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Evaluation of dose received by organs at risk in 
radiotherapy of brain tumors 

INTRODUCTION 

The main goal of radiotherapy (RT) with           
ionizing radiation is to deliver the lethal dose to 
the tumor while saving healthy tissues.               
Complications in some organs should be                
prioritized in the treatment plan and receive  

additional care(1). In RT of brain tumors,                
considering the radiation dose constraints to 
OARs is an important concern (2). Optic                  
structures and visual pathways are the most  
important structures since the loss of vision is a 
deleterious side effect of RT. The brainstem is 
another important OAR that requires special  
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ABSTRACT 

Background: Radiation therapy (RT) is one of the common and successful 
treatments for brain malignancies and benign disorders. In spite of its 
irrefutable merits, it is associated with a number of complications caused by 
radiation damage to the important Organs at Risks (OARs), which is strongly 
correlated with the radiation dose during RT. This study aimed to determine 
the range of radiation dose to Hippocampus and certain OARs in the brain. 
Materials and Methods: Thirty-two patients with primary brain cancer, 
undergoing RT, were selected retrospectively. The selected OARs were 
contoured using the RT Treatment Planning Software through assessing the 
images from the computed tomography and magnetic resonance imaging 
(MRI). Dose parameters, namely maximum dose (Dmax) and median dose 
(Dmedian), to OARs (optic nerves, chiasm, retinas, lenses, orbits, lachrymal 
glands, brainstem, hippocampi, etc.) were assessed. Results: The mean age of 
the patients was 37.8±14.3 years (from 5 to 60 years), and 19 patients (59%) 
were male. Glioblastoma multiforme and astrocytoma were the most 
common tumors. The maximum dose received by the brainstem, lenses, and 
eye ranged between 32-62 Gy, 0.75-40 Gy, 1.5-65 Gy, respectively. The 
maximum dose received by the hippocampi was 62.7 Gy. Conclusion: 
Important OARs can tolerate the received doses which were lower than the 
threshold level of serious complications. However, the maximum dose 
received by the hippocampi was higher than the recommended tolerated 
radiation dose; therefore, it is recommended to conduct more studies in this 
regard.  
 
Keywords: Radiotherapy, Brain tumors, Hippocampus 

*Corresponding authors: 
Somayyeh Babaloui, PhD.,  
E-mail: 
s-babaloui@farabi.tums.ac.ir  
 

Dr. Peiman Haddad,  
E-mail: haddad@tums.ac.ir 

Revised: April 2020  

Accepted: June 2020  

Int. J. Radiat. Res., April 2021;         
19(2): 333-337 

►  Original article 

DOI: 10.29252/ijrr.19.2.333  

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
19

.2
.1

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

23
-0

5-
23

 ]
 

                               1 / 6

http://dx.doi.org/10.52547/ijrr.19.2.11
https://ijrr.com/article-1-3648-en.html


attention during the RT due to its critical role in 
the central nervous system. The hippocampus is 
another brain OAR under close investigation (3, 4). 
Due to cognitive impairment after the RT, the 
hippocampus is of great importance (5, 6). The 
standard hippocampal dose (radiation) is being 
examined currently, which has ranged from 10 
to 35Gy in various studies (7, 8). No studies have 
examined the hippocampal dose during 3D             
conformal treatment in Iran to the best of our 
knowledge. Moreover, very few studies have  
examined the dose reaching brain organs at risk 
(OARs) (9, 10). In the study, we have evaluated 
OARs and the dose range reaching them in  
treatment of brain tumors using CT/MRI fusion. 
Additionally, it is the first time that the dose 
reaching hippocampus, as an OAR, is examined 
at a radiotherapy center in Iran. It is hoped that 
the results help, although a little, reduce the           
delivered dose and thus reduce radiotherapy 
complications by showing the status quo         
regarding the radiation dose reaching OARs.  
 
 

MATERIALS AND METHODS 
 

Thirty-two patients with malignant brain  
tumors, receiving RT in the Radiotherapy Center 
of Cancer Institute of Iran between January and 
August 2014, were included retrospectively.  
Before the intervention, all patients had               
undergone MRI (fluid-attenuated inversion            
recovery [FLAIR], T2-weighted MRI, and/or  
gadolinium-enhanced T1-weighted MRI) for 
making a clinical treatment decision. 

The patients had received CT simulation           
before treatment at the treatment position using 
the immobilization devices. CT scan was done 
with GE Light Speed 16-Slice CT scanner (USA). 
The routine protocol of 120kVp, activated GE 
Smart mA, and standard reconstruction kernel 
were used. Sagittal and coronal reformatting  
images were reformatted. 

CT scan was used for treatment planning,  
tumor delineation, and OARs contouring.                 
Radiation therapy was delivered with 3D               
Conformal Radiation Treatment (3D-CRT)              
technique up to a dose of 60Gy (2Gy/fraction) to 
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high-risk sites and 54Gy (1.8Gy/fraction) to              
susceptible sites, with 6MV energy photons. To 
this end, the linear Elekta compactTM linear             
accelerator (Sweden) was used. The only               
exception was a patient with chloroma, whose 
total treatment dose was 30Gy. 

The patients underwent MRI and CT scan in 
similar positions and the MRI was performed on 
a 1.5-Tesla Toshiba Aquilion scanner. Both the 
CT and MR images were imported into the 
RTDosePlan (Math Resolutions, LLC 5975 Gales 
Lane, Columbia, MD. 21045). Both images were 
manually matched in three dimensions               
according to two anatomical side markers. The 
matched-images were visually checked in all  
directions and modified by a radiation                  
oncologist and a medical physicist with at least 
four years of active clinical experience. 

In the RTDosePlan, all components of the  
visual pathway including lenses, orbits, retinas, 
optic nerves, and chiasm, as well as the                 
brainstem, lachrymal glands, and hippocampi 
were contoured (figure 1 a, b and figure 2 a, b). 
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Figure 1. (a) CT image of patient 1 with the contouring of 
orbits, retinas, chiasm, optic nerves, lachrymal glands and PTV, 

(b) MR image with the contouring of orbits, CTV and PTV. 
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Dose parameters, namely the maximum dose 
(Dmax) and median dose (Dmedian), to OARs                
including optic nerves, chiasm, retinas, lenses, 
orbits, lachrymal glands, brainstem, and                
hippocampi were extracted from the planning 
system. 

 
Statistical analysis 

Data was analyzed in STATA 15.2. The mean, 
range, and standard deviation (SD) of dose              
parameters were calculated.  
 
 

RESULTS 
 

Thirty-two patients were enrolled in this 
study with the mean age of 37.8±14.3 (5-60 
years) and 19 participants were male (59%). 

Demographic data of patients are presented in 
table1. The Dmax and Dmedian to the components of 
the visual pathway (lenses, chiasm, optic nerves, 
orbits, retinas) as well as lachrymal glands, 
brainstem, and hippocampi are presented in 
table2. Also Table2 shows the dose-related data, 
namely dose per fraction and the total doses  
delivered to the OARs. 

The maximum dose received by the                    
brainstem, lenses, and eye ranged between               
32-62 Gy, 0.75-40 Gy, 1.5-65 Gy, respectively. 
The peak dose received by the hippocampi was 
62.7 Gy.  
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Figure 2. (a) CT image patient 2 with the contouring of orbits, 
retinas, lens and lachrymal glands (b) MR image with the             
contouring of orbits, optic nerves, chiasm, brainstem and  

hippocampus. 

Variables Number Percent 

Age     

< 20 3 10% 

20>= 29 90% 

Tumor histology     

Astrocytoma-GII, GIII 10 31% 

Glioblastoma Multiform 7 21% 

Pituitary adenoma 4 12% 

Others 11 34% 

Prescribed Dose     

30-50 3 10% 

50-54 9 28% 

54-60 20 62% 

Table 1. List of the patients and their demographic and             
radiotherapy data. 

  
  

Dose range per 
Fraction (Gy) 

Total Dose Range (Gy) 

Dmax Dmedian Dmax Dmedian 

Brainstem 1.52-2.13 0.19-2.06 31.95-62.70 51.30-60.90 

Right lens 0.04-1.36 1-96 0.75-40.80 0.25-28.80 

Left lens 0.03-1.13 0.03-0.61 0.75-33.90 0.75-18.30 

Right orbit 0.05-2.19 0.04-1.55 1.35-56.70 1.24-45.00 

Left orbit 0.04-2.21 0.03-1.21 1.24-63.30 0.93-36.30 

Right lacrimal 
gland 

0.05-2.20 0.04-2.10 1.35-63.00 1.24-45.90 

Left lacrimal 
gland 

0.04-2.19 0.02-1.99 1.24-64.50 0.62-44.70 

Right retina 0.05-2.19 0.04-2.12 1.35-55.20 1.55-46.80 

Left retina 0.05-2.21 0.04-2.04 1.55-60.60 1.24-46.80 

RON 0.08-2.20 0.07-2.10 2.48-65.40 1.89-63.00 

LON 0.09-2.20 0.06-2.10 2.79-64.50 1.86-62.40 

Chiasm 0.11-2.11 0.09-2.10 3.41-63.30 2.79-63.00 

Right 
hippocampus 

0.5-2.10 0.23-2.08 15.50-62.70 7.13-61.80 

Left 
hippocampus 

1.24-2.13 0.26-2.09 31.95-61.20 8.06-60.00 

Table 2. Delivered doses per fraction and total dose to the 
visual pathway components. 
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DISCUSSION 

Radiotherapy is one of the most important 
treatment modalities in management and                 
control of brain tumors. One of the main goals of 
RT is delivering the maximum dose to the                
malignant tumor while saving OARs. There are 
scant domestic studies on the dose received by 
OARs in the brain. These studies typically               
compared the measurement methods and none 
of them used MRI to determine the range of dose 
received by OARs (10, 11). This descriptive study 
tried to measure the dose received by important 
OARs in the brain, including the hippocampus 
with a recently approved role in secondary               
cognitive disorders.  

According to our findings, the maximum dose 
received by the optic chiasm ranged between 3. 
41-63. 3. The maximum doses received by right 
and left optic nerves (RON and LON) were 65 
and 64 Gy, respectively. The threshold of                   
tolerance for the optic nerves and chiasm was 
45-60 Gy and up to 1.8-2 Gy/fraction in the              
literature. The chance of radiation-induced optic 
neuropathy (RON) significantly increased at 
higher doses (12, 13). The maximum dose received 
by lachrymal glands in the participants was              
64-65 Gy; however, the mean dose received by 
these structures was 44-45 Gy. The predicted 
radiation dose tolerance for lachrymal glands in 
the literature was 34-40 Gy (9, 14). 

The doses received by the right and left 
lenses were 40.8 and 33.9 Gy, respectively in our 
center.In adults, higher doses to lenses are              
associated with a cataract, in that after 2.5 to 6.5 
Gy, the latent period is 8 years with a 33% of 
progressive cataract; whereas, after 6.51 to 11.5 
Gy, the latent period is 4 years, with a 66% risk 
(15). 

 The dose received by the brainstem in the 
patients was up to 62 Gy. Recommended               
dose-constraints (54-60 Gy) for the brainstem is 
similar to that of the optic nerves and chiasm. 
However, recent studies indicate the tolerance 
threshold of 63 Gy in peripheral regions of the 
brainstem (16, 17). 

 The dose received by orbit and retinas              
varied between about 1 Gy to 60 and 63 Gy. The 
risk of radiation-induced side effects for the         

orbit and retina increases at doses >45-55 Gy at 
1.8-2 Gy/fraction (18, 19). 

 The dose received by the hippocampus                
increased to 65 Gy in the patients under                       
investigation. Currently, there is not any                   
consensus about radiation dose constraints for 
the hippocampus. This issue was investigated 
using the RTOG 0933 phase II trial. It is obvious 
that the chance of neuro-cognitive toxicity in  
patients is lower at lower radiation doses to the 
hippocampi. Different studies suggest a wide 
range of safe doses to the hippocampi from less 
than 10 Gy to more than 35 Gy based on tumor 
type and total treatment dose (7, 8, 20). As a result, 
there is a significant difference between the dose 
received by the hippocampus in the patients and 
the dose tolerance range in the literature. This 
difference calls for special attention to this               
organ. Since this is a descriptive study, it cannot 
determine why a high amount of dose is received 
by the hippocampus. The lack of access to such 
methods as the intensity-modulated radiation 
treatment (IMRT) and stereotactic treatment can 
be among its major causes. More accurate               
studies are recommended for assessment of           
effective factors and reduce the dose received by 
OARs, such as the hippocampus. 

 
 

CONCLUSION 

A combination of MRI and CT images can be 
an effective way to achieve more precise contour 
data and dose calculations. Based on the median 
and maximum of the delivered dose to OARs and 
the defined constraint doses, it seems that our 
treatment plans have generally adopted these 
recommendations.  

Although the treatment dose range for most 
OARs is slightly higher than the standard                
tolerance range in the literature, this range for 
the hippocampi was between 15-62 Gy, which is 
very higher than the tolerance range in the             
literature. As a result, special attention and             
further studies are recommended. Moreover, a 
wide range of delivered doses to any OAR is due 
to a) a wide range of tumor locations and               
proximity to OARs and b) a wide range of total 
dose prescribed based on the tumor pathology. 
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Nevertheless, protecting these OARs requires 
more advanced RT techniques, including IMRT 
and stereotactic treatment.  

 
Limitations 

In the RT Dose Plan, extracting the mean dose 
(Dmean) is not possible, so the median dose 
(Dmedian) should be calculated. The sequence of 
the MRI was another research limitation. In 
many patients, only T2-weighted or FLAIR              
sequence of the MRI was fused with                            
CT-Simulation, while the preferred sequence for 
contouring of OARs is gadolinium-enhanced             
T1-weighted MRI. In addition, some patients  
only received the pre-operation MRI, while             
post-operation MRI generates the optimal             
imaging data for delineating of OARs and their 
real position at the beginning of RT. 
 
 
Conflicts of interest: Declared none. 
 
 

REFERENCES 
 
1. Halg RA, Besserer J, Schneider U (2012) Systematic 

measurements of whole-body dose distributions for 
various treatment machines and delivery techniques in 
radiation therapy. Med Phys, 39(12): 7662-76. 

2. Kry SF, Bednarz B, Howell RM, Dauer L, Followill D, Klein E, 
et al. (2017) AAPM TG 158: Measurement and calculation 
of doses outside the treated volume from external-beam 
radiation therapy. Med Phys, 44(10): e391-e429. 

3. Lessell S  (2004) Friendly fire: neurogenic visual loss from 
radiation therapy. J Neuroophthalmol, 24(3): 243-50. 

4. Gordon KB, Char DH, Sagerman RH (1995) Late effects of 
radiation on the eye and ocular adnexa. Int J Radiat Oncol 
Biol Phys, 31(5): 1123-39. 

5. Gondi V, Pugh SL, Tome WA, Caine C, Corn B, Kanner A, et 
al. (2014) Preservation of memory with conformal avoid-
ance of the hippocampal neural stem-cell compartment 
during whole-brain radiotherapy for brain metastases 
(RTOG 0933): a phase II multi-institutional trial. J Clin On-
col, 32(34): 3810-6. 

6. Chang EL, Wefel JS, Hess KR, Allen PK, Lang FF, Kornguth 
DG, et al. (2009) Neurocognition in patients with brain 
metastases treated with radiosurgery or radiosurgery plus 
whole-brain irradiation: a randomised controlled trial. 
Lancet Oncol, 10(11): 1037-44. 

7. Ali AN, Ogunleye T, Hardy CW, Shu HK, Curran WJ, Crocker 
IR (2014) Improved hippocampal dose with reduced mar-
gin radiotherapy for glioblastoma multiforme. Radiat On-
col, 9: 20. 

8. Sun ZW, Shi L, Li Q, Kong Y, Du FL, Xie TM, et al. (2018) 
Results of the radiation dose of head, body and tail of 
hippocampus in nasopharyngeal carcinoma patients treat-
ed with intensity modulated radiotherapy. Sci Rep, 8(1): 
5595. 

9. Bhandare N, Moiseenko V, Song WY, Morris CG, Bhatti 
MT, Mendenhall WM (2012) Severe dry eye syndrome 
after radiotherapy for head-and-neck tumors. Int J Radiat 
Oncol Biol Phys, 82(4): 1501-8. 

10. Nazemi-Gelyan H, Hasanzadeh H, Makhdumi Y, Abdollahi 
S, Akbari F, Varshoee-Tabrizi F, et al. (2015) Evaluation of 
Organs at Risk's Dose in External Radiotherapy of Brain 
Tumors. Iran J Cancer Prev, 8(1): 47-52. 

11. Peszynska-Piorun M, Malicki J, Golusinski W (2012) Doses 
in organs at risk during head and neck radiotherapy using 
IMRT and 3D-CRT. Radiol Oncol, 46(4): 328-36. 

12. Danesh-Meyer HV (2008) Radiation-induced optic neurop-
athy. J Clin Neurosci, 15(2): 95-100. 

13. Mayo C, Martel MK, Marks LB, Flickinger J, Nam J, Kirkpat-
rick J (2010) Radiation dose-volume effects of optic nerves 
and chiasm. Int J Radiat Oncol Biol Phys, 76(3 Suppl): S28-
35. 

14. Parsons JT, Bova FJ, Mendenhall WM, Million RR, Fitzger-
ald CR (1996) Response of the normal eye to high dose 
radiotherapy. Oncology, 10(6): 837-47. 

15. Brady L, Perez C, EH (2007) Principles and practice of radi-
ation oncology. Philadelphia: Lippincott Williams & Wil-
kins. 

16. Marks LB, Yorke ED, Jackson A, Ten Haken RK, Constine LS, 
Eisbruch A, et al. (2010) Use of normal tissue complication 
probability models in the clinic. Int J Radiat Oncol Biol 
Phys, 76(3 Suppl): S10-9. 

17. Emami B, Lyman J, Brown A, Coia L, Goitein M, Munzenrid-
er JE, et al. (1991) Tolerance of normal tissue to therapeu-
tic irradiation. Int J Radiat Oncol Biol Phys, 21(1): 109-22. 

18. Fernandez-Vicioso E, Ruiz-Cruces R, Faulkner K (2001)
Tolerance of the different structures of the eye to thera-
peutic ionizing radiation. International Atomic Energy 
Agency (IAEA);. Report No.: 1562-4153 Contract No.: IAEA-
CSP--7/CD. 

19. Scoccianti S, Detti B, Gadda D, Greto D, Furfaro I, Meacci F, 
et al. (2015) Organs at risk in the brain and their dose-
constraints in adults and in children: a radiation oncolo-
gist's guide for delineation in everyday practice. Radiother 
Oncol, 114(2): 230-8. 

20. Witek M, Vahknenko Y, Siglin J, Harrison A, Xiao Y, Lui H, 
et al. (2014) Dose reduction to the scalp with hippocampal 
sparing is achievable with intensity modulated radiothera-
py. Int J Med Phys Clin Eng Radiat Oncol, 3(3): 176-82.  

 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
19

.2
.1

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

23
-0

5-
23

 ]
 

                               5 / 6

http://dx.doi.org/10.52547/ijrr.19.2.11
https://ijrr.com/article-1-3648-en.html


 [
 D

O
I:

 1
0.

52
54

7/
ijr

r.
19

.2
.1

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rr
.c

om
 o

n 
20

23
-0

5-
23

 ]
 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://dx.doi.org/10.52547/ijrr.19.2.11
https://ijrr.com/article-1-3648-en.html
http://www.tcpdf.org

