus. After removal of 245 duplicates,
1,759 titles and abstracts were screened, resulting in the exclusion of 1,702 records as irrelevant to the
research question. Screening and full-text assessment were performed by two reviewers, applying
predefined inclusion and exclusion criteria consistently throughout the process. Full texts were
sought for 57 articles, of which 17 were excluded as they were conference abstracts or meeting reports
without available full-text data necessary for quality assessment. As a result, 40 studies underwent
full-text assessment for eligibility. Of these, 20 were excluded for the following reasons: absence of
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surgical resection (n = 2), review or meta-analysis articles (n =5), cancer types other than lung cancer
(n = 5), use of non—CT-based methods for sarcopenia assessment (n = 6), and combination of
neoadjuvant treatment with radiotherapy (n = 2). Ultimately, 20 original studies met the inclusion
criteria and were included in the present review.

As shown in Table 3, over the past five years, multiple observational cohorts from Europe, Asia,
and North America have consistently identified preoperative sarcopenia as a negative prognostic
factor in resectable NSCLC. Although several of these studies also assessed systemic inflammatory
markers and/or recorded neoadjuvant therapy, these factors were rarely analyzed in an integrated
manner or formally correlated with sarcopenia.

Across studies using thoracic or lumbar CT/PET-CT-derived measures—such as thoracic
skeletal muscle area at T5-T12, psoas volume/area, paravertebral indices, or pectoral muscle
measures—sarcopenia was consistently associated with adverse clinical outcomes. Specifically, it
demonstrated a significant prognostic impact on poorer overall survival, with Hazard Ratios (HR)
ranging from 1.42 to 1.98 in representative cohorts[35,36,55-59].

Furthermore, sarcopenia was associated with reduced disease-free and recurrence-free survival
(HR ranging from 1.39 to 1.47)[36,58] and worse cancer-specific survival (HR 1.74, p=0.008)[55].
Regarding surgical outcomes, in two researches sarcopenic patients exhibited a significantly
increased risk of postoperative complications (Hasenauer et al., 53.2% vs 39.2%, p=0.017 and
Takahashi et al., Odds Ratio 21.00, p<0.001), particularly pulmonary complications such as
pneumonia and prolonged air leak[18,57].

These findings were reproduced in heterogeneous settings, including elderly cohorts[60], early-
stage disease, minimally invasive resections[18], and innovative constructs such as “respiratory
sarcopenia,” which combined pectoral muscle measures with peak expiratory flow rate and was
likewise associated with higher complication rates and inferior survival[59].

Only a minority of studies reported inflammatory or immunonutritional markers together with
sarcopenia, and these factors were rarely analyzed in an integrated or model-based fashion.
However, where assessed, indices such as CRP, NLR, PLR, and PNI frequently emerged as
independent predictors of adverse outcomes, sometimes exceeding the prognostic strength of muscle
metrics.

For instance, Chang et al. demonstrated that elevated Neutrophil-to-Lymphocyte Ratio (NLR)
was a stronger predictor of inferior Overall Survival (HR 2.04, p=0.001) and Disease-Free Survival
(HR 1.714, p=0.003) compared to sarcopenia, which showed a weaker or non-significant association
in the same cohort (OS: HR 1.421, p=0.113; DFS: HR 1.392, p=0.034)[36]. Similarly, Uchibori et al.
reported that sarcopenia remained a significant risk factor (HR 1.92, 95% CI: 1.00-3.70) even after
adjusting for PNI[35]. Sato et al. further corroborated this link, showing that patients with
compromised immunonutritional status and muscle depletion experienced significantly worse 5-year
survival rates compared to those without (66.0% vs. 82.2%, p=0.004)[37].

Nevertheless, despite these quantitative signals, inflammatory markers were often handled
descriptively or entered into models without formal exploration of their synergistic interaction with
sarcopenia, leaving the mechanistic interplay between muscle depletion and systemic inflammation
only partially elucidated.

Handling of systemic therapy was similarly heterogeneous and often limited. Several cohorts
excluded patients who received neoadjuvant chemotherapy or chemoimmunotherapy altogether[60—
63], while others recorded neoadjuvant therapy but did not integrate these variables into
multivariable analyses[64,65].

Collectively, these studies demonstrate that while sarcopenia is repeatedly identified as a
prognostic factor for OS, DES, and postoperative complications, the failure to integrate inflammation
and neoadjuvant therapy parameters prevents a comprehensive understanding of their combined
effect. The limited inclusion of inflammatory markers and the inconsistent handling of Neoadjuvant
systemic therapy data undermine the development of robust predictive models. No study assessed
all three factors simultaneously; this underscores a gap in current research regarding the combined
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impact of these parameters on long-term postoperative outcomes. Future research should therefore
prioritize integrated designs that simultaneously evaluate sarcopenia, inflammation, and
preoperative therapy (Neoadjuvant) exposure to elucidate their complex interactions and refine
prognostic stratification in NSCLC surgery.

Table 3. Studies included the review.

Follow- h f j
., Patient Main ollow-  Met od's © Neoad'] uvant Inflammation Surgery  Main
Study Details Characteristics Correlation ¥ measuring  SCreeniNg o reenin, Type Outcomes
(months) sarcopenia (Chemo/ncit) 8 yP
Age: (Mean)
Huangetal = "5 10 SMI, IMAI HR 0.86 (95%
2025[66] CaStage: 1 usclemass nd SAIb CL: 0.82 - 0.90)
China/USA/N -2 7128¢ on OS and a Y NA NA NA e
L 1v, DFS CT or PET- per unit of
N: 2712 Hist: ADC CT increasing SMI
) 65.9%
Respiratory
sarcopenia:
identified by
the presence
Respirat of alow
S esprratory PEFR. Lobectomy
Sun et al. Age: (Median) Oa Sr cac;[;ema on Respiratory CRP and
2025[59] 69 [64-76], ostoperative sarcopenia in mediastina Sarc on OS (HR
Japan Ca Stage: I—HIA,p . E tion diagnosis is multivariate 1lymph  1.83, p=0.01)
N: 806 Hist: NA comprieations confirmed analysis node
within 30 . .
davs by the dissection
Y additional
presence of a
low PMI by
CT or PET-
CT
. Age: (Median) Sarcopenia on Excluded NLR, PN Pneumone
Takashima et 78 [75-87], recorded
OS and those ctomy/  5-yr OS: 80.5%
al. 2025[60]  Ca Stage: 0-11I, . PVIby CTor . . before surgery, . o
. postoperative receiving . bilobectom vs 66.7% (Sarc),
Japan Hist: ADC 76%, 90-d PET-CT neoadiuvant but not in / ~0.012
N:334 SCC 22% o CoOaqTIVaNt ultivariable Y L
complication . lobectomy
analysis
FEV1%, low
Z-SM-index
- indicative Higher Z-SM-
for a low index
Age: (M 7
Verkoulen et +9g§ (Mean) 6 total body associated with
al. 2025[67] Ca Stage: 01V, Muscle mass skeletal NA NA NA higher OS - HR
Netherlands Hist: ADC on OS muscle on OS 0.87
N: 530 o4 9(;/ mass. (95% CI: 0.77 -
R SM, VAT 0.99, p=0.032)
and SAT
index by CT
or PET-CT
HR 1.92 (95%
. . CI: 1.00-3.70)
Uchibori et al. Age: (Median) Sarc?pen1a SMI on L3 adjusting for
70 [63-75], and immune Immune
2024[35] e level, PMI . P
Ca Stage: I-  nutritional NA nutritional ~ Lobectomy . .
Japan by CT or (inflammation)
N: 300 IIIA, status by PNI PET-CT status by PNI in
’ Hist: ADC 78% on OS -
multivariable
analysis
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HR Sarc on OS:
1421 (p=
0.113),
HR Sarc on
Chang et al. Age: (Median) Sarcopenia Lobectomy DFS: 1.392
2023(36] 65 [57-73], and SMI on L3 NLR Jwedge / (p=
Taiwan CaStage:I-  inflammation NA level by CT NA PLR/ s megntect 0.034),
N 2;; 1A, on OS and or PET-CT & HR, NLR on
' Hist: NA DFS omy 08:2.04 (p
=0.001),
HR, NLR on
DFS:1.714 (p=
0.003)
HR Sarc on OS:
1.27
(p =0.240),
Sarc presented
higher
Sarcopenia on Lobectom; rates of overall
Hasenauer et Age: (Mean) p y postoperative
OS and SMI on L3 / R
al. 2023[18] 67.1+9.3, . 45(32.1- complications
. postoperative level by CT NA NA segmentect
Switzerland Ca Stage: I-II1, 30-da 69) or PET.CT omv b (53.2% vs.
N: 401 Hist: ADC72% © © i’ications v A};Sy 39.2%, p =
P 0.017) and
pulmonary
complications
(48.9% vs.
33.7%, p =
0.008)
. Pneumone
Kaltenhauser I&g;' (Median) Sarcopenia on "?"E/HTZH'II: 13 (') ctomy /
etal. 2023[68] . OS andCa 55.7 (46.8- NA NA lobectomy Worse OS in
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omy
PNL
calculated
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Sarcopenia
Age: (Mean) and immune and
Sato et al. 684491, nutritional SMI was lymphf)cyte Lobectomy 5oyt OS: 66%
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s Hist: ADC 79%,0n OSand - - Y a8 p=0.004
' Non-ADC 21% postoperative SIhE Y
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N: 98 High IMAC (but not segmentect 5-yr OS: 82,4%
72.1, included in  omy (Sarc) vs 97.3%,
Ca Stage: I-I, multivariable p<0.001
Hist: ADC analysis) (IMAC)
83.7% (95% CI, 90.0—
99.3) in
patients with
normal IMAC
82.4% (95% CI,
61.3-93.2) in
patients with
high IMAC (P
<0.001)
Lee et al. Age:(Median) Excluded Pneumone
2022[61] élg[54—68] Sarcopenia on SMlon L3 those ctomy / Mean OS: 93.3
Korea ! p NA level by CT L. NA Y (Sarc) vs 109.4
N: 636 Ca Stage: I-IV, OS CPET.CT receiving lobectomy mo. £<0.001
’ Hist: ADC © neoadjuvant / wedge O P
Ueda et al. Age: Sarc 69.5; Excluded Lobectom
2022[62] Ngon—sarc 68,  Sarcopenia on ESMonT12 those / g 5yr O5:79.6%
! 61.5 level by CT .. NA (Sarc) vs 89.5%,
Japan Ca Stage: I, oS or PET-CT receiving segmentect 0.001
N: 534 Hist: ADC 80% neoadjuvant omy P
i 1:13, T5,
Wakefield et Age: (Median) Sarcopenia on SMI: L3, T5 HR on OS
OS and DFS T12 levels by Excluded . .
al. 2022[63]  68.8, Anatomicalvaries by level
and 46.9 CT or PET- those NA . .
USA Ca Stage: I-I, ostoperative CT receivin resection of measuring
N: 221 Hist: ADC ~ Postopera e (T5, T12, L3)
complications neoadjuvant
Age: (Mean) 63 Neoadjuvant
Daffré etal. +10.3, SMIon L3 recorded but 5.vr OS: 31.6%
2021[64] Ca Stage: 0-1V, Sarcopenia on 60 level by CT not correlated NA Pneumone ( Syr ) ) 4 2 6";
France Hist: ADC  OS = or PET-CT in ctomy R;T SZS 07
N: 238 31.9%, Non- multivariate ’
ADC 68.1% analysis
5-yr OS: Sarc
(vs. non-sarc)
Age: (Medi HR:1.978, p =
Y. Takahashi 70g[e35(—8§] fan) Sarcopenia on PMA on the 0.01 p
et al. 2021[57] ’ OS and 58.8 (0.7- ——
Cancer Stage: I, . L3levelon NA NA Lobectomy Post Operation
Japan . o, postoperative 137) oo
N: 315 Hist: ADC 73%, complications the HRCT complications
' Non-ADC 27% P (Sarc):
Odds Ratio
21.00, p <0.001
Age: (Mean) . Paraspinous Neoadjuvant
Tanaka et al. 68.5+8.8, Sarcopenia on muscle recorded but CRP but not HR 1.09 per
OS and DFS . . Pneumone lower SMI
2021[65] Ca Stage: 0-1II, sarcopenia not correlatedin .
. and 37.2 . N ctomy/  (high SMI
Japan Hist: ADC ostoperative atthe T12 in multivariate lobectomy means high
N: 587 67%, SCC P ¢ zq level by CT multivariate analysis Y sl mg )
28.4% oicomes or PET-CT _analysis Hscemass
Troschel et al. Age: (Median)
T8,T10,T12 -
2021[55]  622[56-69], , 8 10 ' con b SCyr o5 .
USA/German Ca Stage: -1V, arcopenia on , \ - muscle NA NA neumone (Ca specific) ,
v Hist: SCC 589% (O] by CT or ctomy HR 1.74,
N: 367 ADC 33% PETCT p-0.008

Abbreviations. Subcutaneous Adipose Tissue (SAT); Non-Small Cell Lung Cancer (NSCLC); Computed
Tomography (CT); Visceral Adipose Tissue (VAT); high-resolution computed tomography (HRCT); Peak
Expiratory Flow Rate (PEFR); Pectoral Muscle Index (PMI); Skeletal Muscle Index (SMI); Lumbar vertebrae 1,3,
4 (L1, L3, L4); Cross-Sectional Area (CSA); Psoas Volume Index (PVI); Positron Emission Tomography /
Computed Tomography (PET/CT); Skeletal Muscle tissue (SM); Thoracic vertebrae 8,5,12,10 (T5, T8, T10, T12);
Intermuscular Adipose Index (IMAI); Subcutaneous Adipose Index (SAI); Psoas Muscle Index (PMI); Erector
Spinae Muscle (ESM); Forced Expiratory Volume in 1 second (percentage) FEV1%; Intramuscular Adipose tissue
Content (IMAC); Paravertebral Muscle Index (PVMI); Paravertebral Muscle Density (PVMD); Psoas Muscle Area
(PMA);Prognostic Nutritional Index (PNI); Neutrophil-to-Lymphocyte Ratio (NLR); Platelet-to-lymphocyte
ratio (PLR); C Reactive Protein (CRP); Overall Survival (OS); Recurrence Free Survival (RFS); Disease Free
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Survival ~ (DFS); Video-Assisted Thoracoscopic Surgery (VATS); Adenocarcinoma (ADC); Complete
tumor removal (R0); Squamous Cell Carcinoma (SCC); Non-Small Cell Lung Cancer (NSCLC); Hazard Ratio
(HR); Z-score of SM index (Z-SM-Index) ); Not Available (NA); Sarcopenic Group (Sarc); Non-sarcopenic group
(Non-sarc); Netherlands (NL); Histological Type (Hist); Cancer (Ca); Year (yr); Months (mo); Versus (vs);
Chemotherapy (chemo); Neoadjuvant Chemoimmunotherapy (ncit).

Discussion

Prognostic Significance of Preoperative Sarcopenia in Resectable NSCLC

The present narrative review confirms that preoperative sarcopenia is consistently associated
with poorer long-term oncologic outcomes and higher postoperative morbidity in patients
undergoing resection for NSCLC. Across 20 observational cohorts from Asia, Europe and North
America, using diverse CT- or PET-CT-based measurements of skeletal muscle at thoracic and
lumbar levels (including T8-T12, L3 and pectoral indices), low muscle mass repeatedly emerged as a
negative prognostic factor for OS, DFS/RFS and postoperative complications[18, 35-37, 55-70]. These
findings span early-stage and stage I-IIIA disease, elderly cohorts, minimally invasive resections and
the newer concept of “respiratory sarcopenia” defined by both pectoral muscle index and peak
expiratory flow[59], supporting the interpretation of sarcopenia as a generalizable host-vulnerability
phenotype rather than a measurement artifact. Sarcopenia constitutes an independent factor that
negatively impacts immediate perioperative morbidity and is significantly associated with reduced
long-term survival, as documented by studies[9,17,18]. Moreover, sarcopenia is recognized as a
particularly reliable prognostic indicator for tumor recurrence following surgical intervention in
patients with non-small cell lung cancer[71].

Accurate and reliable assessment of sarcopenia is a critical element for effective preoperative
risk stratification and the appropriate planning of therapeutic interventions[8,9,17]. Traditionally, the
“gold standard” for diagnosing sarcopenia has relied on imaging via computed tomography (CT) at
the level of the third lumbar vertebra (L3), as this region shows a strong correlation with total skeletal
muscle mass. However, more recent methodological approaches have highlighted the increasing
practicality and clinical value of thoracic CT assessment[18]. This adapted method focuses on the
level of the tenth thoracic vertebra (T10), allowing detailed measurements of both SMI, which reflects
the quantity of muscle mass, and the Skeletal Muscle Radiation Attenuation (SMRA), used as an
indicator of muscle quality through the assessment of fatty infiltration[18]. Incorporating these CT-
derived measurements enables clinicians to apply more precise diagnostic criteria for sarcopenia and
to identify patients at increased risk at an early stage[18].

Nonetheless, most of these studies evaluated sarcopenia largely in isolation. Systemic
inflammatory status and neoadjuvant therapy exposure were frequently not collected, explicitly
excluded (for example by omitting all patients who received neoadjuvant chemotherapy) or handled
only as crude binary covariates[18,56,58,61-68]. This fragmented approach limits causal inference
and leaves unresolved whether sarcopenia itself drives risk, or whether it is a surrogate for broader
systemic processes, including chronic inflammation, treatment-related toxicity or advanced
biological disease.

Systemic Inflammation and the Sarcopenic Host Phenotype

In the smaller subset of studies that incorporated inflammatory or immune-nutritional indices
alongside muscle metrics, a more complex host phenotype becomes apparent. Sato et al. and Uchibori
et al. showed that both low SMI and low PNI independently predict inferior OS, and that reduced
muscle mass is additionally associated with higher postoperative complication rates[35,37]. Chang et
al. reported that elevated NLR and PLR are strongly associated with worse OS and DFS, whereas
sarcopenia alone displayed only a borderline effect[36]. Studies by Kamigaichi et al., Sun et al. and
Takashima et al, also suggest that combinations of structural muscle depletion and
inflammatory/immune-nutritional derangements identify particularly vulnerable patients[59,60,70].

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202603.1975.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 25 March 2026 d0i:10.20944/preprints202603.1975.v1

16 of 27

Elevated NLR, PLR, and SII are associated with less favorable oncologic outcomes and, in some
cases, with higher risk of postoperative pulmonary complications. Although proposed mechanistic
explanations exist, the associations observed in surgical cohorts remain observational. Even so, these
indices provide useful adjuncts to established clinical and pathological factors when assessing
prognosis and perioperative risk in lung cancer patients[10,23,29].

Taken together, these data support the concept that sarcopenia and systemic inflammation form
an adverse metabolic-immune phenotype that is especially susceptible to surgical stress,
postoperative complications and tumor recurrence. However, even in these more advanced analyses,
inflammatory markers are often collected inconsistently and modelled heterogeneously, frequently
without explicit testing of interaction or mediation between sarcopenia and inflammation[59,60,70].
As a result, the magnitude and direction of the interplay —whether additive, synergistic or mainly
mediated by inflammation —remain incompletely defined.

Evidence Gap and the Need for Multivariable Three-Factor Models (Sarcopenia, Inflammation, Neoadjuvant
Therapy)

Across both primary studies and existing reviews (discussed in a subsequent paragraph), the
most striking commonality is the near-complete absence of integrative multivariable models that
simultaneously consider sarcopenia, systemic inflammation and neoadjuvant therapy when
predicting OS and DEFS in resectable NSCLC. Lung cancer-specific meta-analyses and broader
surgical-oncology reviews typically pool hazard ratios for sarcopenia adjusted for stage, age and
performance status, but do not include inflammatory markers or detailed neoadjuvant treatment
variables in their multivariable frameworks[17,72-76].

From a methodological standpoint, the field has therefore moved decisively from asking
whether sarcopenia is prognostic to quantifying how strongly sarcopenia is associated with adverse
outcomes. What remains largely unaddressed —and constitutes the primary evidence gap identified
by this review —is the clinical interplay of the tripartite relationship between sarcopenia, systemic
inflammation, and neoadjuvant therapy. Specifically, the question is whether the established
prognostic value of sarcopenia remains robust, is exacerbated, or is mitigated when accounting for
the concurrent burden of systemic inflammation and the physiological effects of modern neoadjuvant
therapy. Existing two-factor analyses, in which sarcopenia is combined with PNI, NLR or other
inflammatory indices[35-37], provide an important intermediate step and suggest that a combined
muscle-inflammation phenotype is more informative than either parameter alone. However, they
still do not incorporate neoadjuvant treatment in a way that allows the construction of three-factor
models.

Sarcopenia in patients with resectable NSCLC is mechanistically linked to poor surgical and
oncologic outcomes through several pathways. Loss of skeletal muscle mass and strength impairs
functional capacity, reduces metabolic and protein reserves, and alters myokine and immune
signaling, thereby diminishing the ability to withstand surgical stress and systemic therapy. Systemic
inflammation further promotes catabolism, immune dysregulation, and tumor progression, creating
a vicious cycle that exacerbates muscle wasting and impairs recovery[77,78].

Neoadjuvant chemotherapy and immunotherapy, while improving pathological response and
survival outcomes (EFS AND OS), may aggravate muscle wasting, anorexia, fatigue, and
inflammatory burden, further compromising outcomes in vulnerable patients. Sarcopenia is
associated with increased toxicity and poorer response to systemic therapies in patients with solid
tumors, including NSCLC. This comprises reduced tolerance to immunotherapy, likely due to
impaired immune function and altered inflammatory signaling[13,14]. Furthermore, a critical
pharmacokinetic mismatch likely contributes to this vulnerability. Since chemotherapy dosing is
conventionally calculated based on Body Surface Area (BSA) rather than muscle mass, sarcopenic
patients—who possess a reduced volume of distribution for hydrophilic drugs—are inadvertently
exposed to higher plasma concentrations relative to their lean body mass. This leads to a 'relative
overdose' that exacerbates systemic toxicity despite standard BSA-based dosing[14]. nCIT related
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toxicity is exacerbated in sarcopenic and frail patients, who have reduced physiologic reserve and are
more susceptible to adverse events, including infections and delayed recovery[35,36]. Neoadjuvant
chemotherapy is dominated by cytotoxic toxicities, whereas neoadjuvant chemoimmunotherapy
adds immune-mediated inflammation and irAEs to the toxicity profile, with similar overall rates of
severe adverse events but a broader mechanistic spectrum[44-51].

Neoadjuvant therapy in NSCLC increases the length of surgery due to treatment-induced
inflammatory changes and fibrosis, particularly with neoadjuvant immunotherapy and
chemoimmunotherapy. This effect is well-documented, with higher rates of conversion from
minimally invasive to open thoracotomy and longer operative times required to manage dense
adhesions and altered tissue planes[46]. In sarcopenic patients, the impact of prolonged surgery is
clinically significant. Sarcopenia independently predicts increased postoperative complications,
longer hospital stays, and reduced overall survival after lung cancer resection[8,35,74,79]. The
combination of sarcopenia and neoadjuvant therapy—both of which can impair nutritional and
functional status—may further exacerbate vulnerability to perioperative morbidity, delayed
recovery, and poor long-term outcomes.

The key state-of-the-art gap highlighted by this review is therefore the lack of robust, validated
multivariable models that integrate all three domains—sarcopenia, systemic inflammation and
neoadjuvant therapy—into a single framework for predicting OS, DFS and postoperative
complications in surgically treated NSCLC. This gap is also recognized conceptually in broader
discussions of host-related factors in oncology[14,54], but has not yet been addressed empirically in
the context of resectable NSCLC.

Biologically, we propose that these three factors do not merely coexist but likely form a
““mechanistic triad of toxicity”’. Sarcopenia implies a critical depletion of the physiological protein
reserve required for stress response and tissue repair. Systemic inflammation acts as a constant
catabolic driver, accelerating the degradation of this already limited muscle reserve. When
neoadjuvant chemoimmunotherapy is introduced, it imposes a distinctive “’third hit”’: a combination
of cytotoxic damage and immune-mediated metabolic demand. In a sarcopenic, inflamed host, this
cumulative burden may overwhelm homeostatic capacity. Consequently, the skeletal muscle is
unable to buffer the systemic toxicity of nCIT, leading to the observed clinical cascade of severe
adverse events, surgical delays, and compromised long-term survival.

Implications in the Era of Neoadjuvant Chemoimmunotherapy

The rapid adoption of neoadjuvant chemoimmunotherapy (nCIT) in resectable NSCLC adds
further urgency to this unmet need. Contemporary trials such as CheckMate 816 and others have
demonstrated meaningful improvements in pathological response and survival with nCIT
regimens[7,50,52]. However, these studies, and the emerging immuno-oncology review literature,
rarely stratify patients according to baseline body-composition or immune-nutritional variables, and
almost never evaluate sarcopenia and systemic inflammation together as modifiers of nCIT benefit
or perioperative risk.

This oversight is critical because nCIT introduces complex challenges for the Host-Tumor-
Therapy Triad. Unlike traditional therapies, nCIT imposes a dual physiological stress: the catabolic
burden of the cytotoxic component combined with the systemic inflammatory modulation induced
by checkpoint inhibitors. While the mechanisms of systemic therapy-induced wasting are well-
established[14], recent data indicate that skeletal muscle mass can significantly decline during the
course of neoadjuvant treatment[13]. This creates a clinical paradox: while nCIT successfully
downstages the tumor, it may concurrently degrade the patient’s physical resilience—specifically
through the aggravation of sarcopenia— potentially offsetting the oncological gains by increasing the
risk of adverse postoperative outcomes.
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Comparison with Existing Systematic Reviews and Meta-Analyses

The findings of the present review align closely with eight key systematic reviews and meta-
analyses that have examined the prognostic role of sarcopenia in cancer, and in lung cancer in
particular. In mixed lung cancer populations (including both NSCLC and SCLC and both surgical
and non-surgical treatments), Buentzel et al. and Yang et al. demonstrated that CT-assessed
sarcopenia is associated with significantly worse OS, with pooled hazard ratios of 3.13 (95% CI: 2.06—
4.76) in multivariate analysis and 2.23 (95% CI: 1.68-2.94), respectively[17,72]. Similarly, in a
comprehensive meta-analysis focusing specifically on surgically resected NSCLC, Deng et al.
concluded that sarcopenia is a strong independent predictor of poor outcomes. Specifically, they
reported a Hazard Ratio of 2.85 (95% CI: 1.67—4.86) for Overall Survival and a Risk Ratio of 1.59 (95%
CI: 1.01-2.52) for Disease-Free Survival in patients with early-stage disease[73].

A thoracic surgery—focused systematic review by Kawaguchi et al. confirmed that preoperative
sarcopenia predicts adverse short- and long-term outcomes, reporting an Odds Ratio of 1.86 (95% CI:
1.42-2.44) for postoperative complications, 1.66 (95% CI: 1.00-2.74) for disease-free survival, and 2.89
(95% CI: 2.31-3.62) for overall survival[8]. These mortality findings were further refined by the recent
European Society of Surgical Oncology meta-analysis by Lading et al., which reported a pooled
Hazard Ratio of 1.99 (95% CI: 1.73-2.28) for overall survival. Notably, Lading et al. identified an even
stronger prognostic effect in patients with early-stage (I-II) disease, reporting an HR of 2.33 (95% CI:
1.91-2.83)[74].

Three broader surgical-oncology reviews provide complementary context. Weerink et al.,
investigating a diverse cohort of surgical oncology patients —predominantly those with colorectal,
hepatopancreatobiliary, and upper gastrointestinal malignancies—reported that low skeletal muscle
mass is associated with a significantly higher risk of severe postoperative complications (Odds Ratio
1.44, 95% CI: 1.24-1.68)[76]. Su et al., in gastrointestinal oncology patients predominantly managed
with major cancer surgery, found that CT-assessed sarcopenia predicts both short-term postoperative
morbidity (Risk Ratio 1.19, 95% CI: 1.08-1.30) and long-term oncologic outcomes, specifically poorer
overall survival (Hazard Ratio 1.60, 95% CI: 1.37-1.87)[75]. Finally, a comprehensive pan-surgical
meta-analysis demonstrated that preoperative sarcopenia is consistently associated with increased
peri- and postoperative mortality (Odds Ratio 2.69, 95% CI: 2.31-3.12), higher complication rates
(Odds Ratio 1.68, 95% CI: 1.51-1.87), prolonged hospital stay (Mean Difference 1.68 days), and
reduced 1, 3 and 5-year survival (Odds Ratios 0.45, 0.44, and 0.55, respectively) across a wide
spectrum of surgical procedures[80].

Collectively, these eight reviews converge with the present synthesis in affirming that
preoperative sarcopenia is a strong and clinically meaningful marker of adverse outcomes in lung
cancer and in surgical oncology more generally. Crucially, however, across all of them sarcopenia is
effectively analyzed as a single host factor. None systematically integrates systemic inflammatory
markers into their pooled models, and none explicitly examines interactions between sarcopenia and
neoadjuvant regimens with respect to OS, DFS or postoperative complications. The existing review
literature therefore robustly answers the question of whether preoperative sarcopenia is prognostic,
it clearly is, but does not address how its prognostic impact is modified by preoperative systemic
inflammation or contemporary neoadjuvant therapy. The present review complements these prior
syntheses by explicitly framing sarcopenia, inflammation and neoadjuvant treatment as a triad of
interacting determinants rather than isolated variables. Table 4 provides a comparative overview of
key systematic reviews and meta-analyses evaluating the prognostic value of sarcopenia in NSCLC
and surgical oncology, highlighting the evidence gap addressed by the present review.

Table 4. Comparative overview of key systematic reviews and meta-analyses evaluating the prognostic value of

sarcopenia in NSCLC and surgical oncology, highlighting the evidence gap addressed by the present review.

Target Primary Findings Integrafed with Integrated with Neoadjuvant
Author (Year) Population  (Sarcopenia Impact) Systemic Therapy?
P P P Inflammation? Py’
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Mixed Lung
Buentzel et al. Cancer OS: HR 1.96 (Univariate) / No No
(019)[72]  (NSCLC&  HR 3.13 (Multivariate)
SCLC)
Yangetal. Mixed Lung OS: HR 2.23 (95% CIL: No No
(2019)[17]  Cancer 1.68-2.94)
OS: HR 2.85 (95% CI:
Dengetal.  Resected 1.67-4.86) No No
(2019)[73]  NSCLC DFS: RR 1.59 (Early-stage
only)
Thoracic OS: HR 2.89 (95% CI:
Kawaguchi et 2.31-3.62)
Surgery . No No
al. (2021)[8] (NSCLC focus) Complications: OR 1.86
(95% CI: 1.42-2.44)
. Surgically OS: HR 1.99 (95% CI:
1‘2%‘;35[572 2l Treated 1.73-2.28) No No
NSCLC (HR 2.33 in Stage I-1I)
. Surgical Severe Complications: OR
gg;é;?é]et & Oncology 1.4 (95% CI: 1.24-1.68)  No No
(Mixed) 30-day Mortality: OR 2.15
Morbidity: RR 1.19 (95%
Su et al. GI & Cancer  CI: 1.08-1.30) No No
(2019)[75] Surgery OS: HR 1.60 (95% CI:
1.37-1.87)
Mortality: OR 2.69 (95%
Knoedler et Pan-Surgical CI:2.31-3.12) No No

al. (2023)[80] (General) Complications: OR 1.68
(95% CI: 1.51-1.87)
Identifies the lack of
empirical data on the
"mechanistic triad" of
toxicity.
Abbreviations. Non-Small Cell Lung Cancer (NSCLC); Small Cell Lung Cancer (SCLC); Overall Survival (OS);
Disease-Free Survival (DFS); Hazard Ratio (HR); Relative Risk (RR); Odds Ratio (OR); 95% Confidence Interval

(95% CI); Univariate Analysis (Univariate); Multivariate Analysis (Multivariate); Gastrointestinal (GI).

Present Resectable
Review (2026) NSCLC

YES (Analyzed asa  YES (Identified as the critical
key synergistic factor) missing variable)

Limitations

This review has several key limitations. Because its primary focus is the prognostic impact of
sarcopenia, studies were included if sarcopenia was assessed either alone or alongside potential
synergistic factors (systemic inflammatory indices and/or neoadjuvant systemic therapy). When such
factors were not co-reported, only the effect of sarcopenia was considered, representing an inherent
limitation. First, this review was conducted narratively rather than as a formal systematic review,
and no structured risk-of-bias tool was applied. Second, the search was intentionally limited to
English-language publications from 2021 to 2025 to target the nCIT era, which may have excluded
relevant evidence and restricted generalizability across populations and time periods. Moreover, the
exclusion of conference abstracts and grey literature (n = 17) — necessitated by the need for detailed
methodological evaluation of body composition and inflammatory parameters — may have
introduced a degree of publication bias. While this criterion ensured that only high-quality, peer-
reviewed data were analyzed, it is possible that newer, preliminary findings presented solely at
conferences were not captured. Substantial clinical and methodological heterogeneity also exists
among the 20 included studies, particularly regarding inconsistent definitions and thresholds for
sarcopenia (e.g., differing CT measurement levels/cut-offs) and inflammatory markers (PNL NLR,
PLR). The scope was further narrowed by excluding studies assessing muscle health with non-CT
modalities (e.g., handgrip strength, DEXA) and those using neoadjuvant chemoradiotherapy
(NACR), limiting the comprehensiveness of body composition assessment and applicability to NACR
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contexts. This exclusion was based on the premise that thoracic radiotherapy introduces distinct
patterns of toxicity, inflammatory response, and body composition change that are not directly
comparable to systemic therapy alone. Finally, the proposed synergistic interaction between
sarcopenia, systemic inflammation, and neoadjuvant therapy remains largely theoretical because no
study evaluated all three domains within an integrated framework, highlighting the need for future
prospective research.

Future Directions and Implications for Personalized Surgical Oncology

As demonstrated by the evidence reviewed above, preoperative sarcopenia is a well-established
adverse prognostic factor in lung cancer, associated with increased postoperative morbidity and an
approximately twofold higher mortality risk. Focusing on resectable NSCLC in the contemporary
multimodal treatment era, this review highlights the need to move beyond isolated assessments
toward prospective studies using standardized CT-based definitions of sarcopenia and integrated
prognostic models that concurrently evaluate muscle status, systemic inflammatory and immune-
nutritional indices, and neoadjuvant treatment exposure. These factors should be modelled as
interacting and potentially time-dependent predictors of oncologic and surgical outcomes, as their
proposed synergy remains largely theoretical. Future studies with broader temporal and geographic
representation will be essential to validate these findings across diverse populations and treatment
settings. Clinically, incorporating standardized sarcopenia and inflammation metrics into
preoperative risk stratification may enable individualized surgical decision-making, targeted
perioperative optimization, and more precise, patient-centered care in surgically treated NSCLC
following neoadjuvant therapy.

Conclusion

The optimal management of resectable NSCLC requires an integrated approach that considers
host biology alongside oncologic therapy[4]. This review demonstrates that while sarcopenia and
systemic inflammation are independently prognostic, their interaction with each other and with
neoadjuvant therapy is a key determinant of outcomes that remains poorly quantified[21,35]. The
complementary prognostic value of inflammatory and immune-nutritional indices alongside muscle
metrics supports the model of an adverse host phenotype—where sarcopenia and inflammation are
interconnected manifestations—rather than isolated risk factors. The introduction of nCIT represents
a significant shift in treatment, providing higher rates of pathological response and improved
survival compared to conventional chemotherapy[50,52]. However, sarcopenia, characterized by loss
of muscle mass and strength, along with systemic inflammation, can hinder the patient’s ability to
tolerate major lung resection and systemic therapy. While neoadjuvant regimens are beneficial on a
population level, they may worsen muscle wasting, anorexia, fatigue, and treatment-related
inflammation in vulnerable individuals.

Despite this clear biological rationale, the full potential of nCIT remains constrained by the lack
of standardized data linking the patient’s baseline biological status—particularly sarcopenia and
systemic inflammation—with specific surgical outcomes, postoperative complications, and long-
term survival[54].

Current evidence almost uniformly evaluates these domains separately: sarcopenia alone,
inflammation alone, or systemic therapy in isolation. Robust, validated multivariable models that
integrate all three domains—sarcopenia, systemic inflammation and neoadjuvant therapy—into a
single framework for predicting overall survival, disease-free survival and postoperative
complications in surgically treated NSCLC are essentially lacking.

Future research should therefore move beyond one-dimensional body-composition metrics and
adopt prospective, multidimensional designs that use standardized CT-based definitions of
sarcopenia, comprehensive inflammatory and immune-nutritional profiling, and detailed
characterization of neoadjuvant regimens. These variables should be modelled as interacting,
potentially time-dependent determinants of outcome and linked to structured host-optimization
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strategies such as nutritional support, immunonutrition and prehabilitation[81]. Prioritizing research
that integrates these complex nutritional, inflammatory and immunological factors into unified
prognostic models and clinical pathways will enable the medical community to develop
personalized, maximally effective therapeutic strategies for each patient with resectable NSCLC,
ultimately improving both survival and recovery[52,54,81].
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Abbreviations

The following abbreviations are used in this manuscript:

ADC Adenocarcinoma

AE Adverse Event

ALK Anaplastic Lymphoma Kinase

BMI Body Mass Index

BSA Body Surface Area

CAR C-reactive Protein-to-Albumin Ratio

CI Confidence Interval

CRP C-Reactive Protein

CSA Cross-Sectional Area

CT Computed Tomography

DFS Disease-Free Survival

EFS Event-Free Survival

EGFR Epidermal Growth Factor Receptor

ESM Erector Spinae Muscle

FEV1% Forced Expiratory Volume in 1 second (percentage)
HR Hazard Ratio

HRCT High-Resolution Computed Tomography
IMAC Intramuscular Adipose Content

IMAI Intermuscular Adipose Index

irAEs Immune-related Adverse Events
L3/T5/T8/T10/T12 Vertebral levels used for muscle measurement (Lumbar / Thoracic)
MPR Major Pathological Response

nCIT Neoadjuvant chemoimmunotherapy
NLR Neutrophil-to-Lymphocyte Ratio

NSCLC Non-Small Cell Lung Cancer

OR Odds Ratio

oS Overall Survival

pCR Pathological Complete Response

PD-1 Programmed Death-1

PD-L1 Programmed Death-Ligand 1

PEFR Peak Expiratory Flow Rate

PET Positron Emission Tomography

PET-CT Positron Emission Tomography—Computed Tomography
PLR Platelet-to-Lymphocyte Ratio
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PMI Pectoral Muscle Index
PMA Psoas Muscle Area
PNI Prognostic Nutritional Index
PPCs Postoperative Pulmonary Complications
PRISMA Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PVMI /PVMD Paravertebral Muscle Index / Paravertebral Muscle Density
RO Complete (microscopically margin-negative) tumor resection
RFS Recurrence-Free Survival
RR Relative Risk
SCC Squamous Cell Carcinoma
SII Systemic Immune-Inflammation Index
SIR Systemic Inflammatory Response
SMI Skeletal Muscle Index
SMRA / SMMA / SMA Skeletal Muscle Radiation Attenuation / Mass Area (as used across studies)
TRAEs Treatment-Related Adverse Events
VATS Video-Assisted Thoracoscopic Surgery
Appendix A

Table A1l. Literature search syntax.

e  The ‘date’ filter was utilized for this search (Jan 1st, 2021- Nov 30t, 2025)

e The

e  Publication Type Filters Restricted to: ‘Clinical Trial (Phase I-IV), Comparative Study,
Controlled Clinical Trial, Evaluation Study, Multicenter Study, Observational Study,
Pragmatic Clinical Trial, Randomized Controlled Trial, Validation Study.’

‘Human’ filter was utilized for this search

e  For the review of research papers:

("Lung cancer" OR "Non-small cell lung cancer" OR "Non-small cell lung cancer" OR "NSCLC" OR
"Lung carcinoma" OR "Lung neoplasm" OR "Pulmonary neoplasm" OR "Pulmonary carcinoma"
OR "Pulmonary cancer") AND ("sarcopenia” OR "Muscle wasting" OR "Skeletal muscle index" OR
"Skeletal muscle density" OR "Skeletal muscle depletion” OR "Muscle mass" OR "Muscle strength"
OR "Muscle atrophy” OR "Muscular atrophy" OR "nutritional status” OR "neoadjuvant
chemotherapy” OR '"neoadjuvant chemoimmunotherapy” OR ‘"induction therapy" OR
"inflammatory index" OR "NLR" OR "PLR" OR "PNI" OR "SII" OR "CRP" OR “systemic

inflammation” OR “surgery” OR “post-operation” OR “perioperative outcomes” OR “lung

resection”) NOT (Meta-Analysis OR metaanalysis OR review)
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