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Objective: Tumor markers such as CA125 are highly beneficial in predictive ovarian malignancy; however, this advanced test is not
always available in remote areas. To address this issue, the author aimed to explore the use of systemic inflammatory biomarkers as
complementary modalities for diagnosis of ovarian malignancy.

Methods: This diagnostic study utilized a cross-sectional approach, with outcomes measured by AUC and sensitivity. A total of 132
patients with adnexal tumors were consecutively included and measured a complete blood count. From this, the MLR (Monocyte
Lymphocyte Ratio), NLR (Neutrophil Lymphocyte Ratio), PLR (Platelet Lymphocyte Ratio), SII (Systemic Immune Inflammation
Index), and SIRI (Systemic Inflammatory Response Index) biomarkers were calculated. After surgery, histopathological examination
was performed as the gold standard and the biomarker predictions were then compared to it, followed by statistical analysis.
Results: The AUC values for MLR, NLR, PLR, SII, and SIRI were 0.70, 0.731, 0.696, 0.743, and 0.722, respectively. The p-values
were MLR (0.005), NLR (0.001), PLR (0.001), SII (<0.001), and SIRI (<0.001), respectively. In multivariate analysis, only SII was
significant (p = 0.015). The Exp(B) and 95% CI were 5.472 (1.383-21.655). The validity test for SII showed satisfactory results:
sensitivity 71.64%, specificity 73.84%, PPV 73.84%, NPV 71.64%, accuracy 72.72%, LR+ 2.74%, and LR- 0.38%.

Conclusion: Systemic inflammatory biomarkers, particularly SII may aid in the predictive markers of early ovarian with diagnostic
values nearly as good as CA125 (sensitivity 71.64% vs 75.97%). These biomarkers can serve as complementary predictive markes
modalities for ovarian malignancy, especially when advanced tumor marker tests like CA125 are not available in remote areas.
Keywords: MLR, NLR, PLR, SII, SIRI, ovarian malignancy

Introduction

Ovarian cancer is the 18th most common cancer in the world and the 8th most common cancer occur in women. Based
on 2020 data, there were more than 313,000 new cases of ovarian cancer worldwide. ' Ovarian cancer prevalence in
Indonesia, Jakarta as reported by Winarto et al in 2015 was 45.04%. Feharsal and Andi D. Putra in 2016 also reported the
prevalence of 48.74%.°2 Meanwhile in RSUP Hasan Sadikin, Bandung based on Primary Cancer Registry of
Gynaecology Oncology Division there were 480 ovarian cancer cases from 2020 to 2022. Putra reported that during 7
months observation in 2018 there were 58 ovarian cancer cases and 61 benign ovarian tumour cases. Thereby, the
prevalence of ovarian cancer in RSUP Hasan Sadikin Bandung is 48.7%.*

Based on Surveillance, Epidemiology, and End Results (SEER) data in the United States, the 5-year survival for all
stages combined increased from 33.6% in 1975 to 47.6.2% in 2009-2015. Using statistical models for analysis, rates for
new ovarian cancer cases have been falling on average 1% per year over the last 10 years. Death rates have been falling
on average 1.6% per year over the same period. The death rate decreased 32% from 10 per 100,000 women per year in
1976 to 6.76 per 100,000 per women per year in 2016. Ovarian cancer rates are highest in women aged 55 to 64 years
(median age 63 years), and deaths are highest in women aged 75 to 84 years (median age 71 years). However, in
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Indonesia, the collected data was estimated to have 396,914 new cancer cases in 2020. Ovarian cancer was the second
most common gynecological cancer in Indonesia, after cervical cancer.’

Ovarian cancer early diagnosis is very important in management of this disease, because it is usually diagnosed at
advance stage and in consequence the prognosis is poor and the mortality rate is still high. Several tools supported
ovarian cancer early diagnosis such as CA125, LDH, AFP, BHCG, RMI (Risk Malignancy Index) and Ultrasound with
IOTA (International Ovarian Tumour Analysis) had been used widely in the management of the disease. However, the
tools mentioned above are not always available in primary or secondary health care facilities, particularly in archipelagic
developing countries with wide diversities like Indonesia.

Overcoming the obstacles, we tried to assessed other tools for early diagnosis of ovarian cancer which are
inexpensive, always available and easy to perform even in primary or secondary health care facilities with limited
resources. The tools were systemic inflammation biomarkers. The systemic inflammation biomarkers consisted of five
indicators as follows, MLR (Monocyte Lymphocyte Ratio), NLR (Neutrophil Lymphocyte Ratio), PLR (Platelet
Lymphocyte Ratio), SII (Systemic Immune Inflammation Index) and SIRI (Systemic Inflammatory Response Index).’ '

Recent studies have reported that hematological tests such as NLR and PLR play a role in the differential diagnosis of
ovarian tumors. It has been reported that NLR and PLR tend to increase in ovarian malignancies, and that these elevated
ratios are associated with poor prognosis in cancer patients. However, NLR and PLR are not specific to cancer, and
increases in these ratios can also be caused by systemic diseases such as cardiovascular disease, rheumatic diseases, and
infections. In 2022, a report highlighted the levels of NLR and PLR in ovarian malignancies, borderline ovarian tumors,
and benign ovarian tumors. It was found that NLR and PLR levels were significantly higher in ovarian malignancies
compared to borderline and benign ovarian tumors. Lymphocyte counts were also significantly lower in ovarian
malignancies compared to borderline and benign ovarian tumors.”'>">

In 2021, a report suggested that MLR, as a hematological ratio, could replace CA125 in predicting epithelial ovarian
cancer. The study found a significant correlation between this biomarker and CA125 levels, concluding that MLR could
be used as an alternative to CA125, especially in regions or countries with lower socioeconomic status where CA125
testing is difficult to perform. A high MLR indicates a decrease in lymphocyte count and/or an increase in monocyte
count. The prognostic value of MLR in ovarian cancer is presumed to be related to immune cells infiltrating the tumor,
such as Tumor Infiltrating Lymphocytes (TIL) and Tumor Associated Macrophages (TAM).'*'¢

The Systemic Immune Inflammation Index (SII) and the Systemic Inflammatory Response Index (SIRI) are new indicators
that reflect inflammation in humans. SIRI is an index based on immune cells in the human circulatory system. Systemically,
SIRI reflects the complex interactions and potential synergistic effects between neutrophils, monocytes, and lymphocytes in
the tumor microenvironment, reflecting the balance between the body’s inflammatory response and immune response levels,
and can be used to assess immune function. In recent years, a large number of clinical studies have evaluated the correlation
between SIRI and the prognosis of patients with various tumors, such as those in the digestive, respiratory, endocrine, urinary,
and reproductive systems. The results show that high SIRI levels predict poor prognosis.

SII is a comprehensive inflammatory index that combines platelets, neutrophils, and lymphocytes to reflect host immune
status and inflammatory response. In recent years, many studies have focused on SII in tumors of the gastrointestinal tract,
respiratory system, blood, urinary system, and reproductive system. SII is a potential indicator reflecting the balance between
host immunity and inflammation, while SIRI is a good indicator for assessing cancer-related inflammatory responses.'’

Huang et al and Feng et al in 2023 reported that SIRI and SII values were significantly positively correlated with CA-125
levels in predicting ovarian malignancies. Furthermore, one of these reports stated that SIRI and SII also positively
correlated with CA-153 and HE4 in predicting ovarian malignancies. It appears that SIRI and SII could serve as alternative
biomarkers to CA-125 in predicting ovarian malignancies.”""

From the characteristics of systemic inflammation status as obtained from indicators above, we can predict the nature

of neoplasm and thus they can be useful for ovarian cancer early diagnosis.

Materials and Methods
This study aimed to evaluate systemic inflammation biomarkers as tools for the early diagnosis of ovarian cancer.
Designed as a diagnostic study, it employed an analytical observational methodology with a cross-sectional approach.
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Statistical Analysis

Data obtained were analyzed with IBM SPSS Statistics 25.0 for Windows, using the Receiver Operating Characteristic
(ROC) curve to determine the Area Under the Curve (AUC) and the optimal cutoff value for each biomarker. The ROC
curve is a graphical representation that evaluates a model’s ability to distinguish between two classes by plotting the true
positive rate (sensitivity) against the false positive rate (1-specificity) at various threshold levels. The AUC summarizes
this performance as a single scalar value, ranging from 0.5 (no discriminative power) to 1.0 (perfect classification).
A higher AUC indicates better performance in distinguishing between the two classes, while the ROC curve itself
provides insights into the trade-offs between sensitivity and specificity at different thresholds.

The data were analyzed using both bivariate (Chi-square) and multivariate (logistic regression) analyses. Additionally,
a validity test was performed to determine the sensitivity, specificity, and accuracy of the biomarkers. These metrics
collectively provide a comprehensive assessment of the diagnostic performance of each biomarker, guiding the inter-
pretation and potential application of the findings.

This study included 132 subjects with ovarian masses who were recruited at Hasan Sadikin General Hospital,
Bandung, between February and August 2024. Subjects were excluded if they had a history of other malignancies,
prior chemotherapy, bone marrow or blood disorders, acute or chronic inflammation, or steroid hormone use within the
last three months.

All participants provided proper informed consent and signed an approval letter for study enrollment. The study
adhered to legal and ethical considerations, receiving approval from the Ethical Committee of Health Research at
Padjadjaran University and Dr. Hasan Sadikin General Hospital in Bandung.

The participants were patients suspected of having ovarian malignancies and underwent preoperative evaluations.
These assessments included a medical history review, physical examination, abdominal and transvaginal ultrasound
imaging, and CT scans. Laboratory blood tests were conducted, encompassing a complete blood count and tumor markers
such as CA125, LDH, AFP, and HCG. Systemic inflammatory biomarkers were derived from the complete blood count
results for each subject. Following these preoperative evaluations, the participants underwent surgery, including surgical
staging for early-stage ovarian cancer or debulking procedures for advanced stages. Histopathological examination was
performed on the surgical specimens, serving as the gold standard for ovarian cancer diagnosis. The collected data were
then statistically analyzed to assess the diagnostic value of systemic inflammatory biomarkers for ovarian cancer.

NLR — Neutrophil
Lymphocyte
PLR — Platelet
Lymphocyte
Monocyte
MIR = ——
Lymphocyte
SII = Platelet x Neutrophil
~ Lymphocyte
SIRI — Neutrophil x Monocyte

Lymphocyte

Study Limitations

This study has several limitations that should be acknowledged. First, it was conducted at a single institution (Hasan
Sadikin General Hospital) with a relatively modest sample size of 132 patients, which may limit the generalizability of
the findings; a larger, multi-center study would provide more robust and widely applicable results. Second, the cross-
sectional design restricts the ability to assess temporal relationships and long-term outcomes, highlighting the need for
prospective longitudinal studies to better evaluate the prognostic value of these biomarkers. Third, the inclusion of both
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Table 1 ROC Analysis and Optimal Cutoff of Biomarkers

Biomarkers | AUC | 95% CI P Cutoff | Sensitivity | Specificity
MLR 0.70 | 61.1-78.9 | <0.001 0.259 62.7 63.1
NLR 0.731 | 64.7-81.5 | <0.001 2512 64.2 64.6
PLR 0.696 | 60.7-78.5 | <0.001 | 168.263 65.7 64.6
NI 0.743 | 65.9-82.7 | <0.001 | 890.25 71.6 738
SIRI 0.722 | 63.5-80.8 | <0.001 1.241 70.1 69.2

epithelial and non-epithelial ovarian cancers introduces population heterogeneity, which may influence the interpretation
of inflammatory biomarkers due to differing inflammatory responses among histological types. Additionally, despite the
application of exclusion criteria, certain confounding factors—such as subclinical inflammation, metabolic conditions, or
medications—may have impacted the inflammatory markers but were not fully controlled for in the analysis. By
addressing these limitations, future research will further strengthen the validity and applicability of these findings.

Results

Subjects of this study were 132 women diagnosed with ovarian mass and planned for surgery. Ovarian cancer subjects
were 67 of 132 patients (50.75%), thus the prevalence of ovarian cancer was (50.75%). Of the 67 patients diagnosed with
ovarian cancer, 51 (76.12%) were epithelial type and 16 (23.88%) were non-epithelial type. The most common epithelial
type ovarian cancer was mucinous carcinoma and the most common non-epithelial type ovarian cancer was Adult
Granulosa Cell Tumor.

The optimal cut-off value for all biomarkers were determined using Receiver Operating Characteristic (ROC) analysis
and graphics. Optimal cut-off values were MLR (0.259), NLR (2.512), PLR (168.263), SII (890.25) and SIRI (1.241).
AUC value for MLR, NLR, PLR, SII and SIRI respectively were 0.70, 0.731, 0.696, 0.743 and 0.722. Statistically, the
AUC value for all biomarkers were significant with p < 0.001 (Table 1, Figures 1 and 2).

Bivariate analysis (Table 2) revealed that MLR, NLR, PLR, SII dan SIRI were significantly predicted ovarian
malignancy. The p value consecutively was MLR (0.005), NLR (0.001), PLR (0.001), SII (<0.001) dan SIRI (<0.001).
OR (95% CI) for each biomarker is MLR 2.694 (1.333-5.445), NLR 3.272 (1.604-6.672), PLR 3.493 (1.707-7.149), SII
7.133 (3.313-15.359) and SIRI 5.288 (2.517-11.110).

In multivariate analysis (Table 3), four biomarkers were not significant MLR (p = 0.782), NLR (p = 0.228), PLR (p =
0.319), SIRI (p=0.298), and only one biomarker was significant SII (p = 0.015). The Exp(B) and 95% CI for SII were
5.472 (1.383-21.655). The validity test for SII showed a good enough result as follows, sensitivity 71.64%, specificity
73.84%, PPV 73.84%, NPV 71.64%, accuracy 72.72%, LR+ 2.74% dan LR- 0.38%.

Discussion
During a normal inflammatory response by the innate and adaptive immune system, immune cells carry out their
designated task of engulfing and/or destroying foreign invaders.

The systemic immune-inflammation index (SII) and the systemic inflammatory response index (SIRI) are novel
indicators reflecting systemic inflammation in humans. They have garnered significant attention in recent years as
variables in cancer research. SII serves as an indicator of the balance between inflammation and host immunity, whereas
SIRI reflects inflammation-associated responses linked to cancer progression (Wang, Qin et al, 2023).

A European study reported that systemic inflammatory markers can predict malignancy development in humans,
suggesting their utility during the pre-diagnostic period for early identification or diagnosis of malignancies (Nost, Alcala
et al, 2021). Additionally, recent studies have highlighted a significant association between elevated SIRI levels and poor
prognosis in ovarian cancer (Feng and Wang, 2023). Furthermore, SII has also been reported to predict the disease
progression and prognosis of ovarian cancer (Zhang, Lu et al, 2017).

All biomarkers in this study (MLR, NLR, PLR, SII, and SIRI) can be used for predictive biomarkers of ovarian
cancer with a significance level of p < 0.001. Two variables demonstrated the best diagnostic value, with an AUC of
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Figure 2 Graphics of Optimal cutoff of biomarkers.

0.743 for SII and 0.722 for SIRI. The sensitivity and specificity were 71.6% and 73.8% for SII, and 70.1% and 69.2% for
SIRI, respectively. The diagnostic value of SIRI in this study slightly differs from other reports, where SIRI had an AUC
of 0.793, sensitivity of 82.4%, and specificity of 62.7%. This difference may be due to the different cutoff points used in
this study compared to others (1.24 vs 0.69)."' The diagnostic value of SII also differs between this study and other
reports, where SII at a cutoff point of 945.2 had an AUC of 0.793, sensitivity of 47.1%, and specificity of 92.8%.°
The diagnostic potential of the Systemic Immune-Inflammation Index (SII) and Systemic Inflammation Response
Index (SIRI) in this study offers an opportunity for comparison with CA125, a widely used ovarian cancer biomarker.
A 2018 study reported an AUC of 81.1% and a sensitivity of 71.4% for CA125 in detecting ovarian cancer. Similarly,
a 2014 Indonesian study noted a sensitivity of 67.2% for CA125, highlighting some regional variation. While CA125 is
a well-established marker, its specificity is limited due to elevated levels in various benign conditions. Comparing SII and
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Table 2 Bivariate Analysis of Biomarkers

Biomarker Negative Positive p value | OR 95% CI
Ovarian Cancer | Ovarian Cancer
Lower | Upper
MLR
<0.259 41 (61.2%) 26 (38.8%) 0.005 2.694 | 1.333 5.445
20.259 24 (36.9%) 41 (63.1%)
NLR
<2512 42 (63.6%) 24 (36.4%) 0.001 3.272 | 1.604 6.672
22512 23 (34.8%) 43 (65.2%)
PLR
<168.263 | 42 (64.6%) 23 (35.4%) 0.001 3493 | 1.707 7.149
2168263 | 23 (34.3%) 44 (65.7%)
NI
<890.25 48 (71.6%) 19 (28.4%) <0.001 7.133 | 3313 15.359
2890.25 17 (26.2%) 48 (73.8%)
SIRI
<1.241 45 (69.2%) 20 (30.8%) <0.001 5.288 | 2.517 I.110
=|.241 20 (29.9%) 47 (70.1%)

Table 3 Multivariate Analysis of Biomarkers

Biomarkers | Sig. (p) | Exp(B) | 95% CI for EXP(B)

Lower Upper
MLR 0.782 1.144 0.440 2.976
NLR 0.228 0.431 o.10 1.692
PLR 0.319 1.584 0.640 3.921
Sl 0.015 5.472 1.383 21.655
SIRI 0.298 2.143 0.510 9.006

SIRI with CA125 could provide valuable insights, as these inflammation-based indices may offer complementary
diagnostic value, especially in cases where CA125 alone may fall short.’

Table 2 provides information on the relationship between each variable (biomarker) and histopathology, which is
considered the gold standard for diagnosing ovarian malignancy. It is evident that all biomarkers used are significantly
associated with histopathological diagnosis, with all p values being less than 0.05. The two variables with the highest
Odds Ratios (OR) are SII and SIRI (7.133 and 5.288, respectively).

In multivariate analysis using logistic regression (Table 3), it is apparent that when used together, only SII remains
significant (p = 0.015) with an Exp(B) value of 5.472. It can be concluded that among all systemic inflammatory
biomarkers, SII is the most recommended for early diagnosis of ovarian malignancy.

Previous studies have highlighted the diagnostic value of CA125 as a predictive marker for epithelial ovarian
malignancy. Notably, Han Zheng et al (2019) reported that CA125 exhibited a sensitivity of 75.97%, specificity of
79.59%, positive predictive value (PPV) of 71.01%, negative predictive value (NPV) of 83.42%, accuracy of 78.15%,
positive likelihood ratio (LR+) of 3.72, and negative likelihood ratio (LR-) of 0.3. These findings underscore the
reliability of CA125 as a biomarker in detecting ovarian malignancies.

In comparison, our study assessed the diagnostic performance of the Systemic Immune-Inflammation Index (SII) for
ovarian cancer detection, yielding promising results. The sensitivity of SII was 71.64%, specificity was 73.84%, PPV was
73.84%, NPV was 71.64%, accuracy was 72.72%, LR+ was 2.74, and LR- was 0.38. These metrics indicate that the
diagnostic value of SII is comparable to CA125, particularly in terms of sensitivity and specificity (Table 4).
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Table 4 Validity Test (Diagnostic Test) of Sl

Positive Ovarian Cancer | Negative Ovarian Cancer
Formula | Positive | 48 17 65
Negative | 19 48 67
67 65 132
Sensitivity 71.64%
Specificity 73.84%
Positive predictive value (PPV) 73.84%
Negative predictive value (NPV) 71.64%
Accuracy 72.72%
Likely hood ratio positive (LR+) 2.74%
Likely hood ratio negative (LR-) 0.38%

The similarity in performance suggests that SII, as an inflammation-based biomarker, has potential as a supplementary tool
to CA125, or even as an alternative in settings where CA125 is not accessible or its specificity is insufficient due to elevated
levels in benign conditions. Integrating SII into diagnostic protocols could enhance the accuracy of ovarian cancer detection,
particularly when used in combination with existing markers like CA125. This alignment reinforces the value of further
exploring inflammation-based indices as reliable diagnostic tools in gynecological oncology.'’

Conclusion

Systemic inflammatory biomarkers, with a particular emphasis on the systemic immune-inflammation index (SII), have
shown promise as potential diagnostic tools for ovarian malignancies. The diagnostic performance of SII was observed to
be nearly comparable to that of the widely used tumor marker CA125, with sensitivity rates of 71.64% and 75.97%,
respectively. Beyond their diagnostic accuracy, systemic inflammatory biomarkers present several noteworthy advan-
tages. These include their relatively easier accessibility, reduced costs, and the ability to obtain results in a shorter
timeframe compared to advanced tumor marker tests like CA125.

Such advantages make these biomarkers valuable as complementary diagnostic tools, particularly in resource-limited
settings or remote areas where sophisticated tumor marker tests may not be readily available. In these situations, systemic
inflammatory biomarkers could provide a practical and effective alternative for the early detection of ovarian malig-
nancies, potentially improving diagnostic capabilities in underserved regions.

However, while these findings are encouraging, the author acknowledges certain limitations in the current study and suggests
ways to enhance its rigor and applicability. The study would benefit significantly from a larger sample size to provide more robust
statistical power and generalizability of the results. Furthermore, the author proposes that designing the study as a multicenter
investigation, involving multiple healthcare institutions, would enhance the reliability and external validity of the findings.
A multicenter approach could capture a more diverse patient population and varying clinical settings, thereby strengthening the
evidence supporting the use of systemic inflammatory biomarkers as diagnostic tools for ovarian malignancy.
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