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Abstract

Background: Metastatic colorectal cancer (mCRC) remains a major global health burden, ranking among the leading causes of cancer-related
deaths worldwide. Despite significant advances in systemic therapy, including cytotoxic chemotherapy, targeted agents, and immunotherapy,
overall survival in advanced disease remains suboptimal. This unmet clinical need has intensified the search for reliable, inexpensive, and
widely applicable biomarkers that can guide prognostication and treatment stratification. Among such emerging tools, the nutritional C-
reactive protein ratio (NCR) has garnered increasing attention as a composite marker that integrates both systemic inflammation and nutritional
status—two key determinants of cancer outcomes. C-reactive protein (CRP), an acute-phase reactant, reflects systemic inflammation and
tumor-promoting processes, while nutritional parameters such as albumin, prognostic nutritional index, and other related indices capture host
immune-nutritional reserve. By combining these dimensions, the NCR offers a more comprehensive representation of the tumor—host
interaction. Several recent studies have suggested that a high NCR is associated with unfavorable clinicopathological features, including larger
tumor burden, presence of liver metastasis, poor performance status, and reduced responsiveness to systemic therapies. Furthermore, elevated
NCR have consistently correlated with inferior overall survival (OS) and progression-free survival (PFS) in mCRC patients, underscoring
their prognostic relevance. When compared to established inflammatory and nutritional scores such as neutrophil-to-lymphocyte ratio (NLR),
Glasgow Prognostic Score (GPS), and prognostic nutritional index (PNI), the NCR appears to provide additive prognostic information and
may better stratify patients in terms of treatment outcomes. Importantly, the simplicity and accessibility of CRP and nutritional marker
measurements in routine clinical practice make this ratio highly feasible as a clinical biomarker. Nevertheless, heterogeneity in cutoff
definitions, limited prospective validation, and the lack of standardized methodology remain barriers to widespread adoption. The aim of this
review is to provide a comprehensive synthesis of the prognostic and clinicopathological significance of the NCR in metastatic colorectal
cancer. We summarize current evidence, explore mechanistic underpinnings, and critically compare this ratio to other inflammation- and
nutrition-based prognostic models. Furthermore, we highlight limitations in the existing literature and outline future research directions to

establish NCR as a robust biomarker in the personalized management of metastatic colorectal cancer.
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Introduction
Colorectal cancer (CRC) is the third most frequently diagnosed malignancy and the second leading cause
of cancer-related mortality worldwide. Approximately 20-25% of patients present with metastatic
disease at initial diagnosis, while nearly 50% eventually develop distant metastases during the course of
their illness [1]. Despite substantial advances in systemic chemotherapy, targeted biological agents, and
more recently immunotherapeutics, the prognosis of metastatic colorectal cancer (mCRC) remains poor,
with five-year overall survival rates rarely exceeding 15% in unselected populations [2]. This clinical
challenge highlights the urgent need for reliable, cost-effective, and universally accessible biomarkers
that can guide prognosis and help optimize individualized therapeutic strategies.
Systemic inflammation and nutritional status are now recognized as pivotal determinants of cancer
progression and patient outcomes. Chronic inflammation promotes tumor growth, angiogenesis, and
metastasis, while malnutrition weakens host immunity and impairs tolerance to oncologic treatments
[3]. Traditionally, separate markers such as C-reactive protein (CRP), albumin, neutrophil-to-
lymphocyte ratio (NLR), and prognostic nutritional index (PNI) have been studied as independent
prognostic indicators. However, none of these indices alone fully encapsulates the dynamic interplay
between inflammation and nutrition in shaping clinical outcomes in mCRC [4].
The nutritional C-reactive protein ratio (NCR) has emerged as a promising composite biomarker that
integrates both systemic inflammation and host nutritional reserve. By combining these biologically
linked domains, the NCR offers a more comprehensive picture of tumor—host interactions than isolated
indicators. Early evidence suggests that elevated NCRs are strongly associated with aggressive tumor
biology, adverse clinicopathological features, and poorer survival outcomes in patients with mCRC [5].
The primary aim of this review is to comprehensively evaluate the clinicopathological and prognostic
significance of the NCR in metastatic colorectal cancer. In addition, this article seeks to compare its
predictive performance with established inflammation—nutrition-based indices and to explore
mechanistic explanations for its clinical associations. Finally, we will highlight existing knowledge gaps
and outline directions for future research to establish NCR as a clinically actionable biomarker.
Epidemiology and Burden of Metastatic Colorectal Cancer
Colorectal cancer (CRC) represents a major global health concern, with more than 1.9 million new cases
and approximately 935,000 deaths reported worldwide in 2020, according to the GLOBOCAN database
[6]. It accounts for nearly 10% of all cancer diagnoses and deaths, ranking as the third most common
malignancy and the second most frequent cause of cancer-related mortality [7]. The incidence of CRC
shows striking geographic variability, with the highest rates observed in high-income countries,
including those in Europe, North America, and Oceania. However, rising incidence and mortality are
increasingly reported in transitioning economies, largely attributable to lifestyle changes, obesity,
smoking, and dietary factors [8].
At initial presentation, nearly 20-25% of CRC patients already harbor distant metastases, most
frequently to the liver, lungs, and peritoneum. Additionally, among those diagnosed at earlier stages, up
to 50% eventually develop metastatic disease during the course of their illness [9]. These statistics
underscore the high clinical burden of metastatic colorectal cancer (mCRC), which significantly
contributes to global cancer mortality. Despite therapeutic advances, the median overall survival for
patients with mCRC remains approximately 30 months in selected trial populations but is considerably
shorter in real-world cohorts [10].
The burden of mCRC extends beyond survival outcomes, encompassing quality of life, economic
impact, and healthcare resource utilization. Patients often endure treatment-related toxicities, cumulative
organ dysfunction from disease progression, and significant psychosocial distress. From a societal
perspective, mCRC generates substantial direct healthcare costs related to systemic therapies,
hospitalizations, and palliative care, in addition to indirect costs arising from loss of productivity and
caregiver burden [11]. These multifaceted challenges reinforce the urgency of identifying cost-effective
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biomarkers that can refine prognostication, optimize treatment selection, and reduce unnecessary
healthcare expenditure.

In this context, prognostic indicators that integrate both tumor-related and host-related factors, such as
systemic inflammation and nutritional reserve, have become an area of intensive research. Traditional
staging systems like TNM classification, while essential, do not fully account for host biology or
systemic response to the tumor. Hence, biomarkers like the nutritional C-reactive protein ratio (NCR)
hold significant promise in complementing conventional clinicopathological parameters to better stratify
patient outcomes in mCRC [12].

Systemic Inflammation and Nutritional Status in Cancer Prognosis

Systemic inflammation has emerged as a central hallmark of cancer biology, influencing multiple steps
of tumor initiation, progression, and metastasis. Chronic inflammatory responses create a pro-
tumorigenic microenvironment by promoting angiogenesis, DNA damage, immune evasion, and
epithelial-mesenchymal transition [13]. In colorectal cancer, elevated levels of pro-inflammatory
cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-a), and interleukin-1f (IL-1B)
have been directly linked to tumor aggressiveness and worse clinical outcomes [14]. These cytokines
drive hepatic synthesis of acute-phase reactants, including C-reactive protein (CRP), which serves as a
robust surrogate marker of systemic inflammation in oncology patients.

Parallel to inflammation, host nutritional status plays an equally important role in determining cancer
prognosis. Malnutrition, frequently observed in patients with advanced malignancies, weakens cell-
mediated immunity, impairs wound healing, and reduces tolerance to systemic therapies [15]. In
colorectal cancer, protein-calorie malnutrition is particularly common due to tumor-induced cachexia,
treatment-related gastrointestinal toxicity, and metabolic dysregulation [16]. Poor nutritional reserves
not only compromise functional status but are also independently associated with increased
postoperative complications, treatment delays, and inferior survival outcomes.

To better quantify the prognostic value of host immunity and nutrition, several composite scores have
been proposed. These include the prognostic nutritional index (PNI), neutrophil-to-lymphocyte ratio
(NLR), platelet-to-lymphocyte ratio (PLR), and the Glasgow Prognostic Score (GPS), all of which
incorporate inflammation and/or nutrition-related variables [17]. While these indices have demonstrated
prognostic relevance across multiple cancers, including colorectal cancer, their predictive accuracy
remains inconsistent, partly due to variability in cutoff definitions and lack of integration of both
inflammation and nutritional domains into a single unified metric.

The nutritional C-reactive protein ratio (NCR) was therefore conceptualized as an integrative biomarker
that reflects both systemic inflammation and nutritional status. Unlike traditional markers, it offers a
simplified yet comprehensive measure of the tumor—host interaction, which may better capture the
biological complexity underlying cancer progression. Growing evidence suggests that elevated NCR
predict unfavorable outcomes in metastatic colorectal cancer, highlighting the interplay between
inflammation-driven tumorigenesis and host nutritional decline [18].

C-Reactive Protein: Biology and Clinical Relevance

C-reactive protein (CRP) is one of the most extensively studied acute-phase proteins, produced primarily
by hepatocytes in response to pro-inflammatory cytokines, particularly interleukin-6 (IL-6) and
interleukin-1p (IL-1PB) [19]. It plays a fundamental role in the innate immune response, binding to
phosphocholine expressed on the surface of dead or dying cells and certain bacteria, thereby activating
the classical complement pathway. Beyond its physiological function, CRP has emerged as a clinically
relevant biomarker of systemic inflammation, with elevated levels correlating with disease severity in
infections, autoimmune disorders, and malignancies [20].

In oncology, CRP has consistently been associated with tumor-promoting processes such as
angiogenesis, immune evasion, and resistance to apoptosis. Elevated CRP concentrations in serum are
thought to reflect both tumor-induced cytokine release and systemic host inflammatory responses [21].
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In colorectal cancer specifically, high pre-treatment CRP levels have been correlated with advanced
tumor stage, poor differentiation, larger tumor burden, and presence of distant metastases [22].
Moreover, persistently elevated CRP levels during therapy have been linked with early disease
progression and worse survival outcomes, underscoring its role as a dynamic prognostic indicator.
From a clinical perspective, CRP measurement offers several advantages. It is widely available,
inexpensive, reproducible, and routinely used in clinical practice across the world. Unlike more complex
molecular markers, CRP assays require no specialized technology and can be easily integrated into
patient monitoring protocols [23]. However, CRP is not cancer-specific, as it can be elevated in a variety
of non-malignant conditions including infections, cardiovascular disease, and autoimmune disorders.
This lack of specificity limits its utility as a stand-alone biomarker for cancer prognosis.

To overcome these limitations, researchers have increasingly explored composite indices that
incorporate CRP with other clinical or laboratory variables to improve predictive accuracy. Examples
include the Glasgow Prognostic Score (GPS), which combines CRP and albumin, and the CRP-to-
lymphocyte ratio (CLR). Within this framework, the nutritional C-reactive protein ratio (NCR)
represents a novel evolution of CRP-based biomarkers, offering a more balanced reflection of both
inflammation and host nutritional reserves in metastatic colorectal cancer [24].

Nutritional Markers and Their Prognostic Role

Nutritional status has long been recognized as a key determinant of outcomes in oncology, particularly
in gastrointestinal malignancies such as colorectal cancer. Malnutrition not only weakens immune
competence but also impairs tolerance to systemic therapies, increases susceptibility to infections, and
reduces physical resilience [25]. In advanced colorectal cancer, malnutrition is highly prevalent due to
tumor-related cachexia, anorexia, and treatment-induced gastrointestinal toxicity. Consequently,
accurate and reliable assessment of nutritional status is essential for prognostication and clinical
decision-making [26].

Several nutritional markers and indices have been developed to quantify host nutritional reserve. Serum
albumin remains one of the most widely used markers, reflecting both nutritional status and systemic
inflammatory response. Hypoalbuminemia in cancer patients has consistently been associated with poor
survival, higher rates of treatment-related complications, and worse postoperative outcomes [27].
Similarly, body mass index (BMI) and weight loss trajectories provide useful insights, although they
may not fully capture the complex metabolic disturbances seen in cancer-associated cachexia [28].
Among composite indices, the Prognostic Nutritional Index (PNI), which incorporates serum albumin
and lymphocyte counts, has shown robust prognostic value in colorectal cancer. Low PNI scores are
associated with reduced overall survival (OS), increased postoperative complications, and poorer
tolerance to chemotherapy [29]. Other nutritional assessments, such as the Controlling Nutritional Status
(CONUT) score and Subjective Global Assessment (SGA), have also demonstrated utility, though they
are more complex and less frequently used in routine oncology practice [30].

Despite their relevance, most traditional nutritional markers have limitations when used in isolation.
Albumin levels, for instance, may be influenced not only by nutrition but also by systemic inflammation,
liver function, and hydration status. This has fueled interest in composite biomarkers that integrate
nutritional indicators with inflammatory markers to achieve more accurate prognostication. In this
context, the development of the nutritional C-reactive protein ratio (NCR) represents a significant
advancement, as it combines the prognostic dimensions of both nutrition and inflammation into a single,
clinically practical measure [31].

Concept and Calculation of Nutritional C-Reactive Protein Ratio (NCR)

The nutritional C-reactive protein ratio (NCR) is a recently proposed composite biomarker designed to
reflect the interplay between systemic inflammation and host nutritional status in cancer patients. It is
generally calculated as the ratio of serum C-reactive protein (CRP, mg/L) to a selected nutritional
parameter, most frequently serum albumin (g/dL) or prognostic nutritional index (PNI). The most
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commonly adopted formula is:

NCR = BMI x Albumin (g/L) / C-reactive protein (CRP) (mg/L) [32].

The rationale behind this calculation is straightforward yet biologically meaningful. Elevated CRP
reflects systemic inflammation driven by tumor-promoting cytokines such as IL-6 and TNF-a, while
reduced albumin levels serve as a surrogate for impaired nutritional reserve and cancer cachexia. By
combining these two parameters into a ratio, the NCR provides a balanced reflection of the tumor—host
interaction, capturing the dual prognostic impact of inflammation and malnutrition [33].

Several studies have examined the prognostic significance of the NCR in patients with gastrointestinal
malignancies, particularly colorectal cancer. Ishizuka et al. first reported that an elevated CRP-to-
albumin ratio was strongly associated with worse overall survival (OS) following colorectal cancer
surgery [34]. Subsequent investigations expanded its utility to metastatic colorectal cancer (mCRC),
where the ratio was shown to correlate with disease burden, resistance to systemic therapy, and poor
survival outcomes [35].

A key advantage of the NCR lies in its simplicity and universal availability. Both CRP and albumin are
routinely measured in standard oncology practice, making the ratio easily applicable across diverse
healthcare settings without requiring additional costs or specialized assays [36]. Furthermore, unlike
more complex multivariable prognostic models, the NCR can be quickly calculated and interpreted at
the bedside, facilitating real-time clinical decision-making.

However, challenges remain in the standardization of cutoff values. Different studies have applied
various thresholds, ranging from 0.05 to 0.5, leading to heterogeneity in prognostic results and limiting
comparability across cohorts [37]. Prospective studies are needed to establish uniform cutoffs and
validate the ratio’s prognostic power in broader populations before widespread clinical adoption can be
recommended.

Clinicopathological Correlations of NCR

Emerging evidence suggests that the nutritional C-reactive protein ratio (NCR) is strongly correlated
with adverse clinicopathological features in colorectal cancer, particularly in patients with metastatic
disease. Low NCR have been associated with larger primary tumor size, poor histological
differentiation, advanced T stage, and higher tumor-node-metastasis (TNM) stage at diagnosis [38].
These associations highlight the capacity of the NCR to reflect not only systemic host status but also
aggressive tumor biology.

In metastatic colorectal cancer (mCRC), low NCR have been consistently linked with increased tumor
burden, including liver and peritoneal metastases. Patients with low ratios are more likely to present
with multiple metastatic sites and higher tumor volumes, suggesting that the NCR may serve as a
surrogate for disease extent [39]. Additionally, patients with poor Eastern Cooperative Oncology Group
(ECOG) performance status, weight loss, and cancer cachexia often demonstrate lower NCR values,
reinforcing its relationship with host frailty and nutritional decline [40].

The prognostic implications of NCR extend to treatment responsiveness. Studies have reported that
patients with low NCR exhibit reduced sensitivity to first-line chemotherapy and targeted agents,
including bevacizumab and cetuximab [41]. This may be attributable to the pro-inflammatory tumor
microenvironment reflected by high CRP levels, coupled with impaired nutritional reserve, which
reduces tolerance and compliance with systemic therapy. Conversely, patients with higher NCR tend to
achieve higher objective response rates and longer progression-free survival.

Another important clinicopathological correlation is the association between the NCR and postoperative
outcomes. In surgical candidates, lower ratios have been linked with increased postoperative
complications, including infections, delayed wound healing, and prolonged hospital stay [42]. This
underscores the potential utility of the NCR in perioperative risk stratification and optimization of
supportive care measures.

Collectively, these findings indicate that the NCR serves as a valuable reflection of both tumor
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aggressiveness and host vulnerability. Its integration into routine assessment could help clinicians
identify high-risk patients who may require intensified monitoring, supportive interventions, or modified
therapeutic strategies to improve outcomes.

NCR and Survival Outcomes in Metastatic CRC

The prognostic impact of the nutritional C-reactive protein ratio (NCR) in metastatic colorectal cancer
(mCRC) has been investigated in several retrospective and prospective studies, consistently
demonstrating its strong association with survival outcomes. Low NCR have been shown to predict both
shorter overall survival (OS) and progression-free survival (PFS), regardless of treatment modality or
disease stage at diagnosis [43].

In a large multicenter cohort study, patients with low pre-treatment NCR experienced significantly
worse median OS compared to those with higher ratios, independent of tumor stage, performance status,
and treatment type [44]. These findings were corroborated by subgroup analyses demonstrating that
NCR retained its prognostic power across different lines of therapy, including patients receiving
cytotoxic chemotherapy, targeted biologics, and palliative regimens [45]. Importantly, this suggests that
the NCR 1is not merely a reflection of tumor burden, but rather an independent indicator of host—tumor
interaction dynamics that directly affect survival.

The NCR has also shown value in stratifying patients within clinically homogeneous groups. For
instance, among patients with liver-limited metastases treated with resection, those with lower NCR had
significantly worse postoperative survival, highlighting its role in refining prognostic stratification
beyond conventional clinicopathological variables [46]. Similarly, in patients undergoing palliative
chemotherapy, a low NCR was associated with reduced objective response rates, earlier disease
progression, and diminished treatment benefit, underscoring its utility in predicting therapeutic efficacy
[47].

Meta-analyses further strengthen the evidence for NCR as a prognostic biomarker. A systematic review
encompassing colorectal cancer populations reported that low NCR were consistently associated with
poor OS and PFS, with hazard ratios ranging from 1.5 to 3.0 across studies [48]. These results position
NCR as a clinically relevant biomarker capable of refining survival predictions beyond standard TNM
staging and commonly used inflammatory scores.

Collectively, these findings highlight the prognostic robustness of the NCR in mCRC, supporting its
potential incorporation into risk stratification models. By identifying patients at higher risk of poor
outcomes, clinicians may tailor surveillance, intensify supportive care, or consider alternative
therapeutic strategies to improve clinical management.

Comparison with Other Inflammation—Nutrition Based Prognostic Scores (PNI, NLR, GPS)

The search for reliable prognostic markers in metastatic colorectal cancer (mCRC) has led to the
development of several inflammation- and nutrition-based indices, including the Prognostic Nutritional
Index (PNI), Neutrophil-to-Lymphocyte Ratio (NLR), and Glasgow Prognostic Score (GPS). While
these markers have shown clinical utility, the nutritional C-reactive protein ratio (NCR) may provide
superior prognostic accuracy due to its integration of both inflammatory and nutritional domains.

The Prognostic Nutritional Index (PNI), derived from serum albumin and lymphocyte counts, has
been widely studied in colorectal cancer. Low PNI scores indicate poor immune-nutritional status and
are associated with inferior survival outcomes. However, PNI is more heavily influenced by nutritional
reserve than inflammation, potentially limiting its ability to fully capture the systemic tumor—host
interaction [49]. In contrast, the NCR balances both dimensions, enhancing its predictive performance
in mCRC.

The Neutrophil-to-Lymphocyte Ratio (NLR) reflects the relative balance between pro-tumor
inflammatory neutrophils and anti-tumor lymphocytes. Elevated NLR values have been linked to poor
OS and PFS in colorectal cancer, with some studies suggesting its role in predicting chemotherapy
resistance [50]. Nevertheless, NLR may be influenced by transient factors such as infections or steroid
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use, reducing its specificity as a cancer biomarker. The NCR, by incorporating CRP and albumin, offers
greater stability and may more accurately reflect chronic systemic inflammation rather than transient
changes [51].

The Glasgow Prognostic Score (GPS) is among the most validated inflammation-based prognostic
tools, combining CRP and albumin into categorical scores (0—2). GPS has demonstrated prognostic
significance across multiple cancers, including colorectal cancer, but its categorical nature may
oversimplify continuous biological processes [52]. In contrast, the NCR maintains CRP and albumin as
continuous variables, potentially allowing finer risk stratification and more precise prognostication [53].
Comparative studies suggest that the NCR outperforms these established markers in predicting survival
outcomes. For instance, Okugawa et al. demonstrated that the NCR provided stronger prognostic
discrimination than PNI, NLR, or GPS in large cohorts of colorectal cancer patients [54]. This highlights
its potential to serve as an improved integrative biomarker, bridging the limitations of single-domain
indices.

NCR in the Context of Targeted Therapy and Immunotherapy

The introduction of targeted therapies and immunotherapies has revolutionized the treatment landscape
for metastatic colorectal cancer (mCRC). Agents such as anti-vascular endothelial growth factor
(VEGF) antibodies (e.g., bevacizumab) and anti-epidermal growth factor receptor (EGFR) monoclonal
antibodies (e.g., cetuximab, panitumumab) have improved outcomes when combined with
chemotherapy. More recently, immune checkpoint inhibitors, particularly anti-PD-1 antibodies, have
shown remarkable efficacy in microsatellite instability-high (MSI-H) or mismatch repair-deficient
(dAMMR) subsets of mCRC. However, predictive biomarkers for treatment response remain limited,
underscoring the potential utility of host-based prognostic indices such as the nutritional C-reactive
protein ratio (NCR) [55]. [55]

Evidence suggests that patients with low NCR exhibit poorer responses to targeted therapies. Elevated
systemic inflammation, reflected by increased CRP, is associated with resistance to anti-VEGF agents
through upregulation of alternative angiogenic pathways and enhanced tumor hypoxia. Similarly,
impaired nutritional reserves, indicated by low albumin, may reduce tolerance to treatment and increase
the risk of dose reductions or treatment interruptions. Thus, patients with low NCR tend to experience
inferior progression-free survival (PFS) and overall survival (OS) despite access to modern targeted
regimens [56].

In the context of immunotherapy, systemic inflammation and nutritional decline may also impair
treatment efficacy. A low NCR has been linked with reduced immunotherapy responsiveness,
potentially due to chronic inflammation-driven immunosuppression and inadequate host immune
competence. Elevated CRP is known to suppress T-cell activation and proliferation, while malnutrition
impairs both innate and adaptive immunity, creating a biological environment unfavorable for
checkpoint inhibitor activity. Preliminary studies indicate that higher NCR may correlate with improved
survival among patients receiving PD-1 inhibitors, though prospective validation is required [57].
Importantly, the NCR may help guide supportive interventions to optimize treatment outcomes. For
instance, patients with low ratios may benefit from early nutritional support, anti-inflammatory
strategies, and close toxicity monitoring to enhance tolerance and improve efficacy of targeted and
immune-based therapies. Such integrative approaches could maximize therapeutic benefit, particularly
in frail or high-risk populations, reinforcing the clinical utility of NCR in modern oncologic practice
[58].

Potential Mechanistic Insights: Inflammation—Nutrition—Tumor Progression Axis

The prognostic value of the nutritional C-reactive protein ratio (NCR) in metastatic colorectal cancer
(mCRC) can be understood by examining the mechanistic links between systemic inflammation,
nutritional decline, and tumor progression. Cancer is increasingly recognized as a systemic disease,
where the host response plays a pivotal role in shaping tumor biology. Elevated CRP levels reflect an
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activated inflammatory state, while hypoalbuminemia signals malnutrition and catabolic stress.
Together, these pathways synergize to create a tumor-promoting microenvironment [59].

Systemic inflammation contributes directly to colorectal cancer progression through multiple
mechanisms. Pro-inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha
(TNF-a), and interleukin-1B (IL-1B) enhance tumor cell proliferation, angiogenesis, and metastasis.
CRP itself, induced by IL-6, has been implicated in promoting tumor growth and immune evasion by
modulating complement activation and macrophage polarization [60]. Chronic inflammation also drives
epithelial-to-mesenchymal transition (EMT), enabling tumor cells to invade and disseminate.
Nutritional depletion and cancer-associated cachexia further amplify these effects. Reduced serum
albumin not only reflects poor nutritional intake but also chronic protein catabolism driven by systemic
inflammation. Malnutrition impairs both innate and adaptive immune responses, leading to decreased
tumor surveillance and diminished responsiveness to systemic therapies. This nutritional decline
weakens physical resilience, reduces treatment tolerance, and contributes to accelerated disease
progression [61].

The interaction between inflammation and nutrition forms a vicious cycle that accelerates tumor
progression. Inflammatory cytokines promote anorexia and metabolic alterations, leading to muscle
wasting and hypoalbuminemia. In turn, poor nutritional status amplifies inflammation by impairing gut
barrier function and facilitating microbial translocation, further stimulating systemic cytokine release
[62]. The NCR, by integrating CRP and albumin, effectively captures this bidirectional axis, serving as
a surrogate marker for the biological processes driving tumor progression.

Experimental evidence also suggests that targeting this inflammation—nutrition axis may alter clinical
outcomes. Anti-inflammatory strategies, nutritional interventions, and cachexia-directed therapies are
being investigated as adjuncts to systemic anticancer treatments. Monitoring the NCR could therefore
serve not only as a prognostic biomarker but also as a dynamic tool to assess the biological impact of
supportive care interventions [63].

Clinical Applications and Integration into Practice

The nutritional C-reactive protein ratio (NCR) offers significant potential for integration into routine
oncologic practice due to its accessibility, low cost, and reproducibility. Unlike molecular biomarkers
that require specialized assays and equipment, the NCR relies on two widely available laboratory tests—
C-reactive protein and serum albumin—both of which are already part of standard clinical care in most
oncology settings. This makes the NCR highly feasible for real-world application across diverse
healthcare environments [64].

One of the most promising applications of the NCR is in risk stratification of patients with metastatic
colorectal cancer (mCRC). By identifying individuals with lower ratios, clinicians can recognize those
at increased risk of poor survival, treatment intolerance, and early progression. Such patients may benefit
from intensified monitoring, early initiation of nutritional support, or consideration of modified
treatment regimens to balance efficacy and toxicity [65].

The NCR may also serve as a useful tool in treatment decision-making. For instance, patients with
lower ratios may derive limited benefit from aggressive multi-agent chemotherapy or targeted therapies,
due to both tumor biology and host vulnerability. In these cases, treatment de-escalation or prioritization
of quality-of-life—focused interventions may be more appropriate. [66].

Another important application is dynamic monitoring during therapy. Serial measurements of the
NCR could provide insights into evolving host—tumor interactions and treatment response. Lower NCR
values during treatment may signal early progression, reduced tolerance, or declining nutritional reserve,
prompting timely clinical interventions. This dynamic role positions the NCR as not only a baseline
prognostic marker but also a longitudinal biomarker of treatment trajectory [67].

Finally, in multidisciplinary care, the NCR can inform supportive care strategies. Lower values may
trigger early referral to nutrition services, physiotherapy, or palliative care teams, helping optimize
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patient outcomes beyond tumor-directed therapy. Thus, the NCR aligns well with the principles of
personalized oncology, where treatment decisions are guided not only by tumor biology but also by host
factors [68].

Conclusion

The nutritional C-reactive protein ratio (NCR) has emerged as a promising prognostic biomarker in
metastatic colorectal cancer (mCRC), integrating two critical determinants of cancer outcomes: systemic
inflammation and host nutritional status. A growing body of evidence demonstrates that low NCR are
consistently associated with adverse clinicopathological features, reduced treatment responsiveness, and
poorer survival outcomes. Compared with established inflammation- or nutrition-based indices such as
PNI, NLR, and GPS, the NCR appears to provide superior prognostic accuracy by simultaneously
capturing both domains in a simple, universally available metric.

From a clinical perspective, the NCR is highly attractive due to its feasibility, cost-effectiveness, and
ease of incorporation into routine practice. It holds potential value in risk stratification, guiding treatment
intensity, monitoring therapeutic response, and informing supportive care interventions. Furthermore,
its utility may extend to patients receiving targeted therapies and immunotherapy, where systemic
inflammation and nutritional decline influence treatment efficacy.

Despite these advantages, important limitations remain. Heterogeneity in cutoff definitions across
studies, lack of prospective validation, and limited integration into standardized prognostic models
currently hinder widespread adoption. Additionally, the NCR lacks cancer specificity, as both CRP and
albumin can be influenced by comorbidities such as infections, liver disease, and chronic inflammatory
disorders. Addressing these limitations through well-designed, large-scale prospective trials and
harmonization of methodology will be essential for clinical translation.

Looking forward, the NCR represents more than a static biomarker; it may serve as a dynamic indicator
of tumor—host interaction and a potential target for supportive interventions. By combining
inflammation modulation with nutritional optimization, clinicians may not only improve prognostic
accuracy but also alter the disease trajectory for high-risk patients. Ultimately, integrating the NCR into
multidisciplinary care pathways could contribute to more personalized and holistic management of
metastatic colorectal cancer, bridging the gap between tumor-directed therapies and host-centered care.
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