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Purpose
The maximum number of brain metastases treated with SRS keeps on increasing, from 4 to 
15, 20, 30, and 40…In our clinic, SRS was recently prescribed and planned for a patient with 
over 150 metastases, although the patient did not receive treatment in the end due to co-
morbidity. This study aims at investigating the correlations between SRS normal brain dose 
and the number of metastases treated. 

Materials and Methods
• Cohort: Under IRB approval, 43 brain SRS patients with a total of 851 brain metastases 

were included in the study. The number of metastases per patient/SRS plan was from 5 to 
157 with a median of 13.  

• Clinical SRS plans were retrospectively analyzed for these patients. Of the 43 cases, 29 
(67%) were planned using Brainlab MME DCA with VMC dose calculation and 14 (33%) 
were using Varian Eclipse VMAT with AXB. All plans were single-isocenter and for a 
Varian Edge with 6FFF. A GTV to PTV margin of 1 mm was used for all cases.

• The original prescription was 27Gy/3fxs in 31 cases (72%), 24Gy/3fxs in 10 (23%), and 
21Gy/3fxs in 2 (5%). Plans with the latter two prescriptions were renormalized to 
27Gy/3fxs in this study for data analysis.

• From each plan, the total number of targets, the cumulative PTV volume, the volume of 
normal brain tissues (defined as non-GTV brain tissues) receiving at least 23 Gy (V23Gy), 
and the volume of normal brain tissues receiving at least 18 Gy (V18Gy) were collected. 
Their correlations were studied with scatter plots and linear regression.

Conclusion
Normal brain dosimetry from single-isocenter, multi-metastases SRS plans was studied on a 
cohort of SRS patients with 5-157 metastases each. With increasing number of metastases  
and increasing total PTV volume, normal brain dose increases. This study shed light on how 
the number of metastases correlate with normal brain exposure in SRS.   

Results
Figure 1 shows sample dose distribution from 4 patients, with 5, 5, 35, and 157 metastases, 
respectively (Table 1). As expected, normal brain tissue dose increases with both the number 
of metastases and the total PTV volume. Case 1 and Case 2 has the same number of 5 
metastases, but Case 2 resulted in higher normal brain dose because of one large lesion. 
Although Case 3 has less total PTV volume than Case 2, it has higher V23Gy and much 
higher V18Gy because of the number of lesions. Case 4 has very high normal brain dose 
because of a very high number of metastases and total PTV volume.

 

Figure 1: Sample dose distribution of 4 different cases. 

Figure 2: V23Gy and V18Gy both increase with the number of mets, with correlation R2=0.86 and 0.83, 
respectively (left); they also increase with the total PTV volume, with lesser R2=0.68 and 0.69 (middle); a 3D 
scatter plot, excluding the far point of the patient with 157 mets to facilitate visualization, clearly shows the 
positive correlation between the normal brain dose and the two contributing factors. 

Table 1: Statistics of the sample cases in Figure 1.
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Purpose
VMC and AXB are two advanced dose calculation algorithms used by two popular treatment 
planning systems, Brainlab Elements and Varian Eclipse, for brain SRS treatment planning. 
This large-cohort study investigates if the two algorithms are in close agreement for dose 
calculation.   

Materials and Methods
• Cohort: 138 Elements plans, including both single-target VMAT and single-iso-multi-target 

DCA, treating LINAC-based SRS on 443 targets.
• Dose compared between VMC (Elements) and AXB (Eclipse) recalculation. Target dose 

compared using a near-maximum reference point (Dref), dose received by 95% of target 
volume (D95), and mean dose (Dmean).

• The occurrence of large dose differences (>5% vs. ≤5%) was analyzed with other 
factors for possible correlation, including: target size (<0.3 cc vs. ≥0.3cc), 
target-to-isocenter distance, technique (VMAT vs. DCA), and distance to skull).

Conclusion
On a large patient cohort, clinical brain SRS dosimetry was compared between two advanced 
algorithms VMC and AXB. Our findings indicate that large target dose differences up to 15% 
on investigated coverage, mean, and hotspot target dose endpoints can exist between the 
two algorithms for small targets. Among the investigated factors, small target sizes (<0.3 cc) 
was found to associate with a higher chance of a >5% target dose difference between the 
two algorithms. Further investigation is warranted to better understand the discrepancy and 
improve dose calculation accuracy for modern SRS treatments.

Results
• Surprisingly large dose differences were found between the two algorithms for some 

patients, with difference as high as 15%. 53 targets (12%) had ≥5% Dref difference. 
Differences observed for Dref, D95, and Dmean. 

• Of all 443 targets, VMC showed 2.3±2.6% higher Dref than AXB.
• Higher occurrence of large dose differences is associated with smaller target size (odds 

ratio=41.1, p<10-10, <0.3cc vs. ≥0.3cc).
• No correlation was found between the occurrence of large dose differences and 

target-to-isocenter distance, technique (VMAT vs. DCA), or heterogeneity 
(distance to skull).

 

Figure 1: Dose differences at Dref between the 
two algorithms plotted for a total of 443 targets. 
When zoomed in (to <10cc upper in upper left 
insert and <1 cc in upper right insert), a target 
size dependency can be observed where larger 
dose differences tend to associate with smaller 
target sizes.

Figure 2: Differences of Dref, D95, and Dmean
plotted for example cases to show a dependency
with target size for all endpoints, independent of
planning technique.
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