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ABSTRACT
Cachexia in patients with advanced gastrointestinal (GI) cancer significantly impairs overall survival (OS) and quality of life, but definitive evidence from randomized controlled trials (RCTs) on structured physical exercise (SPE) is scarce. This evidence-based clinical review (EBCR) aimed to assess the methodological quality and clinical relevance of ongoing RCT protocols (RELEVIUM, BiCyCLE NMES, REBUILD) using the Cochrane RoB 2.0 and the Oxford CEBM criteria. This systematic literature review with critical narrative synthesis employed a mixed-methods approach, targeting adult patients with advanced GI cancer with cachexia/sarcopenia (PICO framework). The sample consisted of three protocols (N=200, 120, 94) from 221 screened articles (PubMed, Cochrane, Google Scholar; November 2025). Instruments included the PICO search strategy, RoB 2.0 (five domains), and a qualitative synthesis tool. Data were analyzed using narrative comparison and risk of bias assessment without meta-analysis. Results showed a high risk of blinding bias in two protocols, OS was only listed as a secondary outcome in BiCyCLE NMES, and heterogeneity in LBM measurements (CT scan vs. BIA). In conclusion, promising designs at Level 1b evidence exist, but methodological gaps limit OS comparability; OS/CT scan standardization is recommended.
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INTRODUCTION
Advanced gastrointestinal (GI) cancers, such as pancreatic, colorectal, and esophagogastric cancers, constitute a group of malignancies that account for a significant proportion of global cancer incidence and mortality. In 2020, these cancers recorded high estimated incidence and mortality worldwide (Sung et al., 2021). Patients with advanced cancer often experience a poor prognosis with limited overall survival (OS), despite advances in oncological therapies such as chemotherapy, radiotherapy, and surgery (Bray et al., 2018; Fearon & Voss, 2006).
Cancer-Related Cachexia (CRC) is a major complication in patients with advanced GI cancer, characterized by a progressive decrease in skeletal muscle mass (Lean Body Mass/LBM) that is not fully reversible by conventional nutritional support alone. Sarcopenia, a key component of cachexia, measured radiologically and functionally, is strongly associated with higher chemotherapy toxicity, postoperative complications, decreased quality of life (QoL), and decreased OS (Morita-Tanaka et al., 2023; Baracos et al., 2018).
In patients like Mr. A, a 64-year-old man with advanced, inoperable pancreatic ductal adenocarcinoma (PDAC), cachexia causes a dramatic weight loss of more than 10% within six months, accompanied by significant muscle weakness, severe fatigue, and limitations in daily activities. Initial radiological assessment confirmed sarcopenia through a low Skeletal Muscle Index (SMI) on Computed Tomography (CT scan), which increases the risk of treatment complications and independently decreases OS (Argilés et al., 2021; Gonzalo-Encabo et al., 2025).
Although structured physical exercise (SPE), particularly resistance training, has a strong physiological rationale for counteracting the chronic catabolic state caused by systemic inflammation in cachexia, definitive evidence from randomized controlled trials (RCTs) regarding its impact on OS is scarce. Observational and pilot studies suggest SPE may improve QoL and, in theory, OS, but full-scale RCTs meeting PICO (Population, Intervention, Comparison, Outcome) criteria are not yet available (Avancini et al., 2020; Campbell et al., 2019).
Ongoing RCT protocols such as RELEVIUM, BiCyCLE NMES, and REBUILD are promising, but show heterogeneity in intervention design, LBM measurements (BIA vs. CT scan), and outcomes, with only one protocol listing OS as a secondary outcome. The high risk of bias inherent in domain blinding (RoB 2.0) in volitional exercise interventions further complicates interpretation (Pring et al., 2021; Hillen et al., 2025).
This Evidence-Based Clinical Review (EBCR) aims to assess the methodological quality and clinical relevance of ongoing RCT protocols regarding the effect of SPE on OS in patients with advanced GI cancer with cachexia, using the Cochrane RoB 2.0 tool and the Oxford CEBM internal validity criteria. The urgency of this study arises from the urgent need for non-pharmacological supportive interventions to address the evidence gap that limits current clinical recommendations, as cachexia contributes significantly to high mortality in this population (Arends et al., 2017; Burke et al., 2025). The novelty lies in the analysis of RCT protocols (Level of Evidence 1b) highlighting heterogeneity in outcomes and LBM measurements, as well as recommendations for standardization of OS and CT scans for future meta-analyses, which have not been comprehensively addressed previously (Gonzalo-Encabo et al., 2025; Pring et al., 2021).

METHOD
This study is a critical narrative Evidence-Based Clinical Review (EBCR) with a mixed methods approach, integrating qualitative and quantitative analysis of ongoing RCT protocols according to the PICO framework to evaluate the methodological quality and clinical relevance of structured physical exercise interventions on leanness in patients with advanced gastrointestinal cancer. This type of study was designed as a systematic literature review with critical narrative synthesis because full RCT results were not available, thus focusing on protocol assessment using the modified Cochrane RoB 2.0 tool, as recommended for bias analysis at the study design stage. [Sugiyono, 2022][Creswell & Creswell, 2022].
The main instruments include a literature search strategy with keywords and MeSH terms adjusted per database (PubMed, Cochrane CENTRAL, Google Scholar), PICO-based inclusion/exclusion criteria, and critical appraisal tools such as RoB 2.0 (five domains: randomization, intervention deviation, missing data, outcome measurement, outcome selection) and the Oxford CEBM internal validity criteria. [Emzir, 2021][Sudaryono, 2021] Data analysis techniques were carried out through qualitative narrative synthesis to compare protocol characteristics (interventions, outcomes, LBM measurements), combined with quantitative assessment of RoB to anticipate future bias, without meta-analysis because outcome data were not yet available; this process followed the principle of mixed methods triangulation to increase validity. [Creswell & Creswell, 2022].
The target population was adult patients (>=18 years) with advanced gastrointestinal cancer (e.g., pancreatic, rectal, metastatic/unresectable colorectal) diagnosed with cachexia/sarcopenia based on standard criteria (EWGSOP/GLIM), while the sample consisted of three selected RCT protocols (RELEVIUM N=200, BiCyCLE NMES N=120, REBUILD N=94) from a total of 221 articles identified in November 2025, after duplicate screening (119 articles), abstract screening (32 full-text), and exclusion of 29 non-PICO studies.[Sugiyono, 2022][Sudaryono, 2021].
The research procedure began with a systematic search without year/language restrictions using a specific syntax (e.g., PubMed: "GI cancer" OR "pancreatic cancer" AND exercis* AND survival AND RCT; Cochrane: cachexia* AND advanced GI cancer AND exercise AND RCT; Google Scholar: sarcopenia AND advanced GI cancer AND RCT), followed by deduplication, two-stage screening (title/abstract and full-text), and independent protocol appraisal by investigators; synthesis was performed through comparison tables (Tables 1-2) and critical narratives to identify OS gaps and LBM heterogeneity (CT scan vs BIA), with protocol registration from ClinicalTrials.gov to minimize publication bias. [Emzir, 2021][Creswell & Creswell, 2022].

[bookmark: _heading=h.a0wa7ixqk7ez]RESULTS 
Study Selection.
		 The initial literature search across the PubMed, Cochrane Library, and Google Scholar databases identified 221 articles. The specific search strategies utilized for each database, along with the initial number of hits, are detailed (as shown in Table 1). After removing duplicates, 119 articles remain for title and abstract screening. Of these, 87 articles were deemed irrelevant, leaving 32 articles for full-text review. Upon full-text review, 29 studies were excluded for not meeting the population criteria (advanced GI cancer) or the outcome criteria (failing to report OS or LBM). Crucially, no complete RCT results were found that satisfied all PICO criteria. The comprehensive flow of the selection process is illustrated (see Figure 1). Therefore, this Clinical Evidence Review focuses on three highly relevant, ongoing, or newly published RCT protocols: RELEVIUM, BiCyCLE NMES, and REBUILD.

Characteristics of Included Protocols.
		The three RCT protocols included in this review focused on patients with advanced GI cancer; however, variations exist in cancer type, sarcopenia criteria, and intervention design. The RELEVIUM and REBUILD protocols specifically focus on Pancreatic Cancer, whereas BiCyCLE NMES is centered on Rectal Cancer in a perioperative setting. All key methodological information is summarized in Table 2.

Risk of Bias (RoB) Assessment.
		This review crucially relied on registered and/or published study protocols. As we did not possess definitive outcome data, the traditional assessment of Publication Bias using a Funnel Plot could not be performed. However, it is notable that the three included protocols (RELEVIUM, BiCyCLE NMES, and REBUILD) all originated from reputable academic institutional research centers and wereofficially registered in international clinical trial registries, which mitigates the risk that these studies will be abandoned or their results left unpublished (the file-drawer problem). Nevertheless, a potential bias remains: RCTs with negative results or those that failed to secure funding early may not yet have been published as protocols.
Figure1. PRISMA flowchart outlining the process of article selection
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Table1. Search strategy applied in searching for evidence in the four electronic databases.
	Database
	Search Strategy
	Hits
	Selected Articles

	PubMed NCBI
	("GI cancer" OR "pancreatic cancer" OR "colorectal cancer") AND (exercis* OR training) AND (survival OR QoL) AND RCT
	7
	0

	Cochrane
	(cachexia* OR sarcopenia OR "wasting syndrome") AND ("GI cancer" OR "colorectal cancer" OR "pancreatic cancer" OR "gastric cancer") AND (advanced OR metastatic OR "stage IV") AND (exercis* OR training OR "physical activity" OR aerobic* OR resistance*) AND (survival OR "overall survival" OR OS OR prognosis) AND (randomized controlled trial OR controlled clinical trial OR RCT OR randomi*ed)
	14
	2

	Google Scholar
	"cachexia" OR "sarcopenia" OR "advanced GI cancer" AND "exercise training" OR "physical activity" OR "resistance training" AND "overall survival" OR "OS" AND "randomized controlled trial" OR "RCT"
	2400
	1



Table2: Critical Appraisal and Methodological Characteristics of Included RCT Protocols.
	Characteristics
	REVELIUM
	BiCyCLE NMES
	REBUILD

	Cancer Type
	Advanced Pancreatic Cancer
	Advanced Rectal Cancer (Perioperative)
	Pancreatic Cancer (Undergoing Neoadjuvant Chemotherapy)

	Target Population & Staging
	Advanced Pancreatic Cancer Patients with Cachexia (Multimodal Supportive Care)
	Patients with Sarcopenia/Myosteatosis in pre- and post-operative settings.
	Sarcopenic/Cachectic Patients

	N (Planned Sample Size)
	N = 200
	N = 120
	N = 94

	Primary Intervention (I)
	Multimodal: Physical Activity (with digital application), Nutritional Support, and Pain Management.
	NMES (Neuromuscular Electrical Stimulation)
	Supervised Resistance Training + Protein Supplement

	Control Group (C)
	Standard Care
	Sham-NMES Non-Invasive (Placebo)
	Standard Care + Protein Supplement

	Intervention Duration
	Not Specified (During Chemotherapy)
	Perioperative to Post-op (Pre-op)
	16 Weeks

	Planned Primary Outcome
	Quality of Life (QoL)
	Post-operative Complications & Health-Related Quality of Life (HRQoL)
	Skeletal Muscle Mass (SMI/LBM)

	Overall Survival (OS) Status
	NOT stated as a formal outcome
	LISTED as a secondary outcome at 12 months
	NOT stated as a formal outcome

	LBM/SMI Measurement Method
	Bioelectrical Impedance Analysis (BIA)
	CT Scan (Skeletal Muscle Index - SMI)
	CT Scan (Lean Body Mass - LBM)

	Risk of Bias (RoB 2.0)
	High (D2: Blinding/Some Concerns)
	Low (D2: using NMES)
	High (D2: Blinding/Some Concerns)



Crucial Evidence Gap in Overall Survival (OS).
 PICO analysis of the relevant protocols confirms a distinct evidence gap concerning the most critical clinical primary outcome: Overall Survival (OS). Of the three protocols, only BiCyCLE NMES explicitly listed OS as a secondary outcome at 12 months. The other two protocols (RELEVIUM and REBUILD) prioritize surrogate outcomes, such as Quality of Life (QoL) and Skeletal Muscle Mass (Skeletal Muscle Index – SMI/LBM). This fact highlights that direct evidence regarding the effect of physical exercise on the survival of advanced GI cancer patients with cachexia remains extremely limited and will continue to be an unanswered question, even after the publication of the results from most of these trials.
Critical Heterogeneity in Muscle Mass Measurement.
 A significant methodological difference exists in the measurement of Lean Body Mass (LBM), which will impact the ability to directly compare LBM findings. The REBUILD and BiCyCLE NMES(15)protocols plan to use CT scan to measure SMI, which is recognized as the gold standard for the diagnosis and monitoring of sarcopenia in cancer patients. Conversely, the RELEVIUM protocol utilizes Bioelectrical Impedance Analysis (BIA), which is more practical and easily applicable in clinical settings, but has limited accuracy, especially in patients with changes in hydration status associated with cachexia. This difference implies that the SMI/LBM results from REBUILD and BiCyCLE NMES will possess higher clinical validity.
Clinical Relevance of Intervention Design.
The analysis of intervention designs demonstrates high clinical relevance concerning the challenges of cachexia management. The BiCyCLE NMES protocol stands out by testing Neuromuscular Electrical Stimulation (NMES) as an alternative for patients suffering from extreme fatigue or post-operative immobility, who are often clinically unable to participate in voluntary exercise. This intervention offers a solution to overcome the most severe barriers to participation. Meanwhile, the RELEVIUM protocol tests a multimodal approach (Physical Exercise, Nutrition, and Pain Management), which is highly relevant as cachexia is a multifactorial syndrome requiring integrated management. Finally, the highest consistency was found in the secondary outcome of Quality of Life (QoL), where the majority of protocols utilized standardized instruments such as the EORTC QLQ-C30(17), which ensures that QoL data (if available) can be compared more homogeneously.

Discussion
Summary of Findings and Methodological Implications.
This Evidence-Based Clinical Review was conducted to evaluate the effectiveness of structured physical exercise on Overall Survival (OS) and Lean Body Mass (LBM) in patients with advanced gastrointestinal (GI) cancer and cachexia. Critically, the results of this review confirm a significant evidence gap at the level of complete RCT results; no definitive studies are available. Therefore, the analysis was shifted to assess the methodological design of three relevant and ongoing RCT protocols (RELEVIUM, BiCyCLE NMES, and REBUILD). The main findings indicate that, despite strong methodological planning in the domains of randomization and handling of missing data (D1 and D4), a high risk of bias is inherent in the domain of Participant and Personnel Blinding (D2) for two of the three protocols. This inherent Risk of Bias (RoB) must be considered when interpreting the final results of these studies, given that the internal validity of the BiCyCLE NMES study, which utilizes sham-NMES as an effective bias mitigation effort, is rated higher.

Critical Analysis of Outcomes and Clinical Relevance.
 Outcome analysis within the protocols revealed that OS as a formal outcome is rarely listed, highlighting the research tendency to utilize surrogate outcomes such as QoL and LBM. This reliance on surrogate outcomes implies that evidence concerning the impact of interventions on survival requires further validation. Methodological limitations are also evident in LBM measurements: BiCyCLE NMES and REBUILD utilize CT scan (the gold standard for sarcopenia diagnosis), while RELEVIUM employs BIA, which is recognized to have lower accuracy in the cachexia population. This heterogeneity in measurement methods suggests that future meta-analyses combining LBM results from the three studies risk bias and may not be valid. Clinically, the intervention designs found are highly relevant to the practical challenges faced by patients. The BiCyCLE NMES protocol offers a clinical solution for addressing severe fatigue through Neuromuscular Electrical Stimulation (NMES), which enables physical intervention in patients unable to perform voluntary exercise . This model, along with the multimodal design of RELEVIUM, aligns with clinical guidelines calling for an integrated approach to cachexia management.

Implications and Future Research Directions.
 Although this EBCR may not generate NNT (Number Needed to Treat) data, it is important to emphasize that NNT will be the most crucial clinical interpretation metric when the BiCyCLE NMES OS results are published. NNT can provide more practical information (eg, how many patients must be treated to save one additional life) compared to the abstract Hazard Ratio. Therefore, future research directions should focus on:
· Standardization of OS as a mandatory primary or secondary outcome in rehabilitation oncology RCTs.
· Standardization of LBM measurement methodology using CT scan to ensure higher data comparability and validity.
· Overall, definitive evidence regarding the effectiveness of physical exercise on OS still awaits the publication of the results from these protocols.

Limitations of the Review. 
This Clinical Evidence Review has one inherent major limitation: its reliance on study protocols rather than the results of completed Randomized Controlled Trials (RCTs). This limitation means that all presented findings and analyzes are methodological and predictive, not based on actual outcome data. Although we can assess design quality (Risk of Bias), we cannot conclude the efficacy or safety of the intervention. A second limitation relates to Publication Bias. Although all included protocols are officially registered in clinical trial registries, there is a possibility that RCTs with negative results, or trials that failed to secure funding, may not yet have been published as protocols. consequently, this review may not cover all relevant physical exercise studies in the advanced GI cancer patient population, potentially biasing the overall picture of ongoing evidence.

CONCLUSION
This evidence-based clinical review found that ongoing RCT protocols such as RELEVIUM, BiCyCLE NMES, and REBUILD demonstrate promising methodological designs for structured exercise interventions in patients with advanced gastrointestinal cancer with cachexia, although definitive evidence on Overall Survival (OS) remains limited as only one protocol lists OS as a secondary outcome. A RoB 2.0 assessment revealed a high risk of bias in the blinding domain for two protocols due to the volitional nature of the intervention, as well as significant heterogeneity in Lean Body Mass (LBM) measurements between CT scan (gold standard) and BIA, which hinders future comparisons and meta-analyses. These findings highlight a crucial evidence gap at the Level of Evidence 1b level, where surrogate outcomes such as QoL and LBM dominate, while OS is rarely prioritized.
However, this study has major limitations, including its reliance on a protocol rather than the results of a full RCT, making the analysis predictive without actual outcome data. Furthermore, there is potential publication bias from unpublished negative studies. Practical implications encourage clinicians to integrate multimodal approaches such as NMES for frail patients while awaiting trial results. Suggestions for future research include standardizing OS as a mandatory outcome, using CT scans for LBM, and calculating NNT to generate stronger and more clinically relevant comparative evidence.
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