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Abstract

This literature review examines the clinical relevance of readily accessible haematological and nutritional
biomarkers, including the neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio
(LMR), platelet-to-lymphocyte ratio (PLR), and the copper-to-zinc (Cu/Zn) ratio. Derived from routine
blood tests, these markers offer cost-effective and non-invasive indicators of systemic inflammation and
immune function. The review integrates current evidence highlighting their prognostic significance
across a range of clinical conditions, with particular emphasis on pancreatic and colorectal cancers as
well as inflammatory diseases. Elevated NLR, PLR, and Cu/Zn ratios—alongside decreased LMR—are
consistently associated with more aggressive disease and poorer patient outcomes. The findings suggest
that while these biomarkers provide meaningful prognostic insights, their greatest value emerges when
used in conjunction with established clinical and laboratory measures, reinforcing their potential as
integral components of personalized patient management and risk stratification.
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Introduction

The balance between micronutrients and inflammatory markers plays a critical role in maintaining
physiological homeostasis, while deviations often signal underlying pathological processes. Among
these, the copper-to-zinc (Cu/Zn) ratio, neutrophil-to-lymphocyte ratio (NLR), and lymphocyte-
to-monocyte ratio (LMR) stand out as key systemic immune-inflammatory biomarkers, reflecting
the intricate relationship between nutritional status and immune response (1). These readily
available parameters from routine complete blood counts provide a cost-effective and non-invasive
means of assessing systemic inflammation, predicting disease progression, and estimating
prognosis across a wide range of clinical conditions (2,3). In particular, the NLR, platelet-to-
lymphocyte ratio (PLR), and LMR are increasingly recognized for their prognostic significance in
inflammatory, infectious, and neoplastic diseases, as they capture systemic inflammatory activity
and immune dysregulation (4,5).
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Review Results
The Clinical Significance of Diagnostic Ratios in Medicine

In medicine, various ratios from blood tests are used to provide more complete diagnostic
information than single indicators, helping in the precise assessment of a patient's condition,
prognosis, and disease monitoring.

For instance, the AST/ALT ratio (De Ritis Ratio) is key for differentiating the causes of liver
damage, while the Neutrophil-to-Lymphocyte Ratio (NLR) serves as a marker for systemic
inflammation used in the prognosis of cardiovascular, infectious, and autoimmune diseases (6- 8).
The balance of trace elements is also crucial. The Copper/Zinc (Cu/Zn) ratio reflects oxidative
stress and immune function, with elevated values being a risk factor for cardiovascular,
neurodegenerative, and metabolic diseases. In nutrition, the Calcium/Iron (Ca/Fe) ratio is
important, as high calcium intake can suppress iron absorption and lead to anemia. Furthermore,
the Iron/Copper (Fe/Cu) balance is critical for red blood cell formation, since a copper deficiency
impairs iron utilization and results in a specific type of anemia (9- 12).

Neutrophil-to-Lymphocyte Ratio

In recent years, the neutrophil-to-lymphocyte ratio (NLR) has gained considerable attention in the
medical community. It is recognized as a reliable indicator of systemic inflammatory status and
adaptive immune function, reflecting the balance between innate (neutrophil-mediated) and
adaptive (lymphocyte-mediated) immune responses, and serving as a marker of immune
homeostasis. Importantly, NLR has demonstrated strong prognostic value across a variety of
conditions, including sepsis, pneumonia, COVID-19, and various cancers. Derived from a routine
complete blood count, NLR is an easily accessible surrogate of systemic inflammation—a key
biological process implicated in carcinogenesis. (13). Indeed, inflammation is now recognized as a
hallmark of cancer development and progression.

In a cohort study of 156 patients with borderline-respectable or locally advanced pancreatic
adenocarcinoma, Reddy et al. demonstrated that both pre- and postoperative NLR carried
prognostic significance; values greater than 2.6 were associated with worse overall survival (OS)
and progression-free survival (PFS) (14). Similarly, a U.S. retrospective study of 226 patients
confirmed elevated NLR as an independent predictor of poor outcomes (15). Interestingly, this
analysis also revealed ethnic differences: lower NLR values (<5) were more frequent among non-
Hispanic Black patients, whereas non-Hispanic White and Hispanic patients more often exhibited
higher NLR values (>5), potentially reflecting differences in risk profiles.

Not all studies, however, have shown consistent associations. A 2021 retrospective cohort found
that although NLR generally increased following neoadjuvant therapy for pancreatic
adenocarcinoma, it did not correlate significantly with OS, disease-free survival (DFS), or
pathological response (16).

Emerging evidence suggests that NLR’s prognostic performance improves when used in
combination with other biomarkers. For example, pairing NLR with CA19-9 enhances risk
stratification in pancreatic adenocarcinoma. In a retrospective analysis of 271 patients with
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advanced disease, Shin et al. reported that a post-treatment NLR <2.62, together with an 18%
decline in CA19-9, strongly predicted outcomes, underscoring the utility of composite biomarker
approaches (17,18).

In non-metastatic colorectal cancer (CRC), a 2020 Turkish retrospective study of 219 surgically
treated patients found that a preoperative NLR >2.8 was significantly associated with worse OS,
though not with DFS (12). Extending this approach, Yang et al. (2021) showed that combining NLR
with interleukin-6 (IL-6) improved prediction of both OS and DFS compared with either marker
alone. Elevated NLR and IL-6 levels were also correlated with tumor differentiation and stage (19).
Given the challenges of managing metastatic CRC, prognostication in this population is particularly
important. In a Japanese retrospective study, Nemoto et al. observed that changes in NLR from
pre-chemotherapy to the third month of treatment were informative for OS in patients with
metastatic or unresectable CRC (20).

Prognostic evaluation is especially critical in metastatic CRC. In a Japanese study, Nemoto et al.
observed that dynamic changes in NLR from pre-chemotherapy to the third month of treatment
were informative for OS in patients with metastatic or unresectable CRC (21). Consistent with this,
a large Chinese cohort demonstrated that persistently elevated NLR was associated with the
poorest outcomes. After stratifying patients into four groups (low—low, low—high, high—low, high—
high) based on pre- and postoperative NLR, those in the “high—high” group experienced the
shortest PFS, followed by “high—low,” “low—high,” and finally “low—low” groups (22).

Lymphocyte-to-monocyte ratio (LMR)

The lymphocyte-to-monocyte ratio (LMR) has been associated with several malignancies,
cardiovascular diseases, and stroke severity and prognosis. It can also help categorize COVID-19
patient severity. Notably, a low LMR at admission increases the risk of COVID-19 pneumonia
progression by approximately 5.1-fold.

The lymphocyte-to-monocyte ratio (LMR) has demonstrated notable prognostic value in pancreatic
adenocarcinoma. In a retrospective study of 97 patients, Singh et al. reported that a higher baseline
LMR (>2.05) at diagnosis was associated with significantly longer overall survival (median 194 vs.
93 days for LMR <2.05; P = 0.03). On univariate analysis, elevated LMR correlated with a reduced
risk of death (HR = 0.83; 95% CI: 0.70—0.98; P = 0.027) (23). These findings are further supported
by larger evidence syntheses. Lin et al. pooled data from 16 cohort studies including 3338 patients
and demonstrated that higher pretreatment LMR was significantly associated with improved
overall survival (HR = 0.68; 95% CI: 0.58-0.80; P < 0.001) as well as superior disease-free,
recurrence-free, and time-to-progression outcomes (HR = 0.55; 95% CI: 0.31—-0.96; P = 0.037),
with consistent effects across ethnicity, disease stage, and study design (24). Similarly, Li et al.
(2017) found that elevated LMR predicted improved overall survival (HR = 0.56; 95% CI: 0.38—
0.83; P = 0.004) and DFS/RFS/TTP (HR = 0.38; 95% CI: 0.15—0.95; P = 0.04) (25). Collectively,
these data establish LMR as a simple, inexpensive, and reliable biomarker that can complement
established clinical and laboratory parameters in prognosticating outcomes for pancreatic
adenocarcinoma.

In colorectal cancer (CRC), LMR demonstrates similar prognostic relevance. Tan et al. (2018)
analysed a retrospective cohort of 874 surgically treated patients and identified low preoperative
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LMR as an independent predictor of worse overall and disease-free survival (26). Patients with
lower LMR values experienced significantly higher risks of recurrence and death compared with
those in the higher LMR group. Importantly, in multivariable models adjusted for TNM stage,
tumor differentiation, age, and other clinicopathological factors, LMR retained its prognostic
significance.

Taken together, current evidence supports LMR as an accessible, low-cost prognostic biomarker in
both pancreatic adenocarcinoma and CRC. Its incorporation into routine risk stratification could
improve individualized patient management, though further work is needed to refine disease-
specific cut-offs and optimal timing of assessment.

Platelet- to- White- Blood- Cell Ratio (PWR) and Platelet-to-Lympocyte Ratio (PLR)

Over the past five years, platelet-based inflammatory ratios have gained increasing clinical
relevance—most notably the platelet-to-lymphocyte ratio (PLR) and the platelet-to—white blood
cell ratio (PWR).

The PWR, calculated from routine complete blood counts as the platelet count divided by the
leukocyte count, was initially investigated in hematologic and oncologic settings. It has since shown
independent prognostic value across multiple diseases. For example, Tang et al. reported that in
pancreatic cancer, a baseline PWR <6 was associated with significantly poorer survival and
remained an independent risk factor in multivariable analyses, supporting its utility as a novel
inflammation-based prognostic marker (27).

The platelet-to-lymphocyte ratio (PLR) can be used as a prognostic and predictive marker in a wide
range of conditions, including COVID-19, allergic damage, chronic gingivitis and periodontitis, and
traumatic brain injury. It is also relevant in many neoplasms, such as gastrointestinal cancer,
squamous cell carcinoma of the oral cavity, and metastatic disease.

The NLR and PLR likewise serve as simple, accessible markers of systemic inflammation, with
commonly cited reference intervals of ~1—3 for NLR and ~90—210 for PLR. Their prognostic
significance has been demonstrated across diverse conditions. In pediatric asthma, Eltyeb et al.
observed that PLR—but not NLR or RDW—correlated with hospital stay duration, suggesting PLR
may reflect both disease activity and short-term severity (28).

Evidence also supports PLR and PWR as prognostic markers in infectious, neurologic, and allergic
conditions. In a two-center retrospective study of 730 adults hospitalized with COVID-19, Citu et
al. showed that PWR and the neutrophil-to-monocyte ratio (NMR) predicted ICU admission and
mortality (29).

In traumatic brain injury, a systematic review by Ilyas et al. (2024) synthesized four studies (n =
1467), of which three reported higher admission PLR as an independent predictor of 30-day
mortality and poor 6-month functional outcome; one study, however, found no advantage over
other hematologic parameters, highlighting the need for standardized cut-offs (30). A meta-
analysis by Sarkar et al. of 32 studies similarly confirmed higher admission PLR in critically ill and
deceased COVID-19 patients (31).

Beyond systemic inflammation, PLR has shown promise in acute allergy care. In a retrospective
study from Hanoi, Le Vinh Nghi et al. found that both PLR and NLR were elevated in refractory
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anaphylaxis compared with non-refractory cases. ROC analysis identified PLR >129.5 and NLR >4
as informative thresholds (32).

These indices also serve as dynamic markers of treatment response. In chronic periodontitis,
Acharya A.B. et al. demonstrated significantly worse periodontal indices and elevated PLR/NLR
compared with controls, followed by significant declines after non-surgical therapy. ROC analyses
suggested diagnostic thresholds to distinguish baseline from post-treatment status, underscoring
their potential as bridging biomarkers between local and systemic inflammation (33).

Further supporting their prognostic role in COVID-19, Qu et al. reported that admission PLR was
significantly higher in non-survivors compared with survivors (248.5 + 66.8 vs. 174.2 £ 43.0; p <
0.05). While PLR declined toward normal in survivors, it rose further in terminal patients. ROC
analysis identified an optimal cut-off of =180 (AUC = 0.738), and PLR remained an independent
predictor of mortality after adjusting for age (34). These findings align with those for NLR and
PWR, reinforcing the role of platelet-based ratios as markers of disease severity.

In oncology, PLR has been studied as both a diagnostic and prognostic tool. A meta-analysis by
Bijon et al. found that patients with ovarian cancer had significantly higher PLR compared with
healthy controls, indicating potential value in distinguishing benign from malignant disease and in
staging (35). Similar findings have been reported in metastatic colorectal cancer, where elevated
pretreatment PLR predicted worse overall and progression-free survival (36).

In oncology, PLR has consistently emerged as a stronger prognostic factor than NLR in certain
cancers. In oral squamous cell carcinoma (OSCC), Tazeen et al. identified cut-offs of PLR = 142 and
NLR = 3.1; elevated values correlated with shorter DFS and OS, with PLR standing out as an
independent predictor (HR = 3.0; p = 0.028) (37). Acharya et al. (2016) similarly showed that
preoperative PLR outperformed NLR in predicting lymph node metastasis, emphasizing the
thrombo-inflammatory axis in tumor invasion and spread (38).

Copper- to-Zinc Ratio (Cu/Zn Ratio)

Ivanova and colleagues investigated Cu, Zn, and their ratio (Cu/Zn) across three groups—patients
hospitalized in the acute phase of COVID-19 (n=75), clinically stable “non-acute” patients
approximately three months after illness (n=22), and healthy controls (n=68) (9). The main finding
is an elevation of the Cu/Zn ratio at hospital admission, which differentiates acute cases from both
non-acute patients and healthy controls (ANOVA adjusted for age/sex: p=0.001 and p<0.001,
respectively). Median (IQR) Cu/Zn values were ~1.72 (1.21—2.35) in acute patients, versus 1.06
(0.91-1.33) in non-acute patients and 1.22 (1.10—1.35) in controls, with no difference between the
latter two groups. That supports that Cu/Zn is a marker of active disease rather than a persistent
post-infection alteration.

Cu/Zn tracked closely with the inflammatory burden. On a logarithmic scale, the ratio correlated
positively with C-reactive protein (CRP) (r=0.581; p<0.001) and with the neutrophil-to-
lymphocyte ratio (NLR) (r=0.436; p=0.003); Notably, the same associations were absent in non-
acute patients and in controls, reinforcing the view that Cu/Zn reflects the acute-phase response.
For clinical outcomes, univariable Cox models linked higher Cu/Zn with increased in-hospital
mortality (HR 3.89; 95% CI 1.25—12.07), alongside older age, higher NLR, lower Zn, and elevated
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D-dimer. In multivariable selection, only NLR remained independently associated with mortality,
arguing that while Cu/Zn is a strong correlate of acute inflammation and risk, it may be
outperformed by established hematologic indices once covariates are considered.

More and more studies link the blood copper-to-zinc ratio (Cu/Zn) to the development of colorectal
cancer. In a meta-analysis by Mufoz-Bravo et al., patients with colorectal cancer (CRC) exhibited
substantially higher Cu/Zn than healthy controls (standardized mean difference SMD = 1.19, 95%
CI 0.54-1.84) (39). Importantly, this was clearer and more consistent than copper alone, which
wasn’t significant in pooled analyses. A higher Cu/Zn ratio probably reflects combined metabolic
and inflammatory changes, but results varied widely across studies.

Prospective evidence supports these associations. M. Stepien and colleagues evaluated pre-
diagnostic serum copper and zinc—and their ratio—in a case—control analysis in 10 European
countries (40). 966 cases with CRC 966 controls). Higher copper concentrations were linked to
increased subsequent CRC risk, whereas higher zinc showed a borderline inverse association (p
between 0.05 and 0.10). Crucially, a higher Cu/Zn ratio was significantly associated with greater
CRC risk, underscoring the value of considering the two trace elements jointly rather than in
isolation.

Findings from clinical cohorts align with this pattern. S. Byeon et al. reported higher Cu/Zn among
patients with colorectal adenocarcinoma compared with controls (1.76 vs 1.53, p = 0.002) (41).
Extending beyond the colorectum, Fabris et al. measured copper, zinc, and Cu/Zn in 29 pancreatic
cancer, 46 chronic pancreatitis, 32 extra-pancreatic disease patients, and 48 healthy controls (42).
The Cu/Zn ratio was markedly elevated in pancreatic cancer (2.66 + 0.16) relative to healthy
individuals (1.39 + 0.06; p < 0.001), chronic pancreatitis (1.82 + 0.09; p < 0.001), and extra-
pancreatic conditions (1.81 + 0.18; p < 0.001). Even so, the authors cautioned that Cu/Zn lacks
sufficient specificity as a stand-alone diagnostic marker. They also observed age-related trends:
serum zinc declined with advancing age, whereas copper and the Cu/Zn ratio increased.

Conclusion

Simple hematological ratios such as the neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-
monocyte ratio (LMR), platelet-to-lymphocyte ratio (PLR), and the copper-to-zinc (Cu/Zn) ratio
have emerged as cost-effective biomarkers with significant prognostic value. By capturing the
interplay between systemic inflammation, nutritional status, and immune function, they provide
clinically meaningful insights across a wide spectrum of diseases, particularly in oncology.
Although their discriminative power alone is limited, their true utility lies in complementing
established clinical and laboratory parameters. Future work should prioritize standardization of
cut-offs and assessment timing to facilitate their integration into personalized risk stratification
and patient management.
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