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Abstract: Cervical cancer remains a major public health problem. Despite the screening programs,
cervical cancer is the second most commonly diagnosed cancer. Most of the cases occur in less
developed countries, and it is the third leading cause of cancer death among females. In 2000-2007,
the five-year relative survival rate for European women diagnosed with cervical cancer was 62%.[1]
Standard treatment for locally advanced cervical cancer reveals external beam radiotherapy (EBRT)
with concurrent chemotherapy followed by image-guided adaptive brachytherapy (IGABT) boost
[2, 3]. In the last years, the Gynaecological (GYN) working group composed of Group Européen de
Curiethérapie-European Society for Therapeutic Radiology and Oncology (GEC-ESTRO) has
developed new recommendations for the treatment of cervical cancer based on IGABT. The
treatment plan includes 3-dimensional (3D) imaging based on magnetic resonance imaging (MRI)
or computed tomography (CT), adaptive to the target volume and organ at risk [4-6]. The
brachytherapy insertion is made under anaesthesia. At the time of the application insertion, the
ultrasound is used to guide the dilatation of the uterine canal and assess the depth of the uterine
cavity. In this paper, we review the data available in international literature about the use of
ultrasound (US) in brachytherapy treatment of cervical cancer.

Keywords: cervical cancer; brachytherapy; ultrasound; image guided adaptive brachytherapy

1. Introduction

Brachytherapy was used for the first time in the treatment of gynaecological malignancies in
1960. Since then, brachytherapy has been constantly an integrated part of the cervical cancer
treatment plan. Brachytherapy, following concurrent chemo radiotherapy, is an integral part of the
standard of care for cervical cancer. Advances in the last decade have increased the dose to the target
volume and limited the doses to the organs at risk (OAR), with the introduction of the dose volume
histogram analyses. These developments have led to the improvement of the technique from 2-
dimensional (2D) to 3-dimensional (3D) through IGABT based on MRI or CT. For many radiation
oncologists around the word, IGABT represents the standard practice for cervical cancer, irrespective
of the form of MRI or CT. The GYN GEC-ESTRO working group developed the concepts of target
volume in the era of 3D and after that International Commission on Radiation Units and
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Measurements (ICRU) reported the recommendations and supported the implementation of the
IGABT technique in many institutions. This technique has many benefits: the guided placement of
the applicator, optimization of the treatment planning, without compromising target coverage, and
decreasing the dose to OAR [4-11].

Outcomes data utilization of IGABT allows target volume dose escalation, whilst decreasing the
dose to normal tissue. Doses over 80 Gy in a biologically equivalent dose of 2 Gy per fraction for D90
of high-risk clinical target volume (CTVHR) show a local control in the 90% range. In retro-
EMBRANCE study which included 592 patients, the local control rate at 95% for a D90 to the CTVHR
was over 92 Gy [4, 9].

With the implementation and development of the image-guided adaptive brachytherapy
techniques in cervical cancer patients, the application of radiation inserts was also reviewed. For the
safety of the applicator insertion, transabdominal ultrasound (TAUS) is used. Ultrasound (US) is a
method that allows guiding the dilatation of the uterine canal, measuring the depth of the uterine
cavity and the safely placing the applicator.

TAUS is simple to use, not expensive, and achieved without great effort. TAUS gives treatment
precision, reproducibility, and adaptability to each case. There are some brachytherapy planning
systems that integrated US as the unique modality of imaging. US is used at the time of applicator
insertion and at treatment planning for cervical cancer, prostate cancer, and anal canal cancer. It is
also useful in placing brachytherapy catheters in skin cancer, breast cancer, and head and neck
cancers.

Imaging advances such as 3D-US and contrast US are superior to traditional US, giving us
greater accuracy of brachytherapy guidance. According to van Elburg [12], 3DTVUS imaging
enhances the visualisation of tumours and vaginal walls during gynaecologic perineal template
interstitial needle implantation. This imaging technique has been found to be effective in assessing
implants in a surgical setting, based on feedback from primary users and a small group of initial
patients.

Considering the current practice of the US in brachytherapy in various cancer sites, and the
extreme situation of cervical cancer in Romania, which occupies the second place in Europe both as
mortality and incidence rate[13], we conducted a review of international databases in order to find
relevant material and evaluate the role of US in brachytherapy treatment cervical cancer. In Romania,
the combination between the low level of knowledge about cervical cancer and specific preventive
methods, the perceived cost of diagnostic and therapeutic procedures (despite the fact that in
Romania access to healthcare is free and the state provides new drugs, therapies and screening
measures through national programs free of charge[14-21]) and the non-functional national
screening and HPV-vaccination programs leads to an extremely low number of women being
screened or HPV-vaccinated[22]. This situation is well known and is responsible for the diagnosis of
most cases in advanced stages [23] where radiotherapy plays a predominant role. Cervical cancer and
other HPV-related diseases remain important health issues worldwide [24], determining the World
Health Organization (WHO) to reiterate its recommendation for HPV vaccinations to be included in
national immunization programs and for adequate screening programs.

2. Materials and Methods

In 27 July 2023, we conducted a survey of international data base PubMed for materials relevant
to IGABT in cervical cancer. The advanced search function was used and the following combination
of keywords/phrases and Boolean operators were used: (((image guided brachytherapy or image
guided adaptive brachytherapy or ultrasound guided brachytherapy or transabdominal ultrasound
guided brachytherapy or IGABT)) AND (cervical or cervix)) AND (tumour or tumour or malignancy
or cancer). We placed no filters for language, type of research item, year of publication or text
availability. The search returned 766 results, published between 1994 and 2023 — 29 presented case
reports or series of cases, 93 presented data from clinical trial or studies, 6 were clinical guidelines or
recommendations, and 115 were literature reviews, systematic reviews and meta-analyses. Other
searches were conducted on 27 July 2023 and 14 December 2023 using the same parameters as before
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on www.sciencedirect.com (returned 4 results) and www.scopus.com (returned 583 results — 334
articles, 70 books or book chapters and 145 reviews).

3. Results

Brachytherapy is the radiotherapy technique that offers the most conformal dose distribution,
through the applicator of the source in contact with the target volume. Brachytherapy has been for a
very long time, before the development of the external radiation techniques and of surgical
procedures, an important therapeutic for various deep-seated tumours of soft tissue, head and neck
region or breast [25]. Although, the role brachytherapy occupies has slowly and steadily decreased
over the years, it continues to play a key role in the treatment of cervical cancers. Given the current
situation of cervical cancer in Romania [26], there is a renewed interest for brachytherapy and its
easily affordable and available options.

The radiation method, first described in the early 1900s, was based on the approximation of
target volume by using a regular shape and pre-calculated tabular data for the position of applicators,
source strength and time of exposure. Although, an adequate radiation dose was delivered to the
target volume, the organs at risk (OAR) were exposed to higher doses than necessary; the method
had a limited planning possibility by usage of two-dimensional X-ray projection images which
allowed for limited correction of source positioning [25]. Over the years, different predictive
dosimetry systems for both interstitial and intracavitary brachytherapy were developed (Manchester,
Manchester-Paterson-Parker, Quimby, Stockholm, Memorial, Fletcher and Paris), but the fundament
was nothing more than clinical experience and simple dose calculation. These systems did not take
into account tumour response to radiation and tumour volume extension and delineation, leading
either to under dosing part of the target volume, or to a higher load on the surroundings OAR [27,
28]. But even with all these limitations they constituted an important step forward towards
standardizing brachytherapy treatments and provide a way of validating new advances in radiation
therapy as they are introduced[29,30]. Among the technologies validated using historical dosimetry
systems that provided huge improvements in the treatment especially for tumours requiring very
high doses of radiation (like cervical or prostate cancers), we can name delivery systems such as after
loads, applicator technology, 3-D visualization using modern imaging with 3D target volume
determination and various computerized algorithms for dose calculation [25].

Advances in the last decade have increased the dose to the target volume and limited the doses
to the organs at risk (OAR), with the introduction of the dose volume histogram analyses and the
incorporation of various imaging techniques (magnetic resonance - MRI, computer tomography - CT,
ultrasound - US and even Positron emission tomography) have led to the improvement of
brachytherapy and the birth of IGABT and facilitated the transition between two-dimensional to
three-dimensional [31]. This led to a better understanding of target volume topography [25] and the
individualization of treatment planning [32-35] and reporting [36].

For locally advanced cervical cancer brachytherapy remains essential. In low-middle income
countries (LMIC), where most of the burden associated with the disease occurs, the integration of the
image modality for guidance of brachytherapy is extremely dependent of existing infrastructure and
resources[37] (that do not always provide access to MRI or CT). In LMIC, X-rays remains the most
used image-guidance modality for insertion of applicator and for ensuring the safe and correct
placement of the applicator in the uterine canal. Although not credited with the same accuracy and
characteristics as MRI, CT or other sophisticated imaging modalities (Table 1. Comparison between
imaging modalities used for treatment planning in cervical cancer) and not yet recommended in
guidelines for use in conformal planning[38,39], ultrasound guidance has a wider availability and
can enhance cervical cancer treatment planning especially in its state-of-the-art form (3-dimensional
contrast enhanced ultrasound) and improve outcomes[40], but does require specialized training[41,
42].
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Table 2. Comparison between imaging modalities, used for treatment planning, in cervical cancer.

Magnetic Positron
Imaging modality X-ray Ultrasound Tomography  resonance emission
tomography
Soft-tissue resolution Poor Good Good® Excellent Good
Geometric accuracy Good Good Good* Good* Excellent
Sequence Sequence
Operator Sequence
Protocol and protocol and
Image quality and protocol  and protocol
dependent dependent® protocol
dependent dependent
dependent*
Multiple Multiple Multiple Multiple
Artifacts Metal types and types and types and types and
causes causes causes causes
Slice orientation Single planar ~ Multi planar ~ Trans axial =~ Multi planar ~ Trans axial
Usage in cervical cancer Yes Yes Yes Yes Rarely used
Accurate visualization and
reconstruction of Yes Yes Yes
Yes Yes
brachytherapy applicators
Metal or Metal”, Metal,
plastic with Metal, Metal, . .
Type of applicators Plastic Plastic
metal X-ray plastic Plastic
guides
Possibility of radiation dose No NA Yes NA Yes
calculation
Portability (potential for Yes Yes Sometimes Sometimes No
intraoperative use) available available
Time to obtain image Seconds Minutes Seconds Hour Hours
Availability Low Low Medium High High
Cost of equipment Low Low High High High
Cost of scan Low Low High High High

@can be enhanced by use of contrast; *but relies human factor for accurate focalization of region of interest; “the
accuracy decreases away from the magnet core; $requires adequate patient cooperation; *limited types of metal
due to MRI safety issues; NA —no data available, but studies are underway to produce electron density estimates

for applications for radiotherapy.

Regarding the association between different methods of treatment monitoring, the existing
imaging combination strategies primarily include MRI/CT, US/CT, MRI/US, and MRI/PET. The use
of two imaging tools may be employed for the purpose of guiding applicator implantation,
reconstructing applicators, contouring target and organs at risk (OAR), optimising dosage,
evaluating prognosis, and more. This approach offers a more appropriate selection of imaging for
brachytherapy, according to a study signed by Zhang [43].
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4. Discussion

US in brachytherapy practice is an image guidance modality, with the following advantages:
portable, cheap, and easy to use. The US allowed the precision, conformal, reproducible, and adaptive
treatments.

The US gives information about the different echogenicity of the tissues, helping to delineate the
tumours and to distinguish the surrounding normal tissues. In the new planning system
brachytherapy used the US as the single method of imaging.

European Society for Radiotherapy and Oncology (ESTRO) acknowledges the importance of the
US as an imaging method in the brachytherapy process for the next three steps: image-assisted
temporary treatment planning, image-guided application, and image-assisted final treatment
planning. Nevertheless, the use of imaging in the brachytherapy technique has four steps. To those
recognized by ESTRO is added image image-assisted quality control.

The current use of the US in brachytherapy is in different types of cancer but with great interest
in the incoming in gynaecological cancer [44]. Gynaecological brachytherapy used the US since 1970.
The US was successfully integrated into the treatment planning for intracavitary application [44—46].

TAUS is used in real-time at the time of brachytherapy insertion for placement of uterine tandem
and ovoids and allows the measurement of thickness. This method offers high probability and safety
in the application of tandem and ovoids and provides information about placing the applicator in
various sections (Figure 1).

©) - (d)

Figure 1. Example of a case where the Fletcher applicator was used. Sagittal (a) and axial (b) view

with the applicator in the uterine canal on transabdominal ultrasound and sagittal (c) and axial (d)
pelvic MRI. The general concepts that we have to take in consideration regarding the intracavitary
brachytherapy insertion are demonstrated. It is beneficial to measure the uterine canal and limit the
risk of perforation, especially when it comes to the organs at risk (a, b). The relation between the
organs at risk can be identified more clearly on MRI images (c, d). Organs at risk are: bladder (yellow),
rectum (brown) bowel (green). During brachytherapy insertion, the bladder is filled with 400 ml of
serum to bring the uterus (blue) in a vertical position (a, b), while at MRI, the bladder is filled with 50
ml of serum (¢, d). The applicator is fixed using vaginal gauze packing.

The information provided through the US can be corroborated with orthogonal radiographs for
the calculation of the dosimetry for the bladder and the real-time calculation of the surrounding
organs.
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Brachytherapy insertion consists of placing the applicator in the cervix and in the uterine cavity.
When the application is made without guidance, a suboptimal application can occur.

This can lead to inadequate tumour coverage, poor local control, and higher doses to the organs
at risk. It can also result a uterine perforation, which is not desirable. Although not a common
practice, the US guidance of the brachytherapy application reduces these risks of improper
placement. The radiation oncologist ensures that the uterus is not perforated. The resistance feels at
the bottom of the uterus it is a landmark that the applicator/tandem is in the uterine cavity. The risk
of uterine perforation at blind insertion reported in studies was 2-4%.

Following some studies, the further risk factors associated with inadequate tandem insertion
have been reported: age over 60 years, history of surgery, cervix with distorted anatomy, retroverted
uterus, and tumour growth. Moreover, after receiving initial pelvic and tumour irradiation with
external beam radiation therapy (EBRT), the vagina and/or Endocervical canal might become
completely blocked due to subsequent tissue fibrosis. Between 30% and 88% of women will have
stenosis to some extent, with total stenosis occurring in up to 11% of patients. This makes it difficult
and risky to reach the uterine canal for the insertion of brachytherapy applicators. Addley [47] used
a combination of real-time ultrasonography and direct hysteroscopy guidance to successfully insert
the IUBT applicator in a patient with stage Ilal SCC cervix. This patient had previously had a failed
insertion attempt because to severe narrowing of the Endocervical canal. The performed study
further illustrated the safe navigation of post-radiation alterations, hence preventing morbidity
caused by procedural problems and guaranteeing a satisfactory conclusion.

The real-time verification technique with the US is made at the time of the applicator insertion.
TAUS helps to measure the size, shape, and thickness of the cervix, uterus, and tumour invasion. The
guidance of the tandem placement with US reduces the risk of uterine perforation and increases the
local control. Even if the utilization of this method gives benefits for application insertion in
brachytherapy cervical cancer, in America is used only in 42%. In the developing countries, it is much
less used [38], [48-52].

The first experiences reported about the use of US in gynaecological treatment were in interstitial
brachytherapy. The study included 12 patients and the authors related the utility of US identifying
the target and the organs at risk [53].

Further another group reported the practice of transrectal ultrasound (TRUS) in placing the
needles to the tumour volume, without perforating the rectum or bladder [54]. Investigators from
other groups show the safety and usefulness of the placement of the needles at the brachytherapy
insertion with the US.

Mahantshetty et al. reported their experience in the use of TAUS and they established a
correspondence between the US and MRI on the treatment planning [55].

In a study of 292 cervical cancer patients, the US was used as the only method that assists the
guidance and the treatment plan in intracavitary cervical brachytherapy. The five-year local control
was 87.5% and no significant toxicity was reported [46].

The GEG-ESTRO claims that the US can be used for needle placement and the delineation of
CTVHR. However, the US cannot be used safely in treatment planning in complicated interstitial
brachytherapy. The Vienna team maintains that in the future TRUS could become a method of
delineation of CTVHR [46].

Trans-cervical endo sonography (TRACE) is a recent concept described for use in pre-planning,
real-time guidance, and treatment planning in cervical cancer patients treated with IGABT. This
concept can bring additional information to existing imaging methods [56].

Brachytherapy is a radiotherapy technique that delivers a high dose of radiation, considered to
be a rival of the new radiotherapy techniques such as intensity-modulated radiotherapy (IMRT) and
stereotactic body radiotherapy. It can also be an alternative to external radiation.

In order to compete with modern radiotherapy techniques, delivering high doses of radiation in
contact with the tumour, limiting the dose to surrounding organs, and limiting movement
uncertainties, brachytherapy must be done according to recommendations using modern imaging in
the guidance and application of brachytherapy.
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However, there are several risks of the brachytherapy technique: the risk of moving the needles
from the time of application to the time of treatment, the presence of metallic needles caused by
visible CT, which is difficult to delimitate the tumour volume, and the risk of bleeding by perforating
vessels near the tumour. To avoid the presence of artefacts caused by metal needles on CT, MRI
compatible applicators and metal needles are recommended.

In thin patients, the bowel is lowered into the pelvis and it is often difficult to obtain a good
image due to artefacts and it is more difficult to identify the cervix and uterus. In this situation, it is
considered that the bladder is filled with serum so that there is no risk of damage to the bowel in case
of uterine perforation.

During TAUS, in order to achieve the best possible image and to bring the uterus into a vertical
position, the bladder is filled with physiological serum. The amount of serum introduced into the
bladder can vary from 200 ml to 500 ml. In patients with a retroverted uterus, the bladder will be
filled with a larger amount of serum 400-500 ml to bring the uterus into a vertical position. Depending
on the position of the uterus identified in the US, the bladder filling is decided. The images obtained
with the US are axial and sagittal sections.

As for obese patients, there are also limitations, and images offered by the US have reduced
visibility. In the case of patient with a history of subtotal hysterectomy, it is important to obtain the
best possible US image because there is a higher risk of perforation.

For interstitial BT, US guidance is important when inserting the needles at the level of the
parameters but also paravaginal, avoiding pushing the needles into the bladder or bowel. Guiding
the needles for interstitial brachytherapy at the parameters can also bring information, especially in
the situation where the ureters are dilated, these are visible on ultrasound.

Several practitioners have studied the usefulness of the US for applicator insertion and
brachytherapy treatment for cervical cancer, but there is no defined protocol in this regard.

The utility of TRUS for treatment planning in cervical cancer was evaluated by the Vienna
working group. The images obtained with TRUS identify the target volume at the time of
brachytherapy. They discovered that there are limitations regarding the focal distance and the visual
field obtained with the endorectal probes [57, 58].

In a research conducted by Hu [56], the efficacy and safety of ultrasound-CT guided 3D
intracavitary and interstitial brachytherapy (US-CT-3D-IGBT) were investigated for the treatment of
large cervical tumour cases accompanied by haemorrhage.

Pintakham [60] conducted a research to assess the dosimetry comparison of brachytherapy
treatment planning using two different methods: a volume-based plan using computed tomography
(CT) and a point-based plan utilising transabdominal ultrasonography (TAUS) in CT datasets for
brachytherapy. The findings indicated that the point-based plan implemented by TAUS
demonstrated superior values for both targets and organs at risk compared to the volume-based plan
executed by CT. TAUS's point-based strategy resulted in a proximity of D98 to HR-CTV.

Brachytherapy in prostate cancer used US imaging to plan treatment before application, in real-
time at the time of needle insertion, correlated with CT planning, which led to the progress of the
treatment planning of brachytherapy based on imaging. This concept was later used in other type of
cancers. The US has been used in brachytherapy to guide the placement of needles and for the
treatment plan when combined with other imaging modalities.

US imaging evolution such as 3D US, contrast-enhanced US, and high-frequency US entered
practice with diagnostic, interventional, and therapeutic roles. In 3D interventional procedures, the
US offers the benefit of precision and the possibility of visualization in several planes. The 3D US
decreases the necessity of the operator and increases the reproducibility.

US imaging is not that hard to learn and handle. In an Indian study in which 2-month surgery
residents were trained in US abdominal manoeuvring, compared to radiology residents they
accumulated similar knowledge [57].

While there are standards for brachytherapy dosage and fractionation regimes, there is a scarcity
of data on actual practice patterns. The objective of a recent research by Hsieh [62] to assess the
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current use of cervical cancer brachytherapy in the United States and its correlation with patient
demographics and facility features.

The use of 3D US in cervical cancer as a unique practice for treatment planning is limited, due
to difficult visualization of organs at risk and low reproducibility. There are still studies to validate
some of these challenges in cervical cancer and in other types of cancer. Given the progress made in
prostate cancer, scientific advances will overcome these technical limitations [58].

The use of 3D printing is viable in brachytherapy and tele therapy for both electron and photon
treatments due to the enhanced treatment delivery quality resulting from higher dose administration
to target volumes. The previous research signed by Lee [64] highlighted the possibility of decreasing
the need for repeat computed tomography (re-CT) and successfully achieved time efficiency for both
patients and oncologists.

Another important factor in the discussion about brachytherapy is its non-uniform use,
influenced by various factors. Kumar's research [65] indicated that there is a noticeable decline in the
use of brachytherapy (BT) for cervical cancer. This decline has resulted in a fall in both local control
and overall survival rates. Furthermore, numerous national and state-based registries have found a
significant discrepancy in both the availability of healthcare services and the use of BT boost among
patients with cervical cancer in the United States.

Regarding the future perspectives in which concerns brachytherapy and cervical cancer, we
mention the existence of two clinical trials. The first one[66] entitled “Phase 0 Clinical Trial of
Molecular Biomarkers in Women With Uterine Cervix Cancer” is a phase 0 clinical trial investigating
molecular biomarkers in women diagnosed with uterine cervix carcinoma. Women get standard
radio-chemotherapy treatment followed by brachytherapy. Obtaining blood samples is necessary to
identify the presence of deoxyribonucleotides, human papillomavirus DNA, and circulating tumour
cells. Another research, entitled” Comparison of Clinical Response and Toxicity of Hypo-fractionated
Chemo radiation With Standard Treatment in Patients with Uterine Cervix Cancer” is developed in
the following scientific context: the treatment for uterine cervix cancer involves definitive therapy by
the use of concurrent chemo radiation, which combines external beam irradiation and chemotherapy,
followed by high dose rate brachytherapy. Therapy time may be decreased by raising the dosage per
fraction of therapy which can minimize expenses and patient exposure. The study aims to establish
the non-inferiority of hypo fractionated radiation in comparison to conventional treatment.

5. Conclusions

Brachytherapy is one of the most conformal radiotherapy techniques. With the implementation
of the IGABT technique in the world, the use of US during applicator insertion has also developed,
bringing multiple advantages and improving the quality of the implants. In terms of benefits, we
mention: the precision of the brachytherapy insertion, the guidance of the dilatation of the uterine
canal, the measurement of the depth of the uterine cavity, noticing the changes in the position of the
uterus, and, of course, the placement of the applicator and needles. The use of US in brachytherapy
for cervical cancer can help define the treatment volumes and the treatment plan, especially in LMIC,
where more sophisticated imaging guidance modalities are not always available to clinicians. In this
review, we want to highlight the importance of practical use of the US in brachytherapy for cervical
cancer, as an integrated part of a successful treatment. In the future, the IGABT technique will be
extended to more institutions, and, therefore, incorporating the US in brachytherapy treatment for
cervical cancer could improve the local control of the disease and also reduce toxicity.
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