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Introduction

Peptide receptor radionuclide therapy (PRRT) is a treatment option for well-differentiated, somatostatin receptor positive, unresectable or/and metastatic neuroendocrine tumors (NETs). Although high disease control rates seen with PRRT a significant number NET patients have a short progression-free interval, and currently, there is a deficiency of effective biomarkers to pre-identify these patients. This study is aimed at determining the prognostic significance of biomarkers on survival of patients with NETs in initial PRRT treatment.





Methodology

We retrospectively analyzed 51 patients with NETs treated with PRRT at the Department for nuclear medicine, University Clinical Center Kragujevac, Serbia, with a five-year follow-up. Eligible patients with confirmed inoperable NETs, were retrospectively evaluated hematological, blood-based inflammatory markers, biochemical markers and clinical characteristics on disease progression. In accordance with the progression og the disease, the patients were divided into two groups: progression group (n=18) and a non-progression group (n=33). Clinical data were compared between the two groups.





Results

A total of 51 patients (Md=60, age 25-75 years) were treated with PRRT, of whom 29 (56.86%) demonstrated stable disease, 4 (7.84%) demonstrated a partial response, and 14 (27.46%) demonstrated progressive disease and death was recorded in 4 (7.84%) patients. The mean PFS was a 36.22 months (95% CI 30.14-42.29) and the mean OS was 44.68 months (95% CI 37.40-51.97). Univariate logistic regression analysis displayed that age (p<0.05), functional tumors (p<0.05), absolute neutrophil count (p<0.05), neutrophil-lymphocyte ratio-NLR (p<0.05), C-reactive protein-CRP (p<0.05), CRP/Albumin (p<0.05), alanine aminotransferase-ALT (p<0.05), were risk factors for disease progression. Multivariate logistic regression analysis exhibited that functional tumors (p<0.001), age (p<0.05), CRP (p<0.05), and ALT (p<0.05), were independent risk factors for the disease progression in patients with NETs. Tumor functionality was the most powerful prognostic factor. The median PFS (11.86 ± 1.41 vs. 43.38 ± 3.16 months; p=0.001) and OS (21.81 ± 2.70 vs 53.86 ± 3.70, p=0.001) were significantly shorter in patients with functional than non-functional NETs respectively.





Conclusion

The study’s results suggest that tumor functionality, and certain biomarkers may serve as prognostic survival indicators for patients with NETs undergoing PRRT. The findings can potentially help to identify patients who are at higher risk of disease progression and tailor treatment strategies accordingly.
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1 Introduction

Neuroendocrine tumors (NETs) are a heterogenous group of tumors originating from widely distributed neuroendocrine cells that have both “neuro” and “endocrine” features (1). This entity with a broad spectrum of clinical manifestations and complex histopathological characteristics differs in grade, differentiation, functional status, and primary site (2). Although the biological behavior of the majority of well-differentiated NETs is relatively indolent, others may be more aggressive and associated with poor prognosis (3). Over the past few decades, peptide receptor radionuclide therapy (PRRT) with radiolabeled somatostatin analogs (SSAs) has gain momentum in the management of inoperable or metastatic, well-differentiated NETs that express somatostatin receptors (SSTR). The range of indication for PRRT was expanded overtime, from gastroenteropancreatic (GEP) NETs to the treatment of SSR positive bronchopulmonary NETs (BP-NETs), paraganglioma and medullary thyroid cancers (4–6). It was shown in NETTER-1 trial that PRRT plus long-acting octreotide improve progression-free survival (PFS) and overall survival (OS) in advanced midgut NETs in comparison to high dose of long-acting octreotide treatment alone (7). Despite high disease control rates seen with PRRT, a subset of the NET population will not respond to radionuclide therapy or even disease progression will be registered (8). Therefore, in order to predict the anti-tumor effect of PRRT, it is necessary to determine reliable response predictors including clinical parameters, biomarkers or imaging (9). Recently, it has been more obvious that inflammatory response also affects tumor growth and patient outcomes (10). Several studies have pointed out the prognostic role of hematological and other blood-based markers of inflammation, including neutrophil/lymphocyte ratio (NLR), platelet/lymphocyte ratio (PLR), CRP/albumin ratio (CRP/Alb) in treatment outcomes of patients receiving 177-Lu based PRRT (9–11). The objective of this study is to evaluate the prognostic abilities of inflammatory and other clinical markers in patients with neuroendocrine tumors who are initiating PRRT.




2 Materials and methods

This retrospective study included 51 NET patients who received PRRT in the University Clinical Center Kragujevac, Serbia, covering a 5-year follow-up period (2018-2023). All patients were evaluated and determined to be eligible for PRRT by a dedicated NETs Tumor Board at the University Clinical Center Serbia, Belgrade. The main inclusion criteria were pathologically and clinically confirmed NET with positive SSTR-based imaging (99mTc-HYNIC-TOC). Patients with autoimmune diseases and other primary tumors were excluded. The Ethics Committee of the University Clinical Center Kragujevac approved the study (01/23-132).

Patients data as age, gender, tumor localization, pathological findings (WHO classification, tumor size, lymph node metastasis, histological grade, and mitosis), and distant metastasis were collected from the electronic medical records system. Peripheral blood tests (blood count, liver and kidney function, albumin level, CRP, hormonal secretion) were performed before first PRRT. Based on their origin, NETs were categorized into three groups: GEP, lungs, and other organs. Tumor grade was classified as grade 1, grade 2, or grade 3 (12). Tumor functionality was assessed based on the presence of typical clinical symptoms associated with carcinoid syndrome (facial flushing, abdominal pain, diarrhea, bronchospasm) and elevated 24-hour urine levels of 5-hydroxyindoleacetic acid (5-HIAA), chromogranin (CgA) and NSE (13).

There was an interval of 4-6 weeks between the use of long-acting SSA and PRRT. PRRT was administered following a standardized Lu-177 based protocol with a dosage of 5.55 GBq per cycle. The cycles were repeated at intervals of 8-12 weeks, mostly DOTA-octreotate based SSA with median cumulative activity of 22 GBq, median four cycles. Renal protection with an amino acid-based solution was administered during the PRRT treatment.



2.1 Determination of biochemical and hematological parameters

The concentrations of biochemical markers were measured using standard methods in Laboratory diagnostic service of the University Clinical Center Kragujevac. Serum concentrations of ferritin, C-reactive protein-CRP, aspartate aminotransferase-AST, alanine aminotransferase-ALT, creatine kinase-CK, lactate dehydrogenase-LDH, renal function test (urea and creatinine) were determined by the reagents (Beckman Coulter Inc. Brea, USA) certified and validated for the use on Olympus AU680 Analyzer. Using the blood count results: platelets and absolute counts of white blood cells subtypes (neutrophils, monocytes, lymphocytes), the indices were computed: platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), and systemic inflammation response index (SIRI). SIRI was defined as multiplication of neutrophils and monocytes divided by lymphocytes count. We assessed CRP to albumin ratio (CRP/Alb) by dividing CRP in mg/L through albumin in g/L. Plasma chromogranin A (CgA) was assessed by ELISA kit, serum neuron-specific enolase-NSE was measured by an immunoradiometric assay (IRMA), 5-hydroxy-3-indoleacetic acid-5-HIAA was measured in 24-hour excreted urine by ELISA.




2.2 Follow-up

Evaluation of response to therapy was done using contrast-enhanced MDCT or MRI (4-8 weeks after 2 applied cycles). The results of PRRT were interpreted according to RECIST 1.1. According to the response to the therapy, the patients were divided into two groups, the group with progression (PD) and the group without progression (SD or PR). The primary endpoints were overall survival (OS) and Progression free survival (PFS). OS was defined as the interval between the date of first PRRT and death from any cause. PFS was defined as the time from the date of the first-PRRT to the time of the disease progression.




2.3 Statistics

The collected data underwent descriptive statistical analysis methods. Significance of difference for continuous variables was assessed using the parametric Student’s t-test and, in the case of non-normal data distribution, nonparametric tests such as the Mann–Whitney U test were employed. Categorical variables were analyzed using the χ2 test. Statistical significance was determined when the probability of the null hypothesis was less than 5% (p<0.05). Variables that marked as significant predictors for disease progression in univariate logistic analysis were subsequently subjected to multivariate binary logistic regression. To control for false discovery rate in multiple comparisons, the Benjamini–Hochberg method was applied for p-value correction. The length of survival was evaluated using the Kaplan-Meier method, while differences between groups were assessed using the log-rank test. SPSS-20 statistical software for Windows was used to calculate and process the data (Chicago, IL, USA).





3 Results

Study included 51 patients with a mean age of 59.83 ± 10.83 years, median 60 years (range 25–75) at enrollment. Among those enrolled, 26 (50.98%) were female and 25 (49.02%) were male, and 84.70% of the patients were in good health (ECOG performance status) (14). GEP-NETs were the most common primary tumors (52.94%), BP-NETs were being present in 21.56%, and others were unknown primary origin. There were 31 (60.78%) non-functioning NETs and 20 (39.22%) functioning NETs. Based on the Ki-67 proliferation index of the tumor, predominantly disease grade was G2 (45.10%), compared to G1 (27.45%) and G3 (27.45%). Other baseline characteristics are shown in Table 1. Long acting somatostatin analogues were administered to 48 (94.11%) patients.


Table 1 | Analysis of risk factors for disease progression in patients with NETs treated with PRRT.



The results of our study show that the five year overall survival is 84.31%. At the time of the analysis, the median OS for both groups had not been reached, while the mean OS was 44.68 months (95% CI 37.40-51.97). Mean value of PFS was a 36.22 months (95% CI 30.14-42.29). After the introduction phase, the vast of the patients (72.47%) achieved control of the disease with SD verified in 29 (56.86%) patients and PR found in 4 (7.84%) patients, by RECIST 1.1 criteria. However, 14 (27.46%) patients had PD and death was recorded in 4 (7.84%) patients. Complete response was not observed during the five-year follow-up. The PRRT was commonly tolerated well and no grade 3 and 4 toxicity was reported, based on the National Cancer Institute Common Terminology Criteria for Adverse Events-CTCAE, version 5.0.

Univariate analysis showed that, among all variables, only 7 parameters had a statistically significant impact on the progression onset (age, functional tumors, absolute neutrophil count, NLR, CRP, CRP/Albumin, ALT). Variables that had been demonstrated the statistically significance (p<0.05) according to univariate analysis (Table 1), were further analyzed using multivariate logistic regression. Multivariate regression analysis emphasized that age, functionality, ALT and CRP are an independent risk factor for shorter PFS (Table 2).


Table 2 | Multivariate binary logistic regression for disease progression factors in patients with NETs treated with PRRT.



Furthermore, multivariate regression analysis indicated that tumor functionality was the most powerful prognostic factor on the appearance of progression (p<0.001). The Figure 1 presents that functional NETs have a lower PFS and OS. Kaplan–Meier analysis showed that for the study group, the median PFS was significantly shorter in patients with functional (11.86 ± 1.41, median 10, 95% CI: 9.06-14.64 months) than non-functional tumors (43.38 ± 3.16, 95% CI: 37.18-49.58 months), with statistical significance of p=0.001 (Mantel-Cox), HR 0.188 (0.069-0.516). In addition, OS was inversely related to tumor functionality too. In the subgroup analysis, median OS was shorter (p=0,001, Mantel-Cox) in patients with functional tumors (21.81 ± 2.70, median 25, 95% CI: 16.51-27.11 months) contrast to non-functional tumors (53.86 ± 3.70, 95% CI: 46.61-61.12 months), HR 0.155 (0.053-0.458).




Figure 1 | Survival trends in patients with NETs. Kaplan–Meier curves of OS and PFS in patients with NETs treated with PRRT based on their functional status.






4 Discussion

In this study, we analyzed the prediction of survival in patients treated with PRRT therapy in a cohort of 51patients with well-differentiated NETs from different sites of primary origin.

According to the literature, the median age at diagnosis of NETs typically falls within the range of 61-69 years (3, 15–19). Consistent with these findings, our study also revealed a similar pattern, with mean age of 59.83 ± 10.83. We further demonstrated that age had a statistically significant hazard ratio (1.191, 95% CI 0.930-1.525, p=0.027) affecting survival, suggesting that NETs may be more progressive in older individuals compared to younger ones. Specifically, it has been reported that patients over 40 years of age have an increased risk of death (15–17), although the clinical benefit of PRRT is satisfactory in both older and younger patients (16). In the literature, it has been shown that females tend to have better survival compared to males in the context of NETs (18, 19). However, our study did not find a significant association between gender and survival outcomes. In this study, about a half (45.10%) of NETs were G2, followed by G1 and G3 (27.45% respectively), based on the 2017 WHO criteria (12). We found that the higher the grade of the NETs were more associated with the poorer prognosis, without statistical significance between groups.

Predictive factors of PRRT response are lacking. Here, we aimed to identify predictors of treatment response by evaluating chronic inflammation markers. Chronic inflammation play an important role in the proliferation of malignant cells, angiogenesis, and metastasis of NETs and other neoplasms (8, 10, 20–26). There is increasing evidence that markers of inflammation can be used for the prognostic evaluation of various malignant tumors, including NETs. Inflammatory indexes in the blood, like NLR and PLR, are low cost, easily feasible, and can be measured repeatedly (10, 20–25). The study revealed that patients with disease progression had significantly higher levels of neutrophils, CRP, CRP/Alb and NLR. The secretion of growth factors from malignant cells causes the increased number of neutrophils in cancer patients. Additionally, neutrophils secrete cytokines that can impact the proliferation, spread, and metastasis of tumor cells (21).

Previous studies evaluated inflammatory markers like PLR, SIRI, CRP/Alb ratio, and showed that the high NLR and PLR significantly correlated with worse PFS and OS (20–25). Univariate analysis revealed that patients with an increased neutrophils count, high NLR, CRP, CRP/Alb, ALT, older patients and patients with functional NET had shorter OS and DFS. A high NLR and CRP most likely reflects an inadequate immune response that does not eliminate the tumor, but creates an environment suitable for its growth. Although the levels of these markers were higher in the study group, multivariate analysis demonstrated that only age, functionality, ALT and CRP remained significant as independent prognostic factor for disease progression and survival. ALT and AST transaminasis, reflecting the grade of liver impairment. The detected significance of ALT serum levels can be explained by reflecting liver involvement. In the literature, patients with normal ALT level had a longer PFS, suggesting that the levels of liver transaminases have a guiding effect on prognosis (26, 27).

Chromogranin A had been used as a valuable tumor marker in NETs and elevated levels of CgA and 5-HIAA as well, has previously been associated with poor prognosis was associated with poor outcome (28, 29). In the current patient population, CgA, 5-HIAA and NSE levels was not found to significantly affect survival, although higher levels of these biomarker were noticed in progression group.

The reported 5-year overall survival of 84.31% in the current study cohort was within the reported range in the literature (30–32). Mean PFS and OS in our study was 36.22 and 44.68 months respectively, which is slightly lower compared to values demonstrated in other studies (29, 32). Differences between the current study and the literature exist due to enrollment of lung and G3 NETs, treated with PRRT. The patients with GEP-NET are known to have a much better survival than patients with primary lung NETs. Other studies included only patients with G1 and/or G2 tumors, who probably have a longer OS than patients with G3 grade tumors (33).

The majority NETs are non-functional, as reported in this study (60.78%) and in the literature (60-90%) (8). Functional NETs are known to have a wide spectrum of biological and/or growth behavior. Therefore, management of functional types of NETs is very complex and remains an unmet clinical challenge. Treatment strategy often depends on the presence of various symptoms, grade of the tumor, and clinical stage (34, 35).

As shown in our series, the presence of functional NETs are associated with poor OS and PFS, respectively (Figure 1). Also, non-functioning tumors may alter behavior and/or become functioning and perception of this is essential concerning the strategies for the treatment options. This adds to our knowledge about PRRT in various NET groups and may help when assessing who can benefit from PRRT therapy.

In conclusion, NETs are heterogeneous group of neoplasms that could be treated with various therapeutic approach. We demonstrate that patients with well-differentiated NETs treated with PRRT, the existence of functional tumors is the major independent predictor for survival outcomes. Additionally, age, ALT, CRP, are useful independent risk factor for predicting survival in patients with NETs.



4.1 Limitations of study

This study had its limitations. The current series was based on a relatively small sample size, which was performed retrospectively and the heterogeneity of the patients population. However, the low incidence of NETs is well-known and the number of patients treated PRRT, so this limitation applies to many studies in the field.






Data availability statement

The datasets presented in this study can be found in online repositories. The names of the repository/repositories and accession number(s) can be found in the article/supplementary material.





Ethics statement

The studies involving humans were approved by Ethics Committee of the University Clinical Center Kragujevac (01/23-132). The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.





Author contributions

VlV: Visualization, Writing – original draft, Writing – review & editing, Conceptualization, Formal analysis, Project administration, Investigation, Methodology, Supervision, Validation. KV: Investigation, Methodology, Project administration, Writing – original draft, Writing – review & editing, Data curation, Formal analysis, Validation. MZ: Data curation, Formal analysis, Software, Validation, Writing – review & editing, Methodology, Writing – original draft. ADa: Conceptualization, Data curation, Resources, Supervision, Validation, Writing – review & editing. NM: Conceptualization, Data curation, Formal analysis, Visualization, Writing – review & editing. MM: Conceptualization, Formal analysis, Supervision, Validation, Writing – review & editing. VlI: Data curation, Formal analysis, Software, Supervision, Validation, Visualization, Writing – review & editing. IS: Conceptualization, Data curation, Formal analysis, Supervision, Validation, Writing – original draft, Writing – review & editing. SD: Conceptualization, Data curation, Formal analysis, Supervision, Writing – review & editing. MS: Conceptualization, Project administration, Supervision, Visualization, Writing – review & editing. MB: Formal analysis, Investigation, Software, Validation, Visualization, Writing – review & editing. MV: Conceptualization, Validation, Writing – review & editing. ADj: Conceptualization, Supervision, Validation, Writing – review & editing. VeV: Conceptualization, Supervision, Validation, Writing – review & editing. VeI: Conceptualization, Data curation, Formal analysis, Investigation, Methodology, Validation, Visualization, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





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. Oronsky, B, Ma, PC, Morgensztern, D, and Carter, CA. Nothing but NET: A review of neuroendocrine tumors and carcinomas. Neoplasia (2017) 19(12):991–1002. doi: 10.1016/j.neo.2017.09.002

2. Zhang, JY, and Kunz, PL. Making sense of a complex disease: A practical approach to managing neuroendocrine tumors. JCO Oncol Pract (2022) 18(4):258–64. doi: 10.1200/OP.21.00240

3. Xu, Z, Wang, L, Dai, S, Chen, M, Li, F, Sun, J, et al. Epidemiologic trends of and factors associated with overall survival for patients with gastroenteropancreatic neuroendocrine tumors in the United States. JAMA Netw Open (2021) 4(9):e2124750. doi: 10.1001/jamanetworkopen.2021.24750

4. Bodei, L, Ćwikla, JB, Kidd, M, and Modlin, IM. The role of peptide receptor radionuclide therapy in advanced/metastatic thoracic neuroendocrine tumors. J Thorac Dis (2017) 9(Suppl 15):S1511–23. doi: 10.21037/jtd.2017.09.82

5. Severi, S, Bongiovanni, A, Ferrara, M, Nicolini, S, Di Mauro, F, Sansovini, M, et al. Peptide receptor radionuclide therapy in patients with metastatic progressive pheochromocytoma and paraganglioma: long-term toxicity, efficacy and prognostic biomarker data of phase II clinical trials. ESMO Open (2021) 6(4):100171. doi: 10.1016/j.esmoop.2021.100171

6. Hayes, AR, Crawford, A, Al Riyami, K, Tang, C, Bomanji, J, Baldeweg, SE, et al. Metastatic medullary thyroid cancer: the role of 68Gallium-DOTA-somatostatin analogue PET/CT and peptide receptor radionuclide therapy. J Clin Endocrinol Metab (2021) 106(12):e4903–16. doi: 10.1210/clinem/dgab588

7. Strosberg, JR, Caplin, ME, Kunz, PL, Ruszniewski, PB, Bodei, L, Hendifar, A, et al. 177Lu-Dotatate plus long-acting octreotide versus high-dose long-acting octreotide in patients with midgut neuroendocrine tumours (NETTER-1): final overall survival and long-term safety results from an open-label, randomised, controlled, phase 3 trial. Lancet Oncol (2021) 22(12):1752–63. doi: 10.1016/S1470-2045(21)00572-6

8. Ohlendorf, F, Werner, RA, Henkenberens, C, Ross, TL, Christiansen, H, Bengel, FM, et al. Predictive and prognostic impact of blood-based inflammatory biomarkers in patients with gastroenteropancreatic neuroendocrine tumors commencing peptide receptor radionuclide therapy. Diagnostics (Basel) (2021) 11(3):504. doi: 10.3390/diagnostics11030504

9. Puliani, G, Chiefari, A, Mormando, M, Bianchini, M, Lauretta, R, and Appetecchia, M. New insights in PRRT: lessons from 2021. Front Endocrinol (Lausanne) (2022) 13:861434. doi: 10.3389/fendo.2022.861434

10. Oh, D, Pyo, JS, Chung, KH, and Son, BK. The predicting role of the neutrophil-to-lymphocyte ratio for the tumor grade and prognosis in pancreatic neuroendocrine tumors. Diagnostics (Basel). (2022) 12(3):737. doi: 10.3390/diagnostics12030737

11. Satapathy, S, Bhattacharya, A, Sood, A, Kapoor, R, Gupta, R, Sood, A, et al. Hematological markers as predictors of treatment outcomes with lutetium 177 (177Lu)-DOTATATE in patients with advanced neuroendocrine tumors. Cancer BiotherRadiopharm (2022) 37(1):23–9. doi: 10.1089/cbr.2021.0053

12. Gheorghișan-Gălățeanu, AA, Ilieșiu, A, Lambrescu, IM, and Țăpoi, DA. The complex histopathological and immunohistochemical spectrum of neuroendocrine tumors-an overview of the latest classifications. Int J Mol Sci (2023) 24(2):1418. doi: 10.3390/ijms24021418

13. Öberg, K. Management of functional neuroendocrine tumors of the pancreas. Gland Surg (2018) 7(1):20–7. doi: 10.21037/gs.2017.10.08

14. Oken, MM, Creech, RH, Tormey, DC, Horton, J, Davis, TE, McFadden, ET, et al. Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am J Clin Oncol (1982) 5(6):649–55. doi: 10.1097/00000421-198212000-00014

15. White, BE, Rous, B, Chandrakumaran, K, Wong, K, Bouvier, C, Van Hemelrijck, M, et al. Incidence and survival of neuroendocrine neoplasia in England 1995–2018: A retrospective, population-based study. Lancet Regional Health - Europe (2022) 23:100510. doi: 10.1016/j.lanepe.2022.100510

16. Wang, Z, Jiang, W, Zheng, L, Yan, J, Dai, J, Huang, C, et al. Consideration of age is necessary for increasing the accuracy of the AJCC TNM staging system of pancreatic neuroendocrine tumors. Front Oncol (2019) 9:906. doi: 10.3389/fonc.2019.00906

17. Vinault, S, Mariet, AS, Le Bras, M, Mirallié, E, Cardot-Bauters, C, Pattou, F, et al. Metastatic Potential and Survival of Duodenal and Pancreatic Tumors in Multiple Endocrine Neoplasia Type 1: A GTE and AFCE Cohort Study(Groupe d’etude des Tumeurs Endocrines and Association Francophone de Chirurgie Endocrinienne). Ann Surger (2020) 272(6):1094–101. doi: 10.1097/SLA.0000000000003162

18. Theiler, D, Cattaneo, M, Dierickx, LO, Igaz, P, Grozinsky-Glasberg, S, Bournaud, C, et al. Safety and efficacy of peptide-receptor radionuclide therapy in elderly neuroendocrine tumor patients. Cancers (Basel) (2021) 13(24):6290. doi: 10.3390/cancers13246290

19. Wyld, D, Wan, MH, Moore, J, Dunn, N, and Youl, P. Epidemiological trends of neuroendocrine tumours over three decades in Queensland, Australia. Cancer Epidemiol (2019) 63:1–8. doi: 10.1016/j.canep.2019.101598

20. Solak, M, Kraljević, I, Zibar Tomšić, K, Kaštelan, M, Kakarigi, L, and Kaštelan, D. Croatian ACC study group. Neutrophil-lymphocyte ratio as a prognostic marker in adrenocortical carcinoma. Endocr Res (2021) 46(2):74–9. doi: 10.1080/07435800.2020.1870234

21. Zhou, B, Zhan, C, Wu, J, Liu, J, Zhou, J, and Zheng, S. Prognostic significance of preoperative neutrophil-to-lymphocyte ratio in surgically resectable pancreatic neuroendocrine tumors. Med Sci Monit (2017) 23:5574–88. doi: 10.12659/MSM.907182

22. Xiong, S, Dong, L, and Cheng, L. Neutrophils in cancer carcinogenesis and metastasis. J Hematol Oncol (2021) 14(1):173. doi: 10.1186/s13045-021-01187-y

23. Wiese, D, Kampe, K, Waldmann, J, Heverhagen, AE, Bartsch, DK, and Fendrich, V. C-reactive protein as a new prognostic factor for survival in patients with pancreatic neuroendocrine neoplasia. JCEM (2016) 101:937–44. doi: 10.1210/jc.2015-3114

24. Black, JRM, Atkinson, SR, Singh, A, Evans, J, and Sharma, R. The inflammation-based index can predict response and improve patient selection in NETs treated with PRRT: A pilot study. J Clin Endocrinol Metab (2019) 104:285–92. doi: 10.1210/jc.2018-01214

25. Pauwels, E, Van Binnebeek, S, Vandecaveye, V, Baete, K, Vanbilloen, H, Koole, M, et al. Inflammation-based index and 68Ga-DOTATOC PET-derived uptake and volumetric parameters predict outcome in neuroendocrine tumor patients treated with 90Y-DOTATOC. J Nucl Med (2020) 61:1014–20. doi: 10.2967/jnumed.119.236935

26. Chen, RW, Qiu, MJ, Chen, Y, Zhang, T, He, XX, Li, Y, et al. Analysis of the clinicopathological features and prognostic factors of primary hepatic neuroendocrine tumors. Oncol Lett (2018) 15(6):8604–10. doi: 10.3892/ol.2018.8413

27. Zhu, QQ, Wang, C, Chen, YY, and Ding, ZY. Impaired liver function implied shorter progression free survival for EGFR tyrosine kinase inhibitors. Asian Pac J Cancer Prev (2018) 19(8):2177–81. doi: 10.22034/APJCP.2018.19.8.2177

28. Kalligeros, M, Diamantopoulos, L, and Toumpanakis, C. Biomarkers in small intestine NETs and carcinoid heart disease: A comprehensive review. Biol (Basel) (2021) 10(10):950. doi: 10.3390/biology10100950

29. Swiha, MM, Sutherland, DEK, Sistani, G, Khatami, A, Abazid, RM, Mujoomdar, A, et al. Survival predictors of 177Lu-Dotatate peptide receptor radionuclide therapy (PRRT) in patients with progressive well-differentiated neuroendocrine tumors (NETS). J Cancer Res Clin Oncol (2022) 148(1):225–36. doi: 10.1007/s00432-021-03672-w

30. Sakin, A, Tambas, M, Secmeler, S, Can, O, Arici, S, Yasar, N, et al. Factors affecting survival in neuroendocrine tumors: A 15-year single center experience. Asian Pac. J Cancer Prev (2018) 19(12):3597–603. doi: 10.31557/APJCP.2018.19.12.3597

31. Shyr, BS, Shyr, BU, Chen, SC, Shyr, YM, and Wang, SE. Impact of tumor grade on pancreatic neuroendocrine tumors. Asian J Surg (2022) 45:2659–63. doi: 10.1016/j.asjsur.2022.01.094

32. Aalbersberg, EA, Huizing, DMV, Walraven, I, de Wit-van der Veen, BJ, Kulkarni, HR, Singh, A, et al. Parameters to predict progression-free and overall survival after peptide receptor radionuclide therapy: A multivariate analysis in 782 patients. J Nucl Med (2019) 60(9):1259–65. doi: 10.2967/jnumed.118.224386

33. Genç, CG, Falconi, M, Partelli, S, Muffatti, F, van Eeden, S, Doglioni, C, et al. Recurrence of pancreatic neuroendocrine tumors and survival predicted by ki67. Ann Surg Oncol (2018) 25(8):2467–74. doi: 10.1245/s10434-018-6518-2

34. Zandee, WT, Kamp, K, van Adrichem, RC, Feelders, RA, and de Herder, WW. Effect of hormone secretory syndromes on neuroendocrine tumor prognosis. Endocr Relat Cancer. (2017) 24(7):R261–74. doi: 10.1530/ERC-16-0538

35. Calissendorff, J, Bjellerup-Calissendorff, F, Bränström, R, Juhlin, CC, and Falhammar, H. Characteristics, treatment, outcomes, and survival in neuroendocrine G1 and G2 pancreatic tumors: experiences from a single tertiary referral center. Front Endocrinol (Lausanne) (2021) 12:657698. doi: 10.3389/fendo.2021.657698




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 Vukomanovic, Nedic, Radojevic, Dagovic, Milosavljevic, Markovic, Ignjatovic, Simic Vukomanovic, Djukic, Sreckovic, Backovic, Vuleta, Djukic, Vukicevic and Ignjatovic. 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/fendo.2023.1270421_cover.jpg
& frontiers | Frontiers in Endocrinology

Predicting the survival probability of
functional neuroendocrine tumors treated
with peptide receptor radionuclide therapy:
Serbian experience





OEBPS/Images/logo.jpg
, frontiers ’ Frontiers in Endocrinology





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Predicting the survival probability of functional neuroendocrine tumors treated with peptide receptor radionuclide therapy: Serbian experience

      

        		

          Introduction

        



        		

          Methodology

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Determination of biochemical and hematological parameters

          



          		

            2.2 Follow-up

          



          		

            2.3 Statistics

          



        



        



        		

          3 Results

        



        		

          4 Discussion

        

          		

            4.1 Limitations of study

          



        



        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/fendo-14-1270421-g001.jpg
Cum Survival

08

06

0.4

02

00

Survival Functions

40
OS (months)

NETs

" INon-functional
| Functional

Cum Survival

Survival Functions

10

20

30
PFS (months)

40

50

NETs

—Non-functional
| Functional






OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table1.jpg
Progression

Control

; Test and
Variables group group b value
(n=18) (n=33)
Z=-1.898**
Age (year) 64.10 £ 9.46 55.56 + 12.21 p=0.030;
p=0.007"
Non-
functional 6 25 1= 7.892
tumors 009
! 014"
Functional 12 3
tumors
Female 11 15 $P= 0.759%
Male 7 18 p20.05
GEP-NET 7 20
Lung-NET 6 5 2= 1357
p>0.05
Unknown
: B 5 8
primary origin
NET G1 9 5
B o
NET G2 7 16 %= 1420
p>0.05
NET G3 2 12
Hynic-TOC
Krenning 14 5
score <3 X2= 1.820%
Hynic-TOC p=0.403
Krenning 4 28
score 3
Capecitabine-
Temozolomide i 8 x’=0.759%
Chemotherapy p>0.05
before PRRT
t=0.394*
i + +
Ki-67 (%) 19.32 £ 14.55 17.16 + 8.90 >0.05
RDW (%)
(red cell t=-0.196*
. 15.16 £ 1.99 14.98 £2.23
distribution p>0.05
width)
Erythrocytes t=0.020*
4.36 £ 0.55 4.35 + 0.66
(10'%/1) p>0.05
o
WEC (1071) =0.347*
(white blood 6.81 + 1,89 7.1+£275
p>0.05
cell count)
Absolute Z=2.110"*
neutrophil count 5.09 +2.34 3.25+1.20 p=0.044;
(10°/L) p=0.021"
Absolute
t=-0.781*
lymphocyte 1.60 + 0.81 1.98 + 118 005
| count (10°/L) P
NL
(neRtro hil =2397
o 4.66 + 4.16 1.78 + 1.08 p=0.024;
lymphocyte “
. p=0.028
ratio)
Absolute
t=-0.495*
monocyte count 0.73 £ 047 0.64 + 0.46 50.05
(10°/L) i
5 t=-0.111*
Platelets (10°/L) 231.22 £ 66.91 228.17 £ 76.51
p>0.05
IRT temi
SIRI (systemic =0.589*
inflammation 4.85 + 8.38 1i52 +:2122
) p =0,058
response index)
PLR (platelet- 0BT
lymphocyte 22662 25996 | 108.40 + 73.93 -
: p>0.05
ratio)
=-0.370*
MPV (IU/L) 9.81 £0.74 9.59 + 1.61
p>0.05
t=2.117*
CRP (mg/L) 11.84 £9.27 336 £ 3.14 p=0.044;
p=0.040"
t=2.607*
CRP/Alb 0.34+£0.23 0.12 £ 0.09 .017;
.049"
t=0.769*
Albumin (g/L) 41.36 + 444 42.77 £ 4.30 769
p>0.05

Data represent the mean value + 1 standard deviation.

*Student’s t-test for independent samples.

2 test.

“**Mann-Whitney U test.

Benjamini-Hochberg method of correction of unadjusted p values.





OEBPS/Images/table2.jpg
Variables Odds ratio(95% Cl) P value

Age (year) 1.191 (0.930-1.525) p=0.027
Functional tumors 181.56 (0,081-404833,98) p<0.001
| Absolute neutrophil count 7.993 (0.011-6076.18) p=0.566
NLR (10°/L) 0.327 (0.006-16.844) p=0.811
ALT (IU/L) 1.770 (0.445-1.334) p=0.046
CRP (mg/L) 1.760 (0.374-1.544) p=0.005

CRP/Albumin 46.518 (0.000-5.634) p=0.834






