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Abstract

Objective: This study aimed to quantify the effect of the dwell time deviation constraint

(DTDC) on brachytherapy treatment for cervical cancer.

Methods: A retrospective study was carried out on 20 patients with radical cervical cancer. The

DTDC values changed from 0.0 to 1.0 by a step size of 0.2. We adjusted the optimization

objectives to ensure that all plans were optimized to a high-risk clinical target volume

(HRCTV) D90 (the dose to 90% of the HRCTV)¼ 6Gy, while keeping the dose to the organs

at risk as low as possible. The dose–volume histogram parameters and the dwell time data were

compared between plans with different DTDC values.

Results: The HRCTV volume covered by 150% of the prescription dose gradually increased with

increasing DTDC values. As the DTDC value increased from 0.0 to 1.0, the effective dwell point

proportion increased from 61.78% to 90.30%. The mean dwell time initially decreased with an

increase in the DTDC value, reached the minimum value at DTDC¼ 0.8, then slightly increased

at DTDC¼ 1.0.

Conclusions: When using inverse planning simulated annealing optimization for radical cervical

cancer cases, the recommended DTDC value is approximately 0.6 if the organ dose needs to be

limited.
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Introduction

Brachytherapy has the characteristics of
a high dose near the source and rapid
dose drop-off away from the source.
Brachytherapy is widely used in treating
cervical cancer, prostate cancer and head
and neck cancer.1 Currently, image guided
three-dimensional (3D) brachytherapy is
the mainstream for brachytherapy. Using
optimization technology, 3D brachytherapy
achieves an individualized patient dose dis-
tribution with improved tumor dose cover-
age while sparing surrounding normal
tissue.2

The inverse optimization algorithm in
3D brachytherapy usually produces a plan
with a large dwell time variation. A large
change in the dwell time generates high-
dose and low-dose regions in the tumor
along the direction of the applicator.
From a radiobiological point of view, such
high-dose and low-dose regions should be
avoided unless the tumor requires a non-
uniform dose distribution. To control vari-
ation in the dwell time, physicians can use
inverse optimization algorithms, such as the
inverse planning simulated annealing
(IPSA), hybrid inverse planning optimiza-
tion and SagiPlan, to provide a dwell time
modulation factor (DTMF) for controlling
variation in the dwell time. The dwell time
deviation constraint (DTDC) is used for
IPSA, the dwell time gradient restriction is
used for hybrid inverse planning optimiza-
tion and the dwell time homogeneity error
weight is used for SagiPlan. The DTMF is a
user-specified value. The minimum DTMF

value does not impose any restriction on the

dwell time variance, and the maximum
DTMF value restricts all dwell times to
have the most uniform value. By changing
the DTMF, the planner can obtain a clini-
cally satisfactory treatment plan.3,4

Several studies have reported the effect
of the DTMF on brachytherapy treatment
plans, mainly on prostate cancer.3,5,6

However, there have been a limited
number of studies on the effect of the
DTMF on the treatment plan quality for
cervical cancer. Roy et al. studied the

effect of the DTDC on intracavitary
plans.7 They showed that increasing the
DTDC value not only reduced local hot
spots, but also decreased the maximum
dose to 2 cm3 (D2cc) of the bladder.

Another study by Mosleh-Shirazi et al.,
however, showed that choosing a non-zero
dwell time homogeneity error weight led to

a general increase in the dwell time unifor-
mity, but increasing this parameter resulted
in an increase in bladder D2cc.

8 Therefore,
different studies obtained inconsistent

results.
This study aimed to investigate the effect

of the DTDC on brachytherapy treatment

planning in cervical cancer. We increased
DTDC values from 0.0 to 1.0 by a step
size of 0.2. Dosimetric parameters, the
dwell time and the volume covered by

low-dose 1, 2 and 3Gy (V1Gy, V2Gy, and
V3Gy) volume data were compared to pro-
vide a reference for the proper selection of
DTDC parameters in brachytherapy for
cervical cancer.
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Materials and methods

Patient data

We retrospectively studied 20 patients with

radical cervical cancer who completed

intracavitary brachytherapy in our hospital.

All patients who were treated from

September 2020 to November 2020 were

randomly selected. All tumors were squa-

mous cell carcinomas and consisted of

International Federation ofGynecology

and Obstetrics stage IIA–IIB (6 with IIA,

14 with IIB). In all patients, magnetic reso-

nance imaging scans were acquired after 45

to 46Gy of whole pelvic external beam

radiotherapy (EBRT), and subsequently,

4 to 5 fractions of brachytherapy boost

were performed. Each patient underwent a

computed tomography (CT) scan after the

insertion of a Fletcher applicator (Elekta

part no. 189.730; Elekta AB, Stockholm,

Sweden). The CT resolution was

0.1� 0.1� 0.3 cm. On the basis of a previ-

ous magnetic resonance imaging and gyne-

cological examination, a physician

completed delineation of the target and

organs at risk (OARs) using the Oncentra

Brachy V4.3 treatment planning system

(Elekta AB). The delineation was generally

followed by the European study on MRI-

guided BRAchytherapy in locally advanced

CErvical cancer (EMBRACE) recommen-

dation (see http: //www.embracestudy.dk).

The target was the HRCTV, and the OARs

included the bladder, rectum and sigmoid.

In the EMBRACE recommendation, the

HRCTV D
90% (the dose to 90% of the

HRCTV) dose should be larger than

85Gy and the total D2cc dose values of the

rectum, sigmoid and bladder should be less

than 75, 75 and 90Gy, respectively.
The study was reviewed and approved by

the ethics committee of Sichuan Cancer

Hospital (reference number: SCCHEC-

02-2020-008). Patients participating in the

study provided verbal informed consent.

We have de-identified all patients’ details.

Plan simulation

The original treatment plan was performed

with the Oncentra Brachy V4.3 treatment

planning system. The applicator reconstruc-

tion was carried out according to the

European Society for Radiotherapy and

Oncology guidelines.9 All treatment plans

were optimized using the IPSAþgraphic

optimization approach in which treatment

plans were initially optimized with IPSA,

then a graphic optimization method was

used to adjust the dose distribution until

the target and OAR dose were satisfactory.

The source step size was 2.5 mm and the

dose grid resolution was 0.1� 0.1� 0.1 cm

for all plans. The total number of dwell

points in the 20 patients ranged from

28 to 47, with a median value of 43. The

average number of dwell points in tandem

was 21 and the average number of dwell

points in two ovoids was 21.
The simulation plan only used IPSA

optimization. The DTDC values changed

from 0.0 to 1.0 by a step size of 0.2. Each

patient had six plans corresponding to

different DTDC values. We kept the

prescription dose of the HRCTV

(volume: 31.15–69.03 cm3, average:

49.15 cm3) unchanged. The weight of the

target, the prescription dose and the

weight of the OARs were adjusted accord-

ing to the different anatomy of each patient

to ensure that all plans were optimized to

an HRCTV D
90%¼ 6Gy, while keeping the

D2cc dose to OARs as low as possible. To

compare the effect of the DTDC on the

dwell time, we calculated all simulated plans

under the same treatment date and time.

Evaluation of plan quality

The quality of optimized treatment plans

for the 20 patients was evaluated using
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different criteria. For different DTDC
values, we first assessed the plan by the
dosimetric parameters recommended by the
European Society for Radiotherapy and
Oncology, including D

100% and V
150%

(HRCTV volume covered by 150% of the
prescription dose) of the HRCTV, and
D0:1cc, D1cc, and D2cc of the OARs.10 We
then used V1Gy, V2Gy, V3Gy to evaluate the
effect of the DTDC on low-dose volume.

We used the conformal index (COIN) to
evaluate how accurately the target was cov-
ered by the prescription dose, and the COIN
was calculated using the following formula:

COIN ¼ PTVref

PTV
� PTVref

Vref

�
YNOAR

i¼1

1� VOARref ;i

VOAR;i

� �

where PTVref is the target volume received
by the reference isodose, PTV is the target
volume, Vref is the volume received by the
reference isodose line, NOAR is the total
number of OARs, VOARref ;i is the volume
of the i-th OAR received by the reference
isodose, and VOAR;i is the volume of the
i-th OAR.

The dwell time data of all patients were
collected. We calculated the mean dwell
time per dwell point for each patient, then
calculated the mean dwell time and stan-
dard deviation of all patients. The effective
dwell point (EDP) was defined as the dwell
point that had a dwell time greater than 0.1
s. We calculated the EDP proportion for
each patient and documented the mean
EDP proportion in all patients.

We used the plan modulation index
(PMI) to interpret the change in dwell
time distribution when the DTDC
increased. The PMI was defined as the max-
imum deviation of the dwell time from the
average dwell time for each catheter, which
was normalized to the maximum dwell time
for the treatment plan, and averaged over

all catheters in the plan.5 The PMI was cal-
culated using the following formula:

PMI ¼ 1

n

Xn
i¼1

Tmax;i � Tavg;i

Tmax

where n is the total number of catheters,
Tmax;i is the maximum dwell time in the
i-th catheter, Tavg;i is the average dwell
time of the i-th catheter, and Tmax is the
maximum dwell time for the plan.

Results

Dosimetric parameters

The patients were aged 35 to 70 years at the
time of treatment. Table 1 shows the mean
dosimetric parameters in the 20 patients.
There was no considerable change in the
COIN value and the maximum COIN dif-
ference was 0.03. HRCTV D

100% initially
increased with increasing DTDC values,
but then decreased with DTDC values of
0.4 to 1.0. HRCTV V

150% gradually
increased with increasing DTDC values,
and there was an increase of 8.88% from
0.0 to 1.0. With an increase in DTDC
values, D0:1cc in the bladder and rectum
continuously increased. The mean D0:1cc

value in the bladder and rectum with a
DTDC¼ 1.0 increased by 9.19% and
18.86%, respectively, compared with a
DTDC¼ 0.0. When the DTDC value was
between 0.0 and 0.6, changes in D1cc and
D2cc values in the bladder and rectum
were negligible. However, when the
DTDC value was larger than 0.8, the incre-
ment in D1cc and D2cc values in the bladder
and rectum was remarkable. The dosimetric
parameters in the sigmoid decreased as
DTDC values increased.

Figure 1 shows the variation in low-dose
volume as a function of the DTDC for the
20 patients. V1Gy, V2Gy, V3Gy initially
decreased with an increase in the DTDC
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value, but then increased with DTDC
values of 0.8 to 1.0.

Dwell time

Table 2 shows the EDP proportion, mean
dwell time and PMI. As the DTDC value
increased from 0.0 to 1.0, the EDP

proportion increased from 61.78% to
90.30%. The trend of the change in the
mean dwell time with DTDC was consistent
with the low-dose volume. The mean dwell
time initially decreased with an increase in
the DTDC value, reached a minimum value
at a DTDC¼ 0.8, then slightly increased.

Table 1. Dosimetric parameters for the target and organs at risk.

DTDC 0.0 0.2 0.4 0.6 0.8 1.0

COIN 0.64� 0.05 0.65� 0.05 0.66� 0.06 0.67� 0.05 0.67� 0.06 0.65� 0.07

HRCTV D100% 3.44� 0.36 3.46� 0.35 3.46� 0.35 3.44� 0.32 3.29� 0.32 3.16� 0.34

D90% 6.00� 0.00 6.00� 0.00 6.00� 0.00 6.00� 0.00 6.00� 0.00 6.00� 0.00

V150% 51.81� 3.00 52.23� 3.16 53.00� 3.31 53.44� 2.86 54.72� 2.49 56.41� 3.22

Bladder D0.1cc 5.33� 0.53 5.33� 0.54 5.36� 0.56 5.40� 0.58 5.54� 0.64 5.82� 0.74

D1cc 4.74� 0.47 4.74� 0.48 4.74� 0.48 4.76� 0.49 4.87� 0.52 5.05� 0.60

D2cc 4.47� 0.46 4.46� 0.46 4.46� 0.47 4.47� 0.47 4.54� 0.49 4.71� 0.55

Rectum D0.1cc 5.09� 0.74 5.10� 0.76 5.14� 0.79 5.20� 0.80 5.56� 0.95 6.05� 1.11

D1cc 4.10� 0.63 4.11� 0.64 4.13� 0.67 4.16� 0.67 4.38� 0.73 4.71� 0.76

D2cc 3.65� 0.65 3.65� 0.66 3.67� 0.68 3.69� 0.68 3.86� 0.72 4.12� 0.73

Sigmoid D0.1cc 3.93� 1.05 3.88� 1.04 3.86� 1.06 3.80� 1.10 3.63� 1.09 3.55� 1.09

D1cc 3.26� 1.00 3.21� 0.99 3.17� 0.99 3.11� 1.00 2.97� 0.98 2.91� 0.98

D2cc 2.94� 1.05 2.89� 1.04 2.85� 1.03 2.79� 1.02 2.66� 0.99 2.61� 0.99

Values are mean � standard deviation. Dose units are in Gy and volume units are in %.

DTDC, dwell time deviation constraint; COIN, conformal index; HRCTV, high-risk clinical target volume; D, dose;

V, volume.

Figure 1. Relationship between the DTDC and low-dose volume
DTDC, dwell time deviation constraint.
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With an increase in the DTDC value, the
mean PMI decreased, resulting in a more
homogeneous dwell time distribution
within each catheter.

Discussion

Conventional radiotherapy for locally
advanced cervical cancer combines EBRT
and brachytherapy. Brachytherapy treat-
ment planning systems allow the user to
apply a DTMF to reduce any large
change in the dwell time. In this study, we
investigated the effect of the DTDC on the
brachytherapy plan for cervical cancer. We
found that an increase in the DTDC value
increased the mean dose in the bladder and
rectum. However, an increase in the DTDC
also increased the high-dose (9Gy) volume
in the target. Additionally, the mean dwell
time per dwell point decreased as the
DTDC value increased in a range of 0.0
to 0.8, which resulted in a decrease in the
low-dose volume. After balancing the OAR
dose, the high-dose volume in the tumor,
and the low-dose (1, 2 and 3Gy) volume,
the recommended DTDC value for cervical
cancer is approximately 0.6 if the OAR
dose is below the upper limit.

The effect of the DTDC value on the
COIN can be ignored. We found that the
difference between the best COIN and
the worst COIN was 0.03. However, an
increase in the DTDC increased the dosi-
metric parameters of the bladder and

rectum. When the DTDC value is 0, the
dwell points near the OARs have a short
or even zero dwell time, thus the bladder
and rectum can be protected. The dwell
point in the target and away from the
OARs has a long dwell time to ensure
dose coverage of the target volume. The
EDP increases with an increase in the
DTDC. The dwell points near the bladder
and rectum are activated, the dose distribu-
tion becomes more uniform, and the dose in
the bladder and rectum increases. When the
DTDC value increases to approximately
0.8, the dose distribution is close to the tra-
ditional pear-shaped dose distribution.
Studies have reported that the bladder and
rectum dose optimized on the basis of the
IPSA is lower than the traditional pear-
shaped dose distribution.11,12 Our results
are different from those in a previous
study by Roy et al.7 who showed that the
DTDC value was negatively correlated with
D2cc in the bladder and rectum. One possi-
ble reason for this discrepancy between
studies is that Roy et al. kept the IPSA solu-
tion constant after achieving a satisfactory
dose distribution.7 However, we used differ-
ent optimization objective functions for dif-
ferent DTDC values. Another possible
reason is that Roy et al. delineated addi-
tional help structures around the tandem
and ovoid, and combined them into inverse
optimization. The effect of implementing
help structures in inverse optimization has
been previously studied.13

Table 2. Effect of increasing the DTDC on the dwell time and the plan modulation index.

DTDC value EDP proportion (%) Dwell time (s) PMI

0.0 61.78� 10.17 6.75� 0.95 0.59� 0.07

0.2 63.34� 8.44 6.67� 0.95 0.51� 0.05

0.4 66.45� 7.22 6.56� 0.94 0.40� 0.03

0.6 70.93� 5.13 6.47� 0.91 0.31� 0.03

0.8 81.41� 7.70 6.42� 0.90 0.20� 0.09

1.0 90.30� 3.38 6.50� 0.90 0.12� 0.11

Values are mean � standard deviation.

DTDC, dwell time deviation constraint; EDP, effective dwell point; PMI, plan modulation index.
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In the treatment of locally advanced cer-
vical cancer, brachytherapy plays an irre-
placeable role.14 A main reason for this
important role is that brachytherapy pro-
vides a higher central radiation dose to the
tumor than that with EBRT. A high dose in
the center of the tumor is more effective in
tumor control than a homogeneous dose
distribution.15 Therefore, from the point
of view of tumor control, local low-dose
and high-dose regions should be avoided
in a tumor unless there is a special radiobi-
ological consideration. We observed that
the number of EDPs increased with an
increase in the DTDC value. In this study,
we defined the high dose as 150% of the
prescription dose (9Gy), and the homoge-
neity of the high dose inside the target as
V

150%/VTarget. We found that an increase in
the DTDC gradually increased HRCTV
V

150%, and made the high dose inside the
tumor more homogeneous. A similar result
was obtained in another study.7

In clinical practice, we rarely evaluate
the low-dose volume in brachytherapy.
This may have clinical implications that
we are not aware of at present. The clinical
effect of an increased low-dose volume is
not known in detail, but previous studies
have shown that a large volume receiving
more than 60Gy (EBRTþbrachytherapy)
is correlated with side effects.16 Therefore,
we support the notion proposed by
Trnková et al. that taking these non-
defined anatomical structures into consider-
ation is clinically more appropriate.17

Increasing the DTDC value reduced the
mean dwell time per dwell point for
DTDC values of 0.0 to 0.8, thus reducing
the volume of low-dose (V1Gy, V2Gy and
V3Gy) radiation. This could have a clinical
effect from a mid- or long-term perspective.

We acknowledge that this study has
some limitations. One limitation is that we
did not consider the robustness of the plan
against variations that could be caused by
applicator displacement or anatomical

changes.5 However, previous studies have

shown that small changes in the DTDC

(e.g., from 0.2–0.4) do not significantly

affect the robustness of the plans for cath-

eter displacement.6 Another limitation is

that only one applicator type was included

in this study. There are other applicators

(e.g., tandem and ring applicators) that can

be used in intracavitary brachytherapy for

cervical cancer. Different applicators have

different dosimetric properties. The determi-

nation of DTDC values in other applicators

and other sites requires further studies.
In conclusion, this study shows that an

increase in the DTDC value increases the

radiation dose in the bladder and rectum.

Additionally, an increase in the DTDC also

increases the high-dose (9Gy) volume in the

tumor. An increase in the DTDC value in

the range of 0.0 to 0.8 also reduces the aver-

age dwell time per dwell point, resulting in a

lower low-dose volume. For radical cervical

cancer cases, our study suggests that the

DTDC value should be approximately 0.6

if the OAR dose is limited. DTDC values in

other applicators and other sites need to be

determined in further studies.

Declaration of conflicting interest

The authors declare that there is no conflict of

interest.

Funding

The author(s) disclosed receipt of the following

financial support for the research, authorship,

and/or publication of this article: This work

was supported by the Chengdu Science and

Technology Program (2019-YF09-00095-SN,

2019-YF05-00425-SN) and the Sichuan Science

and Technology Program (2019YJ0581,

2021YFG0320).

ORCID iDs

Bin Tang https://orcid.org/0000-0001-6920-

6478
Jie Li https://orcid.org/0000-0001-7163-3778

Yan et al. 7

https://orcid.org/0000-0001-6920-6478
https://orcid.org/0000-0001-6920-6478
https://orcid.org/0000-0001-6920-6478
https://orcid.org/0000-0001-7163-3778
https://orcid.org/0000-0001-7163-3778


Pei Wang https://orcid.org/0000-0002-0252-

3708
Xianliang Wang https://orcid.org/0000-0003-

3928-9983

References

1. Chargari C, Deutsch E, Blanchard P, et al.

Brachytherapy: An overview for clinicians.

CA Cancer J Clin 2019; 69: 386–401.
2. Takenaka T, Yoshida K, Tachiiri S, et al.

Comparison of dose-volume analysis

between standard Manchester plan and

magnetic resonance image-based plan of

intracavitary brachytherapy for uterine cer-

vical cancer. J Radiat Res 2012; 53: 791–797.
3. Mavroidis P, Katsilieri Z, Kefala V, et al.

Radiobiological evaluation of the influence of

dwell time modulation restriction in HIPO opti-

mized HDR prostate brachytherapy implants.

J Contemp Brachytherapy 2010; 2: 117–128.
4. Cunha A, Siauw T, Hsu IC, et al. A method

for restricting intracatheter dwell time variance

in high-dose-rate brachytherapy plan optimi-

zation. Brachytherapy 2016; 15: 246–251.
5. Smith RL, Panettieri V, Lancaster C, et al.

The influence of the dwell time deviation

constraint (DTDC) parameter on dosimetry

with IPSA optimisation for HDR prostate

brachytherapy. Australas Phys Eng Sci

Med 2015; 38: 55–61.
6. Poder J and Whitaker M. Robustness of

IPSA optimized high-dose-rate prostate

brachytherapy treatment plans to catheter

displacements. J Contemp Brachytherapy

2016; 3: 201–207.
7. Roy S, Subramani V, Singh K, et al. Study

of the effects of dwell time deviation con-

straints on inverse planning simulated

annealing optimized plans of intracavitary

brachytherapy of cancer cervix. J Cancer

Res Ther 2019; 15: 1370–1376.
8. Mosleh-Shirazi MA, Shahcheraghi-Motlagh

E, Gholami MH, et al. Influence of dwell

time homogeneity error weight parameter

on treatment plan quality in inverse opti-

mized HDR cervix brachytherapy using

SagiPlan. J Contemp Brachytherapy 2019;

11: 256–266.

9. Hellebust TP, Kirisits C, Berger D, et al.

Recommendations from Gynaecological

(GYN) GEC-ESTRO Working Group: con-

siderations and pitfalls in commissioning and

applicator reconstruction in 3D image-based

treatment planning of cervix cancer brachy-

therapy. Radiother Oncol 2010; 96: 153–160.
10. P€otter R, Haie-Meder C, Van Limbergen E,

et al. Recommendations from gynaecologi-

cal (GYN) GEC ESTRO working group

(II): concepts and terms in 3D image-based

treatment planning in cervix cancer

brachytherapy-3D dose volume parameters

and aspects of 3D image-based anatomy,

radiation physics, radiobiology. Radiother

Oncol 2006; 78: 67–77.
11. Jamema SV, Kirisits C, Mahantshetty U,

et al. Comparison of DVH parameters and

loading patterns of standard loading,

manual and inverse optimization for intra-

cavitary brachytherapy on a subset of

tandem/ovoid cases. Radiother Oncol 2010;

97: 501–506.
12. Yoshio K, Murakami N, Morota M, et al.

Inverse planning for combination of intra-

cavitary and interstitial brachytherapy for

locally advanced cervical cancer. J Radiat

Res 2013; 54: 1146–1152.
13. Jamema S, Mahantshetty U, Deshpande D,

et al. Does help structures play a role in

reducing the variation of dwell time

in IPSA planning for gynaecological

brachytherapy application? J Contemp

Brachytherapy 2011; 3: 142–149.
14. Holschneider CH, Petereit DG, Chu C, et al.

Brachytherapy: A critical component of pri-

mary radiation therapy for cervical cancer.

Brachytherapy 2019; 18: 123–132.
15. Viswanathan AN, Cormack R, Rawal B,

et al. Increasing brachytherapy dose predicts

survival for interstitial and tandem-based

radiation for stage IIIB cervical cancer. Int

J Gynecol Cancer 2009; 19: 1402–1406.
16. Huang EY, Lin H, Hsu HC, et al. High

external parametrial dose can increase the

probability of radiation proctitis in patients

with uterine cervix cancer. Gynecol Oncol

2000; 79: 406–410.
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