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Abstract: Sustained and dysregulated inflammation, concurrent tumor-induced immune suppression,
and oxidative stress are profoundly involved in cancer initiation, presentation, and perpetuation.
Within this prospective study, we simultaneously analyzed the preoperative indices of systemic in-
flammatory response and the representative byproducts of oxidative DNA, protein, and lipid damage
with the aim of evaluating their clinical relevance among patients diagnosed with testicular germ-cell
tumors (GCT). In the analytical cohort (n = 88, median age 34 years), neutrophil-to-lymphocyte
ratio (NLR), derived neutrophil-to-lymphocyte ratio (dNLR), platelet-to-lymphocyte ratio (PLR),
lymphocyte-to-monocyte ratio (LMR), systemic immune-inflammation index (SII), systemic inflam-
mation response index (SIRI), and C-reactive protein (CRP) were significantly altered in patients with
a higher tumor stage (p < 0.05). Highly suggestive correlations were found between NLR, dNLR,
and SII and modified nucleoside 8-OHdG. CRP and albumin-to-globulin ratio (AGR) significantly
correlated with thiols group level and maximal tumor dimension (p < 0.05). Based on receiver
operating characteristic (ROC) curve analyses, all the evaluated pre-orchiectomy inflammation mark-
ers demonstrated strong performance in predicting metastatic disease; optimal cut-off points were
determined for each indicator. Although further large-scale studies are warranted, inflammatory and
redox indices may both complement the established tumor markers and standard clinicopathological
prognostic variables and contribute to enhanced personalized risk-assessment among testicular
GCT patients.

Keywords: testicular germ-cell tumors; inflammation; systemic inflammatory response; oxidative
stress; redox biomarkers

1. Introduction

The vast majority of testicular tumors originate from germ cells, and can be broadly
classified into two major histotypes: seminoma and nonseminoma [1]. Although considered
a rare tumor type accounting for approximately 1% of all cancers affecting the general male
population, testicular cancer has a distinctive age-related incidence rate and represents the
most commonly diagnosed solid malignancy among men aged 15 to 40 years [2,3].
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Given the multilevel implications of chronic inflammation and oxidative stress in can-
cer, from tumor initiation to metastasis, there is a biologic rationale and growing scientific
interest in the predictive and prognostic relevance of inflammatory and redox biomark-
ers. In addition to acknowledged acute-phase proteins, such as albumin and C-reactive
protein (CRP), particular research and clinical attention has been directed toward the
cellular elements of the systemic inflammatory process in peripheral venous blood [4,5].
Nevertheless, single hematologic or protein parameters may be influenced by other physi-
ological and pathological confounding factors, thus compromising marker performance
and applicability. Hence, the complex biomarkers featuring two or more inflammatory
indices, such as neutrophil-to-lymphocyte ratio (NLR), derived neutrophil-to-lymphocyte
ratio (dNLR), platelet-to-lymphocyte ratio (PLR), lymphocyte-to-monocyte ratio (LMR),
albumin-to-globulin ratio (AGR), systemic immune-inflammation index (SII), and systemic
inflammation response index (SIRI), theoretically provide a more reliable, objective, and
robust indication of the host immune response, oncologic status, and outcome [6–10].
Numerous studies have confirmed the relationship between these convenient differential
blood cell scores and clinicopathological characteristics, tumor invasiveness, recurrence,
and survival in a wide array of malignancies, including urological [8,11,12]. However,
there is a paucity of information regarding the redox status of testicular cancer patients [13]
and the prognostic relevance of redox biomarkers in such populations. Therefore, the
aim of the present study was to address the interplay of systemic inflammatory response
and oxidative stress among testicular germ-cell tumor (GCT) patients, and to evaluate the
clinical relevance of the preoperative biomarkers of these processes.

2. Materials and Methods
2.1. Subjects

In total, 113 patients with testicular masses were treated at the Urology Clinic, Uni-
versity Clinical Centre of Serbia, between the years 2020 and 2021. In accordance with the
previously elaborated enrollment process, predefined eligibility criteria were applied to
the cohort [13]. Patients diagnosed with benign scrotal pathology (epidermal cyst, chronic
epididymitis, segmental testicular infarction, testicular atrophy, or Leydig cell hyperplasia;
n = 12), non-germ-cell testicular tumors (Leydig cell tumor, Sertoli cell tumor, or adenoma-
toid tumor; n = 7), and non-testicular malignancy (non-Hodgkin lymphoma; n = 1) were
excluded from the study. Furthermore, two patients were disqualified due to incomplete
data, and three eligible subjects declined to participate. Accordingly, the final analytical
group comprised 88 patients (average age 34, range: 19–54 years) with confirmed testicular
GCT [14,15]. Sociodemographic and clinical variables were collected by trained medical
staff; additional data were procured from patients’ history charts. The Charlson Comor-
bidity Index (CCI) was calculated upon detailed medical assessment and diagnosis using
the standardized scoring algorithm [16]. Clinical staging was established following the
standard tumor, node, metastasis (TNM) classification of the International Union Against
Cancer (UICC) [17,18].

Informed written consent was obtained from all recruited subjects. The study was
conducted in accordance with the institutional ethical board standards (23 November 2020,
Approval number 717/9, University Clinical Centre of Serbia, Serbia) and the principles of
the Declaration of Helsinki.

2.2. Biochemical Assessment

Venous blood samples were collected at admission prior to treatment initiation. The
plasma level of 8-OHdG (8-hydroxydeoxyguanosine) was measured using an 8-OHdG
ELISA Kit (Elabscience, E-EL-0028) and the plasma level of malondialdehyde (MDA) using
an MDA ELISA Kit (Elabscience, E-EL-0060), while the concentration of thiol groups was
spectrophotometrically determined following to the method reported by Jocelyn [19,20].
Systemic inflammatory biomarkers (NLR, dNLR, PLR, SII, LMR, SIRI, CRP, and AGR) were
determined or calculated from routinely obtained laboratory parameters.
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2.3. Statistical Analyses

Statistical data were analyzed using IBM SPSS Statistics 22 (SPSS Inc., Chicago, IL,
USA). In this paper, numerical data are presented by measures of variability (standard
deviation and range), whereas attributive data are presented in absolute and relative num-
bers. The differences in continuous data with non-normal distribution were assessed using
the Mann–Whitney test, while the associations between the levels of redox and systemic
inflammatory biomarkers were analyzed using Spearman’s coefficient of linear correlation.
Finally, receiver operating characteristic (ROC) curve analysis was performed to assess and
visualize the discriminative ability of pre-orchiectomy inflammatory indices for metastatic
disease among testicular GCT patients. The optimal cut-off point for each indicator was
determined based on the Youden index that optimizes the classifiers differentiating power
when equal weight is attributed to sensitivity and specificity levels, representing the true
positive and true false rate, respectively. Statistical hypotheses were analyzed at the level
of significance of 0.05.

3. Results

The descriptive characteristics of enrolled patients with testicular GCT are summarized
in Table 1. The median estimated Charlson Comorbidity Index (CCI) for the cohort was
zero, with the utmost score of one indicating the absence of a comorbidity burden that
could substantially contribute to oxidative stress.

Table 1. The characteristics of patients with testicular GCT.

Parameters Patients with Testicular GCT, n = 88

Age (years) 34 (19–54) 1

Charlsoncomorbidity index, CCI 0 (0–1) 1

Body mass index, n (%) 2 24.9 (17.6–36.1) 1

<30 kg/m2 73 (88)
>30 kg/m2 10 (12)

Smoking status, n (%) 2

Non-smokers 36 (44)
Smokers 45 (56)

Tumor type, n (%)

Seminoma 52 (59)
Non-seminoma 36 (41)

Clinical stage, n (%)

I 61 (69)
II 18 (21)
III 9 (10)

1 Median (range); 2 Obese patients were characterized as individuals with a body mass index (BMI) above
30 kg/m2, whereas smokers were characterized as individuals who were engaged in dailysmoking during any
60-day period, prior to the study onset.

The difference in preoperative inflammatory and redox biomarkers between testicular
GCT patients with lower (Stage I) and higher tumor stages (Stages II + III) are presented in
Table 2. As indicated, the values of particular complex inflammatory indices, as well as CRP,
were significantly altered in patients at a higher stage (p < 0.05). No significant difference in
the plasma levels of redox biomarkers was observed between these two groups (p > 0.05).
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Table 2. The difference in preoperative inflammatory and redox biomarkers between testicular GCT
patients at lower and higher tumor stages.

Laboratory Parameter Stage I Stages II + III p-Value

Neutrophils (n × 109/L) 4.55 (1.80–13.00) 5.20 (2.70–12.22) 0.077
Lymphocytes (n × 109/L) 1.90 (1.10–3.00) 1.60 (0.40–3.32) 0.183

NLR 2.28 (0.72–11.82) 3.28 (1.65–16.00) 0.005 *
dNLR 1.71 (0.58–4.64) 2.18 (1.18–5.77) 0.031 *

Platelets (n × 109/L) 234.00 (102.00–412.00) 260.00 (148.00–562.00) 0.177
PLR 123.68 (67.27–283.64) 163.50 (51.61–640.00) 0.008 *

SII (×109/L) 533.33 (145.71–3687.27) 824.26 (268.39–4096.00) 0.001 *
SIRI (×109/L) 1.06 (0.29–16.36) 1.65 (0.58–6.42) 0.001 *

Monocytes (n × 109/L) 0.48 (0.10–1.30) 0.50 (0.30–1.45) 0.117
LMR 4.20 (0.85–13.00) 3.20 (1.00–5.33) 0.001 *

CRP (mg/L) 0.80 (0.20–301.00) 2.45 (0.20–197.50) 0.008 *
AGR 1.84 (1.23–2.78) 1.62 (0.88–2.35) 0.009 *

8-OHdG (ng/mL) 9.25 (5.07–49.50) 8.51 (4.29–16.48) 0.373
Thiol groups (ng/mL) 9.65 (4.98–218.86) 10.16 (5.93–14.89) 0.914

MDA (ng/mL) 94.01 (41.02–302.85) 98.02 (55.34–372.06) 0.208
NLR—neutrophil-to-lymphocytes ratio; dNLR—derived neutrophil-to-lymphocyte ratio (formula:
neutrophil/(WBC-neutrophil)); PLR—platelet-to-lymphocyte ratio; SII—systemic immune-inflammation
index (formula: neutrophil × platelet/lymphocyte); SIRI—systemic inflammation response index (formula:
neutrophil ×monocyte/lymphocyte); LMR—lymphocyte-to-monocyte ratio; CRP—C-reactive protein;
AGR—serum albumin/(serum total protein-serum albumin); 8-OHdG—8-hydroxy-2′-deoxyguanosine;
MDA—malondialdehyde; * p < 0.05.

Based on ROC analyses, all the evaluated pre-orchiectomy inflammation markers
demonstrated significance in predicting metastatic disease. The optimal cut-off points,
determined for each indicator, are presented in Table 3 along with the corresponding
area under the curve (AUC), sensitivity, and specificity levels. ROC curves, as graphical
visualizations of the classifiers’ performance, are provided in Figure 1.

Table 3. Receiver operating characteristics (ROC) curve analysis for pre-orchiectomy inflammatory
indices’ performance in predicting metastatic disease among patients diagnosed with testicular GCT.

Inflammatory Index Cut-Off Point AUC p-Value CI Specificity (%) Sensitivity (%)

NLR 2.685 0.691 0.05 * 0.573–0.809 67.79 70.37
dNLR 1.775 0.646 0.031 * 0.527–0.765 57.62 70.37
PLR 160.170 0.680 0.008 * 0.539–0.820 86.44 55.55
LMR 4.145 0.730 0.001 * 0.618–0.842 50.84 85.18

SII (×109/L) 683.21 0.714 0.001 * 0.549–0.836 66.10 70.37
SIRI (×109/L) 1.005 0.723 0.001 * 0.612–0.835 47.45 88.88
CRP (mg/L) 2.100 0.684 0.008 * 0.549–0.819 80.76 65.38

AGR 1.530 0.695 0.009 * 0.554–0.838 93.18 44.82

NLR—neutrophil-to-lymphocytes ratio; dNLR—derived neutrophil-to-lymphocyte ratio (formula:
neutrophil/(WBC-neutrophil)); PLR—platelet-to-lymphocyte ratio; SII—systemic immune-inflammation
index (formula: neutrophil × platelet/lymphocyte); SIRI—systemic inflammation response index (formula:
neutrophil ×monocyte/lymphocyte); LMR—lymphocyte-to-monocyte ratio; CRP—C-reactive protein; AGR—
serum albumin/(serum total protein-serum albumin); AUC—area under the curve; CI—confidence interval;
* p < 0.05.
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dNLR 0.214/0.061 −0.062/0.575 0.130/0.262 

Platelets (n × 109/L) 0.004/0.974 −0.183/0.096 0.088/0.450 

Figure 1. Graphical presentation of receiver operating characteristic (ROC) curve analysis for preoper-
ative inflammatory indices’ performance in predicting metastatic disease among patients diagnosed
with testicular GCT.

The correlation between preoperative inflammatory and redox biomarkers in testic-
ular GCT patients is presented in Table 4. Complex inflammatory indices such as NLR,
dNLR, and SII correlated with levels of byproducts of oxidative DNA damage (NLR vs. 8-
OHdG rho = 0.210, p = 0.067, dNLR vs. 8-OHdG rho = 0.214, p = 0.061, and SII vs. 8-OHdG
rho = 0.209, p = 0.068), whereas CRP and AGR significantly correlated with levels of byprod-
ucts of oxidative protein damage (CRP vs. thiol groups rho = −0.234, p = 0.042 and AGR
vs. thiol groups rho = 0.278, p = 0.025). No significant correlation was observed between
the levels of oxidative lipid damage (MDA) byproducts and inflammatory biomarkers
(p > 0.05).
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Table 4. Correlation of preoperative inflammatory and redox biomarkers in testicular GCT patients.

Laboratory Parameter 8-OHdG (ng/mL)
Rho/p-Value

Thiol Groups (µmol/g)
Rho/p-Value

MDA (ng/mL)
Rho/p-Value

Neutrophils (n × 109/L) 0.157/0.172 −0.173/0.115 0.050/0.666
Lymphocytes (n × 109/L) −0.142/0.217 −0.142/0.197 −0.062/0.595

NLR 0.210/0.067 −0.069/0.531 0.153/0.187
dNLR 0.214/0.061 −0.062/0.575 0.130/0.262

Platelets (n × 109/L) 0.004/0.974 −0.183/0.096 0.088/0.450
PLR 0.132/0.252 0.000/0.997 0.194/0.094

SII (×109/L) 0.209/0.068 −0.118/0.299 0.182/0.116
SIRI (×109/L) 0.144/0.210 −0.129/0.243 0.101/0.385

Monocytes (n × 109/L) −0.078/0.499 −0.132/0.233 −0.080/0.493
LMR −0.115/0.320 0.003/0.975 −0.094/0.417

CRP (mg/L) 0.109/0.361 −0.234/0.042 * −0.049/0.688
AGR −0.041/0.753 0.278/0.025 * 0.002/0.987

NLR—neutrophil–to-lymphocytes ratio; dNLR—derived neutrophil-to-lymphocyte ratio (formula:
neutrophil/(WBC-neutrophil)); PLR—platelet-to-lymphocyte ratio; SII—systemic immune-inflammation
index (formula: neutrophil × platelet/lymphocyte); SIRI—systemic inflammation response index (formula:
neutrophil ×monocyte/lymphocyte); LMR—lymphocyte-to-monocyte ratio; CRP—C reactive protein;
AGR—serum albumin/(serum total protein-serum albumin); 8-OHdG—8-hydroxy-2′-deoxyguanosine;
MDA—malondialdehyde; * p < 0.05.

The correlation between preoperative inflammatory and redox biomarkers with tu-
mor maximal dimension was estimated in the analyzed cohort of testicular GCT patients
(Table 5). A significant association was observed for CRP and AGR (CRP vs. tumor maxi-

mal dimension rho = 0.246, p = 0.030 and AGR vs. tumor maximal dimension rho = −0.263,
p = 0.031).

Table 5. Correlation of preoperative inflammatory and redox biomarkers with tumor maximal
dimension in testicular GCT patients.

Laboratory Parameter Tumor Maximal Dimension
Rho/p-Value

Neutrophils (n × 109/L) 0.175/0.107
Lymphocytes (n × 109/L) −0.038/0.730

NLR 0.174/0.110
dNLR 0.173/0.110

Platelets (n × 109/L) 0.018/0.869
PLR −0.004/0.971

SII (×109/L) 0.104/0.339
SIRI (×109/L) 0.120/0.273

Monocytes (n × 109/L) 0.094/0.389
LMR −0.041/0.711

CRP (mg/L) 0.246/0.030 *
AGR −0.263/0.031 *

8-OHdG (ng/mL) 0.040/0.729
Thiol groups(ng/mL) 0.064/0.556

MDA (ng/mL) 0.160/0.162
NLR—neutrophil–to-lymphocytes ratio; dNLR—derived neutrophil-to-lymphocyte ratio (formula:
neutrophil/(WBC-neutrophil)); PLR—platelet-to-lymphocyte ratio; SII—systemic immune-inflammation
index (formula: neutrophil × platelet/lymphocyte); SIRI—systemic inflammation response index (formula:
neutrophil ×monocyte/lymphocyte); LMR—lymphocyte-to-monocyte ratio; CRP—C reactive protein;
AGR—serum albumin/(serum total protein-serum albumin); 8-OHdG—8-hydroxy-2′-deoxyguanosine;
MDA—malondialdehyde; * p < 0.05.

4. Discussion

Sustained and dysregulated inflammation, concurrent tumor-induced immune sup-
pression, and oxidative stress, interconnected via multifarious molecular and cellular
mechanisms, are profoundly involved in cancer development, progression, presentation,
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and prognosis. Although the roles of these processes are well-acknowledged, the litera-
ture data regarding the immunocompetence and redox status of testicular cancer patients
are scarce.

Within this study, the preoperative indices of systemic inflammatory response and the
most commonly determined byproducts of oxidative DNA, protein, and lipid damage were
simultaneously analyzed to evaluate their clinical relevance among patients diagnosed with
testicular GCT. Our results showed that NLR, dNLR, PLR, LMR, SII, SIRI, and CRP were
significantly altered in patients with higher tumor stages. All the evaluated pre-orchiectomy
inflammation markers demonstrated value in predicting metastatic disease. CRP and
albumin-to-globulin ratio (AGR) significantly correlated with maximal tumor dimension
and thiol group levels. Positive yet insignificant correlations were found between NLR,
dNLR, and SII and oxidatively modified nucleoside 8-OHdG.

Cancer-elicited alteration of peripheral blood cell composition is usually presented
as an expansion of myeloid subsets, i.e., neutrophils and monocytes, the elevation of
platelets, and the decline in lymphocytes [21]. Although underlying mechanisms have
not been entirely elucidated, the pro- and anticancer activity of immune cells determines
the direction of association between their blood count and prognosis. The advantages of
hemocytometric evaluation of single blood elements and derived inflammatory indices are
simple availability, routine and reliable laboratory-analytical procedures, minimal financial
burden, and an almost complete absence of additional sampling-related risk exposure
for patients. Synthesis of multiple markers into complex indices combines synchronized
immunohematological changes, presumably providing improved credibility, objectivity,
and robustness of assessment. The conceptual goal of the application of these indicators is a
simplified presentation of immune function and cancer-associated inflammation, providing
potential insight into the complex interplay of these processes and their repercussions for
disease development, pathological features, and subsequent clinical outcomes.

Significantly higher values of comprehensive inflammation indices NLR, dNLR, PLR,
SII, and SIRI, and a lower LMR were found in testicular GCT patients at higher tumor
stages (Stages II+III) in comparison with subjects presenting at Stage I, reflecting more
intensely pronounced proinflammatory activity. There is an emerging scientific interest in
the multifaceted role of neutrophils, the most abundant myeloid cells, in cancer regulation.
Through various soluble mediators, particularly granulocyte colony-stimulating factor
(G-CSF), malignant cells stimulate granulopoiesis in the bone marrow and extramedullary,
thereby causing an increase in neutrophils in the circulation and tissues. In addition,
cancer modulates their cellular status, degree of maturity, and metabolic and functional
characteristics, hence intensifying the role of neutrophils in disease progression [21,22].
Neutrophils facilitate neoplastic transformation by releasing genotoxic substances and
causing the accumulation of procarcinogenic genetic instability. Furthermore, these cells
promote tumor proliferation via a wide variety of cytokines, chemokines, other soluble
factors, and proteinases, and stimulate tumor neovascularization by exerting proangiogenic
function [23]. Neutrophils engage in metastatic cascade by potentiating invasive and mi-
gratory cancer cell potential, forming cell clusters with advantageous colonization features,
and disrupting the extracellular matrix. Finally, neutrophilia modulate immunosuppres-
sion by compromising the cytolytic activity of lymphocytes, T cells, and NK cells [24].
Conversely, lymphocytopenia denotes a weakened adaptive immune response to neoplasia
and an increased risk of poor prognosis [25]. Experimental and clinical evidence suggests
that platelets exhibit protumorigenic activity through a wide spectrum of physical and
functional dynamic interactions with cancer and tumor stroma cells. Their distinctive
characteristics that facilitate rapid reactivity are their small size and discoid morphology,
which maximize the vascular contact area, quantitative abundance in the bloodstream,
and diverse biophysical properties including adhesion, aggregation, and efficient migra-
tion potential [26]. Platelets may supply cancer cells with pro-oncogenic signals, obstruct
the function of effector lymphocytes by modulating the tumor microenvironment, and
stimulate cancer cell dissemination [27,28].
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Systematic reviews and meta-analyses summarized the published literature reports
regarding the potential application of NLR in urological cancers, and the pooled evidence
suggested that this systemic inflammation index may be considered an effective prognostic
predictor, with higher values indicating a worse outcome [12,29,30]. Although additional
validation studies are needed, mounting evidence proposes SII as a marker independently
related to poor prognosis among patients diagnosed with urologic malignancies [31].
Although limited by the relatively small sample size, two studies reported statistically
significantly higher white blood cell counts, NLR, and PLR among testicular cancer pa-
tients compared with the cancer-free control groups [32,33]. Furthermore, retrospective
cohort studies associated elevated preoperative NLR with adverse pathologic features,
advanced tumor staging, higher recurrence, and poorer survival rates in this patient popu-
lation [34–36]. High levels of inflammation markers, namely leukocytes, neutrophils, NLR,
and SII, have been credited as valuable oncologic outcome predictors in conjunction with
the standard classification system for patients with metastatic germ-cell testicular cancer
undergoing first-line chemotherapy [37].

In the present study, all the evaluated pre-orchiectomy inflammatory indices demon-
strated importance in predicting metastatic disease among patients diagnosed with testicu-
lar GCT. As indicated by the ROC analyses, the AUC values for NLR, dNLR, PLR, CRP,
and AGR were >0.6, whereas LMR, SIRI, and SII showed superior predictive power with
AUC values of 0.730, 0.723, and 0.714, respectively. Although optimal cut-off points were
determined for each indicator based on the Youden index, care should be exercised with
their potential application. Regardless of the reasonable comparability across studies, there
are no standard universally appropriate threshold values for these classifiers. The high
degree of heterogeneity of the published data regarding research approaches (study design,
observational perspective, statistical processing, transparency, and reproducibility) and
clinical indicators (tumor localization and histopathological type, disease stage, therapeutic
approach, and analyzed outcomes) hinders the establishment of scientific and professional
consensus on this issue. In order to tackle this challenge, there is a need for prospective
studies on larger samples with harmonized research designs, adequate control mechanisms
for the interfering factors, and uniform end-point variables.

Disruption of the balance between the production of reactive species and antioxidative
defense systems may damage cellular macromolecules, precipitating a progressive and
cumulative decline in physiological function. In this study, in order to comprehensively
address the redox status of testicular GCT patients, thiols group level, 8-OHdG, and MDA
were quantified as prototypical biomarkers of protein impairment, DNA modifications,
and lipid peroxidation, respectively [38]. Based on correlation analyses, we found that the
thiols group level was significantly associated with AGR (directly) and CRP (inversely),
reflecting the complex interdependence of oxidative stress and inflammation in testicular
cancer. Thiols represent a robust and remarkably versatile protection system against bio-
chemical disturbances induced by oxidative stress. The antioxidant capacity of dynamic
thiol–disulfide homeostasis plays a crucial role in the regulation of enzymatic reactions,
cellular signal transduction, detoxification, lipid integrity, protein stability, transcription,
and apoptosis [39]. Abnormalities in this defense mechanism, manifested as the disruption
of thiol–disulfide equilibrium and depletion of thiol compounds, have been confirmed in
several malignant conditions such as prostate [40], lung [41], colorectal [42], and gastric
cancer [43]. Substantial scientific evidence associates low AGR with an increased risk of
wide-spectrum cancer type incidence and mortality [44]. Cumulative exposure to diverse
proinflammatory cytokines in cancer-related chronic inflammation causes hyperglobuline-
mia and suppression of albumin synthesis in the liver [45]. Furthermore, albumin exerts
significant extracellular antioxidant properties. This polypeptide chain contains a total
of 35 cysteine (Cys) residues, with 34 of them forming 17 intramolecular disulfide bonds.
The remaining free one, Cys34, is redox-active and represents the most abundant thiol
in plasma [46]. The observed correlations in this study may be attributed to the deple-
tion of thiol groups, decline in the albumin level, and elevation in CRP levels resulting
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from the synergistical effect of deregulated prolonged inflammation and exposure to an
oxidative milieu.

Our findings indicated that the maximal tumor dimension was significantly associated
with the protein inflammatory markers, i.e., CRP and AGR, but not with cellular-based in-
dicators. CRP, a hepatically synthesized quintessential, yet nonspecific acute phase reactant,
exists in multiple isoforms displaying distinctive functional bioactivities. A recently appreci-
ated notion of the dynamic nature of CRP, referring to its ability to undergo a nonproteolytic
conformational transformation, extended the comprehension of its role in cancer-related in-
flammation amplification and regulation [47]. Pentameric structural conformation (pCRP),
the soluble circulating isoform quantifiable in routine diagnostic assessment, promptly and
markedly increases as a consequential response to any tissue-damaging process associated
with an inflammatory state. In accordance with the presented results, an elevated pCRP
level is most seemingly representative of sustained in situ tumor growth, proportionate
with the level of subsequent tissue damage [48]. Nevertheless, the complex interaction of
CRP with the tumor microenvironment and the neoplasm-surrounding connective tissue
and extracellular matrix merit further assessment to illuminate the exact activity, influence,
and significance of this inflammatory mediator over the course of disease progression.

Although not reaching the threshold for statistical significance, our data analyses
revealed a highly suggestive correlation between hematologic systemic inflammatory in-
dices NLR, dNLR, and SII and modified nucleoside 8-OHdG. These findings indicate that
there is an intrinsic interaction between the inflammatory process and DNA damage in-
duced by oxidative stress among testicular GCT patients. Hyperactivated immune system
cells secrete inflammatory mediators, which promote genetic impairment and neoplastic
transformation, employing various mechanisms including the inhibition of DNA repair
pathways and downregulation of scavenging antioxidant activity [49]. In an interdepen-
dent manner, oxidative DNA damage may provoke the induction of a signaling cascade,
culminating with the activation of the prototypical proinflammatory signaling NF-κB
pathway [50]. Guanine is the nucleobase with the lowest redox potential and is therefore
most susceptible to oxidation as a result of exposure to reactive oxygen species [51]. Oxi-
dized guanine may form a base pair with adenine via Hoogsteen hydrogen bonding, thus
causing a G:C–T:A transversion mutation, which is closely related to tumor development
and progression, cell aging, and degenerative pathologies [52,53]. 8-OHdG is intensely
implicated in carcinogenesis as the most abundant promutagenic fingerprint of radical
attack generating DNA lesions [54,55]. Elevated levels of 8-OHdG were detected among
patients with various malignancies such as prostate [56], hepatocellular [57], colorectal [58],
oral [59], esophageal [60], gastric [61], and head and neck cancer [62]. Furthermore, a
recently conducted quantitative meta-analysis and systematic review showed that highly
expressed 8-OHdG in tumor tissues may be considered a valuable prognostic predictor in
most solid malignancies [63].

Certain limitations of this study should be acknowledged. Although congruent with
comparable studies, the single-center design and relatively small sample size may com-
promise the generalizability of the findings. Furthermore, the investigation of underlying
molecular mechanisms, signaling pathway and genetic factors relevant to testicular GCT
susceptibility, oxidative stress resilience, and inflammatory response were outside the scope
of this research. The potential confounding influence of unidentified clinicopathological
issues in the patient cohort could not be excluded. However, the estimated Charlson
Comorbidity Index implies the absence of comorbidities that may have biased the observed
results. Patients’ tumor tissue and semen samples were not available; hence they were
not included in the analyses. Finally, the inherent limitations of inflammatory and redox
markers should be addressed. They are susceptible to fluctuations under the influence of
other physiological or pathological processes, conditions not related to cancer, previously
applied therapeutic procedures, and even specimen harvesting circumstances due to daily
intraindividual variability. Preoperative sampling in a controlled clinical setting under
standardized conditions and careful patient evaluation was employed to overcome these
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concerns. Given the novelty of the scientific perspective encompassing surrogate hemato-
logical indicators of cancer-associated inflammatory response and biomarkers of oxidative
damage, as well as the scarcity of available literature on this issue, the presented findings
provide a noteworthy contribution to the field of testicular cancer research.

5. Conclusions

Chronic inflammation and oxidative stress are simultaneous, mutually endorsing,
and perpetuating processes involved in testicular cancer pathology. Conventional tumor
markers support diagnosis, and provide indispensable information for disease staging,
risk stratification, monitoring of treatment efficacy, and relapse detection. Nonetheless,
inflammation indices derived from complete blood cell count are cost-effective, reliable, and
easily accessible without imposing additional laborious efforts. Therefore, these indices may
complement established markers and standard clinicopathological prognostic variables
and contribute to enhanced personalized risk assessment among testicular GCT patients.
However, the potential of redox biomarkers is yet to be clarified. Further larger-scale
studies with longer follow-up periods are warranted to corroborate and fully elucidate the
complex associations between the systemic inflammatory and redox biomarkers in this
patient population.

Author Contributions: Conceptualization, U.B., V.C. and M.Z. (Milica Zekovic); methodology, U.B.,
T.S., V.C. and M.Z. (Milica Zekovic); validation, B.M.; formal analysis, V.C., M.Z. (Milica Zekovic),
B.M. and M.Z. (Marko Zivkovic); investigation, U.B., V.C., T.K., B.K. and A.J.; resources, U.B., N.B.,
B.K., V.S., O.D., M.R. and M.Z. (Marko Zivkovic); writing—original draft preparation, U.B., V.C.
and M.Z. (Milica Zekovic); writing—review and editing, N.B., T.S., A.J. and O.D.; visualization,
T.K., M.R. and V.S.; supervision, N.B. and T.S.; Project administration, U.B., V.C. and M.Z. (Milica
Zekovic); funding acquisition, M.Z. (Milica Zekovic) and U.B. All authors have read and agreed to
the published version of the manuscript.

Funding: This study was supported by the Ministry of Education, Science and Technological Devel-
opment of the Republic of Serbia (Grant No. 200110).

Institutional Review Board Statement: This study was conducted in accordance with the declaration
of Helsinki, and approved by the institutional ethical board of the University Clinical Centre of Serbia,
Serbia(Approval number 717/9, 23 November 2020).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: The data supporting reported results can be obtained upon request
in the form of datasets available at the Clinic of Urology, University Clinical Centre of Serbia,
Belgrade, Serbia.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Elzinga-Tinke, J.E.; Dohle, G.R.; Looijenga, L.H.J. Etiology and early pathogenesis of malignant testicular germ cell tumors:

Towards possibilities for preinvasive diagnosis. Asian J. Androl. 2015, 17, 381. [CrossRef] [PubMed]
2. Winter, C.; Albers, P. Testicular germ cell tumors: Pathogenesis, diagnosis and treatment. Nat. Rev. Endocrinol. 2011, 7, 43–53.

[CrossRef] [PubMed]
3. Batool, A.; Karimi, N.; Wu, X.N.; Chen, S.R.; Liu, Y.X. Testicular germ cell tumor: A comprehensive review. Cell. Mol. Life Sci.

2019, 76, 1713–1727. [CrossRef] [PubMed]
4. Diakos, C.I.; Charles, K.A.; McMillan, D.C.; Clarke, S.J. Cancer-related inflammation and treatment effectiveness. Lancet Oncol.

2014, 15, e493–e503. [CrossRef]
5. Proctor, M.J.; Morrison, D.S.; Talwar, D.; Balmer, S.M.; Fletcher, C.D.; O’reilly, D.S.J.; Foulis, A.K.; Horgan, P.G.; Mcmillan, D.C. A

comparison of inflammation-based prognostic scores in patients with cancer. A Glasgow Inflammation Outcome Study. Eur. J.
Cancer 2011, 47, 2633–2641. [CrossRef]

6. Yan, Q.; Ertao, Z.; Zhimei, Z.; Weigang, D.; Jianjun, P.; Jianhui, C.; Chuangqi, C. Systemic immune-inflammation index (SII): A
More Promising Inflammation-Based Prognostic Marker for Patients with synchronic colorectal peritoneal carcinomatosis. J.
Cancer 2020, 11, 5264. [CrossRef]

7. Yamamoto, T.; Kawada, K.; Obama, K. Inflammation-related biomarkers for the prediction of prognosis in colorectal cancer
patients. Int. J. Mol. Sci. 2021, 22, 8002. [CrossRef]

http://doi.org/10.4103/1008-682X.148079
http://www.ncbi.nlm.nih.gov/pubmed/25791729
http://doi.org/10.1038/nrendo.2010.196
http://www.ncbi.nlm.nih.gov/pubmed/21116298
http://doi.org/10.1007/s00018-019-03022-7
http://www.ncbi.nlm.nih.gov/pubmed/30671589
http://doi.org/10.1016/S1470-2045(14)70263-3
http://doi.org/10.1016/j.ejca.2011.03.028
http://doi.org/10.7150/jca.46446
http://doi.org/10.3390/ijms22158002


J. Pers. Med. 2022, 12, 833 11 of 13

8. Zhong, J.-H.; Huang, D.-H.; Chen, Z.-Y. Prognostic role of systemic immune-inflammation index in solid tumors: A systematic
review and meta-analysis. Oncotarget 2017, 8, 75381–75388. [CrossRef]

9. Hu, X.; Shao, Y.X.; Yang, Z.Q.; Dou, W.C.; Xiong, S.C.; Li, X. Preoperative systemic immune-inflammation index predicts
prognosis of patients with non-metastatic renal cell carcinoma: A propensity score-matched analysis. Cancer Cell Int. 2020, 20, 222.
[CrossRef]

10. Ying, H.Q.; Liao, Y.C.; Sun, F.; Peng, H.X.; Cheng, X.X. The role of cancer-elicited inflammatory biomarkers in predicting early
recurrence within stage ii–iii colorectal cancer patients after curable resection. J. Inflamm. Res. 2021, 14, 115–129.

11. Ohno, Y. Role of systemic inflammatory response markers in urological malignancy. Int. J. Urol. 2019, 26, 31–47. [CrossRef]
[PubMed]

12. Mjaess, G.; Chebel, R.; Karam, A.; Moussa, I.; Pretot, D.; Abi Tayeh, G.; Sarkis, J.; Semaan, A.; Peltier, A.; Aoun, F.; et al. Prognostic
role of neutrophil-to-lymphocyte ratio (NLR) in urological tumors: An umbrella review of evidence from systematic reviews and
meta-analyses. Acta Oncol. 2021, 60, 704–713. [CrossRef] [PubMed]

13. Bumbasirevic, U.; Bojanic, N.; Pljesa-Ercegovac, M.; Zivkovic, M.; Djukic, T.; Zekovic, M.; Milojevic, B.; Kajmakovic, B.; Janicic,
A.; Simic, T.; et al. The Polymorphisms of Genes Encoding Catalytic Antioxidant Proteins Modulate the Susceptibility and
Progression of Testicular Germ Cell Tumor. Cancers 2022, 14, 1068. [CrossRef] [PubMed]

14. Paner, G.P.; Stadler, W.M.; Hansel, D.E.; Montironi, R.; Lin, D.W.; Amin, M.B. Updates in the Eighth Edition of the Tumor-Node-
Metastasis Staging Classification for Urologic Cancers. Eur. Urol. 2018, 73, 560–569. [CrossRef] [PubMed]

15. Williamson, S.R.; Delahunt, B.; Magi-Galluzzi, C.; Algaba, F.; Egevad, L.; Ulbright, T.M.; Tickoo, S.K.; Srigley, J.R.; Epstein, J.I.;
Berney, D.M. The World Health Organization 2016 classification of testicular germ cell tumours: A review and update from the
International Society of Urological Pathology Testis Consultation Panel. Histopathology 2017, 70, 335–346. [CrossRef] [PubMed]

16. Charlson, M.E.; Pompei, P.; Ales, K.L.; MacKenzie, C.R. A new method of classifying prognostic comorbidity in longitudinal
studies: Development and validation. J. Chronic Dis. 1987, 40, 373–383. [CrossRef]

17. Brierley, J.D.; Gospodarowicz, M.K.; Wittekind, C. (Eds.) TNM Classification of Malignant Tumours, 8th ed.; John Wiley & Sons:
Hoboken, NJ, USA, 2017; pp. 1–272.

18. Laguna, M.; Albers, P.; Algaba, F.; Bokemeyer, C.; Boormans, J.; Fischer, S.; Fizazi, K.; Gremmels, H.; Leão, R.; Nicol, D.; et al.
EAU Guidelines on Testicular Cancer. In Proceedings of the 36th Annual EAU Congress, Milan, Italy, 19–23 March 2021.

19. Jocelyn, P.C. Spectrophotometric assay of thiols. In Methods in Enzymology; Elsevier: Amsterdam, The Netherlands, 1987; Volume
143, pp. 44–67.

20. Walmsley, T.A.; Abernethy, M.H.; Fitzgerald, H.P. Effect of daylight on the reaction of thiols with Ellman’s reagent, 5,5′-dithiobis(2-
nitrobenzoic acid). Clin. Chem. 1987, 33, 1928–1931. [CrossRef]

21. Sionov, R.V.; Fridlender, Z.G.; Granot, Z. The Multifaceted Roles Neutrophils Play in the Tumor Microenvironment. Cancer
Microenviron. 2015, 8, 125. [CrossRef]

22. Bao, Y.; Liu, Z.; Guo, M.; Li, B.; Sun, X.; Wang, L. Extramedullary hematopoiesis secondary to malignant solid tumors: A case
report and literature review. Cancer Manag. Res. 2018, 10, 1461. [CrossRef]

23. Zhang, X.; Zhang, W.; Yuan, X.; Fu, M.; Qian, H.; Xu, W. Neutrophils in cancer development and progression: Roles, mechanisms,
and implications (Review). Int. J. Oncol. 2016, 49, 857–867. [CrossRef]

24. Hedrick, C.C.; Malanchi, I. Neutrophils in cancer: Heterogeneous and multifaceted. Nat. Rev. Immunol. 2021, 22, 73–187.
[CrossRef] [PubMed]

25. Schepisi, G.; Santoni, M.; Massari, F.; Gurioli, G.; Salvi, S.; Conteduca, V.; Montironi, R.; De Giorgi, U. Urothelial Cancer:
Inflammatory Mediators and Implications for Immunotherapy. BioDrugs 2016, 30, 263–273. [CrossRef] [PubMed]

26. Menter, D.G.; Kopetz, S.; Hawk, E.; Sood, A.K.; Loree, J.M.; Gresele, P.; Honn, K.V. Platelet “First Responders” in Wound Response,
Cancer, and Metastasis. Cancer Metastasis Rev. 2017, 36, 199. [CrossRef] [PubMed]

27. Hou, J.; Karin, M.; Sun, B. Targeting cancer-promoting inflammation—Have anti-inflammatory therapies come of age? Nat. Rev.
Clin. Oncol. 2021, 18, 261–279. [CrossRef] [PubMed]

28. Gay, L.J.; Felding-Habermann, B. Contribution of Platelets to Tumor Metastasis. Nat. Rev. Cancer 2011, 11, 123. [CrossRef]
[PubMed]

29. Luo, Y.; She, D.L.; Xiong, H.; Fu, S.J.; Yang, L. Pretreatment neutrophil to lymphocyte ratio as a prognostic predictor of urologic
tumors: A systematic review and meta-analysis. Medicine 2015, 94, e1670. [CrossRef]

30. Wei, Y.; Jiang, Y.Z.; Qian, W.H. Prognostic Role of NLR in Urinary Cancers: A Meta-Analysis. PLoS ONE 2014, 9, e92079.
[CrossRef]

31. Huang, Y.; Gao, Y.; Wu, Y.; Lin, H. Prognostic value of systemic immune-inflammation index in patients with urologic cancers: A
meta-analysis. Cancer Cell Int. 2020, 20, 499. [CrossRef]

32. Yuksel, O.H.; Verit, A.; Sahin, A.; Urkmez, A.; Uruc, F. White blood cell counts and neutrophil to lymphocyte ratio in the diagnosis
of testicular cancer: A simple secondary serum tumor marker. Int. Braz. J. Urol. 2016, 42, 53–59. [CrossRef]

33. Gokcen, K.; Dundar, G.; Gulbahar, H.; Gokce, G.; Gultekin, E. Can routine peripheral blood counts like neutrophil-to-lymphocyte
ratio be beneficial in prediagnosis of testicular cancer and its stages? J. Res. Med. Sci. 2018, 23, 64.

34. Tan, Y.G.; Sia, J.; Huang, H.H.; Lau, W.K.O. Neutrophil-to-lymphocyte ratio independently predicts advanced pathological
staging and poorer survival outcomes in testicular cancer. Investig. Clin. Urol. 2019, 60, 176. [CrossRef] [PubMed]

http://doi.org/10.18632/oncotarget.18856
http://doi.org/10.1186/s12935-020-01320-w
http://doi.org/10.1111/iju.13801
http://www.ncbi.nlm.nih.gov/pubmed/30253448
http://doi.org/10.1080/0284186X.2021.1886323
http://www.ncbi.nlm.nih.gov/pubmed/33586577
http://doi.org/10.3390/cancers14041068
http://www.ncbi.nlm.nih.gov/pubmed/35205816
http://doi.org/10.1016/j.eururo.2017.12.018
http://www.ncbi.nlm.nih.gov/pubmed/29325693
http://doi.org/10.1111/his.13102
http://www.ncbi.nlm.nih.gov/pubmed/27747907
http://doi.org/10.1016/0021-9681(87)90171-8
http://doi.org/10.1093/clinchem/33.10.1928
http://doi.org/10.1007/s12307-014-0147-5
http://doi.org/10.2147/CMAR.S161746
http://doi.org/10.3892/ijo.2016.3616
http://doi.org/10.1038/s41577-021-00571-6
http://www.ncbi.nlm.nih.gov/pubmed/34230649
http://doi.org/10.1007/s40259-016-0176-3
http://www.ncbi.nlm.nih.gov/pubmed/27177757
http://doi.org/10.1007/s10555-017-9682-0
http://www.ncbi.nlm.nih.gov/pubmed/28730545
http://doi.org/10.1038/s41571-020-00459-9
http://www.ncbi.nlm.nih.gov/pubmed/33469195
http://doi.org/10.1038/nrc3004
http://www.ncbi.nlm.nih.gov/pubmed/21258396
http://doi.org/10.1097/MD.0000000000001670
http://doi.org/10.1371/journal.pone.0092079
http://doi.org/10.1186/s12935-020-01590-4
http://doi.org/10.1590/S1677-5538.IBJU.2014.0593
http://doi.org/10.4111/icu.2019.60.3.176
http://www.ncbi.nlm.nih.gov/pubmed/31098425


J. Pers. Med. 2022, 12, 833 12 of 13

35. Herraiz-Raya, L.; Moreillo-Vicente, L.; Martínez-Ruiz, J.; Agustí-Martínez, A.; Fernández-Anguita, P.J.; Esper-Rueda, J.A.; Salce-
Marte, L.; Armas-Álvarez, A.; Díaz de Mera-Sánchez Migallón, I.; Martínez-Alfaro, C.; et al. Leukocyte and platelet counts as
prognostic values of testicular germ cell tumours. Actas Urol. Esp. 2019, 43, 284–292. [CrossRef] [PubMed]

36. Jankovich, M.; Jankovichova, T.; Ondrus, D.; Breza, J. Neutrophil-to-lymphocyte ratio as a predictor of preoperative tumor staging
in testicular germ cell tumors. Bratisl. Lek. Listy 2017, 118, 510–512. [CrossRef] [PubMed]

37. Fankhauser, C.D.; Sander, S.; Roth, L.; Gross, O.; Eberli, D.; Sulser, T.; Seifert, B.; Beyer, J.; Hermanns, T. Systemic inflammatory
markers have independent prognostic value in patients with metastatic testicular germ cell tumours undergoing first-line
chemotherapy. Br. J. Cancer 2018, 118, 825–830. [CrossRef] [PubMed]

38. Juan, C.A.; de la Lastra, J.M.P.; Plou, F.J.; Pérez-Lebeña, E. The Chemistry of Reactive Oxygen Species (ROS) Revisited: Outlining
Their Role in Biological Macromolecules (DNA, Lipids and Proteins) and Induced Pathologies. Int. J. Mol. Sci. 2021, 22, 4642.
[CrossRef] [PubMed]

39. Baba, S.P.; Bhatnagar, A. Role Of Thiols in Oxidative Stress. Curr. Opin. Toxicol. 2018, 7, 133. [CrossRef] [PubMed]
40. Hanikoglu, F.; Hanikoglu, A.; Kucuksayan, E.; Alisik, M.; Gocener, A.A.; Erel, O.; Baykara, M.; Cuoghi, A.; Tomasi, A.; Ozben, T.

Dynamic thiol/disulphide homeostasis before and after radical prostatectomy in patients with prostate cancer. Free. Radic. Res.
2016, 50, S79–S84. [CrossRef]

41. Dirican, N.; Dirican, A.; Sen, O.; Aynali, A.; Atalay, S.; Bircan, H.A.; Oztürk, O.; Erdogan, S.; Cakir, M.; Akkaya, A. Thiol/disulfide
homeostasis: A prognostic biomarker for patients with advanced non-small cell lung cancer? Redox Rep. 2016, 21, 197–203.
[CrossRef]

42. Bilgin, B.; Sendur, M.A.; Hizal, M.; Kandil, S.U.; Yaman, S.; Akıncı, M.B.; Dede, D.Ş.; Neselioglu, S.; Erel, Ö.; Yalçın, B. Evaluation
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