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Diagnostic efficacy of systemic 
immune‑inflammation biomarkers 
in benign prostatic hyperplasia 
using receiver operating 
characteristic and artificial neural 
network
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Benign prostatic hyperplasia (BPH) is a chronic, progressive disease characterized by mesenchymal 
cell‑predominance and stromal and glandular cell‑hyperproliferation. Although, the precise cause 
of BPH is unknown, it is believed to be associated with hormonal changes in aging men. Despite 
androgens and ageing are likely to play a role in the development of BPH, the pathophysiology of BPH 
remains uncertain. This paper aims to evaluate the diagnostic efficacy of platelet‑to‑lymphocyte ratio 
(PLR), neutrophil–lymphocyte ratio (NLR) and systemic immune‑inflammation index in in diagnosing 
BPH. A single‑center‑randomized‑retrospective study was carried out at Alzahraa university hospital 
between January 2022 and November 2022 on 80 participants (40 non‑BPH subjects and 40 patients 
with symptomatic enlarged prostate) who visited the outpatient clinic or admitted to the urology 
department. The BPH cases were evaluated by digital rectal examination (DRE), International 
Prostate Symptom Score (IPSS), prostate size, prostate specific antigen (PSA), TRUS biopsy in 
elevated PSA > 4 ng/ml, PLR, NLR and systemic immune inflammatory (SII). The diagnosing efficiency 
of the selected parameters was evaluated using Receiver Operating Characteristic (ROC) and Artificial 
Neural Network (ANN) showing excellent discrimination with 100% accuracy and AUC = 1 in the ROC 
curves. Moreover, the accuracy rate of the ANN exceeds 99%. Conclusion: PLR, NLR and SII can be 
significantly employed for diagnosing BPH.

The medical term for an enlarged prostate that can affect how men urine is benign prostatic hyperplasia (BPH)1. 
Although the specific cause of BPH is unknown, it is believed to be related to hormonal changes that occur in 
men as they age. BPH is a chronic, progressive disease marked by mesenchymal cell predominance and stromal 
and glandular cells  hyperproliferation2.

Recent clinical investigations have revealed a connection between prostatic inflammations and lower urinary 
tract symptoms (LUTS) associated with  BPH3,4, and over the past few years, it has become clear that inflammation 
may play a significant role in the development and progression of  BPH5,6. Consequently, it has been proposed 
that BPH is an inflammatory immune-mediated condition, and that inflammation may directly influence pros-
tate  growth7,8. The autonomic nervous system regulates the adult prostate gland’s physiological processes, while 
hormones control the gland’s growth and development. The hypogastric nerve sends sympathetic signals to the 
prostate gland, whereas the pelvic nerve sends parasympathetic signals. Additionally, the gland receives sensory 
input from the pelvic and hypogastric  nerves9.

A typical diagnostic test for detecting BPH is a blood test that measures the amount of prostate-specific anti-
gen (PSA). PSA is a protein generated by both malignant and noncancerous tissue in the  prostate10. Although it is 
a substance synthesized in the prostate, men with larger prostates have higher PSA levels. High PSA levels are also 
thought to be a sign of an enlarged or inflammatory prostate. However, recent treatments, infections, surgeries, 
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or prostate cancer are also possible causes of increased PSA  scores11. The systemic immune-inflammation index 
(SII), which depends on the peripheral platelet, neutrophil, and lymphocyte counts, has been proven to be a 
potential prognostic predictor in a variety of conditions, including tumors, nervous system diseases, chronic 
heart failure, and prostate  cancer12–14. Záhorec introduced the NLR to provide a fast detectable parameter for 
measuring the intensity of stress and systemic inflammation in intensive care patients with shock, numerous 
traumas, major surgery, or  infection15. The NLR was earlier thought to be a marker for inflammatory disorders, 
but nowadays, other conditions are also recognized to change the  NLR16,17. It has been proven to be a reliable 
indicator in assessing the diagnostic and therapeutic outcomes for many benign and malignant  disorders18–20.

Currently, the intriguing NLR argument is covered in several urologic publications. It has been demonstrated 
that it reflects how much systemic inflammation is involved in  neoplasia21. Prior to the first conservative natural 
orifice retrograde endoscopic upper tract urothelial carcinoma (UTUC) evaluation and treatment, a baseline 
NLR assessment may offer useful, easily accessible, reasonably priced, and objective prognostic information 
regarding the risk of upper tract but not bladder recurrence. It supplemented high-grade cytology and could one 
day aid in the individualization of management strategies. If these particular cases result in a more pronounced 
host inflammatory response, NLR may successfully identify them promptly, allowing earlier categorization for 
a more aggressive care and surveillance strategy/truly personalized  medicine22.

Moreover, it was revealed that obese patients exhibited more symptoms than normal-weight patients, specifi-
cally a greater storage IPSS score. In patients with benign prostatic hyperplasia and lower urinary tract symptoms 
(BPH/LUTS) treated with transurethral resection of the prostate (TURP), it was recently discovered that there 
was a high correlation between prostatic inflammation, defined as an inflammatory score of 7, and an autophagy 
deficiency. The link between obesity and prostatic inflammatory infiltrates has been established, and obese 
patients with LUTS/BPH have shown the first signs of autophagy dysregulation. These findings highlight a num-
ber of issues regarding the processes underlying the failure of the autophagy, and preliminary indications point 
to autophagy dysregulation as one potential route connecting inflammation and obesity in BPH/LUTS  patients23.

There is also evidence that some markers of systemic inflammation have been associated with prostate can-
cer (PCa). A number of inflammation markers, including C-reactive protein (CRP), neutrophil, lymphocyte, 
monocyte, platelet, and PLR counts as well as a number of biochemical markers, such as the De Ritis ratio, 
have been studied in relation to PCa. Clinically severe PCa is far less common in people with gray-zone PSA 
readings. Combinations of various biochemical parameters are being researched to increase the likelihood of 
detecting PCa before a biopsy in order to prevent pointless biopsies. In males with gray-zone PSA values, some 
biochemical metrics, such as CRP, the CRP/albumin ratio, and the De Ritis ratio, may be useful in addition to 
established markers like PSA, PSAD, and the fPSA/tPSA ratio. CRP is a predictive indicator for PCa patients’ 
overall survival, cancer-specific survival, and progression-free survival. When compared to the BPH group, the 
PCa group had significantly greater CRP and a higher CRP/albumin  ratio24.

Additionally, ultrasound (US) is a prevalent and well-tolerated imaging tool for examining the prostate. 
Recent technological advancements in US applications have created new features of prostate analysis. The use 
of structural analysis facilitates the measurement of prostate volume, the investigation of echotexture, and the 
demonstration of tissue stiffness or elasticity. In functional analysis, macrovascularity and microvascularity are 
depicted as tissue perfusion  markers25. The availability of portable, light-weight probes, the relative simplicity of 
learning the fundamentals of the transrectal sonographic prostate biopsy technique, and the ability to image the 
gland with accurate volumetric measurements have all contributed to the widespread clinical use of transrectal 
ultrasonography (TRUS), primarily because an alarmingly high proportion of men are getting prostate biopsies 
after PSA tests. Although TRUS is useful for imaging the prostate and measuring its size, its diagnostic precision 
for locating cancerous areas is still  insufficient26.

The responses to seven questions about urine symptoms (intermittency, nocturia, frequency, urgency, strain-
ing, incomplete empting, and weak stream) plus one question about quality of life are used to calculate the 
International Prostate Symptom Score (I-PSS). For each enquiry on urinary symptoms, the patient can choose 
one of six possibilities, with the options signifying the intensity of the specific ailment. The responses are graded 
on a scale of 0 to 5. As a result, the overall score can range between 0 (i.e., asymptomatic) and 35 (i.e., very 
symptomatic)27. In the present work, we provide a single-center randomized retrospective descriptive study that 
pioneers the use of SII, NLR, and PLR as BPH disease indicators. Utilizing Receiver Operating Characteristic 
(ROC) and Artificial Neural Networks (ANN), the efficacy of employing such factors for diagnosis was evalu-
ated and analogized with the effectiveness of using the IPSS score, prostate size, and prostate-specific antigen 
(PSA). Based on ROC curve parameters, we primarily assessed the ability of each measure (IPSS, prostate size, 
PSA, NLR, PLR, and SII) to detect the disease (i.e., BPH). Furthermore, detection efficiency using PLR, NLR, 
and SII levels was correlated with IPSS severity, as well as the prostate size and PSA score. The three systemic 
immune-inflammation biomarkers (NLR, PLR, and SII) were then used in the ANN technique to confirm their 
effectiveness in identifying BPH.

Methods
After receiving approval from the ethical committee, data from 80 participants (40 patients with symptomatic 
enlarged prostate and 40 non-BPH individuals as a control group) was retrospectively reviewed in the study. 
Non-PBH (control) group are individuals with no lower urinary tract symptoms (irritative or obstructive), nor-
mal US, normal DRE and zero IPSS. BPH group are patients who have any degree of IPSS and enlarged prostate 
with no suspicious of malignancy examined by US, DRE or TRUS. PSA was done if it was high with no other 
reason of elevation. TRUS biopsy was necessary to exclude prostate cancer. If there was suspicious, of prostate 
cancer by DRE, TRUS biopsy was performed to exclude malignancy. If the patient showed to has prostate cancer 
by TRUS, he was excluded from the study.
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The data was gathered between January and November of 2022. Personal and medical histories of all BPH 
patients, physical and general examination were noted. Additionally, definitive diagnosis of benign enlarged 
prostate obtained with digital rectal examination, IPSS, abdominal ultrasound (US) and TRUS were achieved via 
ultrasound scanner BK Medical Ultrasound Scanner (1202 Flex Focus 200 REF: Type 1202), serum PSA and other 
laboratory work-up (CBC, urine analysis) have been collected. CBC and PSA were performed using a Sysmex 
XP-300 and IMMULITE1000 devices respectively. Systemic comorbidities, drug/alcohol abuse; nonsteroidal 
anti-inflammatory drug use within the last week; upper respiratory infection within 1 month pregnancy; insuf-
ficient history information on the evaluation, sepsis, urinary infection, stricture urethra, cancer, and urinary or 
gall bladder stones were exclusion criterion.

For TRUS examination, a digital rectal exam must be carried out before the ultrasound probe is inserted. 
With their legs bent towards their chest, the patient is positioned in the lateral decubitus posture, most frequently 
on their left side. Prior to this, the lithotomy position was the norm. However, the patient can endure lateral 
decubitus better. A cover and good lubrication are on the transducer. Following the rectal examination, the 
transducer is implanted with the ultrasound beam pointed anteriorly towards the patient. To prevent the change 
of the prostate gland’s shape, the least amount of pressure is recommended to be applied on the gland. The sym-
metry, shape, width of the gland, and related seminal vesicles are all evaluated. The prostate is then measured in 
the sagittal plane to determine its height, length, seminal vesicles, and prostatic urethra. The evaluation’s main 
factors are the changes which may occur in echogenicity and the overall  echogenicity28. In the transitional zone, 
benign prostatic hyperplasia manifests as many hypoechoic nodular regions. From a largely homogeneous to a 
diverse echogenicity may develop. The peripheral and central zones may begin to compress as the transitional 
zone grows, making them echogenic.. They become flat and are referred to as the "surgical capsule," which marks 
the boundary between the hyperplastic and regular peripheral prostatic tissue. When considering BPH, it is 
critical to assess the prostate’s overall volume. The most popular formula for calculating an ellipsoid’s volume 
is height (H) × width (W) × length (L) × π/6. When the volume is larger than 25  cm3, the prostate is considered 
 enlarged26,29. A sample US image of a BPH patient is provided in Fig. 1.

Samples collection. A single center randomized retrospective study was carried out at urology depart-
ment, Alzahraa university hospital between January and November 2022 on 80 individuals (40 non-BPH and 40 
BPH patients). All participants provided a written informed consent for all clinical procedures. Each participant 
was evaluated by the International Prostate Symptom Score (IPSS), prostate size evaluated by ultrasound, pros-
tate specific antigen (PSA), TRUS biopsy in elevated PSA, platelet/lymphocyte (PLR), neutrophil//lymphocyte 
(NLR) and systemic immune inflammatory (SII). The absolute neutrophil count was divided by the absolute 
lymphocyte count to determine the NLR. While, the platelet count was divided by the absolute lymphocyte 
count to calculate the PLR values. Finally, the SII was calculated based on the following  equation12:

All the collected measurements have been analyzed using IBM SPSS Statistics 6 software package. The data 
was checked for linearity “Supplementary S1” and then comparison was performed in independent groups using 
“t Test” in SPSS “Supplementary S2”. In general, the overall data analysis provided significant results.

Receiver operating characteristic (ROC). ROC is a graphical depiction used to analyze diagnostic test 
accuracy by visualizing the sensitivity vs. 1-specifity of a certain test or collection of  tests30,31. The region (i.e., 
area) underneath the ROC curve (AUC) is regarded as the most important factor in determining the efficacy 
of the investigated discriminating method (test), as the higher the AUC, the more accurate the  test32,33. The 

(1)SII =
neutrophil count × platelet count

lymphocyte count

Figure 1.  US image of a sample of BPH subject involved in the study.
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principle of true positive, true negative, false positive, and false negative is the base for constructing a ROC 
curve. The Y-axis of the curve depicts sensitivity, which displays the true positive percentage, while the X-axis 
of the curve reflects 1-specificity, which is the false positive  fraction34. The sensitivity of the test is defined as 
Se(p) = 1 − G(p) for two random variables X and Y of distribution functions F and G, respectively, while the 
specificity is given by Sp(p) = F(p). Accordingly, the ROC curve is constructed by plotting Se(p) versus 1 − Sp(p) 
for − ∞ ≤ p ≤ ∞.

In the current study, the exhibited ROC curves were generated using the MATLAB software framework 
through a proprietary Matlab function. This function plots the ROC curve and calculates its parameters by rep-
resenting the 1-specificity and sensitivity of two classes of data (i.e., BPH and non-BPH (i.e., control) measures 
in our implementation).

Artificial neural networks (ANN). Inputs are categorized using artificial neural networks based on target 
classes. The collected measurements for PLR, NLR, and SII have been employed in the current implementation 
as the three input parameters for a feed-forward network utilizing Matlab software to confirm their efficacy 
in detecting BPH. A feed-forward network is made up of several levels. The network input is connected to the 
top layer. There is a connection from the previous layer to each succeeding layer. The output of the network is 
produced by the top layer. The weight and bias parameters based on the SCG approach have been updated using 
the network training function "trainscg"35,36. Furthermore, 10 neurons were used in the hidden layer of our NN 
model’s implementation. The constructed NN model is shown in Fig. 2.

Ethics approval and consent to participate. The proposed study was carried out in accordance with 
the Helsinki Declaration and was approved by the NILES, Cairo University ethics committee (No: NILES-EC-
CU 23/1/2). All patients were treated at an academic hospital. All patients were requested to give their general 
agreement for the scientific examination of disease-specific data in anonymized form upon admission to the 
hospital. Patients could potentially decline to give their consent.

Results
ROC results. Eighty participants (40 non-BPH and 40 BPH patients) were included in this study with a 
mean age (~ 66), ranged from (53–83) years. Level of neutrophil, lymphocyte, platelet, and SII are measured. 
Accordingly, the mean SII values were (6.3726 ×  105) with a cutoff value (4.150358 ×  105), mean NLR (2.31) with 
a cutoff value (1.83), and mean PLR (132.86) with a cutoff value (93.58). For each monitored symptom, ROC 
curve has been created in order to assess the accuracy of the data as illustrated in Fig. 3. Moreover, Table 1 pro-
vides a summary of the various ROC-curve metrics, including sensitivity, specificity, and accuracy.

ROC analysis revealed a statistically significant correlation between SII, NLR, PLR in identifying BPH dis-
ease which was equivalent to IPSS. The sensitivity, accuracy and specificity for each was 100%, and AUC = 1 (see 
Fig. 2). Using IPSS which was defined as the need for intervention, ROC analysis was performed to compare it 
with corresponding NLR, PLR and SII values. Although size and PSA measurements show good results as pro-
vided in the ROC curves, the optimum discrimination are achieved using IPSS, NLR, PLR and SII values. Addi-
tionally, the highest accuracy, sensitivity, specificity and AUC were recorded at these parameters (see Table 1). 
Accordingly, the proposed ROC parameters reveal excellent discrimination based on NLR, PLR and SII values 
as suggested in this study.

Based on the optimal cut-off point with the highest sensitivity and specificity for each considered parameter, 
the examined samples were classified with respect to the IPSS score in comparison with the corresponding NLR, 
PLR and SII values. In total 23 patients with severe IPSS, 70% has high NLR values, 65% has high SII values and 
60% of them have high PLR values. On the other hand, in total 15 patients with moderate IPSS, 47% has high 
NLR values, 60% has high SII values and 53% of them have high PLR values as illustrated in Fig. 4.

Additionally, both of prostate size and PSA level accompanying NLR, PLR, and SII values were compared. As 
seen in Fig. 5a, for enlarged prostate size patients, 69% had high SII values, 61% of them showed higher NLR, 

(2)ROC(t) = 1− G
(

F
−1(1− t)

)

, over t ∈ [0, 1]

(3)AUC =

∫ 1

0
ROC(u)du

Figure 2.  The constructed neural network model.
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and 58% exposed high PLR. Additionally, 53% of patients with PSA also had high SII values and high NLR levels; 
whereas only 50% had high PLR levels (see Fig. 5b).

ANN results. Several network runs were performed to achieve the best performance. The model with the 
lowest mean square errors (MSE) performance plot is presented in Fig. 6a. As the number of iterations goes up, 
the MSE decreases, as seen by the performance curve. The plot further assesses that the features of the error in 
the validation and testing data sets are nearly identical, and that the model performed at its best during the cho-
sen number of iterations (epochs). Figure 6b provides an example of the error histogram derived from the imple-
mented NN models. The error shows the discrepancy between the desired and actual output that the network 
produces. The number of samples from the training, validation, and test sets is shown by the term "Instances" in 

Figure 3.  ROC curves between control and BPH data based on the different monitored symptoms, (a) IPSS, (b) 
size, (c) PSA, (d) PLR, (e) NLR, and (f) SII.

Table 1.  The obtained ROC curve parameters.

Symptoms Sensitivity (%) Specificity (%) AUC Accuracy (%)

IPSS 100 100 1 100

Size 95 100 0.97 97.5

PSA 75 100 0.83 87.5

PLR 100 100 1 100

NLR 100 100 1 100

SII 100 100 1 100

Figure 4.  Patient distribution according to their PLR, NLR and SII values (a) moderate IPSS, (b) severe IPSS.
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the figure. The figure clearly shows that the distribution of the fitting data errors is close to the zero-error zone, 
which verifies appropriate operation.

Figure 7 shows the regression plot of correlation coefficient (R) which presents the relationship connection 
between the outputs and targets for ANN model. As depicted in the figure, the obtained accuracy rate was 99.68%, 
99.87%, 99.29%, and 99.64% for training, validation, test, and all data sets respectively.

Discussion
BPH is the term used to describe the non-cancerous prostate enlargement which is frequently seen in elderly 
men. Almost all men start to experience significant prostate gland enlargement around the age of 40. Men in 
their 30 s and 40 s have a 10% prevalence of BPH, men in their 50 s and 60 s have fifty to sixty percent prevalence, 
and men in their 70 s and 80 s have 80% to 90% prevalence. Most men will undoubtedly experience some BPH 
symptoms if they live long  enough37. Evidence-based Studies on the pathophysiology of BPH have demonstrated 
that inflammation has a role in the spread of histologic  BPH38,39. It has been more difficult to figure out if the 
inflammation originated as a normal biologic result of ageing or whether it genuinely contributes in prostatic 
enlargement and the onset of  LUTS40. Theoretically, antigenic stimuli may induce the prostate to establish a per-
sistent inflammatory response that results in tissue regrowth and stromal expansion, leading to an autoimmune 
component to  BPH7,41. The third factor in the pathogenesis of BPH can be regarded as chronic inflammation, 
which works in conjunction with androgen receptor signaling to cause the tissue remodeling that is typical of 
the disease’s latter stages. The prostatic inflammation seen in BPH may result in the production of cytokines 
from inflammatory cells and a relative hypoxic situation brought on by the proliferating cells’ increased oxygen 
demands, which could lead to tissue  damage42.

Due to their advantages of simplicity and affordability, NLR, PLR, and NR have received a lot of attention as 
the most often utilized systemic inflammatory indicators. In particular, NLR might be used as a biomarker to 
determine the true nature of the mass; high NLR also suggested poor prognoses for malignancy in a number of 
tumor  types43. However, recent research suggested that SII is a more potent method for predicting the develop-
ment or spread of malignancies than NLR or  NR44,45. In the proposed study, 40 individuals with symptomatic 
benign enlargement of the prostate had their NLR, PLR, and SII values assessed. NLR, PLR, and SII values were 

Figure 5.  Patient distribution according to their PLR, NLR and SII values (a) enlarged size, (b) high PSA.

Figure 6.  (a) Performance plot for the ANN model with best mean square error, (b) Error histogram plot for 
one of the ANN executions.
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found to be effective predictors for disease severity, responsiveness to medical treatment, occurrence of urinary 
retention, and necessity for invasive intervention, according to the findings. They displayed 100% sensitivity 
and specificity to the disease, matching IPSS. As a result, they might be considered as a supplemental element 
when deciding on a treatment strategy. There is currently a lack of articles examining NLR, PLR, and SII in BPH 
patients. However, the predictive value of SII in gastrointestinal and urologic cancer patients was examined in 
some  literature14,46. Moreover, Hu et al.47 reported that SII can be utilized as a predictive marker in hepatocellular 
carcinoma following curative resection.

Other studies have been also conducted to investigate the predictive potential of SII in a variety of disorders 
other than cancer (i.e., the pathophysiology of which includes chronic inflammation). After coronary inter-
vention, complications like heart failure, cardiac death, non-fatal myocardial infarction, and non-fatal stroke 
were found to be more common with high SII values, according to a study by Yang et al.48. The authors came to 
the conclusion that SII might be a simple and effective indicator to identify high-risk patients before coronary 
intervention. A Number of studies has already examined the relationship between the NLR ratio and both 
cardiovascular and cancerous  disorders49,50. Subsequently, it was reported that NLR was significant for several 
diseases’ diagnostic and prognostic  criteria17,51,52.

Damage to the prostatic tissue brought on by inflammation indicates a protracted process of wound repair 
that triggers hyperproliferative programs and leads to BPH  nodules53. Prostatic enlargement may be caused 
directly by inflammatory activities that stimulate prostate growth or indirectly by inflammatory processes that 
reduce prostatic apoptosis. It was believed that histologic inflammation might be a sign of BPH progression and 
the necessity for invasive  treatment54. BPH is considered to be an immune-mediated inflammatory disorder, 
and inflammation may directly influence prostate  growth8,55. Based on previous clinical investigations, prostatic 
inflammations and lower urinary tract symptoms (LUTS) may be associated with  BPH4,7.

In our proposed results, the IPSS score and accompanying NLR, PLR, and SII values were compared. In a 
group of 23 individuals with severe IPSS, high NLR values make up 70% of the group, high SII values make up 
65%, and high PLR values make up 60%. On the other hand, as shown in Fig. 3, of the total 15 patients with 
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moderate IPSS, 47% had high NLR values, 60% had high SII values, and 53% had high PLR values. Additionally, 
with increasing prostate size above cutoff value, 69% experienced high SII value and 61% of them showed high 
NLR while 58% exhibited high PLR As shown in Fig. 5a. Moreover, 53% of patients with PSA above the cutoff 
value showed high SII value and high NLR while only 50% showed high PLR as presented in Fig. 5b.

Although the occurrence of inflammatory infiltrates in human prostates is widely documented, the cause of 
inflammation in the prostate is still up for debate and is most likely to be complex. Inflammation in the pros-
tate dramatically increases with age and prostate  volume37,56. The advancement of symptoms, the possibility of 
urine retention, and the necessity for surgery are all associated with prostate  inflammation57. In comparison 
to men treated for benign prostatic obstruction, patients sent to urology clinics with AUR were more likely to 
exhibit evidence of inflammation in prostatic  specimens58,59. According to our ROC curves’ analysis, there was 
an equivalent relationship between SII, NLR, PLR, and BPH disease that was statistically significant to IPSS. 
The obtained ROC curve parameters utilizing SII, NLR, and PLR as indicators of BPH disease were the same as 
those that were obtained when IPSS was used to identify the disease. AUC was 1, while accuracy, sensitivity, and 
specificity were all 100% (Fig. 3 and Table 1). Therefore, we suggest that biomarkers based on inflammation can 
be utilized as a predictive biomarker to diagnose BPH, determine the course of treatment, the progression of the 
disease, the response to medication, and the need for invasive intervention. In this study, patients with high and 
moderate IPSS had significantly higher SII values, NLRs, and PLRs (Fig. 4). In cases where the NLR value was 
higher than the predetermined cut-off value, it was observed that there was a greater chance of refractory urine 
retention and the necessity for invasive intervention. Accordingly, one or more indicators like SII, NLR, or PLR 
may be taken into account before recommending medical care.

Although the routes of prostatic inflammation are not fully understood, mounting evidence points to the 
possibility that inflammatory processes affecting both the prostate and the bladder may be crucial to the initiation 
and maintenance of prostate growth and LUTS. Immunologic processes and inflammation are either implicated 
in the pathophysiology of all prostatic disorders or are considered as potential initiators of disease progression. 
The stimulation of stromal and epithelial cell proliferation that is sustained by autoimmune mechanisms may 
be caused by T-cell activation in inflammatory infiltrates. BPH nodules grow as a result of tissue injury and the 
ongoing, chronic process of recurrent wound repair brought on by inflammation. The systemic SII, NLR, and 
PLR, which are based on peripheral platelet, neutrophil, and lymphocyte counts, have been shown to be promis-
ing prognostic predictors in figuring out the severity of symptoms, how well it responds to medical treatment, 
the frequency of urinary retention, and the need for invasive intervention.

Conclusions
The study showed that SII, NLR, and PLR are all distinct risk factors for the diagnosis of BPH and the progres-
sion of IPSS. The SII, NLR, and PLR can be used to anticipate the inflammatory condition when treating BPH 
patients. We came to the conclusion that SII, NLR, and PLR are significant inflammatory biomarkers for detecting 
BPH and directing treatment choices. Variations in SII, NLR, and PLR may be able to predict clinical outcome 
and response, offering a relatively straightforward way to track therapy effectiveness. Regular laboratory testing 
can quickly and affordably determine it, giving it wide availability. The relatively small sample size, retrospective 
nature, and use of a single blood sample are among the limitations of this study. Therefore, prospective studies 
with large samples and the collection of different blood samples from each patient are required to corroborate 
our findings.

Data availability
The datasets used and/or analyzed during the current study are available from the corresponding author on 
reasonable request.

Received: 19 April 2023; Accepted: 31 August 2023

References
 1. Zhang, S. J. et al. Relationship between age and prostate size. Asian J. Androl. 15, 116–120 (2013).
 2. Djavan, B., Margreiter, M. & Dianat, S. S. An algorithm for medical management in male lower urinary tract symptoms. Curr. 

Opin. Urol. 21, 5–12 (2011).
 3. Nickel, J. C. et al. Examination of the relationship between symptoms of prostatitis and histological inflammation: Baseline data 

from the REDUCE chemoprevention trial. J. Urol. 178, 896–901 (2007).
 4. Nickel, J. C. et al. The relationship between prostate inflammation and lower urinary tract symptoms: Examination of baseline 

data from the REDUCE trial. Eur. Urol. 54, 1379–1384 (2008).
 5. Donnell, R. F. Benign prostate hyperplasia: A review of the year’s progress from bench to clinic. Curr. Opin. Urol. 21, 22–26 (2011).
 6. Emberton, M., Fitzpatrick, J. M., Garcia-Losa, M., Qizilbash, N. & Djavan, B. Progression of benign prostatic hyperplasia: Sys-

tematic review of the placebo arms of clinical trials. BJU Int. 102, 981–986 (2008).
 7. Kramer, G., Mitteregger, D. & Marberger, M. Is benign prostatic hyperplasia (BPH) an immune inflammatory disease?. Eur. Urol. 

51, 1202–1216 (2007).
 8. Djavan, B. et al. Benign prostatic hyperplasia: Current clinical practice. Prim. Care 37, 583–597 (2010).
 9. White, C. W., Xie, J. H. & Ventura, S. Age-related changes in the innervation of the prostate gland: Implications for prostate cancer 

initiation and progression. Organogenesis 9, 206–215 (2013).
 10. De Angelis, G., Rittenhouse, H. G., Mikolajczyk, S. D., Blair Shamel, L. & Semjonow, A. Twenty years of PSA: From prostate antigen 

to tumor marker. Rev. Urol. 9, 113–23 (2007).
 11. Adhyam, M. & Gupta, A. K. A review on the clinical utility of PSA in cancer prostate. Indian J. Surg. Oncol. 3, 120–129 (2012).
 12. Yan, Q. et al. Systemic immune-inflammation index (SII): A more promising inflammation-based prognostic marker for patients 

with synchronic colorectal peritoneal carcinomatosis. J. Cancer 11, 5264–5272 (2020).



9

Vol.:(0123456789)

Scientific Reports |        (2023) 13:14801  | https://doi.org/10.1038/s41598-023-41781-3

www.nature.com/scientificreports/

 13. Xiang, J., He, L., Li, D., Wei, S. & Wu, Z. Value of the systemic immune-   inflammation index in predicting poor term postoperative 
outcomes and the short-   prognosis of heart valve diseases: A retrospective cohort study. BMJ Open 12, e064171 (2022).

 14. 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. 20, 1–8 (2020).

 15. Zahorec, R. Ratio of neutrophil to lymphocyte counts–rapid and simple parameter of systemic inflammation and stress in critically 
ill. Bratisl. Lek. Listy 102, 5–14 (2001).

 16. Koh, C. H. et al. Utility of pre-treatment neutrophil-lymphocyte ratio and platelet-lymphocyte ratio as prognostic factors in breast 
cancer. Br. J. Cancer 113, 150–158 (2015).

 17. Bahadır, A. et al. Is the neutrophil-to-lymphocyte ratio indicative of inflammatory state in patients with obesity and metabolic 
syndrome?. Anatol J Cardiol 15, 816–822 (2015).

 18. Durmus, E. et al. Neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio are predictors of heart failure Erdal. Arq. Bras. 
Cardiol. 105, 606–613 (2015).

 19. Kurtul, S. et al. Neutrophil to lymphocyte ratio predicts SYNTAX score in patients with non-ST segment elevation myocardial 
infarction. Int. Heart J. 56, 18–21 (2015).

 20. Hyun, S. et al. Can the neutrophil-to-lymphocyte ratio appropriately predict carotid artery stenosis in patients with ischemic 
stroke? A retrospective study. J. Stroke Cerebrovasc. Dis. 24, 2646–2651 (2015).

 21. Guthrie, G. J. K. et al. The systemic inflammation-based neutrophil-lymphocyte ratio: Experience in patients with cancer. Crit. 
Rev. Oncol. Hematol. 88, 218–230 (2013).

 22. Antonucci, M. et al. Utility of preoperative neutrophil/lymphocyte ratio as a new objective prognostic tool in endoscopically treated 
upper tract urothelial carcinoma: A retrospective evaluation. J. Endourol. 34, 993–1000 (2020).

 23. De Nunzio, C. et al. Impairment of autophagy may represent the molecular mechanism behind the relationship between obesity 
and inflammation in patients with BPH and LUTS. Minerva Urol. Nephrol. 73, 631–637 (2021).

 24. Gül, A., Ekici, Ö., Zengin, S. & Boyaci, Ç. Adjunctive role of some blood based parameters to serum prostate specific antigen and 
its derivations on prostate cancer in men with ‘“Gray-Zone”’ prostate specific antigen levels: Prospective clinical study. J. Reconstr. 
Urol. 12, 120–128 (2022).

 25. Mitterbergera, M. et al. Ultrasound of the prostate. Cancer Imaging 10, 40–48 (2010).
 26. Boczko, J., Messing, E. & Dogra, V. Transrectal sonography in prostate evaluation. Radiol. Clin. North Am. 44, 679–687 (2006).
 27. Jindal, T., Sinha, R. K., Mukherjee, S., Mandal, S. N. & Karmakar, D. Misinterpretation of the international prostate symptom score 

questionnaire by Indian patients. Indian J. Urol. 30, 252–255 (2014).
 28. Tyloch, J. F. & Wieczorek, A. P. The standards of an ultrasound examination of the prostate gland. Part 1. J. Ultrason. 16, 378–390 

(2016).
 29. Wasserman, N. F. Benign prostatic hyperplasia: A review and ultrasound classification. Radiol. Clin. North Am. 44, 689–710 (2006).
 30. Vining, D. J. & Gladisb, G. W. Receiver operating characteristic curves: A basic understanding. Radiographics 12, 1147–1154 (1992).
 31. Hajian-Tilaki, K. Receiver operating characteristic (ROC) curve analysis for medical diagnostic test evaluation. Casp. J. Intern. 

Med. 4, 627–635 (2013).
 32. Streiner, D. L. & Cairney, J. What’s under the ROC? An introduction to receiver operating characteristics curves. Res. Methods 

Psychiatry 52, 121–128 (2007).
 33. Nam, B.-H. & D’Agostino, R. B. Discrimination index, the area under the ROC curve. In Statistics for Industry and Technology 

267–279 (Birkhäuser, 2002). https:// doi. org/ 10. 1007/ 978-1- 4612- 0103-8_ 20.
 34. Zou, K. H., O’Malley, A. J. & Mauri, L. Receiver-operating characteristic analysis for evaluating diagnostic tests and predictive 

models. Circulation 115, 654–657 (2007).
 35. Møller, M. F. A scaled conjugate gradient algorithm for fast supervised learning. Neural Netw. 6, 525–533 (1993).
 36. Babani, L., Jadhav, S. & Chaudhari, B. Scaled conjugate gradient based adaptive ANN control for SVM-DTC induction motor 

drive. In 12th IFIP International Conference on Artificial Intelligence Applications and Innovations (AIAI) 384–395. https:// doi. org/ 
10. 1007/ 978-3- 319- 44944-9_ 33 (2016).

 37. Bushman, W. Etiology, epidemiology, and natural history of benign prostatic hyperplasia. Urol. Clin. North Am. 36, 403–415 (2009).
 38. Lee, K. L. Molecular and cellular pathogenesis of benign prostatic hyperplasia. J. Uorol. 172, 1784–1791 (2004).
 39. Untergasser, G., Madersbacher, S. & Berger, P. Benign prostatic hyperplasia: Age-related tissue-remodeling. Exp. Gerontol. 40, 

121–128 (2005).
 40. Djavan, B. et al. Complex mechanisms in prostatic inflammatory response. Eur. Uorol. Suppl. 8, 872–878 (2009).
 41. Steiner, G. E. et al. The picture of the prostatic lymphokine network is becoming increasingly complex Georg. Rev. Urol. 4, 171–177 

(2002).
 42. Briganti, A. et al. Benign prostatic hyperplasia and its aetiologies. Eur. Uorol. Suppl. 8, 865–871 (2009).
 43. Quintana, L. et al. Gleason misclassification rate is independent of number of biopsy cores in systematic biopsy. Urology 91, 143–149 

(2016).
 44. Yan, M. Systemic immune—inflammation index, serum albumin, and fibrinogen impact prognosis in castration—resistant prostate 

cancer patients treated with first—line docetaxel. Int. Urol. Nephrol. 5, 2189–2199 (2019).
 45. Sonmez, G., Demirtas, T., Tombul, S. T., Akgun, H. & Demirtas, A. Diagnostic efficiency of systemic immune-inflammation index 

in fusion prostate biopsy. Actas Urol. Esp. 45, 359–365 (2021).
 46. Zhang, Y., Lin, S. & Wang, R. Prognostic value of pretreatment systemic immune: Inflammation index in patients with gastroin-

testinal cancers. J. Cell. Physiol. 234, 5555–5563. https:// doi. org/ 10. 1002/ jcp. 27373 (2018).
 47. Hu, B. et al. Systemic immune-inflammation index predicts prognosis of patients after curative resection for hepatocellular car-

cinoma. Clin. Cancer Res. 20, 6212–6223 (2014).
 48. Yang, Y. et al. Systemic immune-inflammation index (SII) predicted clinical outcome in patients with coronary artery disease. Eur. 

J. Clin. Invest. 50, 13230. https:// doi. org/ 10. 1111/ eci. 13230 (2020).
 49. Tamhane, U. U. et al. Association between admission neutrophil to lymphocyte ratio and outcomes in patients with acute coronary 

syndrome. Am. J. Cardiol. 102, 653–657. https:// doi. org/ 10. 1016/j. amjca rd. 2008. 05. 006 (2008).
 50. Chua, W., Charles, K. A., Baracos, V. E. & Clarke, S. J. Neutrophil / lymphocyte ratio predicts chemotherapy outcomes in patients 

with advanced colorectal cancer. Br. J. Cancer 104, 1288–1295 (2011).
 51. Günay, E. et al. Neutrophil-to-lymphocyte ratio in chronic obstructive pulmonary disease: A retrospective study. Inflammation 

37, 374–380 (2014).
 52. Wu, G. et al. Combination of platelet to lymphocyte ratio and neutrophil to lymphocyte ratio is a useful prognostic factor in 

advanced non-small cell lung cancer patients. Thorac. Cancer 6, 275–287 (2015).
 53. Fibbi, B., Penna, G., Morelli, A., Adorini, L. & Maggi, M. Chronic inflammation in the pathogenesis of benign prostatic hyperplasia. 

Int. J. Androl. 33, 475–488 (2010).
 54. Roehrborn, C. G. et al. The impact of acute or chronic inflammation in baseline biopsy on the risk of clinical progression of BPH: 

Results from the MTOPS Study. J. Urol. 173, 346 (2005).
 55. Dehghani, H., Brooksby, B., Vishwanath, K., Pogue, B. W. & Paulsen, K. D. The effects of internal refractive index variation in 

near-infrared optical tomography: A finite element modelling approach. Phys. Med. Biol. 48, 2713–2727 (2003).
 56. Di, F. et al. European urology distribution of inflammation, pre-malignant lesions, incidental carcinoma in histologically confirmed 

benign prostatic hyperplasia: A retrospective analysis. Eur. Urol. 43, 164–175 (2003).

https://doi.org/10.1007/978-1-4612-0103-8_20
https://doi.org/10.1007/978-3-319-44944-9_33
https://doi.org/10.1007/978-3-319-44944-9_33
https://doi.org/10.1002/jcp.27373
https://doi.org/10.1111/eci.13230
https://doi.org/10.1016/j.amjcard.2008.05.006


10

Vol:.(1234567890)

Scientific Reports |        (2023) 13:14801  | https://doi.org/10.1038/s41598-023-41781-3

www.nature.com/scientificreports/

 57. Roehrborn, C. G. Definition of at-risk patients: Baseline variables. BJU Int. 97, 7–11 (2006).
 58. Diseases, B. P. H. P. et al. Do prostatic infarction, prostatic inflammation and prostate morphology play a role in acute urinary 

retention?. Eur. Urol. 48, 277–284 (2005).
 59. Kefi, A., Koseoglu, H., Celebi, I., Yorukoglu, K. & Esen, A. Relation between acute urinary retention, chronic prostatic inflamma-

tion and accompanying elevated prostate-specific antigen. Scand. J. Urol. Nephrol. 40, 155–160 (2006).

Author contributions
Study concept: R.A., and R.M.A., Design: R.A., and O.H., Data Collection: R.A., Data analysis: R.A., and O.H., 
Manuscript draft: R.A., and O.H., Manuscript editing: O.H., All authors have read and approved this manuscript.

Funding
Open access funding provided by The Science, Technology & Innovation Funding Authority (STDF) in coopera-
tion with The Egyptian Knowledge Bank (EKB).

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 023- 41781-3.

Correspondence and requests for materials should be addressed to O.H.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access  This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2023

https://doi.org/10.1038/s41598-023-41781-3
https://doi.org/10.1038/s41598-023-41781-3
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Diagnostic efficacy of systemic immune-inflammation biomarkers in benign prostatic hyperplasia using receiver operating characteristic and artificial neural network
	Methods
	Samples collection. 
	Receiver operating characteristic (ROC). 
	Artificial neural networks (ANN). 
	Ethics approval and consent to participate. 

	Results
	ROC results. 
	ANN results. 

	Discussion
	Conclusions
	References


