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Abstract 
Rationale: brachytherapy is administered in the treatment of patients with locally advanced cervical cancer following 
chemoradiotherapy. Lack of local anatomy evaluation prior to this procedure might lead to the selection of an inappropriate 
brachytherapy applicator, increasing the risk of side effects (e.g. uterus perforation, painful procedure ...). 
Objective: To assess the movement of the uterus and cervix prior to brachytherapy in patients with gynecological cancer, in order to 
select the proper type of brachytherapy applicator. Also we wanted to promote the replacement of the plain X-ray brachytherapy with 
the image-guided procedure. 
Methods and results: We presented the case of a 41-year-old female diagnosed with a biopsy that was proven cervical cancer 
stage IIIB. At diagnosis, the imaging studies identified an anteverted uterus. The patient underwent preoperative chemoradiotherapy. 
Prior to brachytherapy, the patient underwent a pelvic magnetic resonance imaging (MRI), which identified a displacement of the 
uterus in the retroverted position. 
Discussion: A great variety of brachytherapy applicators is available nowadays. Major changes in uterus position and lack of 
evaluation prior to brachytherapy might lead to a higher rate of incidents during this procedure. Also, by using orthogonal simulation 
and bidimensional (2D) treatment planning, brachytherapy would undoubtedly fail to treat the remaining tumoral tissue. This is the 
reason why we proposed the implementation of a prior imaging of the uterus and computed tomography (CT)/ MRI-based simulation 
in the brachytherapy procedure. 
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Abbreviations: MRI = magnetic resonance imaging, CT = computed tomography, CTV = clinical target volume, DVH = dose-volume 
histogram, EBRT = external beam radiotherapy, GTV = gross tumor volume, Gy = Gray (unit), ICRU = International Commission of 
Radiation Units, IGRT = image guided radiotherapy, IM = internal margin, IMRT = image modulated radiotherapy, ITV = internal 
target volume, MRI = magnetic resonance imaging, OAR = organs at risk, PTV = planning target volume, QUANTEC = Quantitative 
Analyses of Normal Tissue Effects in the Clinic 

Introduction 
 Cervical cancer is one of the most common 

malignancies in developing countries [1]. For the locally 
advanced cervical cancer, concurrent chemoradiotherapy 
has been associated with an improvement in terms of 
overall and progression-free survival [2,3], becoming a 
standard for most therapeutic protocols in the 
preoperative or definitive setting [4,5]. Regarding the 
radiological treatment, external beam radiotherapy 
(EBRT) plays an important role in the treatment of cervical 
cancer, in time techniques like IMRT and IGRT [6] 
overcoming the classical “4-field box” technique. Although 
with these advanced techniques the radiation treatment 
became more conformal and therefore better tolerated, for 

the advanced stage patients, the best option in terms of 
radiotherapy is a combination of EBRT and brachytherapy 
[7,8]. CT/ MRI-based simulation have increased 
significantly worldwide, but most brachytherapy centers 
still rely on traditional plain X-ray imaging for treatment 
planning [9]. With this case report, we are strongly 
sustaining the use of high-technology simulation 
procedures for the brachytherapy of the uterine cervix.  

Methods and results 
 A 41-year-old patient was referred to the 

gynecology service after an evaluation of an abnormal 
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vaginal bleeding, back pain, and pollakiuria. Pelvic 
examination identified a 3 cm polypoid cervical lesion with 
the invasion of the upper third of the left vaginal wall. 
Also, both parametria were found to be involved in their 
medial half. A tumoral biopsy was taken, thus confirming 
the presence of a cervical squamous carcinoma. The 
patient underwent a thorax-abdominal-pelvic CT scan that 
identified an anteverted uterus (Fig. 1), presenting a large 
tumoral mass, without a well-defined border with the 
rectum and the urinary bladder. No signs of tumoral 
invasion were found at cystoscopy and rectoscopy, only a 
bulging in the trigone area. Also, enlarged lymph nodes 
(max. 1 cm) were seen in the left obturator and right 
common iliac groups. No secondary tumors were found, 
therefore the cancer was staged IIIB [8].  
 

 
 
 
 
 

 The patient was referred to the oncology 
department and the multidisciplinary board decision was 
radiotherapy with weekly platinum radio sensitizing agent. 
CT simulation was performed, by using a 3 mm slice 
thickness. Intravenous and oral contrast was used. At 
simulation, the patient presented with full bladder and 
empty rectum, and she was instructed to maintain these 
values at each treatment session. Target volumes and 
organs at risk (OARs) were contoured on the CT images. 
The outer wall was contoured for the OARs. The bowel 
loops were contoured individually. Because at the CT 
scanning, the tumoral tissue was difficult to be 
differentiated by the cervical tissue, no gross tumor 
volume (GTV) was contoured. Clinical target volumes 
(CTV) were contoured. One of them was defined as 
CTV_45 and included the pelvic lymph nodes, uterus, 
parametria, annexes, and the upper 2/ 3 of the vagina. 
The second target volume was defined as CTV_54 and 
included the uterus, parametria, annexes and the upper 1/ 
3 of the vagina.  
 
 

 
 
 
 
 
 
 
 

 Contouring was done in accordance with the 
ICRU62 Protocol [10] recommendations; therefore, the 
internal target volumes (ITV) were obtained for both 
CTV’s by adding a 1 cm internal margin (IM) into the 
urinary bladder. Planning target volumes (PTV), PTV_45 
and PTV_54 resulted by adding a 0.5 cm margin around 
the ITV_45 and ITV_54 respectively (Fig. 2). 

 Radiotherapy was administered with a 
preoperative intent; therefore, treatment was initially 
prescribed to a total dose of 4500 cGy/ 25 fractions/ 5 
weeks to the PTV_45, followed by a boost of 900 cGy/ 5 
fractions/ 1 week to the PTV_54. Radiotherapy planning 
was performed by using the inverse planning approach 
and xiO planning system, resulting in a 7-field treatment 
(Fig. 3). Plan-summing function was applied to evaluate 
the cumulative dosimetric data. 93% and 95% of the 
prescribed dose coverage on the dose-volume-histogram 
(DVH) was obtained for PTV_45 and PTV_54, 

Fig. 1 CT sagittal view of the patient’s pelvis before EBRT 
(anteverted position of the uterus) 
 

Fig. 2 EBRT target volumes contoured according to 
ICRU62 recommendations (CTV-red, ITV-green, PTV-
violet) and their relationship with the rectum (brown) and 
urinary bladder (yellow) 
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respectively. The dose maximum was of 5686 Gy 
(105,3%) and was located within the PTV_54. The 
QUANTEC [11] dosimetric recommendations were 
achieved for the OARs.  
 

 
 

 
 
 
 
 
 

 Radiotherapy treatment was performed daily, 
with the patient in supine position, setup verification being 
made by a weekly megavoltage portal imaging. Cisplatin 
(40 mg/ m2) was administered for 5 cycles concomitantly 
weekly. 
 

 
 
 
 
 
 

 Treatment was completed with fair tolerance and 
was followed by pelvic MRI scan. This identified a 
significant reduction of more than 50% of the tumor mass, 
but also a change of the local anatomy, the uterus being 
retroverted (Fig. 4). 

Discussion 
 Most brachytherapy studies [12-15] focus on the 

introduction of image-guided brachytherapy procedure for 
the treatment of cervix cancer, making a comparison 
between CT/ MRI-based volumetric calculations and the 
X-ray reference point estimates. Although there is 
currently a wide variety of brachytherapy applicators, 
literature data referring to the changes in the uterus 
position following EBRT and its dosimetric influence are 
limited. In 2005, Mayr et al. [16] conducted a study on the 
brachytherapy management by an ultrasound-guided 
applicator placement, which resulted in an acceptable 
outcome and complication rates. Considering that 
currently the tandem and ovoid applicator is still the most 
used worldwide [17,18], Small W. et al.’s literature review 
[19] recommend pelvic high performance imaging 
techniques before the brachytherapy applicator selection, 
in order to reduce the high rate of uterus perforation. 
Recently published data suggested [20] that the uterus 
position has an influence not only in terms of accidents, 
but also dosimetric, and in terms of toxicity, to the local 
normal tissues.   

Conclusion 
 CT/ MRI-based image-guided brachytherapy 

become necessary in order to have a better dosimetric 
assessment of the treatment plan and a valid prediction of 
their side effects. 

Our clinical case highlighted the changes in the 
uterus position during radiotherapy. Therefore, in order to 
avoid unexpected treatment accidents (e.g. uterus 
perforation) we recommend the implementation of high 

Fig. 3 EBRT treatment planning by using the 7-field 
IMRT technique 
 

 

Fig. 4 MRI sagittal view of the pelvis of the patient at the 
end of EBRT (retroverted position of the uterus) 
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performance imaging techniques in the simulation stage 
of the cervix cancer brachytherapy. 
 
Sources of founding 

This work received financial support through the 
project entitled “CERO – Career profile: Romanian 
Researcher”, grant number POSDRU/159/1.5/S/135760, 
co-financed by the European Social Fund for Sectoral 

Operational Programme Human Resources Development 
2007-2013. 
 
Disclosures 

Authors declare that there is no 
conflict of interest regarding the publication 
of this paper. 

 
 
References 
 
 

 
 
 
 

1. Ferlay J, Soerjomataram I, Ervik M, 
Dikshit R, Eser S, Mathers C, Rebelo M, 
Parkin DM, Forman D, Bray F, 
GLOBOCAN 2012 v1.0. Cancer Incidence 
and Mortality Worldwide: IARC 
CancerBase. No. 11, Lyon, France, 
International Agency for Research on 
Cancer, 2013. http://globocan.iarc.fr. 

2. Morris M, Eifel PJ, Lu J, Grigsby PW, 
Levenback C, Stevens RE, Rotman 
M, Gershenson DM, Mutch DG. Pelvic 
radiation with concurrent chemotherapy 
compared with pelvic and para-aortic 
radiation for high-risk cervical cancer. New 
England Journal of Medicine. 1999; 
340:1137–1143. doi: 
10.1056/NEJM199904153401501. 

3. Cheng X, Cai SM, Li ZT, Wu XH, Ding 
YQ, Wang XE, Zang RY. Concurrent 
chemotherapy and adjuvant extended field 
irradiation after radical surgery for cervical 
cancer patients with lymph node 
metastases. International Journal of 
Gynecological Cancer. 2008; 18(4):779-
784. doi: 10.1111/j.1525-
1438.2007.01088.x. 

4. NCCN Clinical Practice Guidelines in 
Oncology: Cervical cancer. 
http://www.nccn.org/professionals/physicia
n_gls/pdf/cervical.pdf.  

5. Colombo N, Carinelli S, Colombo A, 
Marini C, Rollo D, Sessa C. On behalf of 
the ESMO Guidelines Working Group. 
Cervical cancer: ESMO Clinical Practice 
Guidelines for diagnosis, treatment and 
follow-up. Annals of Oncology. 2012; 
23(7):vii27–vii32. 
doi: 10.1093/annonc/mds268. 

6. Swamidas JV, Kirisits C. IMRT, IGRT, 
and other high technology becomes 
standard in external beam radiotherapy: 
But is image-guided brachytherapy for 
cervical cancer too expensive?. Journal of 
Medical Physics. 2015; 40(1):1-4. 
doi: 10.4103/0971-6203.152229. 

7. Fletcher GH, Shukovsky LJ. The interplay 
of radiocurability and tolerance in the 
irradiation of human cancers. Journal de 
radiologie, d’e ́lectrologie, et de me ́decine 
nucle ́aire. 1975; 56(5):383–400. 

8. Viswanathan AN. Uterine Cervix in 
Halperin EC, Brady LW, Perez CA, Wazer 
DE. Perez and Brady’s Principles and 
Practice of Radiation Oncology, Ed. 6, 

2013, New York: Wolters Kluwer LWW, 69: 
1355-1425. 

9. Viswanathan AN, Dimopoulos J, Kirisits 
C, Berger D, Pötter R. Computed 
tomography versus magnetic resonance 
imaging based contouring in cervical 
cancer brachytherapy: results of a 
prospective trial and preliminary guidelines 
for standardized contours. International 
Journal of Radiation Oncology, Biology and 
Physics. 2007; 68(2):491-498. 
doi: http://dx.doi.org/10.1016/j.ijrobp.2006.1
2.021. 

10. International Commission on Radiation 
Units and Measurements. ICRU Report 62. 
Prescribing, recording, and reporting 
photon beam therapy (Supplement to ICRU 
Report 50). ICRU, 1999, Bethesda, MD. 

11. Bentzen SM, Constine LS, Deasy JO, 
Eisbruch A, Jackson A, Marks LB, Ten 
Haken RK, Yorke ED. Quantitative 
Analyses of Normal Tissue Effects in the 
Clinic (QUANTEC): an introduction to the 
scientific issues. International journal of 
radiation oncology, biology, physics. 2010; 
76(3):S3–S9. 
doi: http://dx.doi.org/10.1016/j.ijrobp.2009.0
9.040. 

12. Fellner C, Potter R, Knocke TH, 
Wambersie A. Comparison of radiography 
and computed tomography based 
treatment planning in cervix cancer in 
brachytherapy with specific attention to 
some quality assurance aspects, 
Radiotherapy & Oncology. 2001; 58(1):53-
62. doi: http://dx.doi.org/10.1016/S0167-
8140(00)00282-6. 

13. Pelloski CE, Palmer M, Chronowski GM, 
Jhingran A, Horton J, Eifel PJ. 
Comparison between CT-based volumetric 
calculations and ICRU reference point 
estimates of radiation doses delivered to 
bladder and rectum during intracavitary 
radiotherapy for cervical cancer, 
International Journal of Radiation 
Oncology, Biology, Physics. 2005;  
62(1):131-137. doi: 
http://dx.doi.org/10.1016/j.ijrobp.2004.09.05
9. 

14. Jamema SV, Saju S, Mahantshetty U, 
Pallad S, Deshpande DD, Shrivastava 
SK, Dinshaw KA. Dosimetric evaluation of 
rectum and bladder using image based CT 
planning and orthogonal radiographs with 

ICRU 38 recommendations in intracavitary 
brachytherapy. Journal of Medical Physics. 
2008; 33(1):3–8. doi:  10.4103/0971-
6203.39417. 

15. Kim RY, Pareek P. Radiography-based 
treatment planning compared with 
computed tomography (CT)-based 
treatment planning for intracavitary 
brachytherapy in cancer of the cervix: 
Analysis of dose-volume histograms. 
Brachytherapy. 2003; 2(4):200-206. doi: 
http://dx.doi.org/10.1016/j.brachy.2003.06.0
01. 

16. Mayr NA, Montebello JF, Sorosky JI, 
Daugherty JS, Nguyen DL, Mardirossian 
G, Wang JZ, Edwards SM, Li W, Yuh WT. 
Brachytherapy management of the 
retroverted uterus using ultrasound-guided 
implant applicator placement. 
Brachytherapy. 2005;  4(1):24-29. doi: 
http://dx.doi.org/10.1016/j.brachy.2004.10.0
07. 

17. Viswanathan AN, Creutzberg CL, 
Craighead P, McCormack M, Toita T, 
Narayan K, Reed N, Long H, Kim HJ, 
Marth C, Lindegaard JC, Cerrotta A, 
Small W Jr., Trimble E. International 
Brachytherapy Practice Patterns: a survey 
of the Gynecologic Cancer Intergroup 
(GCIG). International Journal of Radiation 
Oncology, Biology, Physics. 2012; 
82(1):250–255. doi: 
10.1016/j.ijrobp.2010.10.030. 

18. Han K, Milosevic M, Fyles A, Pintilie M, 
Viswanathan AN. Trends in the utilization 
of brachytherapy in cervical cancer in the 
United States. International Journal of 
Radiation Oncology, Biology, Physics. 
2013; 87(1):111–119. doi: 
10.1016/j.ijrobp.2013.05.033. 

19. Small W Jr., Strauss JB, Hwang CS, 
Cohen L, Lurain J. Should uterine tandem 
applicators ever be placed without 
ultrasound guidance?. No: a brief report 
and review of the literature. International 
Journal of Gynecological Cancer. 2001; 
21(5):941-944. doi: 
10.1097/IGC.0b013e31821bca53. 

20. Georgescu MT, Moldoveanu VG, Ileanu 
BV, Anghel R. Dosimetric Influence of 
Uterus Position in Cervix Cancer High-
Dose-Rate Brachytherapy. Romanian 
Journal of Physics. 2016; 61(9-10):1557-
1566. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Rotman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10202164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rotman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=10202164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gershenson%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=10202164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutch%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=10202164

