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Development of a Decision Support System in
Oncology for Prostate Adenocarcinoma

Costa, Jodo Pedro; Moura, Filipe; Domingues, Nuno

Abstract— The present paper introduces a Decision Support
System, applied to assessment and treatment in Oncology, named
Oncology Custom Assistance Tools (OnCATs). It is aimed to
evaluate if OnCATs can characterize a patient into a definitive risk
group, assess all the available treatment options and individually
prescribe every treatment that is part of the chosen treatment course.
On the first phase the knowledge base was built resorting to 23
guidelines for the treatment of prostate cancer. The interface was
built using Microsoft Visual Studio 2010. Lastly, the system was
tested using 10 case reports published on the Journal of Medical Case
Reports and PubMed websites. The OnCATs’ output was submitted
to a pass/fail analysis. OnCATs can accurately assign a risk group to
a prostate cancer patient. As for treatment course assessment, it was
found that the estimation of the patient’s life expectancy can highly
impact the output generated by the system. Regarding the
prescription of treatments, OnCATs performed better on the
prescription of EBRT treatments, in comparison with ADT.

Keywords— Androgen Deprivation Therapy (ADT), Clinical
decision support system, Prostate cancer Radical prostatectomy,
Radiotherapy.

I. INTRODUCTION

Healthcare professionals are constantly faced with new
research and discoveries on the medical field and practice [1].
In Oncology, given the high heterogeneity among diseases, a
greater need of providing individual healthcare measures
exists, to achieve optimal results. Individualized medical
practices are a constant process of decision-making, as the
path followed by a patient has many different stages, with
several possible courses of action each [2,3].

Healthcare professionals must make critical decisions based
on a huge set of information and with limited time. This is a
key opportunity for clinical Decision Support Systems (DSS).
A DSS is a computerized system, which is designed to assist a
healthcare professional in performing a task that involves
making a set of different decisions. This technology has been
globally used with the aim of saving time and reducing
medical errors [4].
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The goal of this study is to develop a method of
implementation for a knowledge based clinical DSS for
assessment and treatment in Oncology. The developed clinical
DDS was named Oncology Custom  Assistance Tools
(OnCATs). We also aim to test the system’s algorithm and
evaluate its performance and appliance to real clinical cases
of prostate adenocarcinoma, by evaluating if the system can
successfully characterize a patient into a definitive risk group,
evaluate the available treatment courses, and prescribe every
single treatment modality that constitutes the chosen treatment
course.

Prostate cancer can be treated with several treatment
options, such as External Beam Radiotherapy (EBRT),
Brachytherapy (BT) or Radical Prostatectomy (RP). This
variety of treatments produce different side effects, which can
cause different impacts on the patient’s quality of life. The
development of these tools is also necessary to efficiently
compare the predicted outcomes of different treatment
courses, which plays a great part on the process of deciding a
definitive treatment option for a patient [5]. Since having
more treatment options available makes the task more
demanding in terms of decision-making, since there are more
variables that must be considered. Because of that, localized
prostate cancer was chosen as the starting point for the
development of OnCATs

II. METHODS

To start building the system's knowledge base, a web search
was conducted, including the keywords "prostate cancer",
"treatment", "management" and "guidelines". This search led
us to obtain a total of 23 published guidelines to incorporate
on the OnCATs original knowledge base [6,7,16-18,23-28,8-
15]. The obtained information was stored in tables using
Microsoft Excel, according to the following criteria:

e Risk classification definition: tumor stage, Gleason
Score (GS) and Prostate-Specific Antigen (PSA)
value;

e Treatment course assessment: patient life expectancy,
presence of symptoms and presence of tumor
adverse features;

e RT prescription: total delivered dose and dose
fractionation for RT treatments;

e ADT prescription: first line ADT approach and
treatment duration.
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The knowledge base was digitally integrated to create the
system's interface, in the form of a computerized software,
meant to be used on the Microsoft Windows operating system,
using Microsoft Visual Studio 2010 [29]. Decision rules, as in
IF <condition> THEN <consequence>, were applied because
data stored in tables or flow chats is easy to integrate when
using a decision tree workflow that supports routines,
subroutines, and functions, which allows to easily convert
medical knowledge in an executable workflow system.

A. System Workflow

A summary of the workflow of the OnCATSs' algorithm can
be consulted on fig. 1. The first stage of the OnCATS
workflow is to verify to which risk group a specific patient

cation: Research & Solutions (CEMEERS-23) June 21-22, 2023 Lisbon (Portugal)

belongs to, using the given tumor stage, GS and PSA level
[6,7,25,8,11,12,14-16,18,23]. The second stage of the
workflow is to assess all the available treatment options. By
evaluating the patient's estimated life expectancy, presence of
symptoms and presence of adverse tumor features, the system
will recommend Observation, Active Surveillance (AS),
ADT, BT, RP with or without Pelvic Lymph Node Dissection
(PLD), or any combination of these treatment modalities. In
third stage of the workflow, the system assists the prescription
of each individual modality that is part of the chosen
treatment course.
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B. System Testing

To evaluate if the OnCATs workflow could successfully
simulate the clinical workflow for prostate cancer treatments,
clinical cases of real patients were necessary. To obtain these
cases, we recurred to the Journal of Medical Case Reports
and PubMed websites, where a web search was conducted
using the keywords "prostate" and "cancer" [30,31]. Using
the advanced search function, we searched for articles that
contained the words "prostate" and "cancer" in its title. Filters
were applied to display only case reports, articles with full
text available for free, published in last 5 years, and written in
English. After revising all the publications, a total of 10
clinical cases were obtained.

The method of Kim et al. was applied to estimate the
patients' life expectancy [32]. Regarding the quartile of
health, we considered patients who had comorbidities, such as
diabetes mellitus or hypertension, to not be healthy, and
therefore were placed on the bottom quartile of health (bottom
25%). Patients who did not suffer from other comorbidities,
were considered to be very healthy, belonging on the top
quartile of health (top 25%). For the cases in which there was
no mention of the presence of comorbidities, we assumed that
they were overall healthy and therefore were placed on the
middle quartile of health (between 25 - 75%) [32].

As for the presence of symptoms, for the clinical cases
where there was no indication if the patient was symptomatic
or not, we assumed the patients on lower stages were
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asymptomatic, while patients on higher  stages were
symptomatic [33]. As for defining the presence of adverse
features, clinical cases where there was no mention if adverse
features were present, we assumed the absence of any of these
features.

A pass and fail analysis was performed to each task of the
workflow. It was assumed that the system "passed" the
analysis when it suggested the same approach that was
applied to the patient, and it was assumed the system "failed"
when different approaches were suggested. General tasks
included the definition of the risk group and the evaluation of
the recommended treatment approaches. RT specific tasks
included the assessment of the treatment technique, dose
fractionation, dose per fraction and total prescribed dose.
ADT specific tasks included the assessment of the type of
ADT, the first line approach and treatment duration. BT
specific tasks included the assessment of the type of BT,
radioactive isotope, prescribed dose and total number of
fractions.

III. RESULTS

A summary of the demographics and disease related
characteristics of the clinical cases used for testing the
OnCATs system can be consulted on table I. The sample of
patients has a mean age of 69,7 =+ 5,9 years (59 - 77 years)
[32,34-42].

TABLEI
SUMMARY OF THE CHARACTERISTICS OF THE CLINICAL CASES USED FOR TESTING THE ONCATS’ ALGORITHM
CCo01 CC02 CCo03 CCo04 CCo05 CCO06 CCo07 CCo08 CC09 CC10
Authors Tisman et Nishimura Hiyama Chang Coyle e Tisman Brahmbhatt Shen Castro- Yamashita
al. etal. etal. etal. tal. etal. et al. etal. Alonso et al. etal.
Year of 2009 2014 2011 2016 2015 2011 2008 2019 2019 2017
Publication
Age (Years) 75 68 59 70 64 71 71 77 65 77
GS 5 7 7 9 9 7 8 9 8 6
Lead Time 10 0 0 0 0 0 0 10 0 10
(Years)
Quartile of Not Not Not Very Very Healt Not
Health Healthy Healthy Healthy Healthy Healthy Healthy Not Healthy hy Healthy Healthy
Risk of
Mortality by 1,2 6,5 6,5 12,1 12,1 6,5 12,1 12,1 12,1 3
Cancer (%)
Life Expectancy 10,1 4.4 52 2.8 94 11,7 2.8 8,5 3,1 8,9
(Years)
Life Expectancy >9 <6 <6 <6 >9 >9 <6 6-9 <6 6-9
Category (Years)

A. Risk Group Assessment

Regarding the risk group assessment, OnCATs was able to
successfully characterize each patient into a risk group using
the NCCN nomenclature, as demonstrated on table II
[11,32,42,34-41].

According to the system's algorithm, 1 patient (10%) was
characterized as having a very low risk disease, 3 patients
(30%) were characterized as having intermediate risk diseases,
2 patients (20%) were characterized as having high risk
diseases and 4 patients (40%) were characterized as having
very high-risk diseases.
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B. Treatment Course Assessment

The assessment of the available treatment courses can be
consulted on table II1 [11,26,42,34-41].

As for the applied treatment course, 3 out of 10 patients (30
%) were submitted to radical ADT, 2 patients (20 %) were
submitted to EBRT with neoadjuvant ADT, 1 patient (10 %)
was submitted to radical Observation, 1 patient (10 %) was
submitted with RP with PLND and adjuvant EBRT with ADT,
1 patient (10 %) was submitted to EBRT with adjuvant ADT
and 1 patient (10 %) was submitted to EBRT with BT.

It was observed that the system passed in 4 out of 10
clinical cases (40 %) and failed in 6 out of 10 clinical cases
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(60 %). The mean number of options that OnCATs suggested
for all cases was 4,4 —+ 1,6.

TABLE II

RESULTS OF THE RISK GROUP ASSESSMENT FOR THE CLINICAL CASES USED FOR TESTING ONCATS, USING THE NCCN NOMENCLATURE

ID Tumor Stage GS PSA Value (ng/ml) PSA Category (ng/ml) Risk Group
CCO01 T1c NO MO 5 4 <10 Very Low
CC02 T2b NO MO 7 62,1 >20 High
CCO03 T2b NO MO 7 9,5 <10 Intermediate
CC04 T2b NO MO 9 1,8 <10 High
CCo5 T4 NO MO 9 <10 <10 Very High
CC06 Tlc NO MO 7 8 <10 Intermediate
cCo7 T4 N0 MO 8 5874 >20 Very High
CCo8 T4 NO MO 9 52,736 >20 Very High
CC09 T4 NO MO 8 32 >20 Very High
CC10 Tlc NO MO 6 10,35 10 - 20 Intermediate

TABLE IIT
RESULTS OF THE TREATMENT COURSE ASSESSMENT FOR THE CLINICAL CASES USED FOR TESTING THE ONCATS ALGORITHM
. Life Expectancy Applied Treatment Treatment Courses Suggested by
D Risk Group (Years) Symptomatology Adverse Features Course OnCATs
AS
EBRT
CCo1 Very Low >9 Asymptomatic Present Observation RP + Observation
RP + EBRT
RP + EBRT + ADT
EBRT + ADT
CCo02 High <6 Symptomatic Not Present ADT + EBRT EBRT + BT + ADT
RP +PLND
Observation
CCo03 Intermediate <6 Symptomatic Present RP + EBRT + ADT BT
P EBRT + ADT
EBRT + BT + ADT
EBRT + ADT
EBRT + BT + ADT
CCo4 High <6 Symptomatic Present ADT + EBRT RP + PLND + ADT
RP + PLND + EBRT + ADT
RP + PLND + Observation
EBRT + ADT
CCo05 Very High >9 Symptomatic Not Present ADT EBRT + BT + ADT
RP -+ PLND
AS
BT
EBRT + ADT
. . EBRT + BT
>
CCo6 Intermediate 9 Asymptomatic Present ADT EBRT + BT+ ADT
RP + Observation
RP + PLND + Observation
RP + PLND + EBRT + ADT
EBRT + ADT
EBRT + BT + ADT
CCo7 Very High <6 Symptomatic Present ADT RP +PLND + ADT
RP + PLND + EBRT + ADT
RP + PLND + Observation
EBRT + ADT
EBRT + BT + ADT
+ + +
CCo08 Very High 6-9 Symptomatic Present RP PIAND]; EBRT RP +PLND + ADT
RP + PLND + EBRT + ADT
RP + PLND + Observation
EBRT + ADT
CC09 Very High <6 Symptomatic Not Present EBRT + ADT EBRT + BT + ADT
RP +PLND
Observation
CC10 Intermediate 6-9 Asymptomatic Not Present EBRT + BT EBRT
BT
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C. Treatment prescription

For CCO1, since the case report did not mention the
Observation protocol that was as applied for the treatment of
the patient, the comparison with the default protocol
suggested by OnCATs was not possible, so further results
regarding the treatment prescription for this clinical case were
not possible to obtain.

1) Prescription of External Beam Radiotherapy

In general, OnCATs passed 15 out of the 20 tasks (75 %)
that consisted of the workflow of CC02, CC03, CC04, CCO08
and CC10. In 2 of the tasks (10%), the system failed and in 3
tasks (15 %) a comparison was not possible due to that
information not being disclosed on the case report.

More specifically, regarding the treatment technique,
fractionation, and dose per fraction, OnCATs was able to
suggest the applied choice in all the clinical cases simulations.
Regarding the dose prescription, OnCATs had a 60% passing
rate, meaning that 3 out of 10 cases had a successful dose
prescription and 2 cases (40 %) had a failed dose
prescription.

2) Prescription of Androgen Deprivation Therapy

OnCATS managed to pass on 14 out of the 21 tasks (66,67
%) that consisted of the workflow of CC03, CC04, CCO05,
CC06, CC07, CCO8 and CCO09. In 2 of the tasks (9,52 %), the
system failed and in 5 tasks (23,91 %) a comparison was not
possible due to that specific information not being disclosed
on the case report. More specifically, regarding the type of
ADT and first line approach, OnCATs was able to
successfully suggest the option applied to the clinical case in
all cases (100 %). However, on the prescription of the
treatment  duration, in CCO03 and C004, where we had
indication of the total treatment duration, a comparison of
results was not possible.

3) Prescription of Brachytherapy

In our sample of cases, only a single case (CC10)
underwent a BT treatment. For the adjuvant BT prescription
of CCI10, it is possible to observe that OnCATs was able to
pass on the definition of the type of BT and radioactive
isotope but failed on the dose prescription and number of
fractions.

4) General analysis

It is possible to observe that each clinical case had a mean
passing rate of 78,7 % —+ 15,6 %. The clinical cases where
the OnCATs algorithm performed better where CCO02 and
CC09 (100 %), followed by CC04 (88,9 %), CCO8 (85,7 %),
CC05, CC06, CCO7 and CC10 (75 %), CCO3 (62,5 %) and
CCO1 (50 %).

IV. DISCUSSION

The goal of this study was to evaluate if OnCATs could be
applied to assisting decision making in all phases of prostate
cancer treatment, including risk group assessment, treatment
course assessment and treatment prescription, based on
relevant and up-to-date clinical guidelines.
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Watson for Oncology (WFO) is a DSS developed by IBM,
in cooperation with the Memorial Sloan Kettering Cancer
Center, whose knowledge base consists of literature, protocols
and patient charts consulted on the web [44]. WFO suggest
treatment options for a specific patient based on those sources,
and references the evidence that support said claims [44].
WFO was found to be the developed clinical DSS most
similar to OnCATs. Yu et al. conducted a retrospective study
where the treatment options suggested by WFO for 201
prostate cancer patients were compared with their actual
course of treatment. The authors found that the concordance
rate was 73,6 %, demonstrating a high similarity between the
suggestions made by the system and the treatment courses
applied to the patients in the urology department of the
Chonnam National University Medical School. The authors
concluded that clinical DSSs can actively assist physicians on
decision making, especially when expert resources are
lacking, showing promise on the appliance of these tools on
the Oncology workflow [44].

Regarding the few cases where OnCATs output did not
match the same option that was part of the patient's course of
action, it analyzed every case report in detail to investigate
which reasons might have led to that occurrence.

For CCO01, since Observation is reserved for older patients
with one or more comorbidities that will compete with the
cancer for mortality cause, the system did not suggest that
option, given the estimated life expectancy for patients was
10,1 years [7,11,12,32,45]. Based on these facts, the mismatch
of results could be due to the fact of the estimation of the
patient's life expectancy and symptomatology not being
accurate, given the missing information from the case report.

Regarding CC03, OnCATs was not able to suggest RP with
adjuvant EBRT and ADT as a viable chosen treatment
course. This is due to RP being more indicated to patients with
an estimated life expectancy superior to 9 years, and adjuvant
EBRT with ADT being reserved to patients who display
adverse features [11,12,24]. Once again, the mismatch of
results could be related with the estimation of the patient's life
expectancy.

For CC04, regarding the ADT prescription, OnCATs was
not able to suggest a treatment duration of 9 months. Based
on the guidelines, for high-risk patients, the ADT treatment
should be prescribed for at least 1,5 years and up to 3 years
[7,11,18]. On the case report, it is stated that the patient was
submitted to ADT with leuprolide for 9 months, another ADT
drug or approach could have been prescribed after that,
without being disclosed on the case report [37].

As for CCO05, CC06 and CCO07, the system could not
recommend radical ADT as a viable treatment option, since,
by the guidelines, radical ADT is only indicated for high and
very high patients with life expectancy inferior to 6 years and
asymptomatic [11,39,46].

For CC08, OnCATs did not suggest the prescribed dose for
adjuvant EBRT. Based on the NCCN—ZA Guidelines for
Prostate Cancer, the prescribed dose for adjuvant EBRT after
RP should be between 64 and 72 Gy, delivered in



conventional fractionation.[11] For this clinical case, the
prescribed dose was 74 Gy. [40] The reasons behind the dose
prescription were not discussed on the case report, so it is not
possible to assess if this had any relevant clinical advantage.

Lastly, regarding CC10, OnCATs was not able to suggest
EBRT with adjuvant BT as a viable treatment option, since
this therapy is reserved for intermediate risk patients with life
expectancy superior to 9 years and with adverse features
[8,11,18,24].

It was apparent that the estimation of life expectancy was
the biggest contributor to the accuracy of OnCATs. In 2014,
Kent et al. published a study where 14 publications related to
models for  estimating a prostate cancer patient life
expectancy were reviewed [47]. The authors found that most
approaches did not consider if the patient had any relevant
comorbidities. The simple act of defining to which quartile of
health a given patient belongs to, leads to a biased result, since
it is only based on a simple subjective analysis. In this study,
the method of Kim et al. for calculating the estimated life
expectancy for prostate cancer patients was also reviewed.
Regarding this method, the authors found its results to be
implausible, since they found no reliable connection between
the output risk of death by prostate cancer and the patient's
age, which is not in concordance with clinical experience. In
general, the authors found that even  though -clinical
guidelines include the estimated life expectancy of a patient as
a key factor for assessment of the optimal treatment course,
no appropriate tool exists to accurately estimate this value,
and this may constitute a setback for the development of
Clinical DSS tools [47].
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V.CONCLUSIONS

In general, OnCATSs' algorithm showed promising results
on recreating the clinical workflow described on guidelines
for treatment of localized prostate cancers patients, including
valuable steps such as risk group assessment, treatment
assessment and treatment prescription.

As for treatment course assessment, we found that the
estimation of the patient's life expectancy can highly impact
the output generated by the system. Since any optimal
methods for estimating to automatically estimate the life
expectancy of a prostate cancer patient were not found, new
methods should be investigated and researched in the future.
This study also allowed the comprehension of the workflow to
which a cancer patient is put through when diagnosed with a
tumor and its translation to a software meant to assist
healthcare professionals on performing medical tasks.

Regardless of the results obtained by applying clinical cases
to the systems, it is important to mention that most prostate
cancer patients have multiple treatment options and different
prescriptions. This translates to different physicians being
able to choose different courses of action for the same patient,
while applying  different prescriptions, based on their
experience and judgment, without compromising the patient's
outcomes and quality of life.

The incorporation of a decision support system to aid
healthcare professionals is of major importance for acting but
also for training.

APPENDIXES
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Fig. 2 Example of a final report generated by OnCATs for a patient who underwent RP with adjuvant EBRT and ADT

https://doi.org/10.17758/EIRAI19.F0623128 86



REFERENCES

[1] Walsh S, Jong EEC de, Timmeren JE van, Ibrahim A, Compter I,
Peerlings J, et al. Decision Support Systems in Oncology. Clin Cancer
Informatics [Internet]. 2019;1-9. Available from:
https://ascopubs.org/doi/pdf/10.1200/CCI.18.00001

[2] Bae J-M. Clinical Decision Analysis using Decision Tree. Epidemiol
Health [Internet]. 2014;e2014025. Available from:
https://www.ncbi.nlm.nih.gov/pme/articles/PMC4251295/

[3] Jenders RA. Decision Rules and Expressions. Clin Decis Support Road
to Broad Adopt [Internet]. 2nd ed. Elsevier; 2014. p. 417-34. Available
from: http://dx.doi.org/10.1016/B978-0-12-398476-0.00015-4

[4] Berner ES. Clinical Decision Support Systems: Theory and Practice.
2nd ed. Hannah KJ, Ball MJ, editors. Heal. Informatics Ser. Springer;
2007.
https://doi.org/10.1007/978-0-387-38319-4

[5] Van Wijk Y, Halilaj I, Van Limbergen E, Walsh S, Lutgens L, Lambin
P, et al. Decision support systems in prostate cancer treatment: An
overview. Biomed Res Int. 2019;2019.
https://doi.org/10.1155/2019/4961768

[6] Alberta Health Services. Local Prostate Cancer [Internet]. 2018 [cited
2019 Dec 5]. p. 1-12. Available from:
https://www.albertahealthservices.ca/assets/info/hp/cancer/if-hp-
cancer-guide-gu012-local-prostate.pdf
https://doi.org/10.1155/2018/2654572

[7] Mottet N, Bergh R. CN van den, Briers E, Bourke L, Cornford P, Santis
M De, et al. EAU-ESTRO-ESUR-SIOG Guidelines on Prostate Cancer
[Internet]. Eur. Assoc. Urol. 2018. 2018 [cited 2019 Dec 5]. p. 1-145.
Available from: https://uroweb.org/wp-content/uploads/EAU-ESUR-
ESTRO-SIOG-Guidelines-on-Prostate-Cancer-large-text-V2.pdf

[8] Commitee National Clinical Effectiveness. Diagnosis, staging and
treatment of patients with prostate cancer National Clinical
Effectiveness Committee [Internet]. 2015 [cited 2019 Dec 5]. Available
from:
http://www.hse.ie/eng/services/list/S/cancer/profinfo/guidelines/prostat
e/prostateguideline.pdf

[9] Morgan SC, Hoffman K, Loblaw DA, Buyyounouski MK, Patton C,
Barocas D, et al. Hypofractionated Radiation Therapy for Localized
Prostate Cancer,A@: An ASTRO, ASCO, and AUA Evidence-Based
Guideline. Pract Radiat Oncol [Internet]. 2018;1-7. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/30322661

[10]Chen N, Zhou Q. The evolving gleason grading system. Chinese J
Cancer Res. 2016;28:58-64.

[I1]J(NCCN—&) Nacional Comprehensive Cancer Network—ZA. NCCN
Clinical Practice Guidelines in Oncology (NCCN Guidelines—Z)
Prostate Cancer [Internet]. NCCN Guidel. Patients—ZE. 2019 [cited
2019 Jun 1]. p. 11-9, 22, 34-7, 47, 50, 51, 54,57-61, 65-75, 96-.
Auvailable from:
https://www.ncen.org/professionals/physician_gls/pdf/prostate.pdf

[12]Sanda MG, Chen RC, Crispino T, Freedland S, Green K, Klotz LH, et
al. Clinically Localized Prostate Cancer: AUA/ASTRO/SUO Guideline.
Am Urol Assoc Educ Res Inc—& [Internet]. 2017;1-56. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/29203269

[13]Boehmer D, Maingon P, Poortmans P, Baron M-H, Miralbell R,
Remouchamps V, et al. Guidelines for primary radiotherapy of patients
with prostate cancer. Radiother Oncol [Internet]. 2006;79:259-69.
Available from: https://www.ncbi.nlm.nih.gov/pubmed/16797094
https://doi.org/10.1016/j.radonc.2006.05.012

[14]West Midlands Expert Advisory Group for Urological Cancer.
Guidelines for the Management of Prostate Cancer [Internet]. 2016
[cited 2019 Dec 5] p. 1-11. Available from:
https://www.england.nhs.uk/midlands/wp-
content/uploads/sites/46/2019/05/guidelines-for-the-management-of-
prostate-cancer.pdf

[15]Parker C, Gillessen S, Heidenreich A, Horwich A. Cancer of the
prostate: ESMO Clinical Practice Guidelines for diagnosis, treatment
and follow-up. Ann Oncol [Internet]. 2015;26:1v72-83. Available from:
https://www.esmo.org/Guidelines/Genitourinary-Cancers/Cancer-of-
the-Prostate

https://doi.org/10.17758/EIRAI19.F0623128

87

[16]

[17]

(18]

(19]

[20]

[21]

[22]

[23]

(24]

[25]

(26]

(27]

(28]

[29]

1st Int'l Conference on Challenges in Engineering, Medical, Economics and Education: Research & Solutions (CEMEERS-23) June 21-22, 2023 Lisbon (Portugal)

https://doi.org/10.1093/annonc/mdv222

Zaorsky NG, Showalter TN, Ezzell GA, Nguyen PL, Assimos DG,
Amico AVD, et al. ACR Appropriateness Criteria—/Z external beam
radiation therapy treatment planning for clinically localized prostate
cancer , part I of II. Adv Radiat Oncol [Internet]. The Authors on behalf
of the American Society for Radiation Oncology; 2016;2:62-84.
Available from: http://dx.doi.org/10.1016/j.adro.2016.10.00
https://doi.org/10.1016/j.adro.2016.10.002

Salembier C, Villeirs G, De Bari B, Hoskin P, Pieters BR, Van Vulpen
M, et al. ESTRO ACROP consensus guideline on CT- and MRI-based
target volume delineation for primary radiation therapy of localized
prostate cancer. Radiother Oncol [Internet]. Elsevier B.V;
2018;127:49-61. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/29496279
https://doi.org/10.1016/j.radonc.2018.01.014

National Institute for Health and Care Excellence. Prostate cancer:
diagnosis and management [Internet]. 2019. Available from:
https://www.nice.org.uk/guidance/ng13 1/resources/prostate-cancer-
diagnosis-and-management-pdf-66141714312133

Royal Australian and New Zeland College of Radiologists. Guidelines
for Safe Practice of Stereotactic Body (Ablative) Radiation Therapy. J
Med Imaging Radiat Oncol [Internet]. 2015 [cited 2019 Dec 5];646-
653. Available from: https://www.ncbi.nlm.nih.gov/pubmed/26122017
https://doi.org/10.1111/1754-9485.12336

Halvorsen PH, Cirino E, Das 1J, Garrett JA, Yang J, Fang-fang Y, et al.
AAPM-RSS Medical Physics Practice Guideline 9.a. for SRS-SBRT.
AAPM Reports Doc [Internet]. 2017;10-21. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/28786239
https://doi.org/10.1002/acm2.12146

Benedict SH, Yenice KM, Followill D, Galvin JM, Hinson W,
Kavanagh B, et al. Stereotactic body radiation therapy: The report of
AAPM Task Group 101. Med Phys [Internet]. 2010;37:4078-101.
Available from: https://www.ncbi.nlm.nih.gov/pubmed/20879569
American College of Radiology. ACR-ASTRO Practice Parameter for
the Performance of Stereotactic Body Radiation Therapy [Internet].
2014 [cited 2019 Dec 5]. p. 1-11. Available from: https://www.acr.org/-
/media/ACR/Files/Practice-Parameters/SBRT-RO.pdf

Davis BJ, Horwitz EM, Lee WR, Crook JM, Stock RG, Merrick GS, et
al. American Brachytherapy Society consesus guidelines for transrectal
ultrasound-guided permanent prostate brachytherapy. Brachytherapy
[Internet]. 2011;6-19. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/22265434
https://doi.org/10.1016/j.brachy.2011.07.005

Chin J, Rumble RB, Kollmeier M, Heath E, Efstathiou J, Dorff T, et al.
Brachytherapy for patients with prostate cancer: American Society of
Clinical Oncology/Cancer Care Ontario joint guideline update. J Clin
Oncol [Internet]. 2017;35:1737-45. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/28346805
https://doi.org/10.1200/JC0O.2016.72.0466

Yamada Y, Rogers L, Demanes DJ, Morton G, Prestidge BR, Pouliot J,
et al. American Brachytherapy Society consensus guidelines for high-
dose-rate prostate brachytherapy. Brachytherapy [Internet]. 2012;11:20-
32. Available from: https://www.ncbi.nlm.nih.gov/pubmed/22265435
https://doi.org/10.1016/j.brachy.2011.09.008

American Brachytherapy Society and American College of Radiology.
ACR-ABS Practice Parameter for Transperineal Permanent
Brachytherapy of Prostate Cancer [Internet]. Am. Brachytherapy Soc.
Am. Coll. Radiol. 2015. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/28109632

National Institute for Health and Care Excellence. Low dose rate
brachytherapy for localised prostate cancer [Internet]. 2005 [cited 2019
Dec 51 p- 1-7. Available from:
https://www.nice.org.uk/guidance/IPG132

Prostate Cancer Foundation of Australia. Understanding Brachytherapy
for Prostate Cancer [Internet]. PCFA Aust. Gov. 2017 [cited 2019 Dec
5]. Available from: http://www.prostate.org.au/awareness/further-
detailed-information/understanding-prostate-cancer-treatments-and-
side-effects/understanding-brachytherapy-for-prostate-cancer/
Microsoft Corporation. Microsoft Visual Basic 2010 Express. 2010.



1st Int'l Conference on Challenges in Engineering, Medical, Economics and Education: Research & Solutions (CEMEERS-23) June 21-22, 2023 Lisbon (Portugal)

[30]

(311

[32]

[33]

[34]

[33]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

Michael Kidd. Journal of Medical Case Reports [Internet]. 2019
[cited 2020 Jan 16]. Available from:
https://jmedicalcasereports.biomedcentral.com/

National Center for Biotechnology Information. Home - PubMed
[Internet]. 2019 [cited 2020 Jan 16]. Available from:
https://www.ncbi.nlm.nih.gov/pubmed/

Kim HL, Puymon MR, Qin M, Guru K, Mohler JL. A method for
using life tables to estimate lifetime risk for prostate cancer death.
JNCCN J Natl Compr Cancer Netw [Internet]. 2010;8:148-54.
Available from: https://jnccen.org/view/journals/jncen/8/2/article-
p148.xml?rskey=Y 5Sh9DP&result=4
https://doi.org/10.6004/jnccn.2010.0011

National Health Service. Symptoms - Prostate Cancer [Internet].
2018 [cited 2019 Dec 29]. Available from:
https://www.nhs.uk/conditions/prostate-cancer/symptoms/

Tisman G, Kutik S, Rainville C. Coexistence of pernicious anemia
and prostate cancer-'an experiment of nature' involving vitamin
B12modulation of prostate cancer growth and metabolism: A case
report. J Med Case Rep [Internet]. 2009;3:1-5. Available from:
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-
1947-3-9295

https://doi.org/10.1186/1752-1947-3-9295

Nishimura T, Yamazaki H, Iwama K, Oota Y, Aibe N, Nakamura S,
et al. Potential risk of alpha-glucosidase inhibitor administration in
prostate cancer external radiotherapy by exceptional rectal gas
production: A case report. ] Med Case Rep. 2014;8:2-5.
https://doi.org/10.1186/1752-1947-8-136

Hiyama Y, Kitamura H, Takahashi S, Masumori N, Shindo T,
Tsujiwaki M, et al. Peritoneal dissemination of prostate cancer due to
laparoscopic radical prostatectomy: A case report. J] Med Case Rep
[Internet]. 2011;5:1-4. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3175179/
https://doi.org/10.1186/1752-1947-5-355

Chang JIC, Bucci J. Unusual side effect from a luteinizing hormone-
releasing hormone agonist, leuprorelin, in the treatment of prostate
cancer: a case report. J Med Case Rep [Internet]. Journal of Medical
Case Reports; 2016;10:1-4. Available from:
http://dx.doi.org/10.1186/s13256-016-1110-5
https://doi.org/10.1186/s13256-016-1110-5

Coyle C, Mangar S, Abel P, Langley RE. Erythema nodosum as a
result of estrogen patch therapy for prostate cancer: A case report. J
Med Case Rep [Internet]. Journal of Medical Case Reports; 2015;9:5-
7. Available from:

http://dx.doi.org/10.1186/s13256-015-0776-4

Brahmbhatt J V., Liou LS. Giant organ confined prostatic
adenocarcinoma: A case report. J Med Case Rep [Internet]. 2008;2:1-
4. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2254427/
https://doi.org/10.1186/1752-1947-2-28

Shen J, Zang S, Yu X, Zhao F, Jiang P, Zhong B, et al. Management
of biochemical recurrence after radical prostatectomy for prostate
cancer: A case report. Medicine (Baltimore) [Internet]. 2019;98.
Auvailable from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6635272/
https://doi.org/10.1097/MD.0000000000016351

Castro-Alonso FJ, Dominguez-Pineda J, Rosales-Sotomayor G, Flaig
TW, Bourlon MT. Initiation of ADT in a Man With Locally
Advanced Prostate Cancer and Multiple Cardiovascular Risk Factors.
Cancer Netw [Internet]. 2018;32:243-6. Available from:
https://www.cancernetwork.com/prostate-cancer/initiation-adt-man-
locally-advanced-prostate-cancer-and-multiple-cardiovascular-risk-
factors

https://doi.org/10.46883/ONC.2020.3205.0243

Yamashita S, Kohjimoto Y, Iba A, Kikkawa K, Hara I. Necrotizing
fasciitis after high-dose rate brachytherapy and external beam
radiation for prostate cancer: A case report. BMC Urol [Internet].
BMC Urology; 2017;17:1-3. Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5697232/
https://doi.org/10.1186/s12894-017-0299-y

https://doi.org/10.17758/EIRAI19.F0623128

88

[43]

[44]

[45]

[46]

[47]

Tisman G, Garcia A. Control of prostate cancer associated with
withdrawal of a supplement containing folic acid, L-
methyltetrahydrofolate and vitamin B12: A case report. ] Med Case
Rep [Internet]. 2011;5:1-7. Available from:
https://jmedicalcasereports.biomedcentral.com/articles/10.1186/1752-
1947-5-413

https://doi.org/10.1186/1752-1947-5-413

Yu SH, Kim MS, Chung HS, Hwang EC, Jung S II, Kang TW, et al.
Early experience with Watson for Oncology: a clinical decision-
support system for prostate cancer treatment recommendations.
World J Urol [Internet]. Springer Berlin Heidelberg; 2020; Available
from: https://doi.org/10.1007/s00345-020-03214-y
https://doi.org/10.1007/s00345-020-03214-y

Landers A, Neph R, Scalzo F, Ruan D, Sheng K. Performance
Comparison of Knowledge-Based Dose Prediction Techniques Based
on Limited Patient Data. Technol Cancer Res Treat. 2018;17:1-10.
https://doi.org/10.1177/1533033818811150

American Cancer Society. Hormone Therapy for Prostate Cancer
[Internet]. 2019 [cited 2019 Dec 26]. Available from:
https://www.cancer.org/cancer/prostate-cancer/treating/hormone-
therapy.html

Kent M, Vickers AJ. A systematic literature review of life expectancy
prediction tools for patients with localized prostate cancer. J Urol
[Internet]. Elsevier Ltd; 2015;193:1938-42. Available from:
http://dx.doi.org/10.1016/j.juro.2014.11.082
https://doi.org/10.1016/j.juro.2014.11.082



