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Abstract 
Three dimensional planning for high-dose-rate (HDR) brachytherapy in cervical cancer has been highly recom-

mended by consensus guidelines such as the American Brachytherapy Society (ABS) and the Groupe Européen de 
Curiethérapie – European Society for Radiotherapy and Oncology (GEC-ESTRO). In this document, we describe our 
experience with computed tomography (CT)-based planning using the tandem/ring applicator. We discuss the influ-
ence of applicator geometry on doses to organs at risk (OARs), namely the bladder, rectum, and sigmoid. Through 
example cases with dose prescribed to point A, we demonstrate how adaptive planning can help achieve constraints 
to the OARs as per guidelines. 
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Purpose 
Intracavitary brachytherapy is critical in the manage-

ment of locally advanced cervical cancer [1,2,3,4,5,6]. His-
torically, dose has been prescribed to point A, originally 
defined by the Manchester system as being 2 cm along 
the tandem starting from the level of the surface of the 
vaginal ovoids and then 2 cm perpendicular to this in the 
lateral direction [7]. However, due to the difficulty in vi-
sualizing the surface of the ovoids in radiographic films, 
Tod and Meredith modified the definition of point A with 
measurement along the tandem beginning at the most 
inferior point of the sources in the tandem, which is the 
flange abutting the cervical os [8]. Doses to critical organs, 
namely the bladder and the rectum, were documented 
as per the definitions by the International Commission 
on Radiation Units (ICRU) 38 [9]. In 2006, the Groupe 
Européen de Curiethérapie – European Society for Ra-
diotherapy and Oncology (GEC-ESTRO) recommended 
the implementation of three dimensional (3D) magnetic 
resonance (MRI) image assisted brachytherapy treatment 
planning because of the ability to better visualize the cer-
vix and the tumor [10,11,12]. A survey by the American 
Brachytherapy Society (ABS) in 2010 on the use of 3D im-
aging in gynecological brachytherapy [13], showed that 
the majority of physicians preferred the use of computed 

tomography (CT) for imaging post-implantation over the 
use of 2D plain radiographs for treatment planning due 
to improved visualization of soft tissue anatomy. Prefer-
ence was also found to prescribe to point A rather than 
to a volume. Updated guidelines published by the ABS 
strongly recommended the use of 3D imaging with CT, 
MRI, or radiographic imaging with treatment planning 
performed at each fraction [14]. 

Guidelines published by GEC-ESTRO with MRI 
based planning recommend dose distribution to conform 
to clinical target volume (CTV) while trying to spare or-
gans at risk (OARs). Although some institutions have 
routinely established the use of MRI in brachytherapy 
for cervical cancer, showing improvements in outcomes, 
with respect to normal tissue toxicity, local control, and 
overall survival [15,16,17,18,19], initiating an MRI-guid-
ed brachytherapy treatment program for cervical cancer 
has its challenges [20,21,22,23,24,25,26]. Moreover, in 
some centers, lack of a dedicated MRI-simulator or ac-
cessibility of MRI from diagnostic radiology for treat-
ment planning with the applicator in a patient, makes it 
necessary to use other imaging modalities such as CT. 
In this document, we describe adaptive CT-based plan-
ning using the tandem/ring applicator with dose pre-
scribed to point A. Using example cases, we describe the 
planning process explaining the influence of applicator 

Address for correspondence: Vishruta A. Dumane, PhD, Department of Radiation Oncology,  
The Mount Sinai Medical Center, NY, USA, 1184 5th Avenue, Box 1236, New York, NY 10029, USA,  
phone: +1 212 241 9332, fax: +1 212 426 9246,  e-mail: vishruta.dumane@mountsinai.org 

Received: 22.04.2017
Accepted: 13.06.2017
Published: 30.06.2017

https://www.ncbi.nlm.nih.gov/pubmed/2004942
http://www.redjournal.org/article/0360-3016(93)90631-5/abstract
file:///D:/Prace/JCB%203%202017/teksty/Carcinoma of the cervix, stage III: Results of radiation therapy. Cancer 1986
https://www.ncbi.nlm.nih.gov/pubmed/8276647
https://www.ncbi.nlm.nih.gov/pubmed/11815967
https://www.ncbi.nlm.nih.gov/pubmed/15275728
http://www.birpublications.org/doi/abs/10.1259/0007-1285-11-132-809
https://www.ncbi.nlm.nih.gov/pubmed/13042092
http://www.icru.org/home/reports/dose-and-volume-specification-for-reporting-intracavitary-therapy-in-gynecology-report-38
https://www.ncbi.nlm.nih.gov/pubmed/15763303
https://www.ncbi.nlm.nih.gov/pubmed/16466820
https://www.ncbi.nlm.nih.gov/pubmed/16403584
https://www.ncbi.nlm.nih.gov/pubmed/19619956
https://www.ncbi.nlm.nih.gov/pubmed/22265437
https://www.ncbi.nlm.nih.gov/pubmed/23962242
https://www.ncbi.nlm.nih.gov/pubmed/21821305
https://www.ncbi.nlm.nih.gov/pubmed/17531904
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4873551/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5018521/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4663219/
https://www.aapm.org/pubs/reports/detail.asp?docid=159
http://onlinelibrary.wiley.com/doi/10.1118/1.4764481/abstract
https://www.ncbi.nlm.nih.gov/pubmed/23541642
https://www.ncbi.nlm.nih.gov/pubmed/23453539
https://www.ncbi.nlm.nih.gov/pubmed/23462706
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3675683/


Journal of Contemporary Brachytherapy (2017/volume 9/number 3)

Vishruta A. Dumane, Yading Yuan, Ren-Dih Sheu, et al.280

dimensions on critical organ doses, and how inter-frac-
tion adaptive planning can help improve the ability to 
meet recommended dose constraints as defined by the 
GEC-ESTRO working group, as well as in more recent 
trials and task groups, specifically European Study on 
MRI – Guided Brachytherapy in Locally Advanced Cer-
vical Cancer (EMBRACE) [27], ABS [14], and Cancer 
Care Ontario (CCO) [28]. 

Procedure 
Patients were treated with external beam radiother-

apy (EBRT) to 45 Gy or 50.4 Gy in 1.8 Gy fractions via 
three-dimensional conformal radiation therapy (3D CRT) 
with concurrent cisplatin and HDR brachytherapy in-
terdigitated to complete the treatment typically within 
8 weeks. A parametrial boost was occasionally adminis-
tered to an additional 5.4-9 Gy in 3-5 fractions if needed. 
Fractionation regimens for HDR varied among our pa-
tients: 30 Gy in 5 fractions, 27.5 Gy in 5 fractions, 28 Gy 
in 4 fractions, or 24 Gy in 3 fractions. The exact fraction-
ation schedule was based on tumor size, tumor response 
to EBRT and chemotherapy, and patient compliance. At 
our institution, at the first fraction, a Smitt sleeve is su-
tured at the external os under anesthesia in the operating 
room. The Smitt sleeve facilitates tandem insertion and 
acts as a marker for the cervical os as shown in Figure 1.  
For tandem and ring applicators from Elekta (Elekta 
company, Elekta AB, Stockholm, Sweden), the avail-
able applicator angles are 30°, 45°, and 60°; available 
ring diameters are 26 mm, 30 mm, and 34 mm, and ac-
cessible tandem lengths are 20 mm, 40 mm, and 60 mm.  
The choice of the applicator angle, ring diameter, and 
tandem length for the first fraction are decided based 
on patient anatomy. The uterus length is measured just 
prior to the Smitt sleeve insertion and this measurement 

determines the tandem length. The largest ring that can 
fit is typically used. The angle is determined based on the 
cervix/uterus position in the pelvis. Ideally, the tandem 
bisects the uterus on sagittal view. The applicator, along 
with the rectal retractor, is inserted in the patient followed 
by placement of vaginal packing anteriorly to push the 
bladder away from the applicator. After the patient recov-
ers from the procedure, a CT scan is acquired at 3 mm slice 
spacing and images transferred to the treatment planning 
system. Applicator insertions for the following fractions 
are performed as outpatient procedures. CT images are 
acquired, and a new treatment plan is performed for each 
insertion/fraction. 

Treatment planning 

The software used for treatment planning in this doc-
ument is Oncentra version 3.3 SP 3 (Elekta, Stockholm, 
Sweden). After CT images are acquired and transferred 
to the planning system, the bladder, rectum, and sigmoid 
are contoured followed by reconstruction of the appli-
cator. The origin of the applicator is placed at the Smitt 
sleeve as in Figure 2A to mark the cervical os with axes 
aligned as shown. The tandem and ring are reconstructed 
starting from the tip end of each applicator followed by 
activation of the dwell positions. The dwell positions in 
the ring are activated on the sides at the vaginal fornices 
to mimic the ovoids, as shown in Figure 2B. The tandem is 
activated from the first dwell position at the tip extending 
inferiorly to stop above the plane of the ring, making sure 
not to extend past the origin or the cervical os. The dose 
is then prescribed to point A in the coordinate system of 
the applicator 2 cm from the origin, along the tandem, 
and 2 cm perpendicular to it on either side. The plan is 
normalized such that 100% of the prescription dose is de-
livered to point A. Optimization is achieved manually by 

Fig. 1. A) The Smitt sleeve is a plastic tube with drainage holes that is inserted into the cervical OS and sutured in place prior to 
the first treatment. It helps to keep the cervix dilated for subsequent applicator insertions throughout the course of treatment. 
B) Illustration of the Smitt sleeve and the applicator inside a patient. The Smitt sleeve helps guide the insertion of the tandem 
and also acts as a stopper for the ring at the cervix
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adjusting the activated dwell positions and their weights. 
Manual optimization suffices to create a ‘pear shaped’ 
dose distribution. Usually, the dwell weight at the tip of 
the tandem is greater than the rest of the tandem to help 
increase coverage laterally [29]. As a starting point, at our 
institution the weight on the first dwell position at the tip 
of the tandem is 1.0, the intermediate dwell positions in 
the tandem are weighed 0.75, and the dwell position clos-
est to the ring is weighed 0.5. The weight on all the dwell 
positions in the ring is 0.5. The cumulative dose volume 
histogram (DVH) is computed for the bladder, rectum, 
and sigmoid, and the weights adjusted to optimally min-
imize dose to these critical organs. 

Dose constraints and recommendations 

The biological effect of the administered radiotherapy 
dose depends not only on the dose distribution, but also 
on the dose rate, fractionation, and duration of the treat-
ment. In order to take into account the differences in time 
dose fractionation patterns of both pelvic external beam 
radiotherapy and intracavitary brachytherapy, the bio-
logically effective dose (BED) using the linear quadratic 
(LQ) model is calculated separately for both cases using 
the equation given by: 

                            BED = Nd  1 + g d
a/b  (1),

where N is the number of fractions, d is the dose per frac-
tion, a/b = 3 for normal tissues, and g is a function that 
accounts for incomplete repair. For external beam as well 
as HDR brachytherapy, g = 1 [12]. From the BED, the 
equivalent external beam therapy dose using convention-
al fractionation of 2 Gy per day (EQD2) is computed as: 

 
                                

EQD2 = 
BED

1 + 
2
a/b  

(2).

For each brachytherapy fraction, the dose to the 
hottest 2 cc (D2cc) is obtained for the bladder, rectum, 
and sigmoid from the DVH. The BED and EQD2 are 

calculated for each of OARs as per equations 1 and 
2 for each fraction, and the cumulative EQD2 value of 
the D2cc for each OAR combining external beam ther-
apy and brachytherapy over all fractions is obtained.  
The constraints recommended for the cumulative D2cc 
by GEC-ESTRO, EMBRACE, ABS, and CCO are < 90 Gy 
EQD2 for the bladder, and < 70-75 Gy EQD2 for the rec-
tum and sigmoid. This formalism is of course dependent 
on the assumption that full dose of external beam thera-
py is administered in the volume of interest, identical lo-
cation during fractionated brachytherapy, and contigu-
ous contouring of volumes for all the OARs. If C denotes 
the EQD2 constraint for the combined external beam and 
brachytherapy plans for a given OAR, then the allowable 
D2cc per fraction of brachytherapy (dB) for that OAR can 
be calculated as follows: 

                          C = EQD2E + EQD2B (3a),

where EQD2E is contribution from external beam and 
EQD2B is from all fractions of brachytherapy 

 

                        

C = 
BEDE + BEDB

1 + 
2
a/b  

(3b),

              

C = 
1 + 

2
a/b

BEDE + NBdB 1 + g dB
a/b

 

(3c).

From equation (1), BEDE is 72 Gy for a dose of 45 Gy 
in 1.8 Gy fractions, and 80.6 for 50.4 Gy in 1.8 Gy frac-
tions. Substituting the values for C, BEDE, NB, g = 1, and  
a/b = 3, the value of dB can be obtained and serves as 
a dose constraint for the respective OAR for that fraction. 
Depending on the ability to meet this constraint in the 
first fraction, the value of dB for the next fraction can vary 
such that the cumulative EQD2 can be maintained within 
the value of the constraint C. Between fractions, variations 
in normal tissue doses are expected. Treatment planning 

Fig. 2. A) The origin of the applicator (as indicated by the arrow) is placed at the Smitt sleeve to mark the cervical os with axes 
aligned as shown. The tandem is activated from the first dwell position at the tip extending inferiorly to stop above the plane 
of the ring making sure not to extend past the origin or the cervical os. Dose is prescribed to point A in the co-ordinate system 
of the applicator 2 cm from the origin along the tandem and 2 cm perpendicular to it on either side. The plan is normalized 
such that 100% of the prescription dose goes to point A. The brachytherapy dose prescribed in this case was 7 Gy x 4 fractions.  
B) The dwell positions in the ring are activated typically 4 to 5 on the sides at the vaginal fornices to mimic the ovoids as shown
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by prescribing dose to point A can make it challenging 
to remain within the recommended tolerance doses for 
critical organs, and careful considerations with respect to 
choice of applicator dimensions, plan optimization, and 
dose prescription need to be made. 

Adaptive planning strategy 

In our preliminary retrospective analysis on more 
than 50 plans from 13 patients, significant correlation 

(p < 0.05) was seen between the angle of the applica-
tor and D2cc of the bladder, rectum, and sigmoid [30].  
The higher the angle, the more posterior the applicator, 
thereby, increasing the rectal and the sigmoid dose, while 
decreasing dose to the bladder as illustrated in Figure 3. 
Significant correlation was also noted between D2cc of the 
rectum and sigmoid, and the diameter of the ring. Larger 
ring diameters help push the rectum and sigmoid away 
from the applicator origin; thus, decreasing dose to these 

Fig. 3. A) Illustration of how the choice of the appropriate applicator angle helps spare the bladder, rectum, and sigmoid. A 30° 
applicator is more anterior, thus potentially increasing dose to the bladder. B) A 60° applicator is more posterior, thus poten-
tially increasing dose to the rectum and sigmoid

A B

A B

Fig. 4. A) Illustration of how the choice of the ring diameter influences dose to the rectum, sigmoid, and bladder. When a small-
er ring is used, all the organs tend to be closer to the applicator origin. B) With the use of a larger ring, the rectum, sigmoid, and 
bladder tend to be pushed away further from the applicator origin, thereby helping to reduce their dose
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organs as illustrated in Figure 4. Therefore, choosing  
the applicator angle and ring diameter appropriately for 
the subsequent fractions can help reducing OAR doses, 
and accordingly helping to meet the dose constraints. 
During applicator insertion for the first fraction, the phy-
sician tries to maximize the choice of the ring diameter, 
while using the rectal retractor and anterior vaginal pack-
ing. The choice of the applicator angle depends on the 
uterus position within the pelvis (anteverted, neutral, or 
retroverted). Optimization is achieved manually by ad-
justing the dwell positions in the ring, tandem, and the 
dwell weights. From the DVH, the D2cc is noted for each 
OAR, and if it is less than the value of dB (which is the max-
imum allowable D2cc for the respective OAR in the given 
fraction), then we can continue with the same applicator 

for the next fraction. However, if one or more OARs have 
exceeded their respective dB values, then appropriate ad-
justment of the applicator dimension will be required for 
the following fraction, so as to meet the cumulative EQD2 
constraint C for each OAR. We describe 2 example cases 
to explain the adaptive planning process. Depending on 
the institution’s policies, the allowable dose dB may be 
calculated using an in-house software program, although 
excel spreadsheets from the Department of Radiotherapy 
and Radiobiology, Medical University of Vienna can be 
downloaded at: https://www.americanbrachytherapy.
org/guidelines/LQ_spreadsheet.xls.

The choice of the applicator dimensions for each treat-
ment fraction, however, is at the discretion of the treating 
physician. 

Fig. 5. Adaptive planning for case 1. A) In the first 3 frac-
tions, the applicator angle used was 30°, and the bladder 
dose in the plan was larger than the EQD2 constraint in the 
respective fraction. Using a 45° applicator in the 4th and 5th 
fractions helped reduce the bladder dose, thereby meeting 
the constraint in those fractions as well as cumulatively.  
B) In the first 3 fractions, the rectal dose was within tol-
erance. Using a 45° applicator in the 4th and 5th fractions 
did not increase the rectal dose for this case. C) In the first 
3 fractions, the sigmoid dose was within tolerance. Using 
a 45° applicator in the 4th and 5th fractions did not increase 
the sigmoid dose for this case
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Example case 1: meeting the bladder constraint 
by adjusting the applicator angle 

Case 1 was prescribed 45 Gy with EBRT to the pelvis 
via 3CDRT and 5.5 Gy x 5 fractions with tandem/ring 
brachytherapy. For the first fraction, the applicator angle 
chosen was 30° with a tandem of length 4 cm and a ring 
diameter of 3 cm. The allowable EQD2 in the first fraction 
was 9.4 Gy for the bladder and 6.4 Gy for the rectum as 
well as the sigmoid. The EQD2 for the bladder exceeded 
this limit in the first fraction at 10.2 Gy. However, both 
the rectum and sigmoid were within tolerance at 5.2 Gy 
and 1 Gy, respectively. Results for the adaptive plan are 
shown in Figure 5. In the second as well as in the third 
fraction, the EQD2 for the bladder exceeded the limiting 
value, but was within tolerance for the rectum as well as 

the sigmoid. For the 4th and 5th fractions, the angle of the 
applicator was changed to 45°, and in each of these two 
fractions, the EQD2 for the bladder was reduce to below 
the respective constraint in each. It is worth pointing out 
that since the constraint was always met for the rectum 
and the sigmoid, the limiting value of EQD2 was higher 
than the value in the previous fraction. The cumulative 
EQD2 combining EBRT and brachytherapy for the blad-
der in this case was 85.4 Gy < 90 Gy, and for the rectum 
and sigmoid at 62.2 Gy < 75 Gy and 53 Gy < 75 Gy, re-
spectively, thereby meeting all the OARs constraints rec-
ommended [14,15,16,19,27,28]. The increase in applicator 
angle in this case, however, was not found to increase 
D2cc to the rectum and sigmoid. Our analysis on average 
has shown that the decrease in bladder D2cc when the ap-
plicator angle is changed from 30° to 45°, is more than 

Fig. 6. Adaptive planning for case 2. A) In the first fraction, 
the applicator angle used was 60°, and 45° in the second 
fraction. The ring diameter in both these fractions was  
3 cm and tandem length of 4 cm. As expected, the dose 
to the bladder increased. However, since the bladder 
constraint was met in the first fraction, the allowable lim-
it in the next fraction was greater than in the previous.  
B) Reducing the applicator angle in this case did not help 
decrease the rectal dose. Increasing the ring diameter to 
3.4 cm in the third fraction saw an improvement in rectal 
sparing. C) The sigmoid has displayed a similar trend as 
the rectum
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the increase in D2cc to the rectum and sigmoid. When the 
applicator angle is changed from 45° to 60°, the bladder 
D2cc decreases less compared to the increase in D2cc to the 
rectum and sigmoid. 

Example case 2: reducing the rectal dose  
by adjusting the ring diameter 

Case 2 was prescribed 50.4 Gy with EBRT to the pel-
vis via 3DCRT and 7 Gy x 4 fractions with brachyther-
apy. The applicator chosen for the first fraction was 60° 
with a tandem of length 4 cm and a ring diameter of 3 cm.  
The allowable EQD2 in the first fraction was 10.4 Gy for 
the bladder and 6.7 Gy for both the rectum and the sig-
moid. As shown in Figure 6, doses to all the OARs were 
below their respective limits in the first fraction. Howev-
er, the rectal constraint was relatively close to the allow-
able limit. It was felt that this could be reduced in the fol-
lowing fraction and therefore, the choice of the applicator 
was changed from 60° to 45°. Although this was expected 
to increase dose to the bladder, since the EQD2 for the 
bladder was well within tolerance in the first fraction, 
violation of this constraint while using a more anterior 
applicator was less of a concern for the bladder. As seen 
in Figure 6B, the 45° applicator did not reduce the dose 
to the rectum, although it was still within the tolerance 
for EQD2 for that fraction. The bladder dose increased as 
expected, but was also within tolerance for the second 
fraction. For the following two fractions, the applicator 
angle was kept at 45°, but with an increased ring diam-
eter to 3.4 cm (the largest available in the kit). A larger 
ring was used for the last 2 fractions, since the cervical 
tumor had shrunk and the vagina was able to accommo-
date a larger ring. This helped reduce the rectal dose for 
the following two fractions compared with the previous 
two cases. The sigmoid dose in the case was not concern-
ing and was met well within tolerance for each fraction. 
The cumulative EQD2 for the rectum was 67.3 Gy < 75 Gy, 
and for the bladder and sigmoid at 77.8 Gy < 90 Gy and  
60 Gy < 75 Gy, respectively. 

Conclusions 
We have described treatment planning using the 

tandem/ring applicator with CT imaging and dose pre-
scribed to point A. Although it is recommended to use 
MRI for outlining and planning, not every institution may 
have access or the logistical capability to use MRI for plan-
ning. With CT, organs at risk, namely the bladder, rectum, 
and sigmoid are well visualized as are the applicators. The 
definition of high-risk clinical target volume can be chal-
lenging. However, studies have shown that the greatest 
discrepancy between CT versus MR contours were when 
there was parametrial extension, but with good response 
from treatment prior to the use of brachytherapy. When 
there was no parametrial extension or there was poor 
parametrial response, the CT and MR contours were ei-
ther identical or similar [31]. Through adaptive planning, 
we have explained how the applicator angle and ring di-
ameter can be modified between fractions to reduce doses 
to critical organs while meeting the constraints. Dose to 

the bladder and to the rectum is expected to decrease and 
increase with the applicator angle, respectively. Increased 
ring diameter is expected to improve rectum and sigmoid 
sparing. Although larger diameters also help push the 
bladder more anterior and away from the origin, in our 
study we did not see a correlation between the D2cc of the 
bladder and the ring diameter. This could be attributed to 
the fact that with injection of saline and contrast for imag-
ing purposes, the bladder tends to sag laterally making it 
come close to the ring. Moreover, the dwell positions in 
the ring are activated laterally. Hence, even though larger 
ring diameters push the bladder further away from the 
origin, this advantage tends to be offset by parts of the 
bladder coming close to the ring laterally by the activated 
dwell positions. We have described how careful consider-
ations through applicator choice in adaptive planning can 
help achieve dose constraints recommended by GEC-ES-
TRO. However, this also depends on the change of anato-
my from fraction to fraction, and a combination may have 
to be tried to see if it helps reduce dose to the concerned 
OAR. 
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