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Tables and Figures Background  

Bone Metastases in Well-to-Moderately Differentiated 
Neuroendocrine Tumors: a Review of Clinical Characteristics, 
Hormone Levels, and Survival  

       Bone metastases from well-to-
moderately differentiated neuroendocrine 
tumors (NETs) are found in approximately 
4-15% of patients, and can lead to significant 
morbidity and clinical symptoms (1,2).  In this 
study we look at the clinical features 
associated with bone metastasis in patients 
with well-to-moderately differentiated NETs, 
specifically primary tumor characteristics, 
spinal cord compression, pathologic 
fractures, elevated hormone levels, and 
survival.    

 Methods 

Table 1. Demographic and clinical characteristics of patients with bone metastases were compared to patients without bone metastases.  Size of tumor, omental/peritoneal 
involvement, and treatments with radiation therapy were found to be significant. 
Table 2. Levels of gastrin, glucagon, pancreastatin, and pancreatic polypeptide on admission were compared between patients with bone metastases and those without bone 
involvement.  There were significantly more patients with bone metastases who had an elevated pancreastatin, although the degree of elevation was not significantly higher. 
Table 3. The frequency of occurrence of axial and appendicular bone metastases are shown, as well as the frequency of clinical characteristics and complications such as cord 
compression and pathologic fractures among patients with bone metastases.  Imaging results show MRI to be the most sensitive in detecting bone metastases. 
Figure 1.  Sagittal view of thoracic MRI showing the impinging lesion at T8 and diffuse, severe bony metastatic disease. 
Figure 2. Kaplan-Meier survival curve comparing metastatic NET patients with bone metastases to those without bone metastases .   
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Table 1.  Patient Characteristics  
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*29 of 40 patients with bone metastases have tumor size 
data available 
**32 of 40 patients without bone metastases have tumor 
size data  

Table 3. Characteristics of Patients with 
Bone Metastases 

* Percentage displayed is out of the number of patients who 
underwent the study. 

Table 2.  Serum Tumor Marker Levels 
at Diagnosis 

  

*Number of patients with elevated hormone level displayed 
with total number of patients with level available in 
parenthesis 
**Normal ranges for serum gastrin, glucagon, 
pancreastatin and pancreatic polypeptides are <122 pg/ml, 
25-250 pg/ml, <135 pg/ml, and <500 pg/ml respectively  

Figure 1. Spinal Cord Compression 
on MRI 
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       A retrospective study was performed on 
patients treated for well-to-moderately 
differentiated NETs diagnosed from 2000 to 2010 
who were found to have bone metastases.  
These patients were compared to patients with 
NETs without bone mets with regards to 
demographic data (Table 1) and serum tumor 
marker levels (Table 2).   

 The patients with bone metastases were 
then analyzed with respect to sites of 
metastases, complications of pathologic 
fractures and spinal cord compression, 
treatments given, and imaging modalities used 
(table 3). 

 Finally, a survival analysis was performed 
comparing patients with and without bone 
metastases (figure 2), as well as several clinical 
factors. 

Figure 2. Survival Analysis

Results 

Axial bone metastases, which were found in 39 
patients (97.5%) were much more common than 
appendicular bone metastases, which were found 
in 25 patients (62.5%). Patients with bone 
metastases were found to have an overall shorter 
survival compared to patients with metastatic 
disease without bone involvement (median 52 
months vs 98 months; p=0.024) as shown in 
Figure 2.  Furthermore, among patients with bone 
metastases, those with a surgically resected 
primary lived longer than those without surgery 
(76 months vs 32 months; p=0.005).  There was 
no significant difference in the survival of patients 
with spinal cord compression, pathologic 
fractures, carcinoid syndrome, elevated 
pancreastatin, treatment with radiation or 
bisphosphonates, and primary tumor in the 
pancreas when compared to all other patients 
with bone metastases.  

 Of the 390 patients with well-to-moderately 
differentiated NETs, 40 were found to have bone 
metastasis (10.2 %) with characteristics 
descrived in Table 1. 11 patients (27.5%) 
presented with bone metastases on diagnosis, 
and the median time to diagnosis of bone 
metastases for patients who did not have bone 
metastases at presentation was 13 months after 
diagnosis of NETs.   

Results (Continued) 

Conclusion 
 The patients with bone metastases were 

found to have larger primary tumors, and shorter 
overall survival suggesting more aggressive 
disease.  There was no difference in survival 
among patients with bone metastases with 
regards to spinal cord compression, pathologic 
fractures, carcinoid syndrome, and elevated 
pancreastatin level.  Although these 
characteristics do not contribute to a patient’s 
prognosis, they may affect the patient’s quality of 
life and may warrant appropriate treatment.   
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