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Background

The present study sought to understand how clinical factors and inflammatory biomarkers affected the prognosis of mucosa-associated lymphoid tissue (MALT) lymphoma and develop a predictive nomogram to assist in clinical practice.



Methods

We conducted a retrospective study on 183 cases of newly diagnosed MALT lymphoma from January 2011 to October 2021, randomly divided into two groups: a training cohort (75%); and a validation cohort (25%). The least absolute shrinkage and selection operator (LASSO) regression analysis was combined with multivariate Cox regression analysis to construct a nomogram for predicting the progression-free survival (PFS) in patients with MALT lymphoma. To evaluate the accuracy of the nomogram model, the area under the receiver operating characteristic (ROC) curves, calibration curves, and decision curve analysis (DCA) were used.



Results

The PFS was significantly associated with the Ann Arbor Stage, targeted therapy, radiotherapy, and platelet-to-lymphocyte ratio (PLR) in MALT lymphoma. These four variables were combined to establish a nomogram to predict the PFS rates at three and five years. Importantly, our nomogram yielded good predictive value with area under the ROC curve (AUC) values of 0.841 and 0.763 in the training cohort and 0.860 and 0.879 in the validation cohort for the 3-year and 5-year PFS, respectively. Furthermore, the 3-year and 5-year PFS calibration curves revealed a high degree of consistency between the prediction and the actual probability of relapse. Additionally, DCA demonstrated the net clinical benefit of this nomogram and its ability to identify high-risk patients accurately.



Conclusion

The new nomogram model could accurately predict the prognosis of MALT lymphoma patients and assist clinicians in designing individualized treatments.
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1 Introduction

It is well-established that marginal zone lymphomas (MZLs) are derived from B cells in the marginal zone of the follicle. Three subtypes of MZLs can be distinguished based on the site of involvement: extranodal mucosa-associated lymphoid tissue marginal zone lymphoma (MALT), splenic marginal zone lymphoma (SMZL) and lymph node marginal zone lymphoma (NMZL) (1). MZL, NMZL, and SMZL reportedly account for approximately 10%, less than 2%, and less than 1% of non-Hodgkin lymphomas (NHLs), respectively. MALT lymphoma is less common than follicular and diffuse large B-cell lymphoma, accounting for about 7–8% of NHLs (2). MALT lymphoma can be divided into gastric MALT and non-gastric MALT lymphoma. According to the World Health Organization classification released in 2008, the stomach is the most specific organ of origin (representing about 50% of MALT lymphoma) (3), followed by the lungs, head and neck, and orbit. Reports of intestines, liver, thyroid, and breast involvement are rare. MALT lymphoma has a predilection age of 50 to 60 years, and the progression is relatively slow. At present, its pathophysiology is not yet entirely understood. Numerous investigations have shown that MALT lymphoma is associated with autoimmune diseases (4), such as the thyroid MALT lymphoma linked to persistent autoimmune thyroiditis. Moreover, helicobacter pylori (HP) infection is present in approximately 90% of patients with gastric MALT lymphoma (5). Pulmonary MALT lymphoma may be associated with Achromobacter xylosoxidans or Chlamydophila psittaci infection (6), which is also associated with ocular adnexal MALT lymphoma. Moreover, intestinal MALT lymphoma may be linked to Campylobacter jejuni (7).

In short, the etiology, clinical manifestations, and treatment methods differ in MALT lymphoma patients. Approximately 75% to 80% of patients with stomach MALT lymphoma who have an HP infection experience remission after HP eradication (8). Notably, t(11,18) chromosome translocation is most common in MALT lymphoma, and anti-HP treatment may be ineffective in this patient population (9). Additional therapies for MALT lymphoma include lenalidomide, radiation, rituximab or combination chemotherapy, surgery alone, and these other therapies (10). According to the US SEER database, MALT lymphoma has a favorable prognosis with a 5-year relative survival rate of 89% (11). However, patients with MALT lymphoma frequently experience recurrence during long-term follow-up (12). The International Prognostic Index (IPI) has been extensively used to analyze patient prognosis for MALT lymphoma (13). However, considering the various factors contributing to the etiology of this rare population, it is necessary to provide new simple and effective prediction tools. Inflammatory biomarkers (neutrophil, platelet, and lymphocyte counts) also play a significant part in the pathogenesis and growth of malignancies (14–16). To our knowledge, no study has reported the association between inflammatory biomarkers and recurrence in MALT lymphoma. Accordingly, this research aimed to investigate which clinical characteristics and inflammatory biomarkers affected MALT lymphoma patients’ prognoses to create a comprehensive nomogram that would be valuable for personalized treatment during clinical practice.



2 Materials and methods



2.1 Patients

One hundred eighty-three patients diagnosed with MALT lymphoma at three tumor centers (Wuhan Union Hospital, Sun Yat-sen University, and Sichuan Provincial People’s Hospital) were included from January 2011 to October 2021 in this study. 137 MALT patients were randomly attributed to the study cohort and 46 to the validation cohort. The inclusion criteria were as follows (1): histologically confirmed MALT lymphoma according to the WHO Classification of Tumors of Hematopoietic and Lymphoid Tissues; (2) patients received at least one anti-tumor therapy (surgery, radiotherapy, chemotherapy, targeted therapy, and anti-HP therapy) after diagnosis of MALT lymphoma. To be clear, targeted therapy here means targeted therapy (rituximab) combined with or without chemotherapy; (3) The included patients completed the follow-up and complete clinical data was available. This study was approved by the Ethics Committees of Cancer Center, Union Hospital, Tongji Medical College, and Huazhong University of Science and Technology. The institutional review committees of each cooperating agency also approved the initiative.



2.2 Data collection and follow-up

We collected the clinical data of MALT lymphoma patients, including the gender, age, Ann Arbor stage, lactate dehydrogenase (LDH), Globulin, IPI, Ki67 level, B symptoms, Eastern Cooperative Oncology Group Performance Status (ECOG PS), hepatitis B surface antigen status at diagnosis, number and site of extranodal involvement, plasmacytic differentiation (PCD), white blood cell (WBC), hemoglobin (Hb), lymphocytes, platelet (PLT), neutrophils, monocytes, systemic immune-inflammation index (SII), platelet-to-lymphocyte ratio (PLR), neutrophil-to-lymphocyte ratio (NLR), lymphocyte-to-monocyte ratio (LMR), and anti-tumor treatment regimen. Treatment options include radiotherapy, surgery, chemotherapy, and targeted therapy. In some cases, anti-HP treatment was provided. The prognostic indicators mentioned above were based on recommendations of guidelines or published in earlier studies. The absolute platelet count was multiplied by the absolute neutrophil count (ANC) to lymphocyte count (ALC) ratio to determine the SII. The NLR was calculated by dividing the ANC by the absolute lymphocyte count. The LMR was the proportion of monocyte count to ALC. The PLR was the proportion of the absolute platelet count to the ALC. Each patient underwent Ann Arbor staging according to their condition. The progression-free survival (PFS) was measured at the final follow-up. It was the period between the diagnosis and the progression of the disease, its recurrence, or the patient’s death from any cause.



2.3 Construction of nomogram and statistical analysis

The continuous variables were expressed by the median, while the categorical variables were expressed by the frequency and percentage (%). A chi-square test was performed to assess the differences between the training and validation groups. The training cohorts were first examined for prospective prognostic factors to establish the nomogram using LASSO regression (17). This approach made it possible to choose the variables while estimating the model’s parameters, which could better deal with the issue of multiple commonalities in regression analysis. The independent prognostic risk factors related to MALT lymphoma were established using a multivariate Cox proportional hazards model. The endpoint of the study was the PFS. The objects analyzed included all of the above factors. Each variable was specified as an input with a taxonomic or binary type. In this study, we constructed the nomogram based on independent prognostic variables and determined the total score based on each patient. Finally, the time-dependent receiver operating characteristic curve (ROC) of these two groups was constructed to verify the accuracy of our nomogram. The predicted and actual prognoses were contrasted visually using the calibration charts. This nomogram’s clinical value and applicability were evaluated using Decision Curve Analysis (DCA) (18). The threshold probability served as the DCA’s abscissa, while the ordinate, or net profit rate, was obtained after subtracting benefits and drawbacks. Kaplan -Meier curves were used to assess the progression-free survival of high-risk and low-risk populations discriminated by nomogram. For the statistical analysis in this work, the SPSS statistical program (version 27.0; IBM Corporation; Armonk, NY), Empower Stats (www.empowerstats.com) and R software (version 4.2.0) were utilized. The hazard ratio (HR) and the corresponding 95% credible interval (CI) were calculated, and two-sided P values<0.05 were statistically significant.




3 Results



3.1 Clinical characteristics

In our study, 183 patients met the inclusion criteria and were randomly separated into training (n=137) and validation (n=46) cohorts. Table 1 displays the clinical characteristics of the training and validation groups. The mean age at disease onset of the training cohort was 54 (range 15-78), with a female predominance (60.6%). Most patients (95.6%) had an ECOG PS score of 0 to 1. Stage III or IV patients represented 8.0%. According to the IPI, 131 (95.6%) patients were at low risk. Patients with and without stomach involvement as primary sites accounted for 33.6% (n=46) and 66.4% (n=91) of cases, respectively. 37.2% and 29.2% of patients in the training dataset received chemotherapy and targeted therapy, respectively. Moreover, patients who received surgery and radiotherapy accounted for 49.6% and 59.1%, respectively. During the 33-month median follow-up period, the overall recurrence rate was 16.1% (22/137).


Table 1 | Clinical characteristics of patients.





3.2 Identifying independent prognostic factors for PFS

The median PFS was used to separate patients into a high and low-risk groups. In the training cohort, the above indices were analyzed by LASSO regression analysis to screen for prognostic factors affecting the relapse of MALT lymphoma (Figures 1A, B). Our findings revealed that age, Ann Arbor stage, LDH, B symptoms, ECOG PS, radiotherapy, targeted therapy, number of extranodal involvement, WBC, PLR, and LMR were contributing factors for PFS. The above parameters were incorporated in multivariate Cox regression analysis to screen out the independent influencing factors of PFS in MALT lymphoma. Four factors were significantly associated with PFS (Figure 1C). Among them, radiotherapy (HR = 0.253, 95% CI = 0.076-0.840, P = 0.025) and targeted therapy (HR = 0.222, 95% CI = 0.063-0.786, P = 0.020) were independent predictors in people with MALT lymphoma and could reduce recurrence. Patients with a high PLR (HR = 1.004, 95% CI = 1.001-1.007, P = 0.023) and Ann Arbor III or IV stage (HR = 0.005, 95% CI = 2.012-52.496, P = 0.005) were risk factors associated with patient relapse.




Figure 1 | (A, B) Eleven potential prognostic factors were screened using LASSO analysis with minimal lambda. (C) COX regression analysis screened four independent influencing factors for PFS and presented them in a forest plot.





3.3 Nomogram construction and validation

According to the results of multivariate analysis, a nomogram based on the four prognostic factors (Ann Arbor stage, targeted therapy, radiotherapy, and PLR) was established and could predict the 3-year and 5-year PFS (Figure 2A). Each independent risk factor in the nomogram corresponded to a specific score, and each variable was calculated and merged. Patients with high scores indicated that they had an increased risk of recurrence. Then, using Kaplan-Meier (KM) curves analysis, events were split into high-risk and low-risk groups, with the high-risk group having a higher likelihood of relapsing (P = 0.001) (Figure 3A). The AUC values for the 3-year and 5-year PFS were 0.841 and 0.763, respectively (Figure 2B). The prognostic ROC curves of the nomogram and MALT-IPI in this study showed that the areas under the 3 and 5-year recurrence rates according to the nomogram were better than those under the MALT-IPI (0.650 and 0.630) (Figure 2D). The nomogram’s calibration curve demonstrated high concordance between the predicted 3- and 5-year PFS and the actual PFS (Figure 4A).




Figure 2 | (A) Nomogram for predicting the 3- and 5-year PFS probability for patients with MALT lymphoma. The nomogram includes a total risk score and clinical characteristics. (B) Progression-free survival probability curves were plotted against two risk groups defined by the nomogram in the training cohort. (C) According to the drawn nomogram, the progress-free survival probability of the validation cohort patients was calculated. (D, E) Progression-free survival curves were drawn for the training cohort and the validation cohort based on the MALT-IPI score, respectively.






Figure 3 | Progression-free survival (PFS) of patients with MALT lymphoma was analyzed based on nomogram risk stratification. (A) Training cohort patients. (B) Validation cohort patients.






Figure 4 | The effectiveness of the constructed risk prediction model. Calibration curves of the nomogram at 3-year and 5-year PFS in the training cohort (A) and validation cohort patients (B). Prediction of the 3-year and 5-year PFS in patients with MALT lymphoma by decision curve analysis based on nomogram in the training cohort (C, D) and validation cohort patients (E, F).



The PFS nomogram subsequently underwent external validation. The AUC values for the 3- and 5-year PFS and calibration plots showed consistency between the training and validation cohorts (Figures 2C, 4B). The ROC curve for the validation cohort also showed that the new nomogram measuring 3-year and 5-year PFS had better sensitivity and specificity than MALT-IPI (Figure 2E). In addition, the validation cohort from the nomogram anticipated the total score, which was divided into high-risk and low-risk. The Kaplan-Meier curve revealed a higher recurrence rate in high-risk populations (P = 0.021) (Figure 3B). As demonstrated by DCA, the model provided a net clinical benefit (Figures 4C–F). Our nomogram could accurately predict 3- and 5-year PFS in MALT lymphoma.

Then, we further compared the PFS between groups classified according to the MALT-IPI. However, in PFS analysis, MALT-IPI could not distinguish between low-risk and medium-risk groups (Figure S1).




4 Discussion

In the present study, we found that the Ann Arbor stage, targeted therapy, radiation therapy, and PLR were significant factors that affected the PFS of patients with MALT lymphoma using LASSO and Cox analyses. A prognostic model was established for risk stratification of this patient population. Moreover, we demonstrated the model’s accuracy, which underwent internal and external validation. To our knowledge, this is the first study to report a prognostic model based on inflammatory indicators for MALT lymphoma patients.

It has been established that MALT lymphoma can occur in all organs. The stomach is the most common organ involved, accounting for 35% of all extranodal lymphomas. Compared with other intranodal lymphomas, MALT lymphoma has distinct histological, immunophenotypic, and genotypic characteristics, with significantly different clinical manifestations and prognoses. It is mainly characterized by slow progression, low invasiveness, and an indolent clinical process. It can transform to highly malignant large B-cell lymphoma in some cases with an incidence of less than 10%. The current treatment methods include radiotherapy, chemotherapy, rituximab combined with chemotherapy, surgical resection of the tumor, antibiotics, and various integrated treatments. The International Prognostic Index (IPI) based on patient age, extranodal lesions, Ann Arbor stage, ECOG PS, and LDH value can distinguish patients with different prognoses and widely used in aggressive lymphoma. MALT-IPI (Age, LDH, and Ann Arbor stage)was conducted to predict the prognosis in 2017. However, the results of peripheral blood tests related to cancer treatment have not been included. Moreover, studies have shown that inflammatory cells and cytokines in tumors have a higher propensity to promote tumorigenesis, development, and immunosuppression than to produce a potent host anti-tumor response. Besides, clinical evidence shows a direct relationship between chronic inflammation and tumors. Blocking transforming factor TGF- β, for example, can lead to neutrophil depletion, reducing the anti-tumor effect of treatment (19). There is a growing consensus suggesting that platelets are recruited to wrap tumor cells to protect them from immune responses and promote the growth and spread of cancer (20, 21). Tumor-associated macrophages (TAM) are produced from circulating monocyte progenitors, which means that monocytes can increase tumor cell proliferation, facilitate angiogenesis, and accelerate invasion and metastasis (22). There is rich literature available substantiating the predictive value of inflammatory markers, including PLR, NLR, LMR, and SII in solid tumors (breast tumors, lung cancer, etc.) and diffuse large B cell lymphoma (DLBCL) (23–28). High NLR and SII are poor prognostic factors for tumors. Moreover, low LMR is an adverse prognostic indicator for malignancies. However, the effect of these inflammatory markers on MALT lymphoma has not been reported so far. Therefore, it remains unclear whether they affect the prognosis of MALT lymphoma.

In our study, we collected the laboratory and clinical data of 137 patients with MALT lymphoma and evaluated the impact of PLR, NLR, LMR, SII, and other clinical variables on the prognosis of MALT lymphoma. In addition, due to the long survival times of MALT lymphoma patients, there were only three fatal MALT lymphoma events in this study, making statistical analysis meaningless. Therefore, we focused on the new prognostic model for PFS rather than overall survival (OS).

In the preliminary analysis, in view of the clinical significance and in order to avoid over-fitting of the model, we only included three indicators of MALT IPI. Univariate analysis showed that only Ann Arbor stage had statistical significance for recurrence and the Ann Arbor stage was finally identified as an independent predictor in patients with MALT lymphoma by multivariate analysis. Importantly, tumor staging describes the severity and scope of involvement of malignant tumors according to the degree of the primary tumor and its spread. Unlike other malignant tumors, the stage of lymphoma is determined according to the extent of the tumor’s distribution. The Ann Arbor stage is a widely recognized classification standard for lymphoma used as a prognostic indicator for most lymphoma subtypes. Moreover, it has been widely used in MALT lymphoma. The recurrence rate of MALT lymphoma during the early stage is lower than during the late stage, which has been confirmed in our study. Different treatments have different prognoses, so some studies have incorporated the treatment model of patients into the prognostic model (29–33). Our study also found that radiotherapy was an independent factor affecting the PFS in MALT lymphoma. In this respect, it has been reported that radiotherapy has been utilized as a local treatment for patients with an early stage of MALT lymphoma to achieve long-term disease control (34, 35). Radiotherapy is also a good rescue approach for patients with relapses. Recently, much emphasis has been placed on RT downgrade to avoid treatment-related morbidity (36). At present, targeted therapy plays a significant role in cancer treatment. Numerous prospective studies on targeted therapy alone and paired with chemotherapy have been conducted domestically and internationally (37). When administered as first-line therapy to patients with indolent NHL, rituximab yielded promising results (38). According to our study, rituximab combined with chemotherapy significantly decreased the recurrence rate in individuals with MALT lymphoma.

Moreover, we found that PLR was an independent prognostic risk factor. As previously mentioned, lymphocytes can yield a higher immune response and suppress tumorigenesis, whereas platelets can promote tumorigenesis. We assessed PLR’s impact on MALT lymphoma based on the aforementioned findings. Our findings revealed that patients with MALT lymphoma with high PLR had a higher probability of relapsing. High PLR rates in advanced patients were associated with more significant relapses. Patients who underwent radiotherapy and targeted therapy had a decreased risk of recurrence. Importantly, our nomogram effectively distinguished the low-risk group from the high-risk group based on the PFS. Indeed, it is well-established that inflammatory indicators and the tumor microenvironment are tightly connected. Although several studies have observed that systemic inflammatory markers are an essential indicator of prognosis and pre-treatment in other malignancies, no research has explored inflammatory markers of MALT lymphoma. Therefore, we established a new nomogram based on clinical characteristics and inflammatory markers. It is important to note that although the ROC curve was used to assess the model’s accuracy during internal and external validation, false positives and negatives may occur. The DCA curve, on the other hand, may effectively avoid this issue because of the modest requirements for the sample data set and the total independence of the components during processing, allowing it to address multicollinearity in medical statistical analysis. As a result, DCA was included in this study. It has also been demonstrated that our model has substantial returns. Importantly, our nomogram has enormous prospects for assisting clinicians during individualized treatment.

The present study does, however, contain several things that could be improved. First, biases, including selection bias, detection bias, and analytical bias, could have happened because it was a small sample-size retrospective study. Besides, given that the investigation spans multiple centers, testing results may differ between hospitals due to testing chemicals and apparatus differences. Finally, different approaches in treating patients following surgical resection have also been documented in the literature and can result in various clinical outcomes.



5 Conclusion

Our new nomogram model has a prospect for clinical application for predicting PFS in patients with MALT lymphoma. However, more large-sample size studies are warranted to validate its clinical value.



Data availability statement

The original contributions presented in the study are included in the article/Supplementary Material. Further inquiries can be directed to the corresponding author.



Ethics statement

The studies involving human participants were reviewed and approved by Ethical Committees of Union Hospital, Tongji Medical College, Huazhong University of Science and Technology. Written informed consent from the participants’ legal guardian/next of kin was not required to participate in this study in accordance with the national legislation and the institutional requirements.



Author contributions

Design the study: LZ, QW, and XL; methodology, QW and XL Analysis: QW and XL. Investigation: KZ, QL, and FZ. Data curation: QW, XL, KZ, QL, and FZ. Writing- original draft preparation: QW. Writing-review and editing: QW, XL, and KZ. Supervision: TL and GW. All authors contributed to the article and approved the submitted version.




Funding

The study was supported by grant from the Clinical Research Physician Program of Tongji Medical College, Huazhong University of Science and Technology (No. 5001530053).



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.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1123469/full#supplementary-material



References

1. Noy, A, de Vos, S, Thieblemont, C, Martin, P, Flowers, CR, Morschhauser, F, et al. Targeting bruton tyrosine kinase with ibrutinib in relapsed/refractory marginal zone lymphoma. Blood (2017) 129(16):2224–32. doi: 10.1182/blood-2016-10-747345

2.A clinical evaluation of the international lymphoma study group classification of non-hodgkin's lymphoma. Blood (1997) 89(11):3909–18. doi: 10.1182/blood.V89.11.3909

3. Jonak, C, Troch, M, Kiesewetter, B, Lukas, J, Mullauer, L, Jager, U, et al. Subcutaneous dissemination pattern in extranodal marginal zone b-cell lymphoma of mucosa-associated lymphoid tissue lymphoma. Haematologica (2012) 97(5):766–70. doi: 10.3324/haematol.2011.057422

4. Wohrer, S, Troch, M, Streubel, B, Hoffmann, M, Mullauer, L, Chott, A, et al. Pathology and clinical course of MALT lymphoma with plasmacytic differentiation. Ann Oncol (2007) 18(12):2020–4. doi: 10.1093/annonc/mdm375

5. Cheng, TY, Lin, JT, Chen, LT, Shun, CT, Wang, HP, Lin, MT, et al. Association of T-cell regulatory gene polymorphisms with susceptibility to gastric mucosa-associated lymphoid tissue lymphoma. J Clin Oncol (2006) 24(21):3483–9. doi: 10.1200/JCO.2005.05.5434

6. Low, SK, Zayan, AH, Istanbuly, O, Nguyen Tran, MD, Ebied, A, Mohamed Tawfik, G, et al. Prognostic factors and nomogram for survival prediction in patients with primary pulmonary lymphoma: a SEER population-based study. Leuk Lymphoma (2019) 60(14):3406–16. doi: 10.1080/10428194.2019.1633636

7. Zucca, E, and Bertoni, F. The spectrum of MALT lymphoma at different sites: biological and therapeutic relevance. Blood (2016) 127(17):2082–92. doi: 10.1182/blood-2015-12-624304

8. Raderer, M, and Isaacson, PG. Extranodal lymphoma of MALT-type: perspective at the beginning of the 21st century. Expert Rev Anticancer Ther (2001) 1(1):53–64. doi: 10.1586/14737140.1.1.53

9. Troch, M, Kiesewetter, B, Dolak, W, Jaeger, U, Puspok, A, Mullauer, L, et al. Plasmacytic differentiation in MALT lymphomas following treatment with rituximab. Ann Hematol (2012) 91(5):723–8. doi: 10.1007/s00277-011-1387-9

10. Raderer, M, Kiesewetter, B, and Ferreri, AJ. Clinicopathologic characteristics and treatment of marginal zone lymphoma of mucosa-associated lymphoid tissue (MALT lymphoma). CA Cancer J Clin (2016) 66(2):153–71. doi: 10.3322/caac.21330

11. Olszewski, AJ, and Castillo, JJ. Survival of patients with marginal zone lymphoma: analysis of the surveillance, epidemiology, and end results database. Cancer (2013) 119(3):629–38. doi: 10.1002/cncr.27773

12. Raderer, M, Streubel, B, Woehrer, S, Puespoek, A, Jaeger, U, Formanek, M, et al. High relapse rate in patients with MALT lymphoma warrants lifelong follow-up. Clin Cancer Res (2005) 11(9):3349–52. doi: 10.1158/1078-0432.CCR-04-2282

13. Thieblemont, C, Cascione, L, Conconi, A, Kiesewetter, B, Raderer, M, Gaidano, G, et al. A MALT lymphoma prognostic index. Blood (2017) 130(12):1409–17. doi: 10.1182/blood-2017-03-771915

14. Zucca, E, Bertoni, F, Vannata, B, and Cavalli, F. Emerging role of infectious etiologies in the pathogenesis of marginal zone b-cell lymphomas. Clin Cancer Res (2014) 20(20):5207–16. doi: 10.1158/1078-0432.CCR-14-0496

15. Balkwill, F, and Mantovani, A. Inflammation and cancer: back to virchow? Lancet (2001) 357(9255):539–45. doi: 10.1016/S0140-6736(00)04046-0

16. Zhong, H, Chen, J, Cheng, S, Chen, S, Shen, R, Shi, Q, et al. Prognostic nomogram incorporating inflammatory cytokines for overall survival in patients with aggressive non-hodgkin's lymphoma. EBioMedicine (2019) 41:167–74. doi: 10.1016/j.ebiom.2019.02.048

17. Zhang, W, Peng, J, Zhao, S, Wu, W, Yang, J, Ye, J, et al. Deep learning combined with radiomics for the classification of enlarged cervical lymph nodes. J Cancer Res Clin Oncol (2022) 148(10):2773–80. doi: 10.1007/s00432-022-04047-5

18. Rui, X, Shao, S, Wang, L, and Leng, J. Identification of recurrence marker associated with immune infiltration in prostate cancer with radical resection and build prognostic nomogram. BMC Cancer (2019) 19(1):1179. doi: 10.1186/s12885-019-6391-9

19. Fridlender, ZG, Sun, J, Kim, S, Kapoor, V, Cheng, G, Ling, L, et al. Polarization of tumor-associated neutrophil phenotype by TGF-beta: "N1" versus "N2" TAN. Cancer Cell (2009) 16(3):183–94. doi: 10.1016/j.ccr.2009.06.017

20. Wojtukiewicz, MZ, Sierko, E, Hempel, D, Tucker, SC, and Honn, KV. Platelets and cancer angiogenesis nexus. Cancer Metastasis Rev (2017) 36(2):249–62. doi: 10.1007/s10555-017-9673-1

21. Bambace, NM, and Holmes, CE. The platelet contribution to cancer progression. J Thromb Haemost (2011) 9(2):237–49. doi: 10.1111/j.1538-7836.2010.04131.x

22. Hanahan, D, and Weinberg, RA. Hallmarks of cancer: the next generation. Cell (2011) 144(5):646–74. doi: 10.1016/j.cell.2011.02.013

23. Shi, H, Jiang, Y, Cao, H, Zhu, H, Chen, B, and Ji, W. Nomogram based on systemic immune-inflammation index to predict overall survival in gastric cancer patients. Dis Markers (2018) 2018:1787424. doi: 10.1155/2018/1787424

24. Weng, J, Chen, L, Liu, H, Yang, XP, and Huang, L. Ferroptosis markers predict the survival, immune infiltration, and ibrutinib resistance of diffuse Large b cell lymphoma. Inflammation (2022) 45(3):1146–61. doi: 10.1007/s10753-021-01609-6

25. Guo, M, Li, W, Li, B, Zou, B, Wang, S, Meng, X, et al. Prognostic value of delta inflammatory biomarker-based nomograms in patients with inoperable locally advanced NSCLC. Int Immunopharmacol (2019) 72:395–401. doi: 10.1016/j.intimp.2019.04.032

26. Wang, Z, Zhang, J, Luo, S, and Zhao, X. Prognostic significance of systemic immune-inflammation index in patients with diffuse Large b-cell lymphoma. Front Oncol (2021) 11:655259. doi: 10.3389/fonc.2021.655259

27. Galdiero, MR, Garlanda, C, Jaillon, S, Marone, G, and Mantovani, A. Tumor associated macrophages and neutrophils in tumor progression. J Cell Physiol (2013) 228(7):1404–12. doi: 10.1002/jcp.24260

28. Huang, H, Liu, Q, Zhu, L, Zhang, Y, Lu, X, Wu, Y, et al. Prognostic value of preoperative systemic immune-inflammation index in patients with cervical cancer. Sci Rep (2019) 9(1):3284. doi: 10.1038/s41598-019-39150-0

29. Jia, J, and Chen, W. Role of radiation therapy in primary tonsil large b cell lymphoma: a SEER-based analysis. Radiat Oncol (2021) 16(1):193. doi: 10.1186/s13014-021-01919-x

30. Liang, X, Zhang, M, Zhang, Z, Tan, S, Li, Y, Zhong, Y, et al. Nomogram model and risk score predicting overall survival and guiding clinical decision in patients with hodgkin's lymphoma: an observational study using SEER population-based data. BMJ Open (2022) 12(6):e055524. doi: 10.1136/bmjopen-2021-055524

31. Li, X, Pan, Z, Wang, X, Hu, T, Ye, W, Jiang, D, et al. Prognostic nomogram incorporating radiological features for predicting overall survival in patients with AIDS-related non-Hodgkin lymphoma. Chin Med J (Engl) (2022) 135(1):70–8. doi: 10.1097/CM9.0000000000001785

32. Jiang, S, Qin, Y, Liu, P, Yang, J, Yang, S, He, X, et al. Prognostic nomogram and predictive factors in refractory or relapsed diffuse Large b-cell lymphoma patients failing front-line r-CHOP regimens. J Cancer (2020) 11(6):1516–24. doi: 10.7150/jca.36997

33. Ma, SY, Tian, XP, Cai, J, Su, N, Fang, Y, Zhang, YC, et al. A prognostic immune risk score for diffuse large b-cell lymphoma. Br J Haematol (2021) 194(1):111–9. doi: 10.1111/bjh.17478

34. Ling, DC, Vargo, JA, Balasubramani, GK, and Beriwal, S. Underutilization of radiation therapy in early-stage marginal zone lymphoma negatively impacts overall survival. Pract Radiat Oncol (2016) 6(4):e97–e105. doi: 10.1016/j.prro.2015.11.016

35. Fang, P, Gunther, JR, Pinnix, CC, Dong, W, Strati, P, Nastoupil, LJ, et al. A prospective trial of radiation therapy efficacy and toxicity for localized mucosa-associated lymphoid tissue (MALT) lymphoma. Int J Radiat Oncol Biol Phys (2021) 109(5):1414–20. doi: 10.1016/j.ijrobp.2020.11.070

36. Hoskin, P, Popova, B, Schofield, O, Brammer, C, Robinson, M, Brunt, AM, et al. 4 gy versus 24 gy radiotherapy for follicular and marginal zone lymphoma (FoRT): long-term follow-up of a multicentre, randomised, phase 3, non-inferiority trial. Lancet Oncol (2021) 22(3):332–40. doi: 10.1016/S1470-2045(20)30686-0

37. Walewski, J, Paszkiewicz-Kozik, E, Michalski, W, Rymkiewicz, G, Szpila, T, Butrym, A, et al. First-line r-CVP versus r-CHOP induction immunochemotherapy for indolent lymphoma with rituximab maintenance. a multicentre, phase III randomized study by the polish lymphoma research group PLRG4. Br J Haematol (2020) 188(6):898–906. doi: 10.1111/bjh.16264

38. Leonard, JP, Trneny, M, Izutsu, K, Fowler, NH, Hong, X, Zhu, J, et al. AUGMENT: a phase III study of lenalidomide plus rituximab versus placebo plus rituximab in relapsed or refractory indolent lymphoma. J Clin Oncol (2019) 37(14):1188–99. doi: 10.1200/JCO.19.00010



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 © 2023 Wen, Li, Zhao, Li, Zhu, Wu, Lin and Zhang. 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-13-1123469-g003.jpg
== High-Risk =t Low-Risk = High-Risk == Low-Risk
1.00 1.00
0.75- 0.75:
0.50- 0.50-
[ 1)
w w
o a
025 ; 025
Log rank, p = 0.001 ] Log rank, p = 0.02
0.00- i 0.00-
0 20 40 60 80 100 120 0 20 40 60 80 100 120 140 160 180 200
Time Time
Number at risk Number at risk
High-Risk 68 45 22 (-] 5 3 3 High-Risk 28 15 3 1 0 0 0 0 0 0 0
Low-Risk 69 43 25 8 3 1 0 Low-Risk 18 13 11 5 3 3 3 1 1 1 1
[ 20 40 60 80 100 120 0 20 40 60 8 100 120 140 160 160 200

Time Time





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        A new prognostic nomogram in patients with mucosa-associated lymphoid tissue lymphoma: a multicenter retrospective study

      

        		

          Background

        



        		

          Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          1 Introduction

        



        		

          2 Materials and methods

        

          		

            2.1 Patients

          



          		

            2.2 Data collection and follow-up

          



          		

            2.3 Construction of nomogram and statistical analysis

          



        



        



        		

          3 Results

        

          		

            3.1 Clinical characteristics

          



          		

            3.2 Identifying independent prognostic factors for PFS

          



          		

            3.3 Nomogram construction and validation

          



        



        



        		

          4 Discussion

        



        		

          5 Conclusion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Funding

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc.2023.1123469_cover.jpg
& frontiers | Frontiers in Oncology

A new prognostic nomogram in patients with
mucosa-associated lymphoid tissue
lymphoma: a multicenter retrospective study





OEBPS/Images/fonc-13-1123469-g001.jpg
Coefficients

=

-4

45

41 22 0

46 44 45 44 43 44 37 41

37 28 21

14 9 3

C-index
045 050 055 060 065 070 075 080

| | e -
3 3 3 — & 3 2
Log Lambda Log(®)
Subgroup HR(95%CI) p value
Age ————> 2.560(0.903-7.259) 0.077
Stage ——e 10.277(2.012-52.496) 0.005
ECOG ————__ 0.098(0.010~1.013) 0.051
Targeted therapy «—— 0.222(0.063-0.786) 0.020
Radiotherapy — 0.253(0.076-0.840) 0.025
Extranodal involvement —_—— 2.601(0.631-10.723) 0.186
B_symptom < g | 0.484(0.051-4.577) 0.526
WBC o 0.895(0.682-1.174) 0.423
PLR + 1.004(1.001-1.007) 0.023
LA ——i 0.728(0.520~1.017) 0.063
LDH + 1.006(0.998-1.015) 0.140
b e M





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/logo.jpg
& frontiers | Frontiers in Oncology





OEBPS/Images/fonc-13-1123469-g004.jpg
=
2
S
5
ow
i
=
=
S
B
s
=
g
—— 3-Year
] —— 5-Year
o Ideal line
0.3 04 05 0.6 0.7 os o9 10
Nomogram predicted PFS probability
3-year PFS in the training cohort
0.15
—— Model
— Al positive
All negative
s
2
S
&
=
=
0.00 0.25 0.50 0.75 1.00
Threshold Probability
3-year PFS in the validation cohort
0.20 — Model
—— A positive
—— A negative
0.15
E a0
5
2
= 0.05
0.00 ‘
—0.05 - T L x
0.00 0.25 0.50 0.75 1.00

Threshold Probability

]
s
3
2
a
&
E
s
5
&
o

Net Benefit

3-Year
—— 5-Year
Ideal line

v - - v + -
0.3 0.4 0.5 0.6 0.7 0.8 o9 1.0
Nomeogram predicted PFS probabil

5-year PFS in the training cohort

0.3
—— Model

—— Al positive
All negative

02
0.1
0.0
- - - -
0.00 0.25 0.s0 0.75 1.00
Threshold Probability
5-year PFS in the validation cohort
0.20 — Model
—— AN positive
All negative
0.15
S o110
S
=3
=2 o0.05
0.00
—o0.05 - T

*
0.25 0.50 0.75 1
Threshold Probability

0.00





OEBPS/Images/fonc-13-1123469-g002.jpg
Sensitivity(TPR)

Sensitivity(TPR)

X o 10 20 30 40 50 60 70 80 20 100
Points L A s A n A A A A f 7
Targeted therapy “
Radiotherapy H
A_v— T T T T J
PLR 100 200 300 400 500 600 700 800 900 1000
; r T T v T T v T T v T T 1
Total points o 10 20 30 40 50 60 70 80 90 100 110 120 130
. r T T T T T T T T T T T ]
Lincar Pre. 45 1 05 6 os 1 1.5 2 25 3 35 a4 as
Probability of 3-year 0.95 0.850.8 0. s
r T — ———
Probability of S-year 0.95 0.9 0.850.8 0.7 0.60.50.4
C 1.0
0.8
e
& 0.6
=
=
.= o4
‘Z
4
w2 0.2
—— 3-Year (AUC = 0.841) ST
—— SEArAUS S 0763 — S earcane
0.0
0.0 0.2 0.4 0.6 o.s 1.0
0.0 0.2 0.4 0.6 0.8 1
1-Specificity(FPR) 1-Specificity(FPR)
2 7
E% oo
=
=

——3-Yoar(AUG=0.65]
——5-YoarAUC=0.63

1-Specificity(FPR)

7
=
>

w2

3-voar (AU
5 yoar(AUC=

sof

1-Specificity(FPR)





OEBPS/Images/table1.jpg
Characteristics Training cohort (%) External validation cohort (%)

(n=137) (n = 46)

Age

<54 75 (54.7) 17 (37.0)

>54 62 (45.3) 29 (63.0)
Sex

Male 54 (39.4) 21 (45.7)

Female 83 (60.6) 25 (54.3)
ECOG PS

0-1 131 (95.6) 42 (913)

>1 6 (44) 4(87)
B symptom

No 133 (97.1) 45 (97.8)

Yes 4(29) 1(22)

Ann Arbor stage

I-11 126 (72.4) 10 (21.7)

-1V 11 (8.0) 36 (78.3)
Primary site

Gastric 46 (33.6) 13 (28.3)

Non-gastric 91 (66.4) 33 (71.7)
Surgery

No 69 (50.3) 22 (47.8)

Yes 68 (49.6) 24 (522)
Chemotherapy

No 86 (62.8) 11 (23.9)

Yes 51 (37.2) 35 (76.1)
Targeted therapy

No 97 (70.8) 19 (413)

Yes 40 (29.2) 27 (58.7)
Radiotherapy

No 56 (40.9) 27 (58.7)

Yes 81 (59.1) 19 (41.3)

Number of extranodal involvement

<1 121 (88.3) 15 (32.6)

>1 16 (11.7) 31 (67.4)
PCD

No 109 (79.6) 35 (76.1)

Yes 28 (20.4) 11 (23.9)

HBsAg status

No 121 (88.3) 36 (78.3)

Yes 16 (11.7) 10 (21.7)
IPI

0-1 131 (95.6) 10 (21.7)

>1 6 (4.4) 36 (78.3)

WBC (10%/L)
<5.06 69 (50.4) 23 (50.0)
>5.06 68 (49.6) 23 (50.0)

Hemoglobin (g/L)

<128 72 (52.6) 24 (52.2)

>128 65 (47.4) 22 (47.8)
PLT (10%/L)

<201 69 (50.4) 27 (58.7)

>201 68 (49.6) 19 (41.3)

Lymphocytes (10%/L)
<146 80 (58.4) 29 (63.0)
>146 57 (41.6) 17 (37.0)
Neutrophils (10%/L)
<288 69 (504) 22 (47.8)
>2.88 68 (49.6) 32 (69.6)

Monocytes (10°/L)

<035 71 (51.8) 16 (34.8)

>0.35 66 (48.2) 30 (65.2)
NLR

<201 68 (49.6) 15 (32.6)

>2.01 69 (50.4) 31 (67.4)
PLR

<131.47 69 (50.4) 21 (45.7)

>131.47 68 (49.6) 25 (54.3)
LMR

<4.13 68 (49.6) 31 (67.4)

>4.13 69 (50.4) 15 (32.6)
Sli

<402.31 69 (50.4) 18 (39.1)

>402.31 68 (49.6) 28 (60.9)

Globulin (g/L)

<279 70 (51.1) 24 (522)

>27.9 67 (48.9) 22 (47.8)
LDH (U/L)

<160 69 (50.4) 17 (37.0)

>160 68 (49.6) 29 (63.0)

ECOG PS, Eastern Cooperative Oncology Group performance status; PCD, plasmacytic differentiation; HBsAg status, HBsAg, Hepatitis B virus surface antigen; WBC, white blood cell; PLT,
platelet; LDH, lactic dehydrogenase; LMR, lymphocyte- to- monocyte ratio; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio; SI, systemic immune-inflammation index;
LDH, lactic dehydrogenase.





