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Abstract 
Background: Giant cell tumors of the lumbar spine are rare and complete resection without major 
functional comprise is challenging despite advancements in spine surgery techniques. Radiation 
therapy has been an option in such cases; however there are high concerns for associated high 
small bowel toxicity and lack of dose escalation to achieve local control. With advent of intensity 
modulated radiation therapy (IMRT) it is now possible to give high radiation dose to tumor with 
minimal toxicity. Herein we present a rare case of giant cell tumor of fourth lumbar (L4) vertebra 
treated with RapidArc intensity modulated arc therapy (IMAT) with relevant review of literature. 
Methods: A 30-year-old female had low back pain for 6 months. She underwent surgical decom-
pression at another hospital as having a L4-5 protruded intervertebral disc 2 months previously, 
but her back pain progressed with weakness of both legs with restricted movement. Radiological 
and pathological work-up confirmed the diagnosis of giant cell tumor of L4 vertebra. She refused 
further surgery and was referred to us for radiotherapy. Treatment plans for prescribed radiation 
dose of 59.4 Gy in 30 fractions were made by 3DCRT and RapidArc IMAT and comparison was 
made. Student’s unpaired t test was used to determine the significance of the difference between 
two plans in terms of dose to the tumor and small bowel. A p value of 0.05 was considered statisti-
cally significant. Related literature was searched. Results: In RapidArc IMAT and 3DCRT plans 
mean doses to planning treatment volume (PTV) were 61.24 Gy (55.98 - 66.23) and 60.71 Gy 
(49.87 - 63.74) respectively (p 0.04) and mean doses to small bowel were found lesser in RapidArc 
plan [14.78 Gy (range: 0.39 - 53.15)] as compared to 3DCRT plan. Patient was started on RapidArc 
IMRT and she completed the course without any major sequelae. Conclusion: Lumbar spine giant 
cell tumors are rare and complete resection is often not possible. RapidArc IMAT is a feasible op-
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tion for such patients to deliver high dose radiation to achieve good local control with marked 
symptom relief and without severe toxicity. 
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1. Introduction 
Giant cell tumors account for approximately 5% of all primary bone tumors and about 20% of benign bone tu-
mors and axial skeleton (pelvis, spine and skull) is involved in <10% of cases [1]. Giant cell tumors of spine 
above the sacrum are far rare and seen only in 1.8% - 2.7% cases [2]. Unlike the peripheral skeleton, in lumbar 
spine a complete “en bloc” resection is always not possible without functional compromise even with novel 
spine surgery techniques and such cases are considered for postoperative radiotherapy to enhance local control 
[3]. However, in conventional radiotherapy era, only few patients with lumbar spine giant cell tumors have been 
treated because of documented low rates local control, increased small bowel toxicity, second malignancies and 
discrepancies in radiation doses [4]. In last two decades, intensity modulated radiation therapy (IMRT) has re-
solved these concerns and has shown that high median doses (55 - 64 Gy) can be delivered to achieve 77% - 80% 
local control in the absence of major acute and late sequelae [5]. 

RapidArc is a novel planning and delivery technique for intensity modulated arc therapy (IMAT) which con-
sists of single arc where multi-leaf collimators (MLC), dose rate and gantry speed are optimized simultaneously 
to achieve the desired dose to tumor and adjacent critical structures [6]. 

Herein we present a rare case of giant cell tumor of fourth lumbar (L4) vertebra treated with RapidArc IMAT 
following an incomplete resection with relevant review of literature. 

2. Case Presentation 
A 30 year old Saudi woman had low back pain for 6 months. She had surgical decompression at another hospital 
as having a L4-5 protruded intervertebral disc two months previously, but her low backache persisted and she 
developed progressive weakness of both legs which caused her difficult to move. The patient was then admitted 
to our hospital for diagnostic and therapeutic evaluation. On neurological examination, there was severe tender-
ness over L4-L5 spine with straight leg raise (SLR) was positive bilaterally with weakness of dorsal and plantar 
movements (3/5) and absent ankle reflexes in both feet. The rest of examination was found normal. Magnetic 
resonance imaging showed a destructive lesion infiltrating the vertebral body of L4 vertebra with extension into 
pedicles bilaterally and encroachment upon neural foramina on left side where paraspinal component was ex-
tending into psoas muscle Figure 1. Radiological differential diagnosis was plasmacytoma or metastatic focus. 
Histopathology review of previous decompression biopsy confirmed the giant cell tumor. Patient was offered 
second “en bloc” surgery which she refused and she was referred to us for radiotherapy. 

Due to previous subtotal resection, total dose of 59.4 Gy in 30 fractions (1.98 Gy per day) was prescribed. 
Two different plans were made (3DCRT and RapidArc IMAT) for comparative analysis. Student’s double t test 
was used to determine the significance of the difference between two plans in terms of dose to the tumor and 
small bowel. The null hypothesis of no difference in dosimetry between two plans was tested. A p value of 0.05 
was considered statistically significant. 

3. Results 
3.1. Dosimetric Characteristics 
Both 3DCRT and RapidArc plans were evaluated according to standard dose-volume histogram (DVH) of D95% 
and D50% which represented the doses of 95% and 50% PTV and conformity and homogeneity indices. The 
conformity index (CI) of the target volume was expressed as CI95% = (PTV59.4Gy/VPTV) × (PTV59.4Gy/V59.4Gy). 
The homogeneity index (HI) of the target volume was defined as HI = 100× [1 − (D5% − D95%)/Dmean]. OARs,  
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Figure 1. Magnetic resonance imaging (MRI) showing (a) a 
destructive lesion infiltrating the vertebral body of L4 vertebra 
(sagittal view) with (b) extension into pedicles bilaterally and 
encroachment upon neural foramina on left side with paraspinal 
component extension into psoas muscle (axial view).           

 
D33%, Dmean, D50%, and D66% were adopted to evaluate the dose distribution of small bowel. RapidArc plan was 
found superior in terms of homogeneity and dose distribution to 3DCRT plan Figure 2. 

3.2. Dose-Volume Histogram (DVH) Characteristics 
Dose-volume histograms (DVH) data showed that mean dose to planning treatment volume (PTV) [volume; 686 
cm3] was 61.24 Gy (55.98 - 66.23) in RapidArc and 60.71 Gy (49.87 - 63.74) in 3DCRT (p 0.04). Mean doses to 
small bowel [volume; 1916 cm3] was much less in RapidArc plan [14.78 Gy (0.39-53.15)] as compared to 
3DCRT plan [17.42 Gy (2.7 Gy - 62.77)] (p 0.01) Figure 3 and Table 1. 

3.3. Quality Assurance (QA) 
After the using analytical anisotropic algorithm (AAA) system for dose calculation and Octavius phantom was 
used for quality control to ensure the pre-treatment accuracy and safety Figure 4, our patient was started ac-
cording to RapidArc plan [7]. She completed the course without any major sequelae. 

3.4. Clinical Outcome 
At 12 months, patient was found pain free without any functional deficit. Repeat CT imaging at 6 months 
showed 25% reduction if tumor size. 

4. Discussion 
Lumbar spine giant cell tumors are rare and in most of the cases a complete “en bloc” resection is not feasible 
possible without major motor deficits and for this reason 50% of these patients recur locally [8]. Therefore ra-
diotherapy has been considered as an alternative treatment for suchpatients; however delivery of high doses and 
sparing of adjacent critical organs is a real challenge for radiation oncologists [9]. To the best of our knowledge 
our patient is first case of L4 vertebral giant cell tumor that has been treated with RapidArc IMAT up to 59.4 Gy 
without any major bowel toxicity and with excellent local control. 

RapidArc is novel IMRT delivery technique which is based on the IMAT or volumetric modulated arc ther-
apy (VMAT) technique and it can obtain the similar dose distribution of the fixed IMRT. Main merits of Rapi-
dArc are the greater accuracy due to shorter time of complex IMRT delivery (less than 2.5 minutes) as compared 
to 3DCRT and fixed IMRT (7 - 9 minutes) and it has high reproducibility [10]. Shorter treatment time enhances 
the radiobiologic effect of radiation as Shibamoto et al., showed that between two fractions of radiotherapy, 
sub-lethal repair occurred in 2 - 3 minutes or longer time, while using breast cancer cell strain EMT 6 and head  
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3D-Conformal treatment Plan                               RapidArc IMAT plan 

Figure 2. Comparison of dose distribution and homogeneity between RapidArc IMAT and 3DCRT plans showing superior-
ity of RapidArc plans.                                                                                    

 

 
Figure 3. Comparative dose volume histograms of PTV, small bowel and organs at risks for RapidArc and 3DCRT plans. 
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Figure 4. Pre-treatment RapidArc plan verification showing 99.8% accuracy of plan tested on Octavius phantom.           
 
Table 1. Dose distribution comparison of two treatment plans according to planning treatment volume (PTV) and organs at 
risk (OAR).                                                                                            

Indices RapidArc 3DCRT P value 

PTV Dmean (Gy) 61.24 60.71 0.4 

PTV Dmax (Gy) 66.23 63.74 0.04 

PTV Dmin(Gy) 55.98 49.87 0.04 

CI95% 0.79 0.70 0.5 

HI 80 0.71 0.4 

Small bowel Dmean (Gy) 14.78 17.42 0.01 

Small bowel Dmin (Gy) 0.39 2.10 0.0001 

Small bowel Dmax (Gy) 53.15 62.77 0.001 

Right kidney Dmean (Gy) 0.41 4.71 0.001 

Left kidney Dmean (Gy) 0.29 8.98 0.0001 

Spinal cord Dmean (Gy) 0.86 3.47 0.001 

Spinal cord Dmax (Gy) 4.3 19.2 0.001 

Abbreviations: Dmax = maximum dose, Dmin = minimum dose, CI = conformity index, HI = homogeneity index, Gy = Gray. 
 
and neck squamous cell strain SCCVn of mice in vitro [11]. However treatment planning is time taking and 
needs vigorous quality check. 

Due to rarity of spinal giant cell tumors and previously published data based on older radiation therapy tech-
niques, there is no consensus on accepted fractionation or dose concept, yet few studies have shown that higher  
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Table 2. Case reports of lumbar spine giant cell tumors treated with radiotherapy.                                     

Author [Ref] 
Date published 

Total  
patients 

Lumbar spine 
location (n) Treatment RT doses to 

lumbar spine 
Follow up 
duration 

Clinical 
outcomes (n) 

RT induced 
neurological 

deficit 

RT 
induced 
sarcoma 

Malone, S., et al. 
[4] 1995 21 3 S + RT (3) 35 Gy 15.4 years Major improvement (2) 

Progressive symptoms (1) None None 

Roeder, F., et al. 
[5] 2010 5 4 E + S + RT (1) 

RT (3) 

60 Gy (1) 
64 Gy (2) 
66 Gy (3) 

35 - 63 
months 

Major improvement (2) 
No improvement (1) 

Progressive symptoms (1) 
None None 

Leggon, R.E.,  
et al. [8] 2004 17 1 S + RT (1) 55 Gy 63 months Major improvement (1) None 1/17 (11%) 

Schwartz, L.H.,  
et al. [9] 1989 13 1 S + RT (1) 54 Gy 1.8 - 13 years No improvement None None 

Seider, M.J., et 
al. [12] 1986 15 1 S + RT (1) 66 Gy 23 - 99 

months Major improvement  
None None 

Feigenberg, S.J.,  
et al. [13] 2003 24 1 S + RT (1) 43 Gy 20 years Progressive symptoms None 1/24 

(4.1%) 

Martin, C., et al. 
[14] 2010 

23 13 E + S (11) 
S + RT (2) NM 50.7 months 

Major improvement (6) 
No improvement (3) 

Progressive symptoms (4) 
None None 

 
doses resulted in increased local control rates, as our patient was found disease free at one year [4] [5] [8] [9] 
[12]-[14]. There are two main concerns regarding radiotherapy treatment in lumbar giant cell tumors; first, few 
studies (Table 2) have shown the radiation induced malignant transformation and sarcoma induction in 4.1% - 
11% of patients, though these transformations could bethe part of disease biology itself in small proportion of 
patients as such transformations also have been documented in GCT who have not been treated with radiation 
therapy and use of conventional radiation therapy techniques in such patients [15]. Second, radiation induced 
myelopathy. Using conventional fractionation of 1.8 - 2 Gy/fraction to the full-thickness cord, the estimated risk 
of myelopathy is <1% and <10% at 54 Gy and 61 Gy respectively at alpha/beta ratio (α/β) of 0.87 Gy [16]. Dose 
escalation above 61 Gy with conventional radiotherapy or 3DCRT is not possible. New radiation therapy tech-
niques, Rapid Arc or volumetric modulated arc therapy (VMAT) can produce high quality dose escalated treat-
ment plans with high homogeneity/conformity indices and maximum adjacent spinal cord sparing [17]. 

5. Conclusion 
In conclusion, lumbar spine giant cell tumors are rare and function-preserving surgery is not always possible. 
Such patients can be offered RapidArc IMAT which has shown excellent local control rate without any major 
acute and late sequelae. However, there is more need for reporting such cases treated with modern radiation 
therapy tools. 
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