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Abstract: Ovarian cancer is among the most lethal gynecologic malignancies, often diag-
nosed at advanced stages due to a lack of effective screening tools. Recent studies suggest
that the platelet-to-lymphocyte ratio (PLR), an indicator of systemic inflammation, may
serve as a potential biomarker for diagnosing and staging ovarian cancer. We conducted a
systematic review and meta-analysis, adhering to PRISMA guidelines. We searched the
PubMed /Medline, Scopus, Web of Science, and EMBASE databases. We pooled data using
a random-effects model to assess the sensitivity, specificity, and diagnostic performance
of PLR in ovarian cancer. The meta-analysis of 22 studies comprising 5740 participants
showed significantly elevated platelet-to-lymphocyte ratio (PLR) values in ovarian can-
cer patients compared to healthy controls, with a mean difference of 46.84 (p < 0.001).
Additionally, PLR demonstrated utility in distinguishing benign from malignant lesions
and early-stage from advanced-stage ovarian cancer. While PLR shows potential as a
cost-effective and accessible biomarker for ovarian cancer diagnosis and staging, its diag-
nostic accuracy remains moderate. Therefore, combining PLR with other diagnostic tools
enhances clinical decision-making.

Keywords: ovarian cancer; platelet-to-lymphocyte ratio; biomarker; meta-analysis; systematic
review

1. Introduction

Ovarian cancer (OC) is one of the most lethal gynecologic malignancies globally,
with over 300,000 new cases and nearly 200,000 fatalities each year [1]. The GLOBOCAN
2020 database from the International Agency for Research on Cancer (IARC) reveals that
OC is the eighth most prevalent cancer among women and the seventh most significant
cause of cancer-related death in this group. In 2020, the database forecasted a global
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age-standardized incidence rate of OC at 6.6 per 100,000 and a global age-standardized
mortality rate of 4.2 per 100,000. GLOBOCAN 2020 estimations project that by 2040,
the global incidence of OC in women will rise by approximately 42%, resulting in an
extra 445,721 cases. The annual mortality rate from OC is anticipated to rise significantly,
increasing by nearly 50% relative to 2020, with an estimated total of 313,617 deaths [2].

The disease’s high mortality rate is mainly due to its asymptomatic progression in
initial stages and the absence of effective screening techniques, leading to most diagnoses
being made at advanced stages. Survival outcomes vary significantly based on the stage
at diagnosis: the 5-year survival rate exceeds 90% for patients diagnosed with stage 1
disease but falls below 30% for those diagnosed at stage III or IV [3]. The etiology of OC is
multifactorial, encompassing both genetic predispositions and environmental influences.
Germline mutations in the BRCA1 and BRCAZ2 genes are recognized as significant factors,
with carriers facing lifetime risks of 40-50% and 10-20%, respectively [4]. Researchers
have identified more genetic abnormalities strongly linked to ovarian cancer, including
mutations in TP53, PIK3CA, and KRAS, with varying frequencies across various subtypes
of the disease. The manifestation of P53 mutation is the most commonly seen mutation
in high-grade serous ovarian carcinoma. The mutation rate of P53 escalates to 54.5% in
high-grade serous ovarian carcinoma. Conversely, most hereditary ovarian cancer cases are
attributed to BRCA1/2 genes. The BRCA mutation prevalence escalates to 40% in recurrent
high-grade serous ovarian carcinoma. PIK3CA mutations are frequently seen in ovarian
clear-cell carcinoma and endometrioid ovarian cancer associated with endometriosis. The
existence of the KRAS mutation is a crucial element in the progression of low-grade serous
ovarian cancer and mucinous ovarian cancer. The potential associations between these
mutations and ovarian cancer encompass several processes, including the disruption of
tumor suppressor genes, deficiencies in DNA repair genes, modifications in apoptosis, the
activation of oncogenes, and epigenetic silencing [5].

Environmental factors, such as nulliparity, late menopause, and endometriosis, also
elevate OC risk, consistent with the ‘incessant ovulation” hypothesis [6]. Recent evidence
highlights a significant correlation between endometriosis and an elevated risk of ovar-
ian cancer. Women with endometriosis have a 4.2-fold heightened chance of developing
ovarian cancer relative to those without the illness. Women with ovarian endometriomas
and/or deep infiltrating endometriosis demonstrate a 9.7-fold elevated risk relative to those
without endometriosis. The associations between endometriosis subtypes and ovarian
cancer histotypes are much more pronounced for type I (endometrioid, clear cell, mucinous,
and low-grade serous) than for type II (high-grade serous) OC. This demographic may
benefit from counseling about ovarian cancer risk and prevention and might provide a sub-
stantial cohort for targeted screening and preventative research [7]. Endometriosis has been
identified as a significant risk factor for ovarian cancer, particularly for type I tumors, such
as endometrioid and clear-cell carcinomas. Molecular mechanisms linking endometriosis
to ovarian carcinogenesis include chronic inflammation; oxidative stress; and the activation
of oncogenic pathways, such as PI3K/AKT and ARID1A mutations. These pathways may
differ from those driving sporadic ovarian cancer, which often involves BRCA mutations
and TP53 alterations. Additionally, the presence of endometriotic lesions creates a mi-
croenvironment rich in cytokines and growth factors, promoting cellular proliferation and
genomic instability, which may further contribute to malignant transformation.

Notwithstanding improvements in surgical methods and chemotherapy, the prognosis
for advanced-stage ovarian cancer remains unfavorable, underscoring the critical necessity
for innovative diagnostic and therapeutic approaches. In recent decades, substantial ad-
vancements have been achieved in the exploration and identification of novel, sensitive,
specific, and accurate OC biomarkers, significantly enhancing personalized medicine and
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improving cancer patient outcomes, particularly through the development of molecular
biology technologies for OC biomarker detection. Recent advancements in biomarker
identification, such as CA125, HE4, and circulating tumor DNA (ctDNA), offer potential
for earlier detection [8,9]. While CA125 remains the most widely used biomarker in clinical
practice for ovarian cancer detection, its sensitivity and specificity are limited, particularly
in early-stage disease. HE4 has shown promise as a complementary marker, especially in
combination with CA125, but its use is not yet universally adopted. Circulating tumor
DNA (ctDNA) is still primarily in the experimental and validation stages, offering potential
for early detection but requiring further research. In comparison, PLR, as an inflammatory
marker, has demonstrated moderate diagnostic accuracy (AUC = 0.664) and may serve as a
cost-effective adjunct to traditional biomarkers, particularly in resource-limited settings.
Molecular profiling of tumors has enabled the creation of targeted therapies, including
Poly (ADP-ribose) polymerase (PARP) inhibitors for BRCA-mutated cancers, which en-
hance survival rates. Targeted therapy has revolutionized oncological therapies for cancer,
demonstrating significant effectiveness and a more acceptable side-effect profile relative
to conventional chemotherapy. PARP inhibitors have shown success in the treatment of
BRCA1/BRCA2 mutant malignancies, particularly in breast and ovarian cancers. Cancer
cells have an inherent capacity to mutate, hence developing resistance to treatment [10].
In light of these insights, initiatives to mitigate the global burden of OC must emphasize
the creation of dependable, accessible, and economical diagnostic instruments. Simultane-
ously, public health initiatives focused on enhancing awareness and executing screening
strategies in high-risk populations are essential. Ongoing investment in research exam-
ining the molecular pathogenesis of ovarian cancer is essential for attaining substantial
advancements in early detection and patient outcomes.

Among the novel biomarkers, indicators of systemic inflammatory response, such as
the platelet-to-lymphocyte ratio (PLR), have attracted interest [11]. PLR, calculated as the
absolute platelet count divided by the lymphocyte count, reflects systemic inflammation
and immune dysregulation. In ovarian cancer, an elevated PLR is thought to arise from
tumor-induced thrombocytosis and lymphopenia, which correlate with immunosuppres-
sive microenvironments and metastatic spread [12].

The interplay between platelets and lymphocytes significantly influences cancer de-
velopment. Platelets can form aggregates with lymphocytes, particularly neutrophils and
monocytes, through adhesion molecules such as P-selectin. This interaction promotes the
release of pro-inflammatory cytokines and growth factors, creating a tumor-supportive
microenvironment. Additionally, platelet-lymphocyte aggregates can facilitate the forma-
tion of neutrophil extracellular traps (NETs), which have been implicated in capturing
circulating tumor cells (CTCs) and aiding their extravasation into distant tissues, thereby
promoting metastasis (Figure 1). Activated platelets may directly interact with circulating
tumor cells, facilitating immune evasion and metastasis. While this mechanism is biolog-
ically plausible, our analysis focused on PLR as a systemic marker rather than localized
platelet—tumor interactions.

Chronic inflammation is crucial in the onset, advancement, and spread of cancer, acting
as a significant factor in carcinogenesis and the malignant transformation of cells. Ovarian
cancer has been examined with respect to systemic inflammatory indicators, notably the
platelet-to-lymphocyte ratio (PLR), indicative of a pro-inflammatory condition. Increased
PLR levels have been linked to worse prognosis; advanced disease stages; and heightened
metastatic potential in several malignancies, including ovarian cancer [13-15]. In contrast
to conventional tumor markers like CA125, which are fundamental to the diagnosis and
surveillance of ovarian cancer, PLR offers several benefits. It is economical, non-invasive,
and easily accessible via standard complete blood count (CBC) testing. Furthermore,
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PLR provides significant insights into the inflammatory and immunological dynamics
of the tumor microenvironment, possibly enhancing current diagnostic and prognostic
instruments [16,17]. Recent studies have examined the application of PLR in several
therapeutic scenarios, including in differentiating benign from malignant ovarian tumors,
assisting in cancer staging, and forecasting disease recurrence. Nevertheless, the results
concerning the diagnostic and prognostic relevance of PLR in ovarian cancer are conflicting.
Some studies emphasize its promise as a dependable and pragmatic biomarker, while others
stress its limits, noting overlapping results with benign circumstances and inconsistency in
predictive efficacy. These discrepancies highlight the need for a thorough meta-analysis
to consolidate the existing evidence, assess the diagnostic precision of PLR, and discern
potential variables affecting its efficacy. This investigation might elucidate the potential
integration of PLR as a reliable supplementary marker in the therapy of ovarian cancer
within clinical practice.

Interactions between platelets and leukocytes

in cancer
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Figure 1. Platelet-leukocyte interplay in cancer development and progression.

The aim of this systematic review and meta-analysis is to determine the overall
sensitivity and specificity of the platelet-to-lymphocyte ratio in ovarian cancer and its
potential as a diagnostic tool.

2. Materials and Methods

This review was performed according to the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses (PRISMA) statement [18] (Table S1). The protocol was
registered in PROSPERO (CRD42024605168). The review is based on aggregated data that
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have already been published in the international literature. Therefore, we waived patient
consent and institutional review board approval.

2.1. Search Strategy

Two independent researchers conducted a comprehensive search across various
databases, including PubMed /Medline, Scopus, Web of Science, and EMBASE, for papers
written in English and published up to November 2024. The primary objective was to
identify studies reporting the influence of the platelet-to-lymphocyte ratio (PLR) in ovarian
cancer in women. The search strategy incorporated the following terms: “blood platelets

7

and lymphocytes” OR “PLR” OR “platelet-lymphocyte ratio” AND “ovarian neoplasm”

7

OR “ovarian neoplasms” OR “ovary neoplasm” OR “ovary neoplasms” OR “ovary cancer”
OR “ovary cancers” OR “ovarian cancer” OR “ovarian cancers” OR “cancer of ovary”
OR “cancer of the ovary”. This was supplemented by a retrospective reference list of the
included literature, relevant published systematic reviews, and meta-analyses to include,
as fully as possible, the literature that meets the inclusion criteria. While several meta-
analyses [19,20] have explored the role of PLR in various cancers, including ovarian cancer,
this study distinguishes itself by focusing specifically on the diagnostic accuracy of PLR
in differentiating ovarian cancer from benign conditions and healthy controls. Unlike
previous reviews, our analysis incorporates a broader range of studies and employs rig-
orous statistical methods to account for heterogeneity, providing a more comprehensive
evaluation of PLR’s diagnostic potential.

2.2. Inclusion Criteria

Inclusion criteria: (1) original research; (2) studies using PLR as a biomarker for
diagnosing ovarian cancer; and (3) studies published in English.

Exclusion criteria: (1) studies with only experimental groups; (2) studies on cell exper-
iments and animal experiments; (3) studies with invalid data; (4) studies that were letters,
conference abstracts, reviews, editorials, and master’s theses; and (5) repeated research.

2.3. Literature Screening and Data Extraction

We used Endnote to manage the literature and eliminate duplicate studies. We se-
quentially eliminated irrelevant studies by reading their titles and abstracts. Full-text
downloading was conducted for studies that remained. Figure 2 illustrates the PRISMA
flow diagram for research selection.

Two researchers (M.B. and M.P.) independently conducted the initial screening and
data extraction according to the inclusion and exclusion criteria; a third researcher (L.S.) was
consulted for assistance in divergent studies to obtain the target studies. We extracted data
from the included studies using Excel 2021. The information extracted comprised (1) study
characteristics (i.e., title, first author, country, study design, year of publication); (2) patient
characteristics (i.e., sex, age); (3) PLR values among ovarian cancer and comparator groups;
(4) true-positive (TP), false-positive (FP), false-negative (FN), and true-negative (TN),
which should have been reported or could be calculated by using the following diagnostic
properties: sensitivity (SEN), specificity (SPE), positive predictive value (PPV), negative
predictive value (NPV), the positive likelihood ratio (PLR), the negative likelihood ratio
(NLR), and the area under the receiver operating characteristic curve (ROC-AUC).
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Figure 2. PRISMA flow chart.

2.4. Quality Assessment

Two review authors (M.B. and M.O.) independently assessed the methodological
quality of each study according to the Newcastle-Ottawa criteria [20]. We assigned a
maximum of 9 points to each study, which included 4 points for selection, 2 points for
comparability, and 3 points for outcome assessment. We classified studies with scores
ranging from 0 to 3, from 4 to 6, and from 7 to 9 as low, moderate, and high quality,
respectively. Discussions with the senior author (L.S.) resolved any potential disagreements.

2.5. Statistical Analysis

We performed data synthesis and statistical analyses of this research using REVMAN
(Version 5.4.1). The threshold for statistical significance was established at a two-tailed «
level of <0.05. The mean and standard deviation (SD) were used for calculations of the mean
difference between the baseline and study follow-up. We used the Hozo formula for pooled
statistics to convert studies reporting medians (interquartile ranges) to means (SDs) [21].
Studies reporting the mean with SE were converted to the mean SD using the following
formula: SD = SE x /n (where /1 is the square root of the sample size). Similarly, studies
reporting the mean 95% CI were converted to the mean SD using the following formula:
SD = (upper limit of CI — lower limit of CI)/(2 x 1.96), where Cl is the 95% CI. The pooled
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mean differences (MDs) with 95% confidence intervals (ClIs) were calculated to evaluate
the relationship between the level of PLR and the diagnosis of ovarian cancer patients. A
random effects model was used for the statistical model, as it allows for heterogeneity of
results across studies [22].

The Chi-square test and I? test were applied to evaluate the heterogeneity across stud-
ies. I? values below 25% indicated low heterogeneity in the included studies, while 50% and
75% were considered moderate and high heterogeneity, respectively [23]. We conducted
sensitivity analyses to assess the robustness of the results. We serially excluded each in-
cluded study in the analysis to determine whether any investigation had a disproportionate
influence on the meta-analysis results.

The diagnostic meta-analysis encompassed pooled sensitivity, specificity, the positive
likelihood ratio (PLR), the negative likelihood ratio (NLR), the diagnostic odds ratio (DOR),
and the construction of a summary ROC (sROC) curve. Variations in diagnostic thresholds
across individual tests can induce a threshold effect, a significant contributor to hetero-
geneity in diagnostic meta-analyses. We computed the Spearman correlation coefficient
between sensitivity and specificity to investigate whether a strong negative association
exists, suggesting the presence of a threshold effect. The accuracy was delineated based
on AUC: B 0.5, which indicates low accuracy; B 0.7, which signifies moderate accuracy;
B 0.9, which represents good accuracy; and 1, which denotes perfect accuracy [24]. If the
number of studies was not sufficient to calculate the pooled AUC, we could use the DOR.
An elevated DOR also signified superior diagnostic efficacy.

3. Results
3.1. Study Selection

We identified 1076 publications (following the elimination of duplicates), of which 1013
were removed after screening titles and abstracts, resulting in 63 papers for comprehensive
assessment. Two supplementary publications were discovered by manual examination
of the reference lists. Subsequent to reviewing the complete text, an additional 41 studies
were removed for the reasons stated in Figure 2. Ultimately, this evaluation encompassed
22 research studies, including a total of 5740 participants [25-46]. The high exclusion rate
(1013 — 22 studies) primarily reflects stringent inclusion criteria, such as the requirement
for studies to report PLR values in both cases and controls, and the exclusion of non-English
articles, case reports, and studies lacking key outcomes (e.g., sensitivity/specificity). Many
excluded works focused on other inflammatory markers (e.g., NLR) or did not stratify data
by ovarian cancer subtypes, limiting their relevance to our meta-analysis.

3.2. Study Characteristics

The included studies were published between 2015 and 2024. The sample sizes for
each study ranged from 36 to 665, and a total of 5740 patients were included in this study.
Nine studies were conducted in China, 9 in Turkey, 3 in Korea, and one in Egypt. The
evaluation quality results and summary are shown in Table S2. All of the studies were
moderate/high quality.

3.3. Pooled Analysis of PLR Values

Four studies reported PLR values in ovarian cancer and control groups. The pooled
analysis of PLR revealed a mean value of 181.53 & 57.02 for ovarian cancer patients and
128.89 £ 25.51 for the control group (mean difference [MD] = 46.84; 95% confidence interval
[CI]: 21.18-72.50; p < 0.001; Figure 3).
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Ovarian cancer Control group Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
Ozaksit 2015 175.7 103.3 68 1304 394 65 22.8% 45.30[18.95, 71.65] e ——
Wang 2021 175.51 54.87 43 169.33 38.86 5 18.2% 6.18[-31.62, 43.98] B —
Wang 2024 203.64 22.81 101 126.91 8.38 75 29.6% 76.73[71.89, 81.57] -
Ye 2023 168.59 30.9 122 125.57 9.36 46 29.5% 43.02[36.91, 49.13] —=
Total (95% CI) 334 191 100.0% 46.84 [21.18, 72.50] —l—
Heterogeneity: Tau? = 572.35; Chi® = 82.39, df = 3 (P < 0.00001); I> = 96% t {

~100 -50 0 50 100

Test for overall effect: Z = 3.58 (P = 0.0003) Favours [Ovarian cancer] Favours [Control]

Figure 3. Forest plot demonstrating PLR values among patients with ovarian cancer and healthy
groups [36,40—-42].

In the comparison of benign versus malignant ovarian cancer groups, the pooled PLR
values were 134.77 + 54.54 and 194.21 £ 120.19, respectively (MD = —66.44; 95% CI: —82.94
to —49.94; p < 0.001; Figure 4).

Benign ovarian Malignant ovarian Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% ClI
Bakacak 2016 160.75 70.84 185 203.41 107.84 33 5.1% -42.66 [-80.84, -4.48]
Celik 2017 128.6 52.1 44 252.8 229 57 3.6% -124.20[-185.61,-62.79] ¢————
Eo 2019 136.1 64.2 261 190.1 1385 229 6.4% -54.00 [-73.56, -34.44] —_—
Huang 2021 138.84 40.44 85 177.12 68.58 85 6.5% -38.28 [-55.21, -21.35] e —
Huang 2023 80.61 25.85 156 193.3 103.35 64 6.0% -112.69[-138.33,-87.05] ¢—
Jang 2023 140.73 9.58 599 197.53 26.53 66 6.9% -56.80 [-63.25, -50.35] -_—
Kara 2023 134.35 59 293 194.72 114.85 70 5.9% -60.37 [-88.11, -32.63]
Li 2021 131 59.1 207 184.6 122.6 882 6.8% -53.60 [-65.01, -42.19] —_—
Liu 2022 87.94 17.63 135 198.93 19.23 82 7.0% -110.99 [-116.11, -105.87] ¢
Senturk 2021 140.42 58.92 201 200.08 117.84 133 6.3% -59.66 [-81.28, -38.04] s
Song 2024 153.92 65.52 83 211.89 149.75 87 5.4% -57.97 [-92.45, -23.49] -
Vural 2016 130 45 89 216 133 50 5.1%  -86.00[-124.03,-47.97] —————
Ye 2023 138.98 13.63 50 189.15 21.29 72 6.9% -50.17 [-56.37, -43.97] I
Yildirim 2015 128.08 78.56 79 198.87 145.71 30 3.9% -70.79 [-125.73, -15.85] ¢
Yilmaz 2017 224.06 58.32 33 338.55 88.71 33 5.2% -114.49 [-150.71, -78.27] ¢——
Yun 2022 141.8 62 318 194.8 104.2 204 6.6% -53.00 [-68.84, -37.16] —_—
Cikman 2020 131 47.2 158 1509 51.9 34 6.4% -19.90 [-38.83, -0.97] |
Total (95% CI) 2976 2211 100.0% -66.44 [-82.94, -49.94] ——
Heterogeneity: Tau? = 1010.62; Chi? = 378.14, df = 16 (P < 0.00001); I = 96% J

~100 -50 0 50 100

Test for overall effect: Z = 7.89 (P < 0.00001) Favours [Benign ovarian] Favours [Malignant ovarian]

Figure 4. Forest plot demonstrating PLR values among benign and malignant ovarian cancer
patients [26-35,37-39,42,44-46].

Furthermore, the pooled PLR value in early-stage ovarian cancer was 163.74 & 77.68,
which was statistically significantly lower than in advanced-stage ovarian cancer
(206.86 £ 107.24; MD = —51.71; 95% CI: —68.43 to —34.98; p < 0.001; Figure 5).

Early stage Advance stage Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI 1V, Random, 95% CI
Agameya 2018 165.94 77.813 28 215.125 87.16 8 5.6% -49.19[-116.11, 17.74] ¢
Huang 2021 160.39 63.05 53 204.84 69.32 32 20.3% -44.45[-73.86, -15.04] e —
Liu 2022 136.63 18.98 46 198.93 19.23 82 49.7% -62.30[-69.19, -55.41] -
Song 2024 184.19 107.27 42 251.25 144.11 45 8.4% -67.06[-120.21, -13.91] ¢
Yi 2022 170.13 86.01 79 191.2 138.77 86 16.1% -21.07 [-56.00, 13.86] —_—
Total (95% CI) 248 253 100.0% -51.71[-68.43, -34.98] -
Heterogeneity: Tau? = 134.21; Chi® = 6.44, df = 4 (P = 0.17); I = 38% t J

~100 -50 0 50 100

Test for overall effect: Z = 6.06 (P < 0.00001) Favours [Early stage] Favours [Advance stage]

Figure 5. Forest plot demonstrating PLR values among patients in early and advanced stages of
ovarian cancer [25,30,35,38,43].

3.4. Diagnostic PLR Value

The Summary Receiver Operating Characteristic (SROC) curve for the positive like-
lihood ratio (PLR) in differentiating between benign and malignant ovarian cancer is
presented in Figure S1. The PLR exhibited an area under the curve (AUC) of 0.635, indi-
cating modest diagnostic accuracy. Using specificity weightings of 85%, 80%, and 75%,
the optimal PLR thresholds for differentiating between benign and malignant ovarian
cancer were determined to be 183 (sensitivity: 0.88; specificity: 0.82); 183 (sensitivity: 0.88;
specificity: 0.82); and 191 (sensitivity: 0.49; specificity: 0.77), respectively. Notably, the
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identical thresholds for specificity weightings of 85% and 80% suggest that these weightings
had a minimal impact on the balance between sensitivity and specificity. The threshold of
191, associated with a lower sensitivity and moderately high specificity, reflects a shift in
diagnostic priorities toward reducing false positives.

The diagnostic performance of the platelet-to-lymphocyte ratio (PLR) was evaluated
for differentiating ovarian cancer (OC) across various clinical contexts. For the differen-
tiation between OC patients and healthy controls, the sensitivity was 73.85% (95% CI:
69.68-78.02), specificity was 61.30% (95% CI: 56.89-65.71), the positive likelihood ratio
(PLR) was 1.94 (95% CI: 0.87-3.02), and the negative likelihood ratio (NLR) was 0.44
(95% CI: 0.20-0.69). The diagnostic odds ratio (DOR) for this comparison was 5.53 (95% CI:
3.82-7.25), with an area under the curve (AUC) of 0.664.

For distinguishing between benign and malignant ovarian lesions, the sensitivity was
68.22% (95% CI: 58.67-77.78), and the specificity was 61.10% (95% CI: 47.23-74.97). The
PLR and NLR were 2.85 (95% CI: 1.45-4.25) and 0.59 (95% CI: 0.28-0.91), respectively, while
the DOR was 10.94 (95% CI: 0.99-20.89), and the AUC was 0.647.

When assessing the ability of PLR to differentiate between early and advanced OC
stages, the sensitivity was 77.92% (95% CI: 58.32-97.52), and the specificity was 86.94%
(95% CI: 83.13-90.76). The PLR was calculated as 92.17 (95% CI: 39.63-144.71), while the
NLR was 27.59 (95% CI: 0.40-54.78). The DOR for this comparison was 0.27 (95% CI:
0.20-0.35), with an AUC of 0.803 (Table 1).

Table 1. Diagnostic performance metrics for differentiating ovarian cancer and related conditions.

s Sensitivity Specificity o o o
Objective [95%CI] [95%CI] PLR [95%CI] NLR[95%CI] DOR[95%CI] AUC
Platelet-to-
lymphocyte ratio for o o 1.94 0.44 5.53
differentiations ( 6976%f§§°02) . 6%1§f25/°71) (95% CT: (95% CT: 95% CI:  0.664
between OC and ’ ) ’ ’ 0.87-3.02) 0.20-0.69) 3.82-7.25)
healthy patients
Platelet-to-
lymphocyte ratio for 68.22% 61.10% 2.85 0.59 10.94
differentiations (95% CI: (95% CI: (95% CIL: (95% CI: © 99_'20 89) 0.635
between benign vs. 58.67-77.78) 47.23-74.97) 1.45-4.25) 0.28-0.91) ’ '
malignant OC
Platelet-to-
lymphocyte ratio for 77.92 86.94% 92.17 27.59 0.27
differentiations (95% CI: (95% CI: (95% CI: (95% CI: (95% CI: 0.803
between early vs. 58.32-97.52) 83.13-90.76) 39.63-144.71) 0.40-54.78) 0.20-0.35)
advanced OC stage

Legend: AUC: area under the curve; CI: confidence interval; DOR: diagnostic odds ratio; NLR: negative likelihood
ratio; PLR: positive likelihood ratio; OC: ovarian cancer.

The included studies used varying PLR cut-offs (range: 150-300), reflecting hetero-
geneity in assay methodologies. Subgroup analyses confirmed that diagnostic accuracy
(AUC) remained consistent across studies regardless of cut-off thresholds (p = 0.12).

4. Discussion

The platelet-to-lymphocyte ratio (PLR) has garnered significant attention as a potential
biomarker in ovarian cancer diagnosis and prognosis. Our meta-analysis delved into
the diagnostic efficacy of PLR across various clinical scenarios, revealing its potential
utility and inherent limitations. PLR is widely regarded as a surrogate marker of the
systemic inflammatory response, providing valuable insights into the dynamic interplay
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between pro-inflammatory and tumor mechanisms within the host. PLR reflects the balance
between platelet activation and lymphocytic response, both of which play crucial roles
in cancer biology [47]. Platelets, beyond their classical role in hemostasis, are actively
involved in the tumorigenic process. They contribute to the tumor microenvironment by
releasing pro-inflammatory cytokines; growth factors, such as the platelet-derived growth
factor (PDGF), platelet factor 4, transforming growth factor beta (TGFb), and vascular
endothelial growth factor (VEGF); thrombospondin; and other mediators which serve as
potent mitogens or adhesive glycoproteins for diverse cell types, including ovarian surface
epithelium. These growth factors can promote angiogenesis, tumor cell proliferation,
and their adherence to other cells, resulting in tumor development and metastasis [48].
Furthermore, platelets shield circulating tumor cells from immune surveillance, facilitating
their survival and extravasation into distant tissues. Conversely, lymphocytes are central to
the body’s immune defense against cancer, mediating cytotoxic effects on tumor cells and
coordinating anti-tumor immune responses [49]. A reduction in the lymphocyte count, as
reflected in an elevated PLR, may signify impaired immune surveillance and a weakened
anti-tumor response. This imbalance suggests a predominance of pro-inflammatory and
immunosuppressive processes, which collectively create an environment conducive to
tumor progression, immune evasion, and metastasis. An elevated PLR, therefore, serves as
an indirect indicator of this shift in the inflammatory-immune equilibrium, highlighting
its potential utility as a biomarker for assessing cancer prognosis. In the clinical setting, a
high PLR has been associated with worse outcomes in various malignancies, suggesting
its role not only in reflecting disease activity but also in stratifying patients based on their
inflammatory and immune status. This underscores the importance of understanding the
mechanisms underlying PLR elevation and its implications for tumor biology, therapeutic
decision-making, and patient management [50].

There are data in the literature supporting the association between an elevated PLR
and cancer progression. For example, a study by Raungkaewmanee et al. found that
ovarian cancer patients with a PLR of >200 had significantly shorter progression-free
survival and overall survival compared to patients with a PLR of <200 [12].

Our analysis demonstrated that ovarian cancer patients exhibited a mean PLR of
181.53 £ 57.02, notably higher than the 128.89 & 25.51 observed in healthy controls, yielding
a mean difference of 46.84 (p < 0.001). This finding aligns with the existing literature
suggesting that an elevated PLR is associated with adverse outcomes in ovarian cancer
patients. For instance, a meta-analysis by Xu et al. reported that an elevated PLR was
significantly correlated with poor overall survival (OS) in ovarian cancer patients [51].

When comparing benign and malignant ovarian lesions, our study found mean PLR
values of 134.77 £ 54.54 and 194.21 £ 120.19, respectively, with a mean difference of —66.33
(p < 0.001). This suggests that higher PLR values are indicative of malignancy. Supporting
this, a study by Prodromidou et al. found that both PLR and NLR values in ovarian cancer
patients deviate from healthy controls and may indicate the stage of the disease [52].

Our findings indicate that advanced-stage ovarian cancer patients have significantly
higher PLR values (206.86 £ 107.24) compared to those in early stages (163.74 £ 77.68), with
amean difference of —51.71 (p < 0.001). This observation is consistent with the meta-analysis
conducted by Zhu et al., which suggested that higher PLR values were associated with
poorer OS and progression-free survival (PFS) in ovarian cancer patients [53]. An elevated
PLR has been linked to advanced disease stages and poor prognosis in ovarian cancer [54].
Advantages of PLR include its low cost, wide availability, and reproducibility. However, its
limitations include variability due to comorbid conditions (e.g., autoimmune disorders)
and lack of standardized cut-off values, which may limit its standalone prognostic utility.
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Despite these associations, the diagnostic performance of PLR in differentiating be-
tween benign and malignant ovarian lesions demonstrated modest accuracy, with an area
under the curve (AUC) of 0.635. This suggests that while PLR can serve as a supplementary
biomarker, it may not be sufficient as a standalone diagnostic tool. While the AUC of
0.664 indicates moderate diagnostic accuracy, PLR alone may not be sufficiently robust for
standalone clinical implementation. However, its cost-effectiveness and ease of calculation
make it a valuable adjunct to existing biomarkers. Future research should explore the
integration of PLR with other markers or imaging techniques to enhance its diagnostic
utility in clinical practice. This is in line with the findings of Prodromidou et al., who
reported that the diagnostic accuracy of PLR remains limited, with moderate sensitivity
and specificity in detecting ovarian cancer [52].

In addition to the platelet-to-lymphocyte ratio (PLR), the neutrophil-to-lymphocyte ra-
tio (NLR) has been extensively studied for its prognostic significance in ovarian cancer. An
elevated NLR is associated with a heightened systemic inflammatory response, which can
promote tumor progression and metastasis. A comprehensive meta-analysis by Zhu et al.
demonstrated that higher pretreatment NLR and PLR values are significantly correlated
with poorer overall survival (OS) and progression-free survival (PFS) in ovarian cancer
patients [53]. This finding is supported by other studies. For instance, a meta-analysis
involving 4910 patients found that the elevated pretreatment NLR was significantly related
to a poor OS (HR: 1.50; 95% CI: 1.27-1.77) and PFS (HR: 1.53; 95% CI: 1.28-1.84) in ovarian
cancer patients [55]. Furthermore, a study published in the Asian Pacific Journal of Cancer
Prevention reported that a high NLR and PLR are associated with worse progression-free
survival and 5-year overall survival in patients with ovarian cancer. These findings un-
derscore the potential utility of NLR and PLR as accessible and cost-effective prognostic
biomarkers in ovarian cancer management. However, it is important to note that some
studies have reported conflicting results. In addition to PLR, other inflammatory markers,
such as the neutrophil-to-lymphocyte ratio (NLR) and systemic immune-inflammation
index (SII), have been explored in ovarian cancer. While NLR has shown utility in pre-
dicting prognosis, its diagnostic accuracy is comparable to PLR. SII, which incorporates
platelet, neutrophil, and lymphocyte counts, may offer a more comprehensive assessment
of systemic inflammation but requires further validation. A comparative analysis of these
markers could provide deeper insights into the role of inflammation in ovarian cancer
pathogenesis and help identify the most robust biomarker for clinical use. For example,
a retrospective study on 166 epithelial ovarian cancer patients found that NLR and PLR
were not significantly associated with OS or PFS [56]. Therefore, while an elevated NLR
and PLR are generally associated with poorer survival outcomes in ovarian cancer patients,
further large-scale, well-designed studies are warranted to establish standardized cut-off
values and to validate their clinical utility in ovarian cancer management. Additionally,
combining these inflammatory markers with other prognostic factors may provide a more
comprehensive assessment of patient prognosis. Similarly, a study by Jiang et al. found
that an elevated PLR was significantly associated with a poor OS and PFS in gynecologic
cancers, including ovarian cancer [12].

The potential of the platelet-to-lymphocyte ratio (PLR) as a biomarker in ovarian
cancer is evident; however, its modest diagnostic accuracy necessitates its use in con-
junction with other diagnostic modalities to enhance clinical decision-making. Studies
have shown that while PLR can serve as an indicator of systemic inflammation associated
with tumor progression, its sensitivity and specificity are not sufficient for it to be a stan-
dalone diagnostic tool [52]. Combining PLR with other inflammatory markers, such as
the neutrophil-to-lymphocyte ratio (NLR) and tumor-specific biomarkers like CA125, has
been explored to improve diagnostic efficiency. Compared to traditional biomarkers like
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CA125 and HE4, PLR demonstrates lower diagnostic accuracy but offers the advantage of
being a readily available and inexpensive marker. A combined approach, integrating PLR
with CA125 or HE4, could potentially improve sensitivity and specificity, particularly in
early-stage disease, where traditional biomarkers often underperform. Combining PLR
with CA125 or HE4 may enhance diagnostic accuracy. For instance, Guo et al. reported a
sensitivity of 85% and specificity of 78% when PLR was integrated with CA125, outperform-
ing either marker alone [57]. Future studies should investigate the optimal combination
of these markers to maximize diagnostic efficacy. For instance, a study found that the
combined use of CA125, NLR, and PLR was more effective in distinguishing between be-
nign, borderline, and malignant epithelial ovarian tumors compared to using each marker
individually [33]. Further large-scale, well-designed studies are warranted to establish
standardized PLR cut-off values and to validate its clinical utility in ovarian cancer man-
agement. Standardization is crucial to ensure consistency and reliability in clinical practice.
Additionally, exploring the combination of PLR with other inflammatory markers and
tumor-specific biomarkers may provide a more comprehensive diagnostic and prognostic
tool for ovarian cancer. Integrating PLR with advanced diagnostic technologies, such as the
MasSpec Pen, which offers a rapid and precise molecular analysis of tissues, could further
enhance diagnostic accuracy and patient outcomes. The integration of PLR with emerging
technologies, such as the MasSpec Pen, is currently a speculative suggestion, as there are
no published data directly supporting this combination. However, given MasSpec Pen’s
ability to provide real-time molecular profiling of tissues, future studies could explore its
potential synergy with inflammatory markers like PLR to enhance diagnostic accuracy and
provide a more comprehensive assessment of ovarian cancer. This meta-analysis focused
on PLR as a hematologic parameter. Proteomic studies of platelet/lymphocyte activity
and HLA associations, while mechanistically relevant, were excluded due to their focus on
molecular pathways beyond the scope of this review.

5. Conclusions

These findings highlight the utility of PLR as a diagnostic marker in differentiating
OC from healthy individuals, benign from malignant ovarian lesions, and early from
advanced OC stages, with varying degrees of sensitivity, specificity, and diagnostic accuracy,
depending on the clinical context. Notably, integrating PLR with transvaginal ultrasound
or the ROMA index could improve risk stratification, especially in premenopausal women,
for whom CA125 alone is less reliable.
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NPV  Negative predictive value
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PLR  Platelet-to-lymphocyte ratio
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