

[image: Development and validation of a nomogram to predict overall survival and cancer-specific survival in patients with primary intracranial malignant lymphoma: A Retrospective study based on the SEER database]
Development and validation of a nomogram to predict overall survival and cancer-specific survival in patients with primary intracranial malignant lymphoma: A Retrospective study based on the SEER database





ORIGINAL RESEARCH

published: 09 January 2023

doi: 10.3389/fonc.2022.1055046

[image: image2]


Development and validation of a nomogram to predict overall survival and cancer-specific survival in patients with primary intracranial malignant lymphoma: A Retrospective study based on the SEER database


Ziyue Yang 1,2, Zhenfen Li 1,2, Chunmeng Fu 1,2, Yuanyuan Zhu 1,2, Ying Lin 3, Ying Deng 4, Ning Li 1 and Fang Peng 1,2*


1 Department of Blood Transfusion, Xiangya Hospital, Central South University, Changsha, Hunan, China, 2 National Health Commission (NHC) key Laboratory of Cancer Proteomics, Xiangya Hospital, Central South University, Changsha, Hunan, China, 3 Department of Nuclear Medicine, Xiangya Hospital, Central South University, Changsha, China, 4 Department of Scientific Research Management, Ningxiang People’s Hospital, Hunan University Traditional Chinese Medicine, Ningxiang, Changsha, Hunan, China




Edited by: 

Pierpaolo Alongi, ARNAS Ospedali Civico Di Cristina Benfratelli, Italy

Reviewed by: 

Jacopo Falco, Carlo Besta Neurological Institute Foundation (IRCCS), Italy

Giulio Bonomo, Carlo Besta Neurological Institute Foundation (IRCCS), Italy

*Correspondence: 

Fang Peng
 pengfang@csu.edu.cn

Specialty section: 
 This article was submitted to Neuro-Oncology and Neurosurgical Oncology, a section of the journal Frontiers in Oncology


Received: 21 October 2022

Accepted: 05 December 2022

Published: 09 January 2023

Citation:
Yang Z, Li Z, Fu C, Zhu Y, Lin Y, Deng Y, Li N and Peng F (2023) Development and validation of a nomogram to predict overall survival and cancer-specific survival in patients with primary intracranial malignant lymphoma: A Retrospective study based on the SEER database. Front. Oncol. 12:1055046. doi: 10.3389/fonc.2022.1055046




Introduction

Primary intracranial malignant lymphoma (PIML) is a rare form of lymphoma that most often occurs in the brain and has an extremely low 5-year survival rate. Although chemotherapy and radiotherapy are widely used in the clinical management of PIML, the choice of treatment regimen and the actual circumstances of patients remain challenges when assessing survival rates in different patients.



Methods

Considering this, we obtained clinical treatment and survival information from the Surveillance, Epidemiology, and End Results database (SEER) on patients with lymphoma, the primary site of which was the brain, and performed statistical analyses of the demographic characteristics. Survival analyses were performed using the Kaplan–Meier method, and univariate and multivariate Cox proportional hazards regression analyses were performed to identify independent prognostic factors.



Result

We identified age, pathology, the Ann Arbor stage, and treatment as the risk factors affecting patient prognosis. The areas under the curve (AUCs) for overall survival at 1, 3, and 5 years were 0.8, 0.818, and 0.81, respectively. The AUCs for cancer-specific survival at 1, 3, and 5 years were 0.8, 0.79, and 0.79. The prediction ability in the development and verification cohorts was in good agreement with the actual values, while we plotted the clinical decision curves for the model, suggesting that the nomogram can provide benefits for clinical decision-making.



Conclusion

Our model provides a prognostic guide for patients with PIML and a reliable basis for clinicians.
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Introduction

Primary intracranial malignant lymphoma (PIML) is an uncommon form of lymphoma, accounting for 1% of all non-Hodgkin’s lymphomas (1). Its incidence has increased over the last 30 years and is closely related to the immune function of patient (2). PIML has become the most common neurological tumor because of the increase in patients with acquired immunodeficiency syndrome and the use of immunosuppressive drugs following transplantation (3). Although PIML is relatively rare, it is more common than the secondary spread of primary extracranial lymphoma (4).

PIML is treated with a combination of chemotherapy, radiotherapy, and surgery in clinical practice (5). Of these, chemotherapy is the most conventional treatment (6), and experts in the field agree that high doses of methotrexate are the backbone of multimodal therapy (7), including other chemotherapeutic agents. However, there are many controversies regarding the treatment of PIML. The impact of surgical resection on PIML remains controversial, with one clinical study suggesting that for intracranial lymphoma, surgical resection improves PFS (progression-free survival) but not OS (1). Other controversies include the optimal upfront chemotherapy regimen, the status of radiotherapy, the risks and benefits of surgical treatment, and treatment involving the cerebrospinal fluid space (8).

To explore the impact of different demographic characteristics and treatment on the prognosis of patients with PIML, we performed a retrospective analysis of data corresponding to patients with PIML based on the Surveillance, Epidemiology and End Result (SEER) database (9). SEER database, supported by a project of the National Cancer Institute (NCI), is a real-world database of clinical oncology literature that has been widely used for epidemiological investigations and statistical analyses (10), especially for a rare tumor type such as PIML. With a total of 1245 patients diagnosed with lymphoma of the brain origin between 1975 and 2019, this is the most comprehensive retrospective study to analyze clinicopathological features. Using these data and establishing a nomogram model that predicts OS and CSS (Cancer Specific Survival), which will provide an excellent reference for future clinical decisions.



Method


Data acquisition

The SEER Program of the NCI contains retrospective data on the demographic characteristics, disease classification, pathological features, and treatment of tumors in patients from different states in the USA (10). In its official data retrieval SEER* Stat software, the “Incidence-SEER Research Plus Data, Nov 2021 sub (1975–2019)” dataset corresponded to patients with PIML from 1975-2019. The primary site label identified the brain (code C71.9), and the behavior code ICD-0-3 was used to identify the malignance. The disease was identified as a lymphoid neoplasm after the 2021 revision. We collected information on sex, age, the time of diagnosis, the primary tumor site, pathological staging of the lymphoma, radiotherapy, chemotherapy, surgical treatment, survival time, marital status, the cause of death, and survival status. A total of 919 patients were included after screening based on the following exclusion criteria (1): Ann Arbor stage information was unknown (2), treatment information was unknown (3), survival time was unknown. The graphical abstract of this study is presented in Figure 1.




Figure 1 | The flowchart of this study which was including and dividing patients.





Statistical analysis

All statistical analyses were performed using R Studio (version 4.1.2) and SPSS (version 36.0). First, the 919 samples were randomly divided in a 7:3 ratio into development and verification groups using the sample statement in R Studio (11). These groups were used to develop and validate the model. Statistical analysis between the two groups was performed using the R package “CompareGroups,” and chi-square tests were used for comparisons between the groups. The R package “survival,” “rms,” “survivalROC,” “survminer,” and “ggplot2” were used for survival analysis and to develop nomogram models and plot Kaplan–Meier (KM) curves.

OS (Overall survival) and CSS (cancer-specific survival) are commonly used indicators to assess the prognostic status of tumor patients. First, OS and CSS were used as the outcome variables. Using the KM method, OS and CSS were calculated using SPSS software. We obtained the Cox regression model parameters using maximum likelihood estimation with the help of the partial likelihood function. We included all variables in the development cohort in the univariate Cox regression analysis separately, and P values < 0.05 were considered statistically significant. Variables that were statistically and clinically significant were included in the multivariate Cox analysis, while hazard risk ratios were calculated, with a value > 1 being considered a risk factor for survival. The independent prognostic factors affecting OS and CSS in patients with PIML were identified. A nomogram prediction model was developed based on the established Cox regression results. All the above was also verified in the verification cohort.

A risk score formula was constructed based on multivariate Cox regression. All the patients were divided into high and low risk groups according to the risk scores, and the probability of poor survival was quantified for each patient. A nomogram model was constructed based on the multivariate Cox regression analysis. To further evaluate the predictive performance of the nomogram model, the area under the subject working characteristic curve (AUC) and correction curve for OS and CSS at 1, 3, and 5 years were calculated (11). A higher AUC and smoother correction curves indicated that the models had a greater ability to predict patient prognosis (12). Decision curve analysis (DCA) also demonstrated that our models could deliver greater patient benefits (13). Finally, the KM method was used to plot survival curves with different variables.




Result


Patients’ characteristics

A total of 919 patients diagnosed with lymphoma between 1975 and 2019 with the primary site in the brain and documented survival time and clinical staging were included in the study. Table 1 summarizes the demographic and clinical characteristics of all the patients. The patients were randomly distributed into a developmental group (n = 643) and a verification group (n = 276), and the chi-square test was used to confirm the significant internal differences between the two groups. The International Prognostic Index (IPI) stage of lymphoma scores 60 years as 0 points and age >60 years as 1 point (14). In this study, all patients were classified according to the IPI scoring system using the age of 60 years as the cutoff value. Of these, 573 patients (62%) were younger than 60 years at the time of diagnosis. Caucasian ethnicity predominated (n = 735, 80%), and there were 609 (66%) male patients.


Table 1 | The demographic and clinical features of patients with PIML.



Diffuse large B-cell lymphoma was the most common histological subtype, with 462 cases (50%), which is sufficient to establish that the most common pathological type of intracranial lymphoma is the same as the systemic lymphoma (15). This was followed by lymphoid tumors in 346 cases (38%). Hodgkin’s lymphoma was the least common, with only 2 cases (0.2%). For lymphoma, Ann Arbor staging guided clinical diagnosis and treatment was used, with stages I and IV accounting for the majority of the 919 patients included in the study, 729 (80%) and 173 (19%), respectively. For treatment, 152 (17%) patients underwent surgery, with some of the remaining patients treated for surgery due to patients’ refusal and the lack of indications for surgery. Radiotherapy and chemotherapy were administered to 454 (49%) and 372 (40%) patients, respectively. Due to the limitations of the database, it was not possible to know about the specific treatment regimens of the patients or the chemotherapeutic drugs used.

Meanwhile, the median survival time for the entire cohort was 3 months. As shown in the survival curves in Figure 2, the OS rates for the entire cohort were 29.5%, 21.0%, and 16.1% at 1, 3, and 5 years. The CSS rates were 27.5%, 19.3%, and 14.6% at 1, 3, and 5 years, respectively.





Figure 2 | The Kaplan-Meier (KM) curves for predicting the OS and CSS of PIML patients in the whole cohort.





Survival analysis of OS and CSS

Univariate and multivariate Cox regression analyses were performed to predict prognostic factors affecting OS and CSS. First, all variables in the development cohort, including age, sex, race, the time of diagnosis, the type of pathology, the Ann Arbor stage, radiotherapy, surgical treatment (other than biopsy), chemotherapy, and marital status were included in the statistical analysis. The results shown in Table 2 indicate that age was a potential risk factor affecting OS. Marital status is also a potential prognostic factor. In addition, the pathological type of Hodgkin’s lymphoma, surgery, and chemotherapy were significantly associated with OS. However, our results showed that radiotherapy was not significantly associated with OS.

  

Table 2 | The result of Univariate and Multivariate  COX regression analyses of OS and CSS in development group.



Variables that were statistically significant in the univariate Cox analyses were then included in the multivariate Cox regression analysis. The data showed that age was an independent risk factor affecting the prognosis of patients, with patients 60 years or older having a poor prognosis. The pathology type of Hodgkin’s lymphoma was also an independent factor affecting OS, with patients with Hodgkin’s lymphoma having worse OS. Chemotherapy and surgery were independent prognostic factors, with the risk of death being 0.41 times higher for those who received chemotherapy than for those who did not, and 0.65 times higher for those who received surgery than for those who did not, suggesting that patients treated with chemotherapy and surgery had better OS. Cox regression analysis showed that the Ann Arbor stage was not a prognostic factor. This may be related to the distribution of the data, as lymphoma is an insidious malignancy with high heterogeneity, and all data were distributed closer to stages I and IV. Nonetheless, the Ann Arbor stage remains the preferred assessment criterion in clinical decision-making.

Meanwhile, CSS is one of the most important predictors of prognosis in patients with malignancy. The impact of the 10 aforementioned variables on CSS was further explored. In contrast to OS, the results of univariate Cox analysis showed that age did not have the potential to influence CSS. Sex and age were able to influence CSS, and the time to diagnosis was a potential predictor of CSS. As previously described, these statistically significant differences in the univariate analysis were further included in the multivariate Cox analysis, which showed that age and sex had a P value greater than 0.05 and failed to show independent predictive power. Like OS, surgery (P = 0.00633) and chemotherapy (P = 8.42e-12) remained highly significant independent prognostic factors. In summary, both statistically and in clinical practice, treatment significantly influenced the prognostic survival of patients, but statistical analysis showed that radiotherapy did not demonstrate superiority. Next, the KM method was used to calculate the probability of survival for OS (Figure 3) and CSS (Figure 4) in PIML, and all cohorts were categorized by variables, showing a significant correlation with prognosis.




Figure 3 | The Kaplan-Meier (KM) method was performed to calculate the OS classified by clinical pathologic factors for patients with PIML. The clinical pathologic factors including risk score (A), Surgery (B), Age (C), Marital status (D), Histology (E), Chemotherapy (F).






Figure 4 | The Kaplan-Meier (KM) method was performed to calculate the CSS classified by clinical pathologic factors for patients with PIML. The clinical pathologic factors including risk score (A), Chemotherapy (B), Histology (C), Race (D), Surgery (E), Year of diagnosis (F).





Establishment and evaluation of prognostic nomogram

To assess the survival probability in individual patients, the nomogram models for predicting patients’ OS and CSS were developed in the development cohort. Factors of significant prognostic and clinical significance were screened using multivariate Cox regression analysis, including age, the type of pathology, treatment, and Ann Arbor staging (Figure 5). Detailed scores for each factor are shown in the nomogram, and by calculating these scores against the total score on the bottom axis, OS and CSS could be predicted at 1, 3, and 5 years. To verify the feasibility of these models, receiver-operating characteristic curves were used to assess the accuracy of the nomogram models. The AUC values for OS at 1, 3, and 5 years were 0.8, 0.818, and 0.81. In the development cohort (Figure 6), and the AUC values for CSS were 0.8, 0.799, and 0.798, respectively (Figure 7). These data demonstrated the predictive power of the nomogram based on the development cohort. Next, the effectiveness of the nomogram was validated in the verification cohort to further demonstrate its reliability, with AUC values of 0.8, 0.832, and 0.809 for OS (Figure 8) and 0.8, 0.845, and 0.788 for CSS (Figure 9) in the verification cohort at 1, 3, and 5 years, respectively, demonstrating the potential ability of the established nomogram to predict 1-, 3- and 5-year survival rates in patients with PIML (Figure 10). Analysis of the AUC and calibration curves in these validated cohorts showed consistent results in the development cohort, and these results confirmed the strong relevance and value of the multi-established nomogram in predicting the prognosis of patients with intracranial lymphoma in clinical practice. The model built by the nomogram was further subjected to DCA, a simple method for evaluating clinical prediction models. The data showed that the model built according to the nomogram yielded good benefits, allowing patients to achieve higher benefits for the same risk.




Figure 5 | The prognostic nomogram models to predict 1-year, 3-year, and 5-year of OS and CSS for patients via development cohort (A, B).






Figure 6 | The AUC (A-C) and calibration curve (D-F) of 1-year, 3-year, and 5-year to assess the performance of predictive models for OS in the development group.






Figure 7 | The AUC (A-C) and calibration curve (D-F) of 1-year, 3-year, and 5-year to assess the performance of predictive models for CSS in the development group.






Figure 8 | The AUC (A-C) and calibration curve (D-F) of 1-year, 3-year, and 5-year to assess the performance of predictive models for OS in the verification group.






Figure 9 | The AUC (A-C) and calibration curve (D-F) of 1-year, 3-year, and 5-year to assess the performance of predictive models for CSS in the verification group.






Figure 10 | The DCA curve for OS (A-C) and CSS (D-F) of 1-year, 3-year, and 5-year in the development group.



Next, risk scores for patients with intracranial lymphoma were quantified based on the patients’ clinicopathological factors, age, sex, type of pathology, and treatment. To further illustrate whether risk scores could be considered independent prognostic factors, we determined the median risk score as a basis for classifying high-risk subgroups and low-risk wind resistance, with KM curves showing better survival rates in the low-risk group.




Discussion

To our knowledge, PIML is a relatively rare intracranial malignancy that accounts for approximately 1.5% of all primary intracranial tumors (16). PIML can initially present with optic nerve damage, increased intracranial pressure, a high degree of malignancy, a specific release site, and a poor prognosis (17). The prognosis of this rare type of lymphoma, in which non-Hodgkin’s lymphoma is the main type, has improved over the last decade due to the use of high doses of methotrexate (18). However, the prognosis of PIML depends on several other factors, such as the time of diagnosis, histological and biological characteristics of the tumor, and the appropriateness of the treatment (19). In conclusion, after more than a decade of development, the prognosis of PLML remains unsatisfactory (20). Routine physical examinations are unable to assess intracranial conditions, and most intracranial abnormalities detected on magnetic resonance imaging, as well as their specific anatomical location, prevent clinicians from obtaining a specifically determined (21). Therefore, there is a need to explore sensitive and specific tumor markers and diagnostic methods. Owing to the rarity of intracranial lymphoma, there are only a few related clinical studies (22). According to the literature, there are no randomized clinical trials for recurrent, refractory PIML, and no prognostic models for PIML have been developed (23). To better understand the clinical demographic characteristics and risk factors of PIML, we investigated the largest sample of data corresponding to patients with PIML retrieved from the SEER database, and these data were used to develop and validate prognostic OS and CSS nomograms for patients with PIML. These models can be applied in clinical practice to provide advice to physicians when making clinical decisions.

This study included 919 patients who were diagnosed with lymphoma between 1975 and 2019 with an intracranial primary site and documented survival time and clinical staging. Detailed data on demographic characteristics were obtained and statistically analyzed, with OS rates of 29.5%, 21.0%, and 16.1% at 1, 3, and 5 years, respectively, for the entire cohort. Univariate Cox regression analysis was performed to identify potential risk factors, and multivariate Cox regression analysis was performed to identify independent prognostic factors. The patients were categorized according to IPI staging using a cut-off of 60 years of age, with 62.3% of patients <60 years. Age was one of the most notable risk factors for prognosis in patients with PIML; patients >60 years had worse OS, although 60 years of age was statistically insignificant for CSS based on the results. In addition, there appeared to be no statistically significant difference in the effect of sex on intracranial lymphoma, with a potentially significant difference in incidence by sex. Meanwhile, the pathology was consistent with that of lymphoma, with diffuse large B-cell type remaining the most common type, whereas patients with a pathological type of Hodgkin’s lymphoma had a worse prognosis, in line with the results of previous studies (24).

Ann Arbor staging was not significant based on the statistical analysis of this study. This may be strongly related to the distribution of data, with most patients (98.1%) having stages I and IV, which could have biased the results of the regression analysis. This reflects the following two extremes in the staging of patients with PIML: early onset of symptoms causing discomfort, leading to earlier medical intervention, or early onset of no obvious symptoms, and an advanced stage by the time of the first medical examination (25). However, the results of the statistical analysis do not negate the role of Ann Arbor staging in guiding clinical practice.

Meanwhile, treatment options are the most important factors affecting the prognosis of patients with PIML (26),and patients who have not undergone systemic treatment generally have a worse survival time. Management of patients with PIML included surgical tumor resection (other than biopsy), chemotherapy and radiation therapy. This multimodal treatment, including chemotherapy and aggressive surgery can convey a survival advantage in patients with PIML (27).However, radiotherapy does not show a unique superiority over chemotherapy and surgery, contrary to our conventional understanding (28).Patients treated with chemotherapy and surgery generally have longer life expectancy (29). These data confirm the importance of chemotherapy in the treatment regimen for PIML. However, owing to the limitations of the database, it is not possible to obtain information on the specific options for treatment, including surgery, the drug regimens for chemotherapy, and the choice of dose and irradiation target area for radiotherapy, all of which largely influence the patient outcomes (30).

A nomogram to predict patient prognosis was further developed based on a risk-based coefficient. Given the importance of age for patient staging, we included age in the creation of the nomogram. Firstly, time-dependent receiver-operating characteristic curves indicated that the nomogram had high sensitivity and specificity. Second, the small deviation from the reference line demonstrated the high reliability of the established nomogram, and the DCA curve showed that the nomogram contributed to better clinical decision-making (31).

For lymphomas of the central nervous system, MRI (magnetic resonance imaging) is the diagnostic method of choice. The T2-weighted (T2W) signal usually indicates intracranial edema and lesions of vascular origin, while the T1-weighted (T1W) signal shows intracranial parenchymal lesions or occupancies (32). For patients with PIML, there is no substitute for MRI in assessing the anatomical localization of the tumor, tumor size, and edema of the brain parenchyma. Meanwhile, positron emission tomography combined with computed tomography (PET/CT) is increasingly being demonstrated in clinical trials as the center of gravity in the evaluation of lymphoma. Gradually, a diagnostic approach with MRI and PET/CT as the core has been developed. In particular, the sensitivity of PET/CT has increased dramatically in patients with lymphoma involving bone marrow involvement (33). However, a subset of lymphoma patients exhibits low 18F fluorodeoxyglucose (FDG) avidity (34). Also, PET/CT based staging is prognostically instructive in most clinical explorations, suggesting that imaging can give direct evidence in tumor morphology, infiltration, and metastasis. These significantly influence the treatment choice and prognostic evaluation of patients.

The study tracked all records of PIML patients in the SEER database from 1979-2019, building a prognostic model over a forty-year cohort. This model is reliable in terms of sample size. And it can provide a basis for subsequent multicenter clinical studies or prospective studies. At the same time, imaging information was missing from the data we collected, and this absence is understandable. The first publication on 18F FDG PET in lymphoma was in 2007 (32). Also, medical imaging system is evolving very rapidly, it is difficult to document with quantifiable information, and imaging changes in patients at different pathological stages are dynamic. Therefore, this study focuses more on quantifiable factors in the data and uses different factors: gender, age, stage, and type of pathology to build models that predict the prognosis of different patients. Most of these factors can be obtained in the admission records, which is faster and more specific. Also imaging evidence can be used as valid evidence of prognosis, which, together with the results of this study, allows a better management and assessment of the prognosis and treatment of patients. In other words, with our prognostic model as a basis, we can combine imageomics and molecular diagnostics to build a multimodal prognostic model (35). It is a big challenge that requires more clinical studies and further molecular research.

In summary, this study obtained comprehensive clinical data from the SEER database and assessed the actual situation of individual patients from different perspectives, using uniform criteria and methods. This allowed us to comprehensively analyze the clinicopathological features of intracranial lymphomas. However, this study had several limitations. First, the treatment-specific information in the cohort was not sufficiently comprehensive, which prevented us from further targeting the benefits of different treatment. Due to the limitations of the database, we do not have access to a definitive treatment plan, which is the factor that has the greatest impact on patient prognosis. This includes the surgical procedure, the size and extent of tumor resection, the management of metastases including lymph nodes, and postoperative management. This information can be more specific and refined for assessing the prognosis of patients. At the same time, more large multicenter clinical trials are needed to explore the details of these treatment factors, which have positive implications for improving the prognosis of patients with intracranial lymphoma. Second, the SEER database contains qualitative or semi-quantitative data, and the statistical reliability was, to some extent, impaired. Finally, the nature of retrospective studies inevitably results in bias (36). Although our findings and new models require further in-depth studies, our results can provide new insights for treating patients with PIML and can assist oncology hematologists.



Conclusion

We constructed a new nomogram to predict OS and CSS in patients with PIML. In addition, we found that age, surgery, chemotherapy, Ann Arbor staging, and histological type are independent risk factors for PIML. The identification of risk factors and construction of nomograms can provide new insights for patients with PIML and oncology hematologists, allowing doctors to make better choices during clinical decision-making.
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