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Purpose

To develop and validate a nomogram for preoperative prediction of lymph node metastasis in patients with progressive muscle-invasive bladder cancer.





Materials and methods

We retrospectively recruited patients, divided them into training and validation cohorts, and gathered patient demographics, pathology data of transurethral bladder tumor resection specimens, imaging findings, and laboratory information. We performed logistic regression analyses, both single-variable and multi-variable, to investigate independent preoperative risk variables and develop a nomogram. Both internal and external validations were conducted to evaluate the predictive performance of this nomogram.





Results

The training cohort consisted of 144 patients with advanced muscle-invasive bladder cancer, while the validation cohort included 62 individuals. The independent preoperative risk factors identified were tumor pathology grade, platelet count, tumor size on imaging, and lymph node size, which were utilized to develop the nomogram. The model demonstrated high predictive accuracy, as evidenced by the area under the receiver operating characteristic curve values of 0.898 and 0.843 for the primary and external validation cohorts, respectively. Calibration curves and decision curve analysis showed a good performance of the nomogram in both cohorts, indicating its high clinical applicability.





Conclusion

A nomogram for preoperative prediction of lymph node metastasis in patients with advanced muscle-invasive bladder cancer was successfully developed; its accuracy, reliability, and clinical value were demonstrated. This new tool would facilitate better clinical decisions regarding whether to perform complete lymph node dissection in cases of radical cystectomy.
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1 Introduction

Bladder cancer (BC) is the sixth most common malignant tumor worldwide, and the ninth leading cause of malignant tumor-related deaths, owing to its high incidence and poor prognosis (1). BC is categorized into two subgroups, namely non-muscle-invasive bladder cancer (NMIBC) and muscle-invasive bladder cancer (MIBC), based on the degree of tumor infiltration into the bladder wall. Approximately 8% of patients diagnosed with NMIBC and 25% of those diagnosed with MIBC experience lymph node metastasis (LNM) (2). The presence of LNM in patients diagnosed with BC is a prognostic factor, indicating a higher likelihood of poor outcomes and aggressive tumor behavior (3). During initial diagnosis, approximately 75–85% of instances of BC are classified as non-muscle-invasive, specifically categorized as pTa, pT1, or carcinoma in situ (CIS) (4), while another 25% are first diagnosed with MIBC, which is referred to as primary muscle-invasive bladder cancer (PMIBC) (5). The conventional therapy for early-stage NMIBC comprises transurethral resection of bladder tumors (TURBT) followed by postoperative bladder instillation chemotherapy. Recurrence is observed in an estimated range of 30–80% of cases, whereas progression to muscle invasion occurs in 1–45% of cases within a span of 5 years (6). Therefore, individuals diagnosed with NMIBC treated with any non-MIBC therapy (TURBT, intracellular therapy) that progressed to MIBC during a later stage of observation are classified as having progressive MIBC (5, 7, 8).

According to a report published by the Bladder Cancer Research Alliance, a total of 162 patients diagnosed with clinical T1G3 disease and who underwent bladder resection were included, of which 30 individuals, accounting for 19% of the cohort, had died due to BC (9). In 50% of these patients, despite undergoing bladder resection in the early stages of disease progression, 17% showed lymph node involvement (9). Previous studies have demonstrated a limited timeframe within which patients diagnosed with high-risk or T1G3 NMIBC, who have previously undergone bladder resection and experienced therapy failure with Bacillus Calmette-Guérin (BCG), showed positive prognosis (10). Progressive BC is a significant adverse prognostic outcome of high-risk NMIBC. Therefore, new indicators for predicting LNM in patients with progressive MIBC are urgently needed.

This study utilized demographic information, pathological characteristics of TURBT specimens, imaging data, and laboratory measurements to identify potential risk variables associated with LNM in patients with progressive MIBC. Additionally, we developed a nomogram for predicting the likelihood of LNM occurrence in patients with progressive MIBC.




2 Materials and methods



2.1 Study population

The patient data utilized in this study underwent a thorough review and de-identification process by the Institutional Ethics Committee at our center. Our study included a cohort of 204 consecutive patients diagnosed with BC who received treatment from January 2012 to June 2022.

The selection of participants was based on the following predefined inclusion criteria: (i) patients diagnosed with NMIBC at Qingdao University Affiliated Hospital (Qingdao, Shandong Province, China) during the specified period, who underwent TURBT following the guidelines of the European Association of Urology (6) and subsequently received laparoscopic RC with extended pelvic lymph node dissection (PLND) up to the level of the aortic bifurcation, due to disease recurrence or progression, and had pathologically-confirmed urothelial carcinoma; (ii) patients who had had pelvic computed tomography (CT)-enhanced imaging performed within 20 days prior to their surgeries; (iii) those for whom clinical characteristics information was available; (iv) patients who received intravesical instillation therapy with pirarubicin following TURBT. The exclusion criteria encompassed two categories: (i) patients who had undergone preoperative treatment, specifically neoadjuvant chemotherapy or radiation therapy; (ii) and patients who had other concomitant malignant conditions.

The participants were categorized into two cohorts, namely a training cohort, comprising 144 individuals who received treatment from January 2012 to June 2019, and a validation cohort, comprising 62 individuals who received treatment from July 2019 to June 2022. All surgeries were performed by trained and experienced surgeons at our medical center. Pathological assessments were conducted by specialized uropathologists using multiple specimens. Pathological grades were categorized into Low-grade urothelial carcinoma (LGPUC) and High-grade urothelial carcinoma (HGPUC) based on the histological characteristics outlined in the grading system for bladder and urinary tract urothelial carcinoma malignancy published by the World Health Organization in 2004.




2.2 Statistical Analysis

The multivariate logistic regression analysis employed forward stepwise selection. Nomograms, receiver operator characteristics (ROC) curves, calibration curves, and decision curve analysis (DCA) were generated using the “calibrate” (11), “glmnet” (12),”rms”, “pROC”, and “rmda” programs in the R software. The statistical analyses were conducted using SPSS version 24.0 and R version 4.1.0. Statistically significant results were defined as having two-tailed p-values of < 0.05.





3 Results



3.1 Independent risk factors for lymph node metastasis and nomogram construction

The research workflow is depicted in Figure 1. Table 1 lists the patient characteristics of those in the training and validation sets. No notable disparities were observed in the baseline characteristics between the training and validation groups. Univariate and multivariate logistic regression analyses were employed to identify the independent risk factors associated with LNM. Table 2 lists the independent risk factors for LNM that demonstrated significant differences between patients with progressive MIBC and LNM and those without LNM, as determined by our univariate analysis. These risk factors, along with the corresponding parameters required for constructing the nomogram, were subsequently incorporated into our binary multivariate logistic regression analysis. The aforementioned parameters encompassed tumor size, lymph node size, and tumor grading.




Figure 1 | Study Flowchart.




Table 1 | Baseline characteristics of the training and validation sets.




Table 2 | Logistic regression analysis of the risk factors for lymph node metastasis.



The risk of developing LNM increased with larger tumors, as indicated by preoperative imaging (odds ratio [OR] = 1.09, 95% confidence interval [CI]:1.05–1.14, p < 0.001). Tumor grading proved to be a significant independent predictor—LNM was more likely to occur in patients with higher-grade tumors compared with those with lower-grade ones (OR = 10.60, 95% CI:1.18–94.97, p < 0.05). Higher platelet counts were associated with an increased risk of LNM (OR = 1.01, 95% CI: (1.00–1.02), p = 0.106). Larger lymph nodes (as visualized on imaging) were more likely to be associated with LNM compared with smaller ones (≥ 10 mm vs. < 5 mm, OR = 35.82, 95% CI:3.37–308.53, p < 0.05; 5–10 mm vs. < 5 mm, OR = 1.11, 95% CI:0.19–6.55). We integrated these independent risk factors to establish a predictive model and established it as a nomogram (Figure 2).




Figure 2 | Nomogram for predicting lymph node metastasis in patients with progressing Muscle-invasive BC.






3.2 Nomogram validation

The nomogram demonstrated an AUC of 0.898 (95% CI: 0.832–0.965) (Figure 3A) in the training cohort, which indicated that the nomogram effectively predicted the likelihood of LNM in patients with BC. The calibration curve (Figure 4A) exhibited a strong resemblance to the theoretical line, indicating that the nomogram had favorable characteristics of reproducibility and dependability. Upon utilization of the nomogram model generated internally, the validation cohort yielded an AUC of 0.843 (95% CI: 0.736–0.951) (Figure 3B), which indicated a substantial level of predictive accuracy in the external validation cohort. The calibration curve (Figure 4B) exhibited a strong resemblance to the ideal line, thereby confirming the satisfactory performance of the nomogram in the external validation cohort as well.




Figure 3 | Predicting the area under the curve of lymph node metastasis (LNM) in patients with bladder cancer (BC) in the training (A) and validation (B) sets.






Figure 4 | Nomogram calibration curves in the training (A) and validation (B) sets (bootstrap method using 1,000 repetitions).






3.3 Clinical value of the nomogram

The findings of our DCA for predicting BC LNM indicated that the model had significant clinical advantages within the primary cohort throughout a threshold range of 0.05–0.90 (Figure 5A) and verified that the nomogram could have the potential to aid in the prediction of LNM in patients with BC within a threshold probability range of 0.15–0.90 (Figure 5B).




Figure 5 | Nomogram decision curves in the training (A) and validation (B) set.







4 Discussion

Lymph nodes are the most common sites of metastasis in patients with BC (13). LNM has also been confirmed as an independent prognostic marker for BC survival. The ability to make preoperative predictions of LNM would facilitate better decisions on the choice between extended or standard LND in the context of bladder-preserving treatment or RC, depending on what is most beneficial in each patient with BC. Several studies have shown significant differences in disease-specific survival between patients with primary and those with progressive MIBC, with worse outcomes recorded in patients with MIBC who have prior histories of superficial BC (14). Therefore, there is significant clinical value in predicting LNM in patients with progressive MIBC.

RC with pelvic LND and urine diversion are the surgical interventions that are often performed in individuals diagnosed with MIBC, as well as in certain patients presenting with high-grade NMIBC (15). Patients with MIBC treated using RC alone, and those with BUC who have LNM, show a 5-year overall survival rate of only 19% (16). Appropriate treatment measures can prolong the survival rates of patients with BC and LNM (17). Previous studies have conducted comprehensive analyses on the impact of extended LND on the survival rates in patients diagnosed with BC and LNM (18). However, the complication rate of RC surgery is quite high, ranging between 62.4 and 85.7%, with 12.7–30% of patients experiencing severe complications (19). Certain patients with MIBC can also achieve quality-adjusted life years following bladder-preserving treatment (20). In some patients with high-grade NMIBC and a lower risk of progression and metastasis, RC may be considered an excessive treatment (21). Therefore, the preoperative prediction of LNM is crucial for optimal clinical decision-making.

Nomograms have the capability to give basic statistical analyses and visual representations of data, which can assist in clinical decision-making processes and foster the advancement of individualized medical interventions. The predictive model incorporated demographic patient variables, as previous research has indicated a negative correlation between age and the likelihood of LNM in patients with BC. For each 10-year increment in age, there was an approximate 20% drop in the probability of LNM (22). Obesity is another significant risk factor for adverse outcomes in patients with NMIBC (23). However, in our study, age and body mass index (BMI) were not independent risk factors for LNM, which may be linked to the different demographic characteristics of patients with progressive NMIBC and those with primary MIBC.

Traditional preoperative examinations often use CT and magnetic resonance imaging (MRI) to determine whether the abdominal and pelvic lymph nodes have been infiltrated by tumors (24). CT and MRI rely on morphological criteria such as lymph node size and shape to predict LNM (25). Conventionally, a short-axis lymph node diameter of 10 mm is the threshold for malignancy on CT and MRI (26). Consequently, This study constructed a precise nomogram for forecasting LNM in individuals diagnosed with BC. This nomogram was designed to integrate commonly used preoperative imaging markers with readily available clinical information. The results of our multifactorial logistic regression analysis indicate that lymph node and tumor sizes observed on imaging are independent risk factors for bladder urothelial carcinoma lymph node metastasis.

Patients with progressive MIBC often undergo TURBT before RC, and the proportion of patients with progressive MIBC who undergo secondary TURBT is higher than that of patients with general progressive MIBC (6). This helps improve the accuracy of histopathological diagnosis. Our univariate analysis showed that tumor grading was significantly higher in patients with BC and LNM compared with those without LNM. The multivariate logistic regression analysis conducted in our study revealed that tumor grade was a significant pathological risk factor for lymph node metastasis in BC. A prior investigation encompassing a cohort of 424 individuals diagnosed with breast cancer revealed a positive correlation between high-grade malignancies and the presence of LNM, consistent with our results (27).

Cantiello et al. confirmed that neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) are associated with the recurrence and progression of NMIBC, with worse oncological outcomes reported in patients with NMIBC with high NLRs and PLRs (28). Ziani et al. found that preoperative NLR values could predict the recurrence, progression, and failure of NMIBC treatment (29). Serum calcium level has also been confirmed to represent a risk factor for BC metastasis and lower pretreatment serum albumin levels have been associated with poorer outcomes following RC (30). In our study, easily measurable preoperative laboratory measurements such as serum calcium, albumin, neutrophil count, lymphocyte count, platelet count, NLR, PLR, and platelet-to-neutrophil ratio (PNR) were used as predictive indicators of LNM in cases of progressive MIBC, with platelet count ultimately being determined to be an independent risk factor. Platelets are critical regulators of lymphatic angiogenesis, aiding both physiological and pathological lymphatic vessel growth by releasing angiogenic factors from specialized alpha granules (31) and are involved in tumor angiogenesis, supporting tumor growth by promoting vascular stability and angiogenesis (32). This may explain why platelet count is an independent risk factor for LNM in cases of progressive MIBC. These effects occur despite our univariate analysis showing significant differences between progressive MIBC LNM and non-LNM MIBC—whereas our multivariate logistic regression analysis found no such differences between the two. These contradictory findings suggest that these biomarkers are controversial and require further analysis in studies with larger sample sizes.

Consequently, the nomogram developed in this study could be a comprehensive tool for preoperatively predicting the likelihood of lymph node metastasis in patients diagnosed with BC. This nomogram incorporates variables such as platelet count, and tumor size as determined by imaging, lymph node size, and tumor pathology grading. To ascertain the clinical significance of the nomogram, we incorporated a comprehensive set of pathological, laboratory, and imaging data from TURBT specimens that are representative and readily attainable. The nomogram showed an AUC of 0.898 (95% CI: 0.832–0.965) in the training cohort, and 0.843 (95% CI: 0.736–0.951) in the external validation cohort, suggesting a favorable level of predictive accuracy. The calibration curves for both the main and validation cohorts demonstrated strong performance throughout the process of internal and external validations. Furthermore, the results of the DCA analysis for both cohorts exhibited a significant degree of clinical applicability.

This study has some limitations. The sample size was limited, which may have affected the generalizability of the findings. Additionally, our internal and external cohorts were derived from the same center. Therefore, additional multi-center investigations remain warranted. Furthermore, among the patients screened based on the inclusion and exclusion criteria, only six were pathologically diagnosed with carcinoma in situ (CIS). Including CIS in the study would introduce selection bias due to our insufficient data, thus CIS was not considered as a covariate. To address the above-mentioned issues, we will conduct multicenter studies with large sample sizes in the future to refine the predictive models based on this study. Furthermore, we will validate the clinical efficacy of the predictive models through prospective research.




5 Conclusion

We developed a nomogram using pathological features from TURBT specimens, imaging data, and laboratory test indicators to predict LNM in patients with progressive MIBC. Following internal and external validation, this nomogram showed high accuracy, reliability, and clinical applicability. Our results have potentially positive implications in the clinical treatment of this vulnerable patient group.





Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.





Ethics statement

The studies involving humans were approved by Ethics Committee, The Affiliated Hospital of Qingdao University. The studies were conducted in accordance with the local legislation and institutional requirements. Written informed consent for participation was not required from the participants or the participants’ legal guardians/next of kin in accordance with the national legislation and institutional requirements.





Author contributions

YQ: Investigation, Software, Writing – original draft. YJ: Data curation, Writing – original draft. LL: Methodology, Writing – original draft. BL: Resources, Writing – original draft. FX: Validation, Writing – review & editing. HW: Formal analysis, Methodology, Writing – review & editing. SL: Supervision, Writing – review & editing.





Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. This study received financial support from Youth Research Fund of Affiliated Hospital of Qingdao University (QDFYQN2023117).





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin. (2021) 71:209–49. doi: 10.3322/caac.21660

2. Lenis, AT, Lec, PM, Chamie, K, and MSHS, M. Bladder cancer: A review. JAMA. (2020) 324:1980–91. doi: 10.1001/jama.2020.17598

3. May, M, Herrmann, E, Bolenz, C, Tiemann, A, Brookman-May, S, Fritsche, HM, et al. Lymph node density affects cancer-specific survival in patients with lymph node–positive urothelial bladder cancer following radical cystectomy. Eur Urol. (2011) 59:712–8. doi: 10.1016/j.eururo.2011.01.030

4. van Rhijn, BWG, Burger, M, Lotan, Y, Solsona, E, Stief, CG, Sylvester, RJ, et al. Recurrence and progression of disease in non-muscle-invasive bladder cancer: from epidemiology to treatment strategy. Eur Urol. (2009) 56:430–42. doi: 10.1016/j.eururo.2009.06.028

5. Cumberbatch, MGK, Jubber, I, Black, PC, Esperto, F, Figueroa, JD, Kamat, AM, et al. Epidemiology of bladder cancer: A systematic review and contemporary update of risk factors in 2018. Eur Urol. (2018) 74:784–95. doi: 10.1016/j.eururo.2018.09.001

6. Babjuk, M, Burger, M, Capoun, O, Cohen, D, Compérat, EM, Dominguez Escrig, JL, et al. European association of urology guidelines on non-muscle-invasive bladder cancer (Ta, T1, and carcinoma in situ). Eur Urol. (2022) 81:75–94. doi: 10.1016/j.eururo.2021.08.010

7. Moschini, M, Sharma, V, Dell’oglio, P, Cucchiara, V, Gandaglia, G, Cantiello, F, et al. Comparing long-term outcomes of primary and progressive carcinoma invading bladder muscle after radical cystectomy. BJU Int. (2016) 117:604–10. doi: 10.1111/bju.13146

8. Vlaming, M, Kiemeney, LALM, and van der Heijden, AG. Survival after radical cystectomy: Progressive versus De novo muscle invasive bladder cancer. Cancer Treat Res Commun. (2020) 25:100264. doi: 10.1016/j.ctarc.2020.100264

9. Masood, S, and Mufti, GR. Outcomes of patients with clinical T1 grade 3 urothelial cell bladder carcinoma treated with radical cystectomy. Urology. (2008) 72:952. doi: 10.1016/j.urology.2008.06.008

10. Schrier, BP, Hollander, MP, van Rhijn, BWG, Kiemeney, LA, and Witjes, JA. Prognosis of muscle-invasive bladder cancer: difference between primary and progressive tumours and implications for therapy. Eur Urol. (2004) 45:292–6. doi: 10.1016/j.eururo.2003.10.006

11. Van Calster, B, Nieboer, D, Vergouwe, Y, De Cock, B, Pencina, MJ, and Steyerberg, EW. A calibration hierarchy for risk models was defined: from utopia to empirical data. J Clin Epidemiol. (2016) 74:167–76. doi: 10.1016/j.jclinepi.2015.12.005

12. Friedman, J, Hastie, T, and Tibshirani, R. Regularization paths for generalized linear models via coordinate descent. J Stat Softw. (2010) 33:1–22. doi: 10.18637/jss.v033.i01

13. Kawada, K, and Taketo, MM. Significance and mechanism of lymph node metastasis in cancer progression. Cancer Res. (2011) 71:1214–8. doi: 10.1158/0008–5472.CAN-10–3277

14. Lok, W, Zhang, J, Zheng, X, Lin, T, Xu, H, Tan, P, et al. Comparison of the survival outcomes between primary and secondary muscle-invasive bladder cancer: a propensity score-matched study. Chin Med J (Engl). (2023) 136:1067–73. doi: 10.1097/CM9.0000000000002512

15. Lenis, AT, Lec, PM, and Chamie, K. Urinary diversion. JAMA. (2020) 324:2222. doi: 10.1001/jama.2020.17604

16. Galsky, MD, Stensland, K, Sfakianos, JP, Mehrazin, R, Diefenbach, M, Mohamed, N, et al. Comparative effectiveness of treatment strategies for bladder cancer with clinical evidence of regional lymph node involvement. JCO. (2016) 34:2627–35. doi: 10.1200/JCO.2016.67.5033

17. Darwish, C, Sparks, A, Amdur, R, Reddy, A, and Whalen, M. Trends in treatment strategies and comparison of outcomes in lymph node positive bladder cancer: an analysis of the national cancer database. Urology. (2020) 146:168–76. doi: 10.1016/j.urology.2020.06.091

18. Ghodoussipour, S, and Daneshmand, S. Current controversies on the role of lymphadenectomy for bladder cancer. Urologic Oncology: Semin Original Investigations. (2019) 37:193–200. doi: 10.1016/j.urolonc.2018.05.005

19. Haas, M, Huber, T, Pickl, C, van Rhijn, BWG, Gužvić, M, Gierth, M, et al. The comprehensive complication index is associated with a significant increase in complication severity between 30 and 90 days after radical cystectomy for bladder cancer. Eur J Surg Oncol. (2021) 47:1163–71. doi: 10.1016/j.ejso.2020.09.040

20. Royce, TJ, Feldman, AS, Mossanen, M, Yang, JC, Shipley, WU, Pandharipande, PV, et al. Comparative effectiveness of bladder-preserving tri-modality therapy versus radical cystectomy for muscle-invasive bladder cancer. Clin Genitourinary Cancer. (2019) 17:23–31.e3. doi: 10.1016/j.clgc.2018.09.023

21. Klaassen, Z, Kamat, AM, Kassouf, W, Gontero, P, Villavicencio, H, Bellmunt, J, et al. Treatment strategy for newly diagnosed T1 high-grade bladder urothelial carcinoma: new insights and updated recommendations. Eur Urol. (2018) 74:597–608. doi: 10.1016/j.eururo.2018.06.024

22. Hellenthal, NJ, Ramírez, ML, Evans, CP, deVere White, RW, and Koppie, TM. Trends in pelvic lymphadenectomy at the time of radical cystectomy: 1988 to 2004. J Urol. (2009) 181:2490–5. doi: 10.1016/j.juro.2009.02.031

23. Kluth, LA, Xylinas, E, Crivelli, JJ, Passoni, N, Comploj, E, Pycha, A, et al. Obesity is associated with worse outcomes in patients with T1 high grade urothelial carcinoma of the bladder. J Urol. (2013) 190:480–6. doi: 10.1016/j.juro.2013.01.089

24. Lam, TBL. Optimizing the diagnosis of pelvic lymph node metastasis in bladder cancer using computed tomography and magnetic resonance imaging. Cancer Commun (Lond). (2018) 38:2. doi: 10.1186/s40880–018-0271–6

25. Saokar, A, Islam, T, Jantsch, M, Saksena, MA, Hahn, PF, and Harisinghani, MG. Detection of lymph nodes in pelvic Malignancies with Computed Tomography and Magnetic Resonance Imaging. Clin Imaging. (2010) 34:361–6. doi: 10.1016/j.clinimag.2009.07.004

26. Anzai, Y, Piccoli, CW, Outwater, EK, Stanford, W, Bluemke, DA, Nurenberg, P, et al. Evaluation of neck and body metastases to nodes with ferumoxtran 10-enhanced MR imaging: phase III safety and efficacy study. Radiology. (2003) 228:777–88. doi: 10.1148/radiol.2283020872

27. Kim, HS, Moon, KC, Jeong, CW, Kwak, C, Kim, HH, and Ku, JH. Histological variant as the significant predictor of survival in patients with lymph node positive urothelial carcinoma of the bladder. Sci Rep. (2015) 5:9626. doi: 10.1038/srep09626

28. Cantiello, F, Russo, GI, Vartolomei, MD, Farhan, ARA, Terracciano, D, Musi, G, et al. Systemic inflammatory markers and oncologic outcomes in patients with high-risk non-muscle-invasive urothelial bladder cancer. Eur Urol Oncol. (2018) 1:403–10. doi: 10.1016/j.euo.2018.06.006

29. Ziani, I, Ibrahimi, A, Zaoui, Y, Sayegh, HEL, Abouqal, R, Nouini, Y, et al. Role of preoperative neutrophil to lymphocyte ratio in prediction of recurrence, progression, and BCG failure in non-muscle invasive bladder cancer: a retrospective study. Pan Afr Med J. (2023) 44:145. doi: 10.11604/pamj.2023.44.145.38621

30. Huang, P, Lan, M, Peng, A-F, Yu, Q-F, Chen, W-Z, Liu, Z-L, et al. Serum calcium, alkaline phosphotase and hemoglobin as risk factors for bone metastases in bladder cancer. PloS One. (2017) 12:e0183835. doi: 10.1371/journal.pone.0183835

31. Roweth, HG, and Battinelli, EM. Platelets and (Lymph)angiogenesis. Cold Spring Harb Perspect Med. (2023) 13:a041174. doi: 10.1101/cshperspect.a041174

32. Haemmerle, M, Stone, RL, Menter, DG, Afshar-Kharghan, V, and Sood, AK. The platelet lifeline to cancer: challenges and opportunities. Cancer Cell. (2018) 33:965–83. doi: 10.1016/j.ccell.2018.03.002




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2024 Qiao, Jia, Luo, Li, Xie, Wang and Li. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-14-1342244-g005.jpg
Net benefit

215

210

005

Treat all
Treat none

- Vald model

00

0.1

02

0.3

04

05

06

Threshold Probability

07 08

0.9

Net benefit

03

02

01

0.0

Treat all
Treat none
~——— Vald model

00

0.1

0.2

03

04

05

06

Threshold Probability

07 08

08





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Development and validation of a nomogram to predict lymph node metastasis in patients with progressive muscle-invasive bladder cancer

      

        		

          Purpose

        



        		

          Materials and methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Study population

          



          		

            2.2 Statistical Analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Independent risk factors for lymph node metastasis and nomogram construction

          



          		

            3.2 Nomogram validation

          



          		

            3.3 Clinical value of the nomogram

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fonc-14-1342244-g001.jpg





OEBPS/Images/table2.jpg
Variables Beta  SE (95% CI) p aBeta aSE azZ (95% ClI)

Age (years) 0.01 0.02 0.60 1.01 (0.97-1.06) 0.547

Weight (kg) -0.03 0.02 -121 0.97 (0.94-1.02) 0.228

BMI (kg/m®) 0.03 0.02 L14 1.03 (0.98-1.07) 0.255

Tumor size (cm) 0.08 0.02 4.89 1.09 (1.05-1.12) <.001 0.09 0.02 4.02 1.09 (1.05-1.14) <.001
Serum calcium (mmol/L) 227 1.68 135 9.68 (0.36-259.76) 0.176

Albumin (mmol/L) -0.02 0.03 -0.82 0.98 (0.93-1.03) 0.415

Neutrophil count (mmol/L) 0.02 0.07 0.30 1.02 (0.89-1.18) 0.761

Lymphocyte count (mmol/L) -0.60 0.35 -1.70 0.55 (0.27-1.10) 0.089

Platelet count (mmol/L) 0.01 0.00 2.08 1.01 (1.01-1.01) 0.037 0.01 0.00 1.62 1.01 (1.00-1.02) 0.106
NLR 0.05 0.05 0.95 1.05 (0.95-1.17) 0.341

PLR 0.01 0.00 242 1.01 (1.01-1.01) 0.015

PNR -0.00 0.01 -0.33 1.00 (0.98-1.01) 0.742

Sex (%)

male 1.00 (Reference)

Female -0.13 0.55 -0.23 0.88 (0.30-2.57) 0.816

Lymph node size (%)

< 5mm | 1.00 (Reference) ) 1.00 (Reference)

5-10mm 0.81 0.64 1.26 2.24 (0.64-7.84) 0.206 0.02 0.84 0.02 1.02 (0.20-5.29) 0.985
= 10mm 3.49 0.83 4.19 32.79 (6.42-167.47) <.001 3.51 119 295 33.49 (3.24-346.49) 0.003
TURBT grade (%)

low grade 1.00 (Reference) 1.00 (Reference)

high-grade 2.10 1.04 2.02 8.18 (1.06-63.03) 0.044 232 110 2.10 10.15 (1.17-88.01) 0.035

CI, confidence interval; OR, odds ratio; SE, standard error.
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Age (years)

Weight (kg)

BMI (kg/m®)

Tumor size (cm)

Serum calcium (mmol/L)
Albumin (g/L)

Neutrophil count (mmol/L)
Lymphocyte count (mmol/L)
Platelet count (mmol/L)
NLR

PLR

PNR

Sex (%)

Male

Female

Lymph node size (%)

< 5mm

5-10mm

= 10mm

TURBT grade (%)

low grade

high-grade

68.73 £ 9.56

66.34 + 10.42

23.50 (21.20-25.40)
29.00 (18.23-44.00)
225 (2.19-234)
40.27 (37.59-43.20)
4.14 (3.16-5.45)

1.81 (1.31-2.23)
233.00 (196.25-276.00)
233 (1.67-3.04)
128.11 (97.98-180.63)

56.77 (44.53-73.22)

170 (82.52)

36 (17.48)

165 (80.1)
27 (13.11)

14 (6.8)

38 (18.45)

168 (81.55)

68.61 £ 9.42
66.07  10.61

23.30 (21.25-25.60)
29.00 (19.75-44.00)
224 (2.18-2.32)

39.80 (36.89-42.59)
411 (3.23-5.50)

175 (131-2.11)
233,00 (195.75-277.00)
238 (1.64-331)

12951 (98.54-184.38)

55.05 (43.17-73.85)

115 (79.86)

29 (20.14)

116 (80.56)
17 (11.81)

11 (7.64)

29 (20.14)

115 (79.86)

69.00 + 9.96

66.95 + 10.02

23.70 (21.35-25.23)
30.50 (15.95-44.00)
227 (2.20-2.37)
41.40 (38.77-44.50)
416 (3.16-5.30)

1.94 (1.48-2.38)
236,00 (205.50-275.00)
2.27 (1.80-2.88)
124.41 (98.03-165.62)

59.02 (45.68-71.55)

55 (88.71)

7 (11.29)

49 (79.03)
10 (16.13)

3(4.84)

9 (14.52)

53 (85.48)

t=-0.267
t=-0.553
Z=10238
Z=0.265
Z=1575
Z=2474
Z=0.182
Z=1208
Z=10.591
Z=0772
Z=0.368
Z = 0.866

¥ =2353

¥ = 1131

¥ =0911

0.790

0.581

0.812

0.791

0.115

0.013

0.855

0.227

0.554

0.440

0.713

0.386

0.125

0.568

0.340

BMI, body mass index; LNM, lymph node metastasis; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; PNR, platelet-to-neutrophil ratio; SD, standard deviation.
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