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Objective

This study aims to explore the predictive value of the Controlling Nutritional Status (CONUT) score for prostate cancer (PCa) diagnosis.





Methods

The data of 114 patients who underwent prostate needle biopsies from June 2020 to December 2022 were retrospectively analyzed. The relationship between CONUT score and various clinical factors as well as PCa diagnosis was evaluated.





Results

The pathological results classified patients into the PCa (n = 38) and non-PCa (n = 76) groups. Compared with the non-PCa group, the PCa group exhibited statistically significant differences in age, prostate-specific antigen (PSA), PSA density (PSAD), the proportion of PI-RADS ≥ 3 in mpMRI, and the CONUT score, prostate volume, lymphocyte count, and total cholesterol concentration (p < 0.05). ROC curve analyses indicated the diagnostic accuracy as follows: age (AUC = 0.709), prostate volume (AUC = 0.652), PSA (AUC = 0.689), PSAD (AUC = 0.76), PI-RADS ≥ 3 in mpMRI (AUC = 0.846), and CONUT score (AUC = 0.687). When CONUT score was combined with PSA and PSAD, AUC increased to 0.784. The AUC of CONUT score combined with PSA, PSAD, and mpMRI was 0.881, indicates a higher diagnostic value. Based on the optimal cut-off value of CONUT score, compared with the low CONUT score group, the high CONUT score group has a higher positive rate of PCa diagnosis (p < 0.05).





Conclusion

CONUT score is an excellent auxiliary index for PCa diagnosis in addition to the commonly used PSA, PSAD, and mpMRI in clinical practice. Further prospective trials with a larger sample size are warranted to confirm the present study findings.





Keywords: prostate cancer, controlling nutritional status score, nutritional status, diagnosis, predictive value




1 Introduction

Prostate cancer (PCa) is a common malignancy diagnosed in men (1). In recent years, the incidence and mortality rates have risen with the increase in life expectancy and the change in dietary structure and medical treatment (1). According to the Global Cancer Statistics from the United States, PCa accounted for 7.3% of all new male cancer cases worldwide in 2020 (2). However, the incidence rate of PCa in China is rapidly increasing, and it is now the most common malignancy of the male genitourinary system (3).

A favorable prognosis for PCa depends on an early diagnosis, which remains challenging. PCa has no apparent symptoms in early stage, making early diagnosis difficult. PCa diagnosis is based on the histopathological evaluation of a prostate needle biopsy. The prostate-specific antigen (PSA) is a specific tumor biomarker of the prostate that plays a crucial role in the diagnosis of early occult PCa. PSA screening has increased the detection rate of PCa. However, in the subsequent promotion and application of PSA screening, many screening trials have revealed its shortcomings, including low survival benefits, excessive diagnosis and waste of medical resources, and varying degrees of pressure on society and families (4–6). The prostate needle biopsy is an invasive procedure that may cause pain, infection, bleeding, and psychological burden. Recently, some PSA-related test parameters have been employed to improve the accuracy of PCa prediction. These parameters include the free/total PSA ratio, PSA density (PSAD), PSA doubling time (PSAdt), and prostate health index (PHI) (7). Concurrently, some interesting methodologies for predicting PCa risk have emerged, such as employing machine learning approach for PCa classification based on clinical biomarkers (8). However, despite these advancements, overdiagnosis and overtreatment are found. Therefore, new biomarkers are necessary to help judge whether to perform a biopsy and reduce unnecessary prostate needle biopsies in low-risk cancer patients.

Malnutrition is one of the most common complications of cancer patients, and it can even lead to severe consequences of cachexia (9, 10), which may be caused by tumor-related anorexia, inflammation, and metabolic changes. Age, disease stage, and tumor type affect the degree of malnutrition. Malnutrition has several harmful effects on cancer patients, including weight loss and reduced survival rates (11, 12). Immuno-nutritional evaluation among oncological patients is an interesting and ongoing topic of debate. Nutritional status can predict the prognosis of PCa, urothelial carcinoma and renal cell carcinoma (13–17). The current study is mainly used in the judgment of disease prognosis, including complications and mortality rate. For example, malnourished patients have higher complications and mortality who treated with radical cystectomy. Zhang et al. proposed that the Controlling Nutritional Status (CONUT) score is a new prognostic indicator of PCa prognosis (17). A study investigated 1317 patients with malignancy, and below adequate body mass index (BMI) was observed through anthropometric analysis in 10.85% of the patients at the time of diagnosis (18). To the authors’ knowledge, however, no study has reported the predictive value of nutritional status in PCa diagnosis. Currently, serum albumin and BMI are primarily used to evaluate the nutritional status of patients, whereas patients with early-stage malignant tumors often exhibit no apparent changes. The CONUT score—an index of nutritional status—is calculated based on patients’ lymphocytes count, serum albumin concentration, and total cholesterol concentration (TCH) (19). A prognostic role of the CONUT score for prediction of OS, CSS, and RFS in cancer patients was shown by 91.7%, 90.9%, and 52.6% of the studies, respectively (20). Whether the CONUT score is a reliable predictor of PCa diagnosis is a question of interest for investigation. The present study analyzed the clinical data of patients who underwent prostate needle biopsies and explored the predictive value of the CONUT score in PCa diagnosis.




2 Patients and methods



2.1 Patient characteristics

Patients who underwent prostate needle biopsies in the urology department of Xiaoshan Hospital in Zhejiang Province between June 2020 and December 2022 constituted the study subjects. For the indications of prostate needle biopsy, refer to the Chinese Urological Disease Diagnosis and Treatment Guide, and exclude patients with symptomatic prostatitis, renal failure, liver failure, active infection, rheumatism, or other malignancy. This study was approved by the Ethics Committee of Zhejiang Xiaoshan Hospital (ID number: 2021-010, Date: January 19, 2021).




2.2 Clinical and laboratory assessments

The CONUT score was calculated using the preoperative lymphocyte count, serum albumin concentration, and TCH (Table 1) as follows: CONUT score = lymphocyte count score + serum albumin concentration score + TCH score. The general data of patients—such as age, body mass index (BMI), smoking and alcohol history, PSA, prostate volume (PV), PSAD, and multiparametric magnetic resonance imaging (mpMRI)—and pathological results, including the Gleason score of PCa patients, were also collected. PSA density (PSAD) was calculated by dividing the PSA level by the PV. All the laboratory examinations were blood drawn at the same time.


Table 1 | Assessment of nutrition status by the CONUT score.






2.3 Statistical analysis

Data analysis was performed using SPSS 23.0 and MedCalc Software. The Student’s t-test was used for normally distributed parameters, whereas the Wilcoxon rank-sum test was used for non-normally distributed parameters. Continuous variables are expressed as mean ± standard deviation. Qualitative variables are presented as numbers (n) and percentages (%). Chi-square tests were used to compare qualitative variables. Receiver operating characteristic (ROC) curves were plotted and corresponding 95% CIs, area under the curve (AUC), sensitivity, specificity, and optimal cutoff calculated. The optimal cut-off value was determined using the Youden’s index (Youden’s index = sensitivity + specificity - 1), and the AUC represented the diagnostic performance. A larger AUC indicates a higher diagnostic value. And logistic regression analysis was adopted to derive combined diagnostic factors to conduct ROC combined diagnosis. p < 0.05 was considered significant.





3 Results

A total of 114 patients were enrolled in the study. Table 2 shows the basic characteristics of all patients included in the study. The average age was 68.93 ± 9.05 years old, the average BMI was 23.58 ± 3.01 kg/m2, the median PV was 40.31 cm3, the median PSA was 10.02 ng/mL, and the median PSAD was 0.25 ng/mL × cm3. In the report of mpMRI, 15.79%, 37.72%, 30.7%, 14.04%, and 1.75% of patients had PI-RADS 1, PI-RADS 2, PI-RADS 3, PI-RADS 4, and PI-RADS 5, respectively. According to the pathological diagnosis of prostate needle biopsies, there were 76 patients (66.67%) with non-PCa and 38 patients (33.33%) with PCa. Based on the Gleason score classification during 38 PCa patients, 8 patients had a tumor with a Gleason score of 6 (21.05%), 19 patients presented a Gleason score of 7 (50%), 6 patients presented a Gleason score of 8 (15.79%), 4 patients presented a Gleason score of 9 (10.53%), and 1 patient presented a Gleason score of 10 (2.63%). There were 26 patients (29.55%), 21 patients (23.86%), 20 patients (22.73%), 12 patients (13.64%), 5 patients (5.68%), 1 patient (1.14%), and 3 patients (3.41%) with respective CONUT scores of 0, 1, 2, 3, 4, 5, and 6, respectively.


Table 2 | Basic characteristics of patients.



The pathological results classified patients into the PCa (n = 38) and non-PCa (n = 76) groups. Table 3 presents the main characteristics of the PCa and non-PCa groups. The PCa group exhibited statistically significant differences in age (p = 0.001), PSA (p = 0.001), PSAD (p < 0.001), the proportion of PI-RADS ≥ 3 in mpMRI (p < 0.001), and CONUT score (p = 0.001), PV (p = 0.008), lymphocyte count (p = 0.016) and TCH (p < 0.001) compared to the non-PCa group; however, there was no statistical difference in BMI, albumin concentration, smoking history and alcohol history.


Table 3 | Comparison of basic clinical data between PCa and non-PCa groups.



Based on patient characteristics, the present study investigated the diagnostic value of these aforementioned parameters for PCa and compared them with PSA. Diagnostic accuracy was evaluated by the area under the curve (AUC) from ROC curves (Table 4), the AUCs of these parameters were as follows: age, 0.709 (95% confidence interval [CI]: 0.616-0.790) (Figure 1A); PV, 0.652 (95% CI: 0.557-0.738) (Figure 1B); PSA, 0.689 (95% CI: 0.595-0.772) (Figure 1C); PSAD, 0.76 (95% CI: 0.671-0.835) (Figure 1D); mpMRI (PI-RADS ≥ 3), 0.846 (95% CI: 0.766-0.907) (Figure 1E); CONUT score, 0.687 (95% CI: 0.593-0.771) (Figure 1F). Among the parameters, mpMRI (PI-RADS ≥ 3) had the highest AUC value. However, when the CONUT score was combined with PSA and PSAD, the AUC ascended to 0.784 (95% CI: 0.806 - 0.934) (Figure 1H) was higher than without the CONUT score (0.769, 95% CI: 0.681-0.843) (Figure 1G). An evaluation of the diagnostic value of CONUT score, PSA, PSAD, and mpMRI (PI-RADS ≥ 3) yielded an AUC of 0.881 (95% CI: 0.806-0.934) and a specificity of 89.47% (Figure 1J), which was higher than without the CONUT score (0.880, 95% CI: 0.806-0.933) (Figure 1I), indicates a higher diagnostic value. Therefore, it can be inferred that the CONUT score serves as a valuable supplementary indicator that enhances the diagnostic accuracy for PCa diagnosis.


Table 4 | AUC were used to assess the diagnostic value of different parameters for PCa.






Figure 1 | ROC curves of different parameters for assessing the predictive value of different parameters for prostate cancer diagnosis. (A) ROC curve of Age; (B) ROC curve of Prostate volume; (C) ROC curve of PSA; (D) ROC curve of PSAD; (E) ROC curve of mpMRI; (F) ROC curve of CONUT score; (G) Combined diagnosis ROC curve of PSA and PSAD; (H) Combined diagnosis ROC curve of CONUT score, PSA and PSADand; (I) Combined diagnosis ROC curve of PSA, PSAD and mpMRI; (J) Combined diagnosis ROC curve of CONUT score, PSA, PSAD and mpMRI. CONUT, Controlling Nutritional Status; PSA, prostate-specific antigen; PSAD, PSA density; mpMRI, multiparametric magnetic resonance imaging; ROC, receiver operating characteristic.



According to ROC curve analysis, the optimal cut-off value of the CONUT score for PCa was 1, and the specificity and sensitivity were 78.95% and 50%, respectively (Table 4, Figure 1F). According to the cut-off value of the CONUT score (CONUT score = 1), 114 patients who underwent prostate needle biopsies were divided into low (≤ 1) and high (>1) CONUT score groups. Table 5 shows a significant difference in age, PSA, PSAD, and positive rate of PCa (p < 0.05). The high CONUT score group has a higher age, PSA, PSAD, and positive rate of PCa diagnosis. Regarding other clinical characteristics, there was no statistical difference between the high and low CONUT score groups.


Table 5 | Comparison of basic clinical data between low (≤ 1) and high (>1) CONUT score groups.






4 Discussion

In this study, the clinical value of the CONUT score in PCa diagnosis was evaluated for the first time. The CONUT score of the PCa group was higher than that of the non-PCa group, whereas the difference in serum albumin and BMI between the two groups was not statistically significant. Secondly, the high CONUT score group was likelier to report PCa through biopsy than the low CONUT score group. The present study also confirmed that PSA remains an important diagnostic marker of PCa and has high diagnostic value. Furthermore, PSAD and mpMRI provide strong support for the diagnosis of PCa. The diagnostic value is higher when the CONUT score is combined with PSA and PSAD, or when the CONUT score is combined with PSA, PSAD, and mpMRI. Based on these findings, the present study concluded that the CONUT score may be a valuable auxiliary index for PCa diagnosis in addition to the PSA, PSAD, and mpMRI currently used in clinics.

The prevalence of malnutrition among cancer patients is between 20% and 70% worldwide (21). Cancer cachexia affects 50%-80% of cancer patients, and 20%-70% of cancer patients have skeletal muscle dystrophy (12) Age, disease stage, and tumor type can affect the risk of malnutrition (22, 23). Serum albumin level and BMI are used to determine a patient’s nutritional status. The present study revealed no statistical difference in serum albumin and BMI between the PCa and non-PCa groups. Serum albumin and BMI alone are insufficient for determining the nutritional status of PCa patients. This finding is mainly because the early stage of cancer has minimal effects on the nutritional status of patients, which is difficult to detect using serum albumin and BMI. Therefore, the present study attempted to better determine the potential risk of malignant tumors based on blood test indicators. This study also attempted to explore the clinical value of the CONUT score for PCa diagnosis because the three evaluation indicators that comprise the CONUT score are generally used and easily detected in clinical work; the CONUT score is used as an indicator for nutritional status evaluation.

The CONUT score is a practical and objective method of evaluating a patient’s nutritional status. The serum albumin concentration is a reliable indicator to judge the nutritional status and immune-inflammatory reaction of cancer patients and is closely associated with their survival rate (24, 25). Many inflammatory factors, such as cytokines and c-reactive protein, are produced by tumor-related inflammatory reactions. These inflammatory factors can regulate albumin synthesis (26). Furthermore, studies have found that hypoalbuminemia is related to immune injury and tolerance, promoting tumor cell proliferation and disease progression (27). In this study, although the serum albumin concentration of non-PCa patients is lower than that of PCa patients, there is no statistical significance, confirming that it is challenging to demonstrate changes in serum albumin and BMI because the early stage of cancer has little effect on the nutritional status of patients.

Many studies have confirmed the value of inflammatory indicators, such as monocyte-to-lymphocyte and platelet-to-lymphocyte ratios, for PCa diagnosis (28–30). Lymphocytes play an essential role in the immune response to cancer because they induce cell apoptosis, inhibit tumor growth and metastasis, and mediate cytotoxicity. Furthermore, studies have demonstrated that a decline in lymphocyte counts indicates a decrease in immune function and that the immune system cannot respond adequately to cancer cells. The formation of microenvironments facilitates cancer cell proliferation and metastasis, leading to poorer clinical outcomes (31, 32). In this study, the lymphocyte count of the non-PCa group is lower than that of the PCa group, which is consistent with the findings of previous studies.

TCH is a component of the CONUT scoring system, which differs from other nutritional status scoring systems. As an essential component of the cell membrane, cholesterol may be related to the proliferation, metastasis, and immune response of tumor cells (33, 34). Muldoon et al. found that patients with hypocholesterolemia had fewer lymphocytes, T lymphocytes, and CD8 + T lymphocytes than patients with hypercholesterolemia (32).

The present study confirms that PSA is still the most important biomarker for PCa diagnosis (35). PSA has disadvantages because it is a prostate-specific antigen but not PCa-specific. In cases of acute prostatitis or benign prostatic hyperplasia, serum PSA levels can rise, making it difficult for PCa diagnosis (36, 37). Additionally, its overuse leads to unnecessary biopsies and related complications. The clinical application of prostate mpMRI and the prostate imaging reporting and data system (PI-RADS) has also improved the diagnosis of PCa and clinically significant PCa in terms of imaging (38). The present study found that the CONUT score combined with PSA and PSAD has a high specificity for PCa diagnosis (0.784). In the medical structure where mpMRI examination is available, the CONUT score combined with PSA, PSAD, and mpMRI has higher specificity in diagnosing PCa (0.881). Even in a medical structure without mpMRI, CONUT score clearly improves the diagnostic value of the combined indicators of PSA and PSAD. The current study has not reported the combination of the aforementioned indicators. We find that AUC from the combination of the aforementioned indicators with CONUT score was higher than without CONUT score. From these data, the present study conclude that the CONUT score may be an excellent auxiliary index for PCa diagnosis in addition to PSA, PSAD, and mpMRI commonly used in clinical practice. These results also demonstrated that the cut-off value of the CONUT score of 1 was significant, and patients with a high CONUT score who reported PCa by biopsy were higher than those with a low CONUT score. Therefore, the present study assume that the significance of the CONUT score for PCa diagnosis would help clinicians identify high-risk patients in time and decide whether to conduct further prostate biopsies. Combining the CONUT score with PSA may help compensate for a deficiency in PSA screening.

Since the three evaluation indexes of CONUT score are commonly used and easy to detect in clinical practice, the CONUT score has the advantage of being simple, cost-effective and reliable in predicting PCa diagnosis, thereby it may also reduce the number of unnecessary clinical biopsies. It is hope that more similar studies can be reported. However, the results of this study should be interpreted in the context of several limitations. Firstly, this study was a retrospective study from a single center, which limited its power and generalizability. Secondly, the sample size was relatively limited, which made it difficult to conduct further verification analysis by dividing patients based on various PSA ranges. Therefore the present study findings would be more meaningful to be confirmed with further prospective research with a larger sample size including various PSA ranges.




5 Conclusion

The CONUT score is an excellent auxiliary index for PCa diagnosis in addition to the commonly used PSA, PSAD, and mpMRI in clinical practice. The evaluation significance of the CONUT score for PCa will help clinicians identify high-risk patients in time and decide whether to conduct a further prostate biopsy. The combined use of the CONUT score and PSA may help reduce the number of unnecessary clinical biopsies. Further prospective trails with a larger sample size are warranted to confirm the present study findings because this study is a retrospective study with a limited sample size.
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