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Stereotactic radio surgery (SRS) was developed over six decades ago and 
it has proved to be a successful technique of treating both malignant and 
benign lesions using anticancer drugs [1]. Different machine configurations 
or treatment machines are used to treat patient with multiple brain metastases 
(mets or cancer cells that spread from the primary tumors in some body 
organs to the brain) [2]. The machines include the linear accelerator (linac), 
CyberKnife, and Gamma Knife which involve targeting several mets 
sequentially or individually [3]. The configuring the linac and the MLCs 
(multileaf collimator) provides a good alternative for targeting the mets 
using an isocenter within a greater jaw-defined area [4]. The extra blocking 
which is offered by the multileaf collimator helps to attain compliance 
around the targets [5]. Therefore, the numerous brain mets can successfully 
be X-rayed concurrently, which improves the effectiveness of the treatment 
by lowering the time taken for the radiation to beam as well as the duration 
the patient undergoes the procedure [6]. Decreasing the time taken is also 
important since the experimental degree of intrafractional motion [7].  There 
is need to consider other additional factors which are generated by the single 
isocenter for numerous targets system owing to the isocenterexceptional 
position as compared to the targets [8]. The isocenter is usually placed in the 
middle of the set of targets covered within the area [9]. Three typical tasks 
arise as a result of the distinct configuration and needs to be addressed by the 
physician [10]. The tasks include selecting the suitable number of isocenters 
and treatment plans relied to treat the full set of targets, determining the 
location of individual isocenter, lastly, identifying the target groups to 
undergo treatment concurrently by utilizing the similar isocenter [11].

The K-means clustering which is used to cluster data by lowering the 
variance or sum of squares within the clusters. A defined number of 
classes are given as input to the algorithm together with the experiential 
dataset [12]. With regards to treatment planning of SRS that involve 
a single isocenter to target multiple mets, the k-means is used to offer a 
cluster of targets as well as the position of the isocenters that lowers the 
total number of squared distance between each isocenter and the target 
[13]. Furthermore, it offers a quantitative metric that can be relied on to 

assess the treatment methods of diverse numbers of isocenters [14]. The 
k-means clustering algorithm as used to clustering position and targets the 
isocenter has numerous benefits. For instance, it can be regarded as a natural 
application of a robust and simple algorithm is independent and quick 
[15]. It produces to the targets configuration as well as the patient-specific 
number; besides, it needs slight effort on behalf of the physician [16].

The researcher sought to propose how the kmeans clustering algorithm can 
be applied to improve treatment plans of Stereotactic radiosurgery which are 
characterized by a solitary isocenter for many targets [17]. The algorithm can 
be regarded as a tool used to guarantee a dependable and independent treatment 
planning strategy while automatically dealing with the three evolving tasks 
typical of such treatment method [18]. The researchers recruited thirty 
patients with multiple brain metastases to be treated with the stereotactic 
radiosurgery; besides, a treatment planning system was used to establish 
the ranges and the geometric centroids of all the independent mets [19].
The k-means unweighted and weighted versions together with internal 
software were used to cluster the targets which were to undergo 
treatment with a solitary isocenter as well as to correctly place each 
isocenter [20]. The outcome of the algorithm was assessed through the 
use of a least coverage metric of the target that took into consideration 
the impact of the target size. Ultimately, the researcher found out 
the kmeans algorithm’s unweighted and weighted versions were 
applied effectively to establish the isocenters’ position and number.   

The algorithm concurrently optimizes the clustering of targets to undergo 
treatment. It chooses the location of all the independent isocenter and explains 
the effect of the total number of isocenters [21]. Therefore, the researchers 
technique that offers physicians a simplified and efficient tool to reduce the 
harmful impacts of variances and extreme field sizes, in that way it improve 
the treatment plans of intracranial stereotactic radiosurgery by utilizing a 
single isocenter for many targets [22]. The variance between the k-means 
clustering algorithm versions illustrated the benefit of the unweighted 
version [23]. Both the kmeans algorithm versions offer objective, 
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quantifiable, constant, and spontaneous solutions to the tasks related with the 
treatment plans of the SRS by utilizing a single isocenter for many targets 
[24]. The study proves that applying the k-means clustering algorithm 

can instinctively clusters the targets to be treated with a distinct isocenter 
in addition to the place the isocenter in reliable and unreliable way [25].

Figure 1: Grouping of the patient’s five mets (Source: Thomas A, Niebanck M, Titania J, Zhiheng W, Mark O  (2013) A comprehensive 
investigation of the accuracy and reproducibility of a multitarget single isocenter VMAT radiosurgery technique. Medical physics 40: 121725).

Reference
 
1. Yock AD, Kim GY (2017) Using K-Means Clustering to Determine 

the Number and Position of Isocenters in MLC-Based Multiple Target 
Intracranial Radio surgery. J Appl Clin Med Phys 18: 351-357.

2. Leksell Lars (1951) The Stereotactic Method and Radiosurgery of the 
Brain.  Acta Chir Scand 102: 316-319.

3. Swathi M (2018) Enhancement of K-Mean Clustering for Genomics of 
Drugs. Enliven: J Genet Mol Cell Biol 5: 001.

4. Lippitz B, Lindquist C, Paddick I, Peterson D, O’Neil K et al. (2014) 
Stereotactic Radiosurgery in The Treatment of Brain Metastases: The 
Current Evidence. Cancer Treat Rev 40: 48-59.

5. Clark GM, Popple RA, Young PE, Fiveash JB (2010) Feasibility of 
Single-Isocenter Volumetric Modulated Arc Radiosurgery for Treatment 
of Multiple Brain Metastases. Int J Radiat Oncol Biol Phys 76: 296-302.

6. Swathi M (2017) Clustering Enhancement Using Similarity Indexing to 
Reduce Entropy. Enliven: Bioinform 4: 001.

7. Cervino LI, Pawlicki T, Lawson JD, Jiang SB (2010) Frame-Less and 
Mask-Less Cranial Stereotactic Radiosurgery: A Feasibility Study. Phys 
Med Biol 55: 1863.

8. Vladimir Feygelman, Luke Walker, Prakash Chinnaiyan, Kenneth 
Forster (2008) Simulation of Intrafraction Motion and Overall 
Geometric Accuracy of a Frameless Intracranial Radiosurgery Process. 
J Appl Clin Med Phys 9: 68-86.

9. Clark GM, Popple RA, Prendergast BM, Spencer SA, Thomas EM, et 
al. (2012) Plan Quality and Treatment Planning Technique for Single 
Isocenter Cranial Radiosurgery with Volumetric Modulated Arc 
Therapy. Pract Radiat Oncol 2: 306-313.

10. Swathi  M  (2017)  Drug  Prediction  of  Cancer  Genes  Using  SVM. 
Enliven: Pharmacovigilance and Drug Safety 4: 001.

11. Roper J, Chanyavanich V, Betzel G, Switchenko J, Dhabaan A (2015) 
Single-Isocenter Multiple-Target Stereotactic Radiosurgery: Risk of 
Compromised Coverage. Int J Radiat Oncol Biol Phys 93: 540-546.

12. Yock AD, Pawlicki T, Kim GY (2016) Prospective Treatment Plan-
Specific Action Limits for Real-Time Intrafractional Monitoring in 
Surface Image Guided Radiosurgery. Med Phys 43: 4342-4348.

13. Kang J, Ford EC, Smith K, Wong J, McNutt TR (2010) A Method for 
Optimizing LINAC Treatment Geometry for Volumetric Modulated Arc 
Therapy of Multiple Brain Metastases. Med Phys 37: 4146-4154.

14. Stanhope  C, Chang Z, Wang Z, Yin FF, Kim G, et al. (2016) Physics 
Considerations for Single-Isocenter, Volumetric Modulated Arc 
Radiosurgery for Treatment of Multiple Intracranial Targets. Pract 
Radiat Oncol 6: 207-213.

15. MacQueen J (1967) Some Methods for Classification and Analysis of 
Multivariate Observations. Proc. Fifth Berkeley Symp. On Math Statist 
Prob 1: 281-297.

16. Morrison J, Hood R, Yin FF, Salama JK,  Kirkpatrick J, et al. (2016) 
Is a Single Isocenter Sufficient for Volumetric Modulated Arc Therapy 
Radiosurgery When Multiple Intracranial Metastases Are Spatially 
Dispersed?. Med Dosim 41: 285-289.

17. Flickinger JC, Lunsford D, Wu A, Maitz AH, Kalend AM (1990) 
Treatment Planning for Gamma Knife Radiosurgery with Multiple 
Isocenters. Int J Radiat Oncol Biol Phys18: 1495-1501.

https://www.ncbi.nlm.nih.gov/pubmed/28727284
https://www.ncbi.nlm.nih.gov/pubmed/28727284
https://www.ncbi.nlm.nih.gov/pubmed/28727284
https://www.ncbi.nlm.nih.gov/pubmed/14914373
https://www.ncbi.nlm.nih.gov/pubmed/14914373
http://www.enlivenarchive.org/articles/enhancement-of-kmean-clustering-for-genomics-of-drugs.pdf
http://www.enlivenarchive.org/articles/enhancement-of-kmean-clustering-for-genomics-of-drugs.pdf
https://www.ncbi.nlm.nih.gov/pubmed/23810288
https://www.ncbi.nlm.nih.gov/pubmed/23810288
https://www.ncbi.nlm.nih.gov/pubmed/23810288
https://www.ncbi.nlm.nih.gov/pubmed/19836151
https://www.ncbi.nlm.nih.gov/pubmed/19836151
https://www.ncbi.nlm.nih.gov/pubmed/19836151
http://www.enlivenarchive.org/articles/clustering-enhancement-using-similarity-indexing-to-reduce-entropy.pdf
http://www.enlivenarchive.org/articles/clustering-enhancement-using-similarity-indexing-to-reduce-entropy.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frame-Less+and+Mask-Less+Cranial+Stereotactic+Radiosurgery%3A+A+Feasibility+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frame-Less+and+Mask-Less+Cranial+Stereotactic+Radiosurgery%3A+A+Feasibility+Study
https://www.ncbi.nlm.nih.gov/pubmed/?term=Frame-Less+and+Mask-Less+Cranial+Stereotactic+Radiosurgery%3A+A+Feasibility+Study
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722363/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5722363/
https://www.ncbi.nlm.nih.gov/pubmed/24674169
https://www.ncbi.nlm.nih.gov/pubmed/24674169
https://www.ncbi.nlm.nih.gov/pubmed/24674169
https://www.ncbi.nlm.nih.gov/pubmed/24674169
http://www.enlivenarchive.org/articles/drug-prediction-of-cancer-genes-using-svm.pdf
http://www.enlivenarchive.org/articles/drug-prediction-of-cancer-genes-using-svm.pdf
https://www.ncbi.nlm.nih.gov/pubmed/26460996
https://www.ncbi.nlm.nih.gov/pubmed/26460996
https://www.ncbi.nlm.nih.gov/pubmed/26460996
https://www.ncbi.nlm.nih.gov/pubmed/27370149
https://www.ncbi.nlm.nih.gov/pubmed/27370149
https://www.ncbi.nlm.nih.gov/pubmed/27370149
https://www.ncbi.nlm.nih.gov/pubmed/20879575
https://www.ncbi.nlm.nih.gov/pubmed/20879575
https://www.ncbi.nlm.nih.gov/pubmed/20879575
https://www.ncbi.nlm.nih.gov/pubmed/26723551
https://www.ncbi.nlm.nih.gov/pubmed/26723551
https://www.ncbi.nlm.nih.gov/pubmed/26723551
https://www.ncbi.nlm.nih.gov/pubmed/26723551
https://projecteuclid.org/euclid.bsmsp/1200512992
https://projecteuclid.org/euclid.bsmsp/1200512992
https://projecteuclid.org/euclid.bsmsp/1200512992
https://www.ncbi.nlm.nih.gov/pubmed/27614790
https://www.ncbi.nlm.nih.gov/pubmed/27614790
https://www.ncbi.nlm.nih.gov/pubmed/27614790
https://www.ncbi.nlm.nih.gov/pubmed/27614790
https://www.ncbi.nlm.nih.gov/pubmed/2370199
https://www.ncbi.nlm.nih.gov/pubmed/2370199
https://www.ncbi.nlm.nih.gov/pubmed/2370199


Enliven Archive | www.enlivenarchive.org

 
 
2018 | Volume 5 | Issue 13

24. Shaw E, Scott C, Souhami L, Dinapoli R, Bahary JP, et al. (1996) 
Radiosurgery for The Treatment of Previously Irradiated Recurrent 
Primary Brain Tumors and Brain Metastases: Initial Report of Radiation 
Therapy Oncology Group Protocol 90-05. Int J Radiat Oncol Biol Phys 
34: 647-654.

25. Jelena Bozek, Mario Mustra, Kresimir Delac, Mislav Grgic (2009) 
A Survey of Image Processing Algorithms in Digital Mammography. 
Recent Advances in Multimedia Signal Processing and Communications 
631-657.

26. Mussarat Yasmin, Muhammad Sharif, Sajjad Mohsin (2013) Survey 
Paper On Diagnosis of Breast Cancer Using Image Processing 
Techniques. Research Journal of Recent Sciences 2: 2502.

27. Mehmet Sezgin, Bulent Sankur (2004) Survey over Image Thresholding 
Techniques and Quantitative Performance Evaluation. Journal of 
Electronic Imaging 13: 146-166.

28. Indra Kanta Maitra, Sanjay Nag, Samir K. Bandyopadhyay  (2012) A 
Novel Edge Detection Algorithm for Digital Mammogram. International 
Journal of Information and Communication Technology Research  2.

18. Nicolini G, Clivio A, Fogliata A, Vanetti E, Cozzi L (2009) Simultaneous 
Integrated Boost Radiotherapy for Bilateral Breast: A Treatment 
Planning and Dosimetric Comparison for Volumetric Modulated Arc 
and Fixed Field Intensity Modulated Therapy. Radiat Oncol 4: 27.

19. Cardinale RM, Benedict SH, Wu Q, Zwicker RZ, Gaballa HE et al. 
(1998) A Comparison of Three Stereotactic Radiotherapy Techniques; 
ARCS Vs. Noncoplanar Fixed Fields Vs. Intensity Modulation. Int J 
Radiat Oncol Biol Phys 42: 431-436.

20. Clivio A, Fogliata A, Franzetti-Pellanda A, Nicolini G, Vanetti E, et al. 
(2009) Volumetric-Modulated Arc Radiotherapy for Carcinomas of the 
Anal Canal: A Treatment Planning Comparison with Fixed Field IMRT. 
Radiother Oncol 92: 118-124.

21. Huang Y, Chin K, Robbins JR, Kim J, Li H, et al. (2014) Radiosurgery 
of Multiple Brain Metastases with Single-Isocenter Dynamic Conformal 
Arcs (SIDCA).  Radiother Oncol 112: 128-132.

22. Jemal A, Center MM, DeSantis C, Ward EM (2010) Global Patterns of 
Cancer Incidence and Mortality Rates and Trends. Cancer Epidemiol 
Biomarkers Prev 19: 1893-1907.

23. Thomas A, Niebanck M, Juang T, Wang Z, Oldham M (2013) A 
Comprehensive Investigation of the Accuracy and Reproducibility of a 
Multitarget Single Isocenter VMAT Radiosurgery Technique. Med phys 
40: 121725.

Submit your manuscript at
http://enlivenarchive.org/submit-manuscript.php

Apart from providing HTML, PDF versions; we also provide 
video version and deposit the videos in about 15 freely accessible 
social network sites that promote videos which in turn will aid in 

rapid circulation of articles published with us.

New initiative of Enliven Archive

https://www.ncbi.nlm.nih.gov/pubmed/8621289
https://www.ncbi.nlm.nih.gov/pubmed/8621289
https://www.ncbi.nlm.nih.gov/pubmed/8621289
https://www.ncbi.nlm.nih.gov/pubmed/8621289
https://www.ncbi.nlm.nih.gov/pubmed/8621289
https://link.springer.com/chapter/10.1007/978-3-642-02900-4_24
https://link.springer.com/chapter/10.1007/978-3-642-02900-4_24
https://link.springer.com/chapter/10.1007/978-3-642-02900-4_24
https://link.springer.com/chapter/10.1007/978-3-642-02900-4_24
https://pdfs.semanticscholar.org/650f/075316bcb7ad720c7206b572139d2daa1110.pdf
https://pdfs.semanticscholar.org/650f/075316bcb7ad720c7206b572139d2daa1110.pdf
https://pdfs.semanticscholar.org/650f/075316bcb7ad720c7206b572139d2daa1110.pdf
https://pequan.lip6.fr/~bereziat/pima/2012/seuillage/sezgin04.pdf
https://pequan.lip6.fr/~bereziat/pima/2012/seuillage/sezgin04.pdf
https://pequan.lip6.fr/~bereziat/pima/2012/seuillage/sezgin04.pdf
https://pdfs.semanticscholar.org/17b0/188492588ce0ce01f6a682dfe5694758a59b.pdf
https://pdfs.semanticscholar.org/17b0/188492588ce0ce01f6a682dfe5694758a59b.pdf
https://pdfs.semanticscholar.org/17b0/188492588ce0ce01f6a682dfe5694758a59b.pdf
https://www.ncbi.nlm.nih.gov/pubmed/19630947
https://www.ncbi.nlm.nih.gov/pubmed/19630947
https://www.ncbi.nlm.nih.gov/pubmed/19630947
https://www.ncbi.nlm.nih.gov/pubmed/19630947
https://www.ncbi.nlm.nih.gov/pubmed/9788426
https://www.ncbi.nlm.nih.gov/pubmed/9788426
https://www.ncbi.nlm.nih.gov/pubmed/9788426
https://www.ncbi.nlm.nih.gov/pubmed/9788426
https://www.ncbi.nlm.nih.gov/pubmed/19181409
https://www.ncbi.nlm.nih.gov/pubmed/19181409
https://www.ncbi.nlm.nih.gov/pubmed/19181409
https://www.ncbi.nlm.nih.gov/pubmed/19181409
https://www.ncbi.nlm.nih.gov/pubmed/24997990
https://www.ncbi.nlm.nih.gov/pubmed/24997990
https://www.ncbi.nlm.nih.gov/pubmed/24997990
https://www.ncbi.nlm.nih.gov/pubmed/20647400
https://www.ncbi.nlm.nih.gov/pubmed/20647400
https://www.ncbi.nlm.nih.gov/pubmed/20647400
https://www.ncbi.nlm.nih.gov/pubmed/24320511
https://www.ncbi.nlm.nih.gov/pubmed/24320511
https://www.ncbi.nlm.nih.gov/pubmed/24320511
https://www.ncbi.nlm.nih.gov/pubmed/24320511
http://enlivenarchive.org/submit-manuscript.php

	Copyright
	Citation
	Corresponding author

