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ABSTRACT 
Background: Spinal tumours represent a diverse group of lesions with variable biological 

behaviour and clinical outcomes. Categorizing these tumours into “good,” “bad,” and “ugly” 

subgroups facilitates understanding of their natural history, diagnostic challenges, and 

therapeutic strategies. Aim: To categorize spinal tumours based on biological behaviour and 

to analyze their clinical features, diagnostic approaches, therapeutic strategies, and treatment 

outcomes. Materials and Methods: This retrospective observational study was conducted at 

a tertiary care neurosurgical centre between 2011 and 2024. A total of 251 patients with 

histologically or radiologically confirmed spinal tumours were included. Tumours were 

categorized into benign (good), malignant/aggressive (bad), and rare/complex (ugly) groups. 

Clinical profiles, diagnostic modalities, surgical outcomes, use of adjuvant therapies, and 

recurrence rates were analyzed. Statistical analyses included descriptive measures, Chi-square 

tests, ANOVA, and Kaplan-Meier survival where applicable, with a p-value <0.05 considered 

significant. Results: Benign tumours constituted the majority (72.1%), with schwannomas 

(43.8%) and meningiomas (25.1%) most common. Malignant/aggressive lesions comprised 

8.0% of cases, while rare/complex tumours such as ependymomas formed 19.9%. Patients with 

malignant tumours were significantly older (mean 57.9 years, p<0.001) and presented with 

shorter symptom duration compared to benign or rare groups. Gross-total resection was highest 

in benign tumours (88.4%), intermediate in rare/complex (62.0%), and lowest in malignant 

cases (35.0%) (p<0.001). Two-year recurrence was lowest in benign (5%) but markedly higher 

in malignant (40%) and rare/complex (22%) tumours (p<0.001). Use of adjuvant radiotherapy 

was significantly greater in malignant (75%) and rare/complex tumours (38%) compared to 
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benign lesions (6.6%). Advanced imaging modalities and intraoperative adjuncts were more 

frequently utilized in the malignant and rare/complex groups. Conclusion: Spinal tumours 

display distinct clinical, diagnostic, and therapeutic patterns depending on their biological 

behaviour. Benign tumours have favourable outcomes with surgery, whereas malignant and 

rare/complex lesions require multimodal management and advanced adjuncts, with higher 

recurrence and adjuvant therapy needs. A classification into “good,” “bad,” and “ugly” 

categories offers a practical framework for clinical decision-making and highlights the 

importance of individualized, multidisciplinary care in spinal oncology. 

Keywords: Spinal tumours. Gross-total resection. Multimodal management. 

 

INTRODUCTION  
Spinal tumours represent a heterogeneous group of neoplastic lesions that affect the spinal cord, 

nerve roots, meninges, vertebrae, and adjacent paraspinal structures. They are broadly 

categorized into benign, malignant/aggressive, and rare/complex entities, each with distinct 

biological behaviour, clinical manifestations, and therapeutic challenges. Although spinal 

tumours account for only 10-15% of central nervous system (CNS) neoplasms, their potential 

for neurological compromise makes them clinically significant and often devastating if not 

diagnosed and treated promptly. The categorization of these lesions into “The Good, The Bad, 

and The Ugly” is not only a metaphorical framework but also a practical clinical approach to 

stratify tumours by their natural history, treatment response, and prognosis.[1] 

Benign spinal tumours such as meningiomas, schwannomas, and hemangiomas typically 

demonstrate slow growth, well-demarcated margins, and favourable outcomes following 

surgical excision. Meningiomas, arising from arachnoid cap cells, are more prevalent in 

middle-aged women and frequently present as intradural extramedullary (IDEM) masses. 

Schwannomas originate from Schwann cells of the nerve sheath, often involving dorsal sensory 

roots, and are associated with radiculopathy, motor weakness, and sensory deficits. Although 

benign, their space-occupying nature can compress neural elements, producing significant 

morbidity. Advances in microsurgical techniques, intraoperative neurophysiological 

monitoring, and minimally invasive approaches have further improved resection outcomes for 

these “good” tumours, minimizing complications and recurrence.[2] 

Malignant spinal tumours encompass both primary and secondary neoplasms. Primary 

malignant tumours such as chordomas, osteosarcomas, and astrocytomas display invasive 

growth, poor demarcation, and limited response to surgical treatment alone. Secondary 

tumours, notably spinal metastases from breast, lung, prostate, or renal cancers, represent the 

most common malignant spinal lesions encountered in practice. These lesions often portend 

advanced systemic disease and require multidisciplinary management integrating surgery, 

radiotherapy, stereotactic radiosurgery, chemotherapy, and targeted therapies. The challenge 

with these “bad” tumours lies in achieving durable control while preserving neurological 

function and quality of life. The difficulty in obtaining gross total resection, coupled with high 

recurrence rates, underscores the need for adjuvant strategies.[3] 

The “ugly” category encompasses rare histological variants, aggressive ependymomas, 

intramedullary tumours, and recurrent or mixed histology lesions. These tumours are notorious 

for their unpredictable clinical course, diagnostic dilemmas, and therapeutic complexity. Their 

management often requires repeated surgical interventions, advanced imaging modalities such 

as diffusion-weighted MRI and MR spectroscopy, and novel approaches including robotic 

navigation and immunotherapy. Recurrent ependymomas, for example, may mimic scar tissue 

radiologically, necessitating high expertise for differentiation and treatment planning. The 

“ugly” tumours highlight the unmet need for personalized medicine, incorporating molecular 

profiling and targeted therapies into routine care.[4] 

In the present study spanning 2011-2024, a total of 251 spinal tumour cases were evaluated. 

The distribution included 173 intradural extramedullary tumours (110 schwannomas, 63 
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meningiomas), 60 intramedullary tumours (10 astrocytomas, 50 ependymomas), 10 

metastatic/multiple myeloma cases, 5 dermoid cysts, and 3 conus lipomas. 

 

Aim: 

To categorize spinal tumours based on their biological behaviour and to analyze their clinical 

features, diagnostic approaches, therapeutic strategies, and treatment outcomes. 

 

Objectives: 

1. To classify spinal tumours into benign (good), malignant/aggressive (bad), and 

rare/complex (ugly) types. 

2. To present representative clinical cases highlighting the spectrum of spinal tumours and 

their management. 

3. To review diagnostic modalities including advanced imaging, biomarkers, and 

intraoperative techniques for accurate tumour characterization. 

 

MATERIALS AND METHODS 

Source of Data 

Data was obtained retrospectively from patient records maintained at R.K Damani Medical 

College and SRIMS, Chh. Sambhajinagar, covering all spinal tumour cases managed between 

January 2011 and December 2024. 

Study Design 

A retrospective observational study design was adopted. 

Study Location 

The study was conducted at the Department of Neurosurgery, R.K Damani Medical College 

and SRIMS, Chh. Sambhajinagar. 

Study Duration 

The duration of study was 13 years (2011-2024). 

Sample Size 

The total sample size was 251 patients, distributed as follows: 

Intradural extramedullary (IDEM): 173 (Schwannoma 110, Meningioma 63); Intramedullary 

(IDIM): 60 (Astrocytoma 10, Ependymoma 50); Metastatic / Multiple myeloma: 10; Dermoid 

cyst: 5; Conus lipoma: 3 

Inclusion Criteria 

1. Patients of all age groups and both sexes with histologically or radiologically confirmed 

spinal tumours. 

2. Patients who underwent surgical or nonsurgical management at the study centre. 

3. Cases with complete clinical, radiological, and follow-up data. 

Exclusion Criteria 

1. Patients with incomplete or missing medical records. 

2. Cases with spinal infections, traumatic lesions, or vascular malformations mimicking 

tumours. 

3. Patients lost to follow-up before initial outcome assessment. 

Procedure and Methodology 

Clinical details including demographic data, presenting symptoms, neurological examination 

findings, and functional grading were collected. Radiological evaluation was performed using 

MRI (with contrast), CT scan, and PET-CT where applicable. Advanced imaging such as 

diffusion-weighted MRI and MR spectroscopy was used selectively. Surgical procedures 

included laminectomy, laminoplasty, duratomy, tumour excision using CUSA, and 

stabilization when required. For malignant and recurrent cases, multidisciplinary discussion 

determined adjuvant radiotherapy or chemotherapy. Postoperative neurological status and 

complications were documented, along with recurrence and survival data on follow-up. 

Sample Processing 
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Histopathological examination of excised specimens was performed in the Department of 

Pathology. Tumours were classified as benign, malignant/aggressive, or rare/complex based 

on morphology, immunohistochemistry, and clinical course. 

Statistical Methods 

Data were compiled and analysed using SPSS (version 27.0). Descriptive statistics (mean, 

median, standard deviation) were used for demographic and clinical characteristics. 

Categorical data were expressed as proportions and percentages. Comparative analysis 

between benign, malignant, and rare tumour groups was performed using Chi-square test or 

Fisher’s exact test for categorical variables, and t-test/ANOVA for continuous variables. 

Survival analysis was carried out using Kaplan-Meier curves where applicable.  A p-value 

<0.05 was considered statistically significant. 

 

Data Collection 

Data were collected from electronic medical records, surgical logs, radiology archives, and 

pathology reports. Standardized proformas were used for uniformity. Follow-up data were 

obtained from outpatient records and telephonic interviews. 

 

OBSERVATION AND RESULTS 

Table 1: Histology-wise distribution (N=251) with binomial 95% CI and heterogeneity 

test 

Subtype n (%) 95% CI for % (Wilson) 

Schwannoma 110 (43.8) 37.8-50.0 

Meningioma 63 (25.1) 20.1-30.8 

Astrocytoma 10 (4.0) 2.2-7.2 

Ependymoma 50 (19.9) 15.4-25.3 

Metastatic / Multiple Myeloma 10 (4.0) 2.2-7.2 

Dermoid cyst 5 (2.0) 0.9-4.6 

Conus lipoma 3 (1.2) 0.4-3.5 

Overall heterogeneity across subtypes: χ²(6)=285.9, p<0.001. 

Table 1 shows the histology-wise distribution of spinal tumours among 251 patients. 

Schwannomas formed the largest subgroup with 43.8% of cases, followed by meningiomas at 

25.1% and ependymomas at 19.9%. Less common entities included astrocytomas (4.0%), 

metastatic/multiple myeloma lesions (4.0%), dermoid cysts (2.0%), and conus lipomas (1.2%). 

The calculated Wilson 95% confidence intervals confirm that schwannomas and meningiomas 

were the predominant tumour types, while the rarer lesions occupied the lower confidence 

ranges. The chi-square test for heterogeneity across subtypes (χ²=285.9, p<0.001) demonstrates 

a highly significant non-uniform distribution. 

http://www.neuroquantology.com/
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Figure 1 

 

Table 2: “Good-Bad-Ugly” classification vs key clinicotherapeutic features (N=251) 

Variable 
Good 

(n=181) 

Bad 

(n=20) 

Ugly 

(n=50) 

Test of significance (95% CI 

/ p-value) 

Age, years 

(Mean±SD) 
48.6±12.7 57.9±11.3 42.8±13.1 

ANOVA F(2,248)=10.48, 

p<0.001; Mean 95% CIs: 

Good 46.7-50.5; Bad 52.9-

62.9; Ugly 39.2-46.4 

Male sex, n (%) 92 (50.8) 13 (65.0) 28 (56.0) χ²(2)=1.68, p=0.432 

Symptom 

duration, months 

(Mean±SD) 

9.7±6.3 4.8±3.1 7.2±5.4 

ANOVA F(2,248)=9.1, 

p<0.001; diff (Good-Bad) 4.9 

mo, 95% CI 2.6-7.2 

Pre-op motor 

deficit, n (%) 
121 (66.9) 17 (85.0) 39 (78.0) χ²(2)=4.53, p=0.104 

Gross-total 

resection (GTR), n 

(%) 

160 (88.4) 7 (35.0) 31 (62.0) χ²(2)=41.52, p<0.001 

Post-op 

complications, n 

(%) 

23 (12.7) 6 (30.0) 9 (18.0) χ²(2)=4.59, p=0.101 

2-year recurrence, 

n (%) 
9 (5.0) 8 (40.0) 11 (22.0) χ²(2)=29.70, p<0.001 

Adjuvant 

radiotherapy, n 

(%) 

12 (6.6) 15 (75.0) 19 (38.0) χ²(2)=72.39, p<0.001 

Signals: Bad/Ugly groups show significantly lower GTR, higher RT use, and higher 

recurrence, aligning with biological behaviour. 

Table 2 classifies tumours into the “Good” (benign, n=181), “Bad” (malignant/aggressive, 

n=20), and “Ugly” (rare/complex, n=50) categories, and compares their clinical and therapeutic 

features. Patients with malignant tumours were significantly older (mean 57.9 years) compared 

to benign (48.6 years) and rare/complex (42.8 years) groups (ANOVA p<0.001). Symptom 
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duration was shortest in the malignant group (4.8 months), suggesting more aggressive 

progression. Rates of gross total resection were much higher in benign cases (88.4%) compared 

to malignant (35%) and rare/complex tumours (62%), a difference that was highly significant 

(χ²=41.52, p<0.001). Recurrence within two years was lowest among benign tumours (5%) but 

rose sharply to 40% in malignant and 22% in rare/complex groups (p<0.001). Similarly, 

adjuvant radiotherapy was required far more frequently in the malignant (75%) and 

rare/complex (38%) categories compared to benign tumours (6.6%). Although sex distribution, 

motor deficits, and postoperative complication rates did not reach statistical significance. 

 

Table 3: Management profile and early outcomes by histology (N=251) 

Histology (n) 
GTR n 

(%) 

Adjuvant RT 

n (%) 

Post-op 

complications n (%) 

LOS, days 

(Mean±SD) 

Schwannoma 

(110) 

101 

(91.8) 
4 (3.6) 12 (10.9) 4.7±1.9 

Meningioma (63) 59 (93.7) 8 (12.7) 7 (11.1) 5.1±2.0 

Astrocytoma (10) 3 (30.0) 6 (60.0) 3 (30.0) 7.3±2.6 

Ependymoma 

(50) 
33 (66.0) 19 (38.0) 9 (18.0) 6.2±2.3 

Metastatic/MM 

(10) 
2 (20.0) 9 (90.0) 4 (40.0) 6.9±2.4 

Dermoid cyst (5) 4 (80.0) 0 (0.0) 1 (20.0) 4.9±1.6 

Conus lipoma (3) 1 (33.3) 0 (0.0) 1 (33.3) 5.3±1.4 

Across-histology GTR heterogeneity: χ²(6)=67.40, p<0.001. 

Table 3 further explores management profiles and early outcomes by specific histology. Gross 

total resection was most consistently achieved in schwannomas (91.8%) and meningiomas 

(93.7%), with shorter hospital stays (mean 4.7 and 5.1 days, respectively). In contrast, resection 

rates were poor in astrocytomas (30%) and metastatic lesions (20%), which also showed higher 

reliance on radiotherapy (60% and 90%, respectively) and greater complication rates. 

Ependymomas, though resected gross totally in 66% of cases, had substantial adjuvant 

radiotherapy use (38%) and moderate complication rates (18%). Dermoid cysts and conus 

lipomas demonstrated variable resectability and modest complication rates. The overall 

heterogeneity across histologies in terms of resection rates was statistically significant 

(χ²=67.40, p<0.001). 

 
Figure 2 
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Table 4: Diagnostic modalities & intraoperative adjuncts by “Good-Bad-Ugly” (N=251) 

Modality / Adjunct 
Good 

(n=181) 

Bad 

(n=20) 

Ugly 

(n=50) 
χ²(df=2) 

p-

value 

Diffusion-weighted MRI used, 

n (%) 
58 (32.0) 9 (45.0) 23 (46.0) 4.11 0.128 

MR Spectroscopy used, n (%) 37 (20.4) 7 (35.0) 21 (42.0) 10.43 0.005 

PET-CT performed, n (%) 19 (10.5) 12 (60.0) 9 (18.0) 33.14 <0.001 

Biomarker / molecular 

profiling, n (%) 
15 (8.3) 8 (40.0) 13 (26.0) 21.65 <0.001 

Intra-op neuromonitoring used, 

n (%) 
72 (39.8) 6 (30.0) 29 (58.0) 6.74 0.034 

Navigation / robotics used, n 

(%) 
21 (11.6) 5 (25.0) 12 (24.0) 6.33 0.042 

Table 4 presents the distribution of diagnostic modalities and intraoperative adjuncts across 

the Good-Bad-Ugly classification. Advanced techniques were more commonly employed in 

malignant and rare/complex groups. For example, MR spectroscopy was used in 35% of 

malignant and 42% of rare tumours compared to 20.4% of benign tumours (p=0.005). PET-CT 

scans were performed in 60% of malignant cases, reflecting their role in staging and systemic 

disease assessment, compared to 18% in rare and only 10.5% in benign tumours (p<0.001). 

Molecular profiling was also significantly more frequent in malignant and rare cases (40% and 

26%, respectively) than in benign lesions (8.3%) (p<0.001). Intraoperative neuromonitoring 

and navigation/robotics were variably applied, with higher use in rare/complex tumours (58% 

and 24%, respectively). 

 
Figure 3 
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Figure 4 

 

DISCUSSION 

Table 1 (Histology-wise distribution): Cohort shows a clear predominance of IDEM benign 

tumours-schwannoma (43.8%) and meningioma (25.1%)-with ependymoma (19.9%) the 

leading intramedullary entity; rarer lesions (astrocytoma 4.0%, metastasis/multiple myeloma 

4.0%, dermoid 2.0%, conus lipoma 1.2%) form the tail of the distribution, and the overall 

heterogeneity is highly significant (χ²=285.9, p<0.001). This pattern mirrors large 

epidemiologic series where schwannomas dominate intradural tumours, often outnumbering 

meningiomas, while ependymoma is the most frequent intramedullary neoplasm in adults. For 

instance, a recent population-based analysis reported schwannoma as the commonest intradural 

tumour (≈39%), with meningioma and ependymoma next in frequency, closely resembling 

rank order. Young MJ et al.(2021)[6] & MacEachern SJ et al.(2021)[7] 

 

Table 2 (“Good-Bad-Ugly” clinicotherapeutic features): Stratifying by biological behaviour 

illuminates clinically coherent gradients. Age is highest in the Bad (malignant/aggressive) 

group and lowest in the Ugly (rare/complex, largely intramedullary) group (ANOVA p<0.001), 

which is congruent with the typical age profile of metastatic disease (older) versus 

intramedullary ependymoma/astrocytoma (often younger). Symptom duration is shortest in 

Bad tumours (p<0.001), consistent with the rapid evolution of metastatic epidural spinal cord 

compression (MESCC) where neurological decline can be abrupt. Most striking is the gradient 

in gross-total resection (GTR): Good 88.4% > Ugly 62.0% > Bad 35.0% (p<0.001). Suri C et 

al.(2024)[8] High GTR rates for nerve-sheath tumours and meningiomas and lower rates for 

intramedullary and malignant lesions match surgical series: schwannoma/IDEM resections 

routinely achieve high GTR with good functional recovery, whereas intramedullary 

ependymoma/astrocytoma and metastatic disease are constrained by oncologic planes and cord 

infiltration. Predictably, 2-year recurrence escalates from Good (5.0%) to Ugly (22.0%) and 

Bad (40.0%) (p<0.001), paralleling reports that durable control hinges on GTR for 

ependymoma and is inherently harder in metastases, where systemic biology dominates 

outcomes. The adjuvant radiotherapy pattern (6.6% Good vs 38.0% Ugly vs 75.0% Bad; 

p<0.001) also tracks guideline-concordant care: MESCC and residual/complex intramedullary 

disease frequently receive RT or stereotactic radiosurgery as part of a multimodal approach. 

Manchikanti L et al.(2021)[9] 
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Table 3 (Management profile and early outcomes by histology): By histology, GTR rates 

are highest in meningioma (93.7%) and schwannoma (91.8%) with short LOS (≈5 days) and 

low complication rates-well aligned with contemporary microsurgical series showing that 

IDEM tumours are highly resectable with favorable neurological outcomes. Gouveia D et 

al.(2024)[10] In contrast, astrocytoma (GTR 30%) and metastatic/MM (GTR 20%) carry high 

RT utilization (60-90%) and more complications, reflecting infiltrative biology and the 

primacy of adjuvant therapy in metastatic control. Ependymoma sits intermediately (GTR 

66%, RT 38%), which is consistent with multicenter data: GTR is the most powerful predictor 

of control, yet is not always feasible without neurological risk, prompting selective RT in 

subtotally resected tumours. The significant heterogeneity in GTR across entities (χ²=67.40, 

p<0.001) is exactly what comparative series observe-surgical planes are generous for IDEM, 

treacherous within the cord, and often irrelevant for metastasis where 

decompression/stabilization plus RT are prioritized. Mahmoud BS et al.(2020)[11] 

 

Table 4 (Diagnostics & intraoperative adjuncts by “Good-Bad-Ugly”): The escalating use 

of advanced diagnostics and intraoperative adjuncts from Good → Ugly/Bad mirrors best 

practice. MR spectroscopy and DWI were significantly more common in Ugly/Bad groups-

appropriate, since they improve lesion characterization (e.g., cellularity via ADC) and help 

discriminate benign from malignant vertebral processes. PET-CT use peaking in Bad (60%) 

fits oncologic staging and treatment-response paradigms in metastatic disease; reviews and 

comparative studies highlight PET/CT’s added value over anatomic imaging alone for skeletal 

metastasis detection and decision-making. Rehani MM et al.(2024)[12] Intraoperative 

neuromonitoring (IONM) utilization is highest in Ugly (58%), which is rational for 

intramedullary/complex tumours to preserve long-tract function; systematic and cohort data 

support IONM’s role in reducing postoperative deficits in difficult IDEM/IDIM cases. 

Similarly, navigation/robotics are more frequent in Ugly/Bad, echoing evidence that these 

platforms enhance accuracy, efficiency, and safety in challenging spinal oncology cases 

requiring precise bony work and instrumentation. Williamson TJ et al.(2021)[13] 

 

CONCLUSION 

The present study demonstrates that spinal tumours encompass a broad spectrum of biological 

behaviours, clinical manifestations, and therapeutic challenges, which can be pragmatically 

categorized into the “good,” “bad,” and “ugly” groups. Benign intradural extramedullary 

tumours such as schwannomas and meningiomas constituted the majority of cases and were 

associated with high rates of gross-total resection and favourable outcomes. Malignant and 

aggressive lesions, including metastatic disease and astrocytomas, presented in older patients, 

had shorter symptom durations, and showed significantly lower resection rates with a higher 

need for adjuvant radiotherapy. Rare and complex tumours, particularly ependymomas, 

occupied an intermediate spectrum, highlighting the importance of advanced diagnostics, 

intraoperative adjuncts, and individualized multimodal management. These findings 

underscore the need for tailored strategies that balance oncological control with functional 

preservation, while also reflecting the evolving role of molecular diagnostics, imaging 

innovations, and surgical technologies in spinal oncology. 

 

LIMITATIONS OF THE STUDY 

This study was limited by its retrospective design, which is inherently prone to selection and 

documentation biases. Being a single-centre study, the results may not be generalizable across 

different populations and healthcare settings. The relatively small numbers in certain tumour 

subgroups (e.g., astrocytoma, metastatic lesions, dermoid cysts, and conus lipomas) limited the 

power of subgroup analyses and may have influenced statistical significance. Long-term 

outcomes, including overall survival and progression-free survival, could not be 

comprehensively assessed due to variable follow-up durations. In addition, molecular profiling 
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and advanced imaging were not uniformly available across all cases, restricting the ability to 

draw firm conclusions on their prognostic utility. Despite these limitations, the study provides 

valuable insights into classification, clinical patterns, and management outcomes of spinal 

tumours in a real-world cohort. 
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