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Background 
Meningiomas are arachnoid cell tumors that occur both intracranially and in the spinal 
meninges. While intracranial meningiomas are the most common type of adult intracranial 
tumor,1 spinal meningiomas account for only 1.2% of meningiomas.2 However, because primary 
spinal neoplasms are rare, spinal meningiomas account for 25-46% of all spine tumors.3 
 
There is female predominance among patients with both intracranial and spinal meningiomas, 
but the gender ratio is even more skewed for spinal meningiomas, with females accounting for 
75%-90% of cases.1 Women with breast cancer may be at increased risk of developing a spinal 
meningioma later on, with one 2020 study demonstrating a 26% increased risk for women with 
breast cancer compared to the general population.4 
 
While the extant literature includes extensive analysis of the pathogenesis, natural history, 
management, and behavior of intracranial meningiomas, similar data on spinal meningiomas—
particularly on the link between breast cancer and spinal meningiomas—remains limited.3 
Population-level evidence has the potential to advance our knowledge of these tumors.  
 
Methods 
We performed a retrospective cohort analysis of patients identified through the Observational 
Health Data Sciences and Informatics (OHDSI) network. Columbia University Irving Medical 
Center (CUIMC)’s anonymized Observational Medical Outcome Partnership (OMOP) database 
comprises a mixture of inpatient and outpatient visits, spans a time period of 4 decades (1990s-
present), and represents a population of 6 million patients. The data in the OMOP database 
were extracted from CUIMC and New York-Presbyterian Hospital’s electronic health record 
systems. We used ATLAS to construct our patient cohorts. 
 
We used a series of procedure codes such as ICD-09 procedure code 03.4 (“Excision or 
destruction of lesion of spinal cord or spinal meninges”) to indicate excision of a spinal cord 
lesion. We identified primary spinal cord malignancies with a series of codes such as SNOMED-
CT code 363475005 (“Malignant neoplasm of spinal cord”) or a related code. We identified 
secondary malignancies with a series of codes such as SNOMED-CT 128462008 (“Secondary 
malignant neoplastic disease”) or related codes.  
 
Our primary spinal cord malignancy cohort consisted of patients who had a first spinal cord 
tumor excision and an antecedent spinal cord malignancy diagnosis within 1 year prior to the 
procedure.  All patients were between 18 and 80 years old. We excluded patients who were 
diagnosed with a secondary malignancy on all days before and 1 year after. By the nature of the 



inclusion coding, any patients with a spinal meningioma diagnosis who did not receive surgical 
intervention were excluded. In accordance with Columbia University IRB (Protocol #AAAT4533), 
we reviewed the charts of identified patients and gathered data on: 1) pathology, 2) number of 
involved spinal levels, 3) tumor location, 4) tumor volume, 5) World Health Organization (WHO) 
tumor grade, 6) patient comorbidities, 7) date of birth, 8) date of surgery, 9) gender, and 10) 
meningioma recurrence.  
 
Cranial neoplasm data were extracted from a Columbia tumor bank dataset from 2012, which 
included patient gender, race, ethnicity, tumor diagnosis, WHO grade, and age at time of 
surgery. 
 
Results 
Of 1,000 patients with spinal tumors identified in OHDSI, 146 had spinal meningiomas and were 
included in analyses (Table 1). From the tumor bank data, 606 patients with intracranial 
meningiomas were included. The majority of spinal meningioma patients were female (84%). 
Gender subgroup analysis of spinal meningiomas revealed a 5:1 female:male ratio compared to 
a 2:1 female:male ratio in the intracranial meningioma cohort. Breast cancer was the most 
common oncologic association with spinal meningiomas, diagnosed in 6.2% of these patients. 

 
 Male Female p-value 
N (%) 24 (16%) 122 (84%) < 0.05✣ 
Age at time of surgery, mean (range) 63 (43 - 80)  61 (22 - 91) 0.40 
Number of involved spinal levels, mean (range) 2.6 (1 - 8) 2.4 (1 - 5) 0.46 
Tumor volume (cm^3), median (interquartile range) 0.88 (.58) 1.014 (1.4) 0.39 
WHO Grade I, n (%) * 15 (94%) 73 (100%)   
Involved Spinal Levels, n (%)       
        Cervical 9 (37.5%) 37 (30%) 0.49 
        Cervical-Thoracic 4 (16.7%) 6 (4.9%) 0.04 
        Thoracic 9 (37.5%) 68 (56%) 0.16 
        Thoracic-Lumbar 0 (0%) 6 (4.9%) 0.27 
        Lumbar 2 (8.3%) 5 (4.1%) 0.37 
Confirmed recurrence, n (%) 0 (0%) 5 (4.1%) 0.31 
✣ compared to percentage female in general population from US Census   

*Percent of non-missing values     
Table 1. Male vs. Female Spinal Meningioma Cohort. 

  
Conclusions 
This analysis of spinal meningioma patients is one of the largest and most comprehensive 
reviews of these tumors in the extant literature.2,5–9 It reports a male:female gender ratio 
double that of intracranial meningiomas and higher than the 4:1 value recently reported in the 
literature.3  
 



References 
1.  Portet S, Banor T, Bousquet J, Simonneau A, Flores M, Ingrand P, et al. New insights into 

expression of hormonal receptors by meningiomas. World Neurosurgery. 2020 Aug 
1;140:e87–96.  

2.  Sandalcioglu IE, Hunold A, Müller O, Bassiouni H, Stolke D, Asgari S. Spinal meningiomas: 
critical review of 131 surgically treated patients. Eur Spine J [Internet]. 2008 Aug [cited 
2022 Jun 22];17(8):1035–41. Available from: 
https://pubmed.ncbi.nlm.nih.gov/18481118/ 

3.  Jamilson Araújo Pereira B, Nogueira de Almeida A, Silva Paiva W, Henrique Pires de 
Aguiar P, Jacobsen Teixeira M, Kazue Nagahashi Marie S. Neuro-oncological features of 
spinal meningiomas: Systematic review. Neurochirurgie. 2020;66(1):41–4.  

4.  Lopez-Rivera V, Zhu P, Dono A, Lee S, Chen PR, Ballester LY, et al. Increased risk of 
subsequent meningioma among women with malignant breast cancer. World Neurosurg 
[Internet]. 2020 Jul 1 [cited 2022 Jun 22];139:e271–85. Available from: 
https://pubmed.ncbi.nlm.nih.gov/32298823/ 

5.  Arima H, Takami T, Yamagata T, Naito K, Abe J, Shimokawa N, et al. Surgical management 
of spinal meningiomas: a retrospective case analysis based on preoperative surgical 
grade. Surg Neurol Int [Internet]. 2014 Aug 1 [cited 2022 Jun 22];5(Suppl 7):S333–8. 
Available from: https://pubmed.ncbi.nlm.nih.gov/25289155/ 

6.  Hirano K, Imagama S, Sato K, Kato F, Yukawa Y, Yoshihara H, et al. Primary spinal cord 
tumors: review of 678 surgically treated patients in Japan. A multicenter study. Eur Spine 
J [Internet]. 2012 Oct [cited 2022 Jun 22];21(10):2019–26. Available from: 
https://pubmed.ncbi.nlm.nih.gov/22581192/ 

7.  Yamaguchi S, Menezes AH, Shimizu K, Woodroffe RW, Helland LC, Hitchon PW, et al. 
Differences and characteristics of symptoms by tumor location, size, and degree of spinal 
cord compression: a retrospective study on 53 surgically treated, symptomatic spinal 
meningiomas. J Neurosurg Spine [Internet]. 2020 Jun 1 [cited 2022 Jun 22];32(6):931–40. 
Available from: https://pubmed.ncbi.nlm.nih.gov/32005026/ 

8.  Roux FX, Nataf F, Pinaudeau M, Borne G, Devaux B, Meder JF. Intraspinal meningiomas: 
review of 54 cases with discussion of poor prognosis factors and modern therapeutic 
management. Surg Neurol [Internet]. 1996 [cited 2022 Jun 22];46(5):458–64. Available 
from: https://pubmed.ncbi.nlm.nih.gov/8874546/ 

9.  Solero CL, Fornari M, Giombini S, Lasio G, Oliveri G, Cimino C, et al. Spinal meningiomas: 
review of 174 operated cases. Neurosurgery [Internet]. 1989 [cited 2022 Jun 
22];25(2):153–60. Available from: https://pubmed.ncbi.nlm.nih.gov/2671779/ 

  


