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Abstract

Fhe-This study aimed to evaluate the treatment outcomes of single-channel and tri-channel
applicators fer-in cervical cancer patients based-entreated with high--dose--rate (HDR)
brachytherapy, using an artificial neural network (ANN). An artificiat-redral-network(ANN s}
model is proposed to predict the treatment outcomes for the-single-channel applieater-and tri-
channel applicators in cervical cancer for HDR high-deserate-brachytherapy. Fifty-four patients-
ef-cervical cancer patients whe-were-receiving external beam radiation therapy (EBRF)-ef(

40 tG) = [h_concurrent; with-chemotherapy; were selected; in-this-study-from-37 patients
werk— tal-eaneerbeing-used to train_the model and 17 fer-to test ing-n-thistmedelit. An
moedelwas-developed-for-intracavitary brachytherapy model was developed to estimate-the-
comparisene ef-the treatment outcomes for-the single-channel applieater-and tri-channel
applicators. The model; demenstrating-demonstrated the-a sensitivity, specificity, and accuracy
of -100%, and-speeifieity-100-%, and-aceuracy-and 100% for fer-training and 87.5%, 77.8%, and
82.4% for testing,_respectively mspeeWeHeMdeW|th an area under the curve of AUG-
0.961. The 2-year survival rate w 0 0
at-2yearswas 85% for the single-channel appllcator and 95% for the tr| channel applicators-
respeectively. A-model-approachforartificialThus, the ANN approach for reural-netwerks-based-
en-gynecological brachytherapy is a promising methed-ferone for improving patient's treatment_
outcomes:+esuitirgr by producing -the dosimetry output effor the applicator, it can helps +-

medical physicists ean-be-decided the appropriate applicator for cervical cancer. Fhe-Hence the

proposed model has-showsthe potential aceuraey-rfor accurately judging the treatment
outcomes for the-single-channel applieater-and tri-channel applicators in cervical cancer based
on survival analysis.

Keywords: aArtificial neural network, treatment outcomes, single-channel applicator, tri-channel
applicator, high--dose--rate brachytherapy, cervical cancer
Introduction

Cinthe-werld—eervical cancer is theone 0 most-tep-mest common -cancers. It is ranked-the
fourteenth ameng-alimost common cancel = pralls and fourth pesitieafermost common among

women ir-the-worldwide.[1] In Western Afoo the-it is the most frequentcommon cancer-is-
eervica-forwemen. Papillomavirus infection, number of sexual partner{ = jonomic status, and

smoking are the-among the risk factors for cervical cancer.[2, 3] Aceorénrgto-the-statisties\While
the-2642-the incidencet rate of cervical cancer has decreased by 1.3% from 2012 to has-
deereasedin-2015 [4], due-teowing to improvements efin lifestyle, vaccination, and early
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detection :[5] it isthecontinues to have the highest mortality in Asia, eeunting-ir-
theaccounting forlee- -"/&of total cancer cases.[6]

The treatment approach for type-ef-cervical cancers is generally intracavitary, interstitial, ane-or_
a hybrid of the two. The American Brachytherapy Sacjety has recommended that cervical
cancer patients te-be treated the-for symptoms s s vaginal extension, pelvic sidewall and
bulky lesions, and vaginal apexi?] Although the-d<-jle-channel applicator is used for the non-

bulky diseases to aveid-limit the dose frem-theto organs at risk (OARSs) like-such as the rectum
and bladder, a multi-channel applicator is-can also be alse-used to deliverreduce the dose-
deereased-n to the OARSs by adjusting the the-dwell time of the-its applica Hhesthers
literature-hasStudies have reported that diseussed-that-a-single--channel { = [cators reduces
cost, improve dose coverage fer-cevering-doses-in tumors, and decreaset—<<ses in OARS than-
compared with multi-channel applicators.[8] In the further article showed that a multi-channel
applicator could reduce tumor dose and rectum dose as single-channel applicators with
statistically significant, resulting in favor of a multi-channel applicator when a single channel
inserted at 5 mm prescription at depth.[QL

FraditionallyConventionally, logistic regression (LR) is used werldwide-to prediettheevaluate
developed models and analyze medical outcomes.[10] However, there-isit has seme-limitations

based-on-thein its ability to predict the-medeloutcomes with accuracy. For example, LR is-
hased on the

themodels the relationship between the independent and dependent variable
assumption that the; demenstrating-the-nermal-distribution-of-independent var| = | exhibits a
normal distributiogé.[ll] Therefore, LR is not appropriate for modeling complel—y$tems, such

as the like treatment outcomes of a-single-channel applicater-and tri-channel applicators, £R-s-

netappropriateforbecause it cannot eapturing-capture the complex relationship between the
cdineneheneeume tapaans i ndecendentvariablescre o oo n o R aise e,

Aetasine—h Foey
| networks (ANN%&@a type of artificial intelligence_that is

In contrast to LR, arti|
being applied extens g problem-solving metheds-in medicine and
biomedical engineering erermeusty-worldwide.[12] His-used-r-They are used in biomedical
science, drug development, medical treatments, health-care, and medical image processing.
ANNSs are the-medeler-information--processing models that-composed of deseribes-the-
interconnected neurons resebing-thethat work together to solve problemsilS] Provided that i

isANNSs are trained_to the-ANNs-te-generalize, i-will-be-suitablethey can -te-predict results
quickly on data other than_the training_data.[14] 2 ANNs is-used-based-en-a-are commonly
trained using a backpropagation algorithm.[15] A training set is feefed tod te-the ANNs-network
which fer-processinges the input and output data to learn. The output is then compared te-with_
human-provided output. If the prediction is inret-correct, the algorithm learns through-the
backpropagation, metheds-te-adjusting the-mathematical-equationits parameters fer{o
mirimizirg-minimize the errors intheduring training-peried.[16]

In a volumetric dose analysis_study, Rajkovi€ et al. proposed the-artificial-nedral-networkan AN
with a genetic algorithm to optimize brachytherapy parameters.[17] In addition, Jaberi et al.
developed Ar-an ANNs model was-to predict the develeped-ferintra-fractional OARs dose, ir-

Jaberi-et-ak-describing the applicator changes to compensate for changes in the the-treatment
plan.[18] aned-s-alse-useANNSs are e-nalso used in business, credit and fraud detection, speech
recognition, and image processing.[19] Fre-redelThey have further been was-applied ferto
traumatic brain injury[20], the-lumbar spine canal stenosis[21], cancer identification-with-
euteomes[22], the detection of posterior lumbar spine fusion[23], and the diagnosis of my
cardinal complexation.[24,
decision making, improving treatment outcomes, and reducinge treatment costs.[16] Fhe-The
treatment outcome_in cervical cancer iss are-considered-based-enthedefined by the patient's

ANNSs offer have-uniguedistinct benefits such as supporting
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status at the last follow-up aftertreatmentsandand -the survival rate fer-associated with the the-
applicator types used in cervical cancer treatment. -Fherefore;weTherefore, in this study, we
have-developed a model to predict the treatment outcomes based on a survival analysis of the_
single-channel and tri-channel applicators used in cervical cancer treatment.
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