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Abstract

The prostate gland secretes citrate, the levels of which vary in benign prostatic hyperplasia
and tumors. Multiparametric MRI of the prostate, although sensitive, has limitations in
its specificity. Spectroscopy can quantify these cellular metabolites. At the La Trinidad
Teaching Medical Center, 46 studies were carried out with 3D spectroscopy in patients
referred from the urology service from January to June 2023. The objective was to verify
the diagnostic usefulness of 3D spectroscopy with multiparametric Magnetic Resonance of
the prostate. The findings in the 3D prostate spectroscopy metabolite map were described,
the results of the mpMRI PIRADS score and the metabolite map were analyzed, and
the anatomical pathological and 3D spectroscopy results were compared. A 1.5T Philips
Anchieva resonator was used with 3D prostate spectroscopy sequences in 36 patients. The
metabolites in 3D spectroscopy showed correlation with the suspicious criteria according to
SCORE PI-RADS, especially in the suspicious nodular areas. The sensitivity and positive
predictive value were 88%, while the specificity and negative predictive value were 96%.
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However, more studies are needed to obtain more conclusive results.
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Introduction

Prostate cancer (PCa) continues to represent a threat to men’s
health, being the leading cause of cancer death in men in the world
in 2022 with approximately 268,490 new cases and 34,500 deaths
in the United States.!? In this sense, in 2017, according to the Pan
American Health Organization, prostate cancer represented the most
common cancer in men, with 413,000 new cases and 85,000 deaths
per year.’ In this way, Venezuela was no exception since, according
to the Anticancer Society of Venezuela, prostate cancer ranked first in
terms of cancer mortality with 3,792 deaths, most frequently in terms
of mortality after the age of 75; With 8,277 new cases occupying
first place in incidence, the ages of most frequent diagnosis were
between 65-74 years.* Likewise, the human prostate, as well as in
other animals, given that it is a fibromuscular and glandular organ; It
has the function of accumulating and secreting high levels of citrate.
In processes such as benign prostatic hyperplasia, higher levels of
zinc and citrate accumulate; On the other hand, in tumor processes
where there is an inability of the malignant cells to accumulate zinc
at the intramitochondrial level, the activity of aconitase is inhibited,
which in turn prevents the oxidation of citrate and thus the coupled
production of ATP, which is essential for tumor progression.>

In this context, carcinogenesis of the prostate gland is a complex
process with various associated factors such as ethnic origin,
geographic origin, eating habits, lifestyle, genetics, among other
factors; Understanding the metabolism of prostate cancer is relevant
for the development of better diagnostic and therapeutic approaches.
In this sense, magnetic resonance spectroscopy has proven useful in
terms of detection and quantification of metabolites, which is why

it has taken center stage in various studies as a complement in the
evaluation of prostate cancer that is characterized by elevated and
decreased choline levels. of citrate values.”® Also, prostatitis has
been considered a risk factor for the development of prostate cancer
and the causal possibility of hyperproliferation in post-inflammatory
atrophic acini has been documented, in cases of consequent lesions
and proliferative inflammatory atrophy that is associated with
preneoplastic and malignant lesions. '

Thus, in view of the relevant threat of prostate cancer for the
male population, multiple methods have been described for timely
diagnosis; the rectal examination performed by the urologist, the
prostate antigen (PSA) values, the transrectal ultrasound (USTR),
the multiparametric MRI of the prostate and the definitive diagnosis
by the anatomopathological result of the sample obtained by taking
a biopsy."? In this sense, Multiparametric Prostate Resonance
(mpMRI) has presented many benefits, being less invasive for the
patient, with less discomfort considering that new technologies do
not require endorectal bovines, it provides better anatomical and
functional information of the tissues, greater categorization thanks to
the PI-RADS criteria and a decrease in the number of unnecessary
biopsies. Therefore, with technological advances in medicine and
magnetic resonance imaging diagnostic techniques, new methods for
taking biopsies have emerged, such as image fusion biopsy where the
images obtained through transrectal ultrasound are associated with
the images visualized in the mpMRI and a transperineal approach is
used, precisely locating the lesions, significantly reducing the risk of
infections.

Furthermore, taking into account that the majority (more than
70%) of prostate tumors are located in the peripheral zone and
the rest in the central gland. In cases of prostate growth, there is a
challenge in taking biopsies, given that the peripheral tissue is
compressed, attributing greater difficulty in locating the cancer with
systematic blind biopsies.'** In this sense, the evidence described
in international and national literature suggests that multiparametric
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MRI of the prostate has high sensitivity, but still limitations in its
specificity, which is why the present work raises the question of what
its diagnostic usefulness will be. of the 3D spectroscopy of the prostate
by Magnetic Resonance in the Radiology Service of the La Trinidad
Teaching Medical Center, in patients who attend in the first half of the
year 2023. In order to determine if it could correspond with a useful
complementary tool in the reports with the system characterization
proposed by the PI-RADS 2.1 score.

Goals
General objective

Verify the diagnostic utility of 3D spectroscopy with
multiparametric Magnetic Resonance of the prostate at the La Trinidad
Medical Teaching Center during the first half of 2023.

Specific objectives

I. Describe the findings in the metabolite map of 3D prostate
spectroscopy, of patients who attend the La Trinidad Teaching
Medical Center in the first half of 2023 and obtain suspicion
criteria by SCORE PI-RADS 2.1.

II. Analyze the map of metabolites through 3D spectroscopy in those
patients who had findings suggestive of prostatitis and whose
history refers to clinical improvement with medical treatment or
anatomopathological results that refer to inflammatory changes
in patients who attend the teaching medical center. the trinity the
first half of 2023.

III. Analyze the map of metabolites through 3D spectroscopy in
those patients who had findings of prostatic growth and who
through the clinical history or anatomical-pathological results
refer to findings of benign prostatic hyperplasia or hypertrophy
of the fibromuscular stroma in the patients who attend. to the La
Trinidad Teaching Medical Center in the first half of 2023.

Methods
Type of study

The design of the present study was observational analytical
cross-sectional Test vs. Test, the first phase with the studies of the
patients who attended from January 2023 to June 2023, after applying
inclusion and exclusion criteria, the imaging reports were reviewed
guided according to the PI-RADS 2.1 categorization, the information
obtained by urologists and pathological anatomy. The anatomical-
pathological and clinical results of those patients were compared,
contrasting the values obtained by the PI-RADS score with what
was stated in the metabolite maps obtained by magnetic resonance
imaging and in cases with imaging suspicion criteria, they were also
contrasted with the anatomical result. pathological, obtaining through
the evaluation of true positives and negatives the sensitivity and
specificity using the data collection instrument.

Population and sample

The population was made up of all those studies of multiparametric
MRI of'the prostate with 3D Spectroscopy carried out in the Dr. Ramén
Franco Radiology Service of the La Trinidad Teaching Medical
Center during the year 2023 (N = 46) spaces donated by IDACA CA
for the present investigation. In this sense, the sample was made up
of those patients who met the inclusion and exclusion criteria (n =
36), since given that the formal indication for mpMRI is suspicion of
prostate cancer, the population and sample would represent the same
entity in the present study, even so, considering the heterogeneity of
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the possible PI-RADS SCORE. The inclusion criteria were: patients
with mpMRI and 3D spectroscopy system studies with PI-RADS 2
reports with findings suggestive of an inflammatory process, with
clinical proof of improvement with medical treatment, and patients
with mpMRI and 3D spectroscopy system studies. with reports
according to the PI-RADS score that they underwent biopsy with
histopathological results, prostatectomy or transurethral resection of
the prostate. Regarding the exclusion criteria, they corresponded to:
patients who only had mpMRI without 3D spectroscopy, and patients
who received hormonal treatment prior to performing mpMRI and 3D
spectroscopy. In the study procedure, the images recorded with their
respective reports in the PACS and RIS systems respectively were
reviewed, in the latter allowing access to the histopathological results
in those patients that are available. The values given in the reports
according to the PI-RADS score were analyzed, comparing with the
confirmatory method of the biopsy and its Anatomical-pathological
result, or the clinical development described by the urologists
through the medical records, obtaining true positive results. and true
negatives, inserting the data through a spreadsheet, in this sense Office
Excel was used, and through statistical treatment with analysis of
predictive values and areas under the curve, a scheme of sensitivity
and specificity of the mpMRI was developed and 3D spectroscopy at
the La Trinidad Teaching Medical Center. Data recording was through
the data collection format, already provided previously.

Results

After reviewing the studies carried out and corroborating through
the medical records system that the information regarding PSA
values, conduct with medical or surgical treatment, data management
and analysis of results were carried out using spreadsheets to prepare
frequency tables, calculation of sensitivity, specificity, predictive
values; mean, median and mode of ages of patients who attended
the service for the study for suspected prostate cancer and standard
deviation. The mean age of the sample corresponded to 63.97 years,
the median 62.5 and the mode 62 with a standard deviation of 7.4.

In Table 1, it can be seen that 21 (58.33%) of the patients who
attended the service after applying inclusion and exclusion criteria
presented high prostate antigen values while 15 (41.67%) patients
showed values within of normal limits. In Table 2, it can be seen that
48% of the patients who obtained results without suspicion criteria
(PI-RADS 1 and 2) had elevated PSA values, while 52% had normal
values. On the other hand, those patients who had results according
to the SCORE PI-RADS with suspicion criteria (3, 4 and 5) showed
81.82% elevated PSA values while only 18.18% maintained values
within limits. normal Table 2.

Table | Frequency of PSA data

PSA Frequency Percentage (%)
High twenty-one 5833

Normal fifteen 41.67

Total 36 100

Table 2 PSA / PIRADS relationship

PIRADS
PSA ::slr::z:\ criteria :f,ilt:t:ris: PR Total
High 12 9 twenty-one
Percentage (%) 48 81.82 58.33
Normal 13 2 fifteen
Percentage (%) 52 18.18 41.67
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The behavior of the different metabolites in the 3D spectroscopy
of the prostate contrasted with the suspicion criteria taking into
consideration SCORE PI-RADS demonstrated correlation, especially
in the nodular areas with suspicion criteria since they presented 87.5%
elevation of choline peaks. and in the same percentage there was
anatomical-pathological correlation of the findings with PI-RADS
and spectroscopy Graph 1.
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Graph | Metabolite map / anatomical-pathological result relationship.

Discussion

In contrast to the studies carried out in 2019 by Mazaheri et al.,”
and 2021 by Michael Deal et al.,'¢ the performance of the predictive
models was evaluated based on sensitivity, specificity and area. Under
the curve of the operating characteristic curves, we obtained similar
results that suggest that the predictive model of tumor aggressiveness
combined mpMRI together with 3D spectroscopy was better than the
mpMRI model alone. The sensitivity and positive predictive value of
the findings in 3D spectroscopy with choline elevation corresponded to
88% while the specificity and negative predictive value corresponded
to values of 96%, obtaining a result quite similar to that proposed
in the international literature. In this sense, demonstrating that the
information obtained together by mpMRI and NMR spectroscopy
seems to contribute to improving the detection of hidden aggressive
diseases, helping in the discrimination of intermediate risks. In
contrast to the study carried out in 2018.'8 They had a larger sample
size, retrospectively analyzed the clinical and imaging data of 9
patients with prostate cancer, 118 patients with benign prostatic
hyperplasia (including those with glandular, stromal and mixed
hyperplasia). In their study they did not differentiate between prostate
cancer and benign prostatic hyperplasia in the central zone; Certainly,
in the present study there were 25% of the patients who presented
elevated creatine, who, because they had criteria for histopathological
study by SCORE PI-RADS, were taken to a biopsy and obtained a
Gleason 3+4 pathological result. In their conclusions, the study could
not determine a potential improvement in the use of 3D magnetic
resonance spectroscopy in the direction of prostate cancer in the
central zone; Considering the sample size of the present study in
contrast to the study by Xue-Qin and collaborators, the development
of research work along the same lines with a larger sample should
be promoted in order to obtain more conclusive results regarding the
benefit of spectroscopy in the area. transitional, however our results,
consistent with the aforementioned studies, are encouraging for the
use of this tool as a complement to multiparametric resonance in the
study of prostate pathology.!*

Conclusion

Despite the size of the sample, it has been presented in this
first observational work of 3D spectroscopy of the prostate by
multiparametric Resonance at a national level that this tool has
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promising results as a complement to the study of prostate pathology,
which coincides with the results reported in similar studies in the
international literature. The frequency of prostate cancer in the present
study was directly proportional to the age of the patients. Elevated
PSA values had a greater correlation in patients with imaging findings
with high PIRADS scores, while in patients with scores that did not
represent suspicion criteria they did not have a statistically significant
value in the present study.

In the cases of BPH, the curves showed a predominance of citrate,
tumor processes elevation of choline above creatine, in some cases they
even showed higher values than the citrate curves. In inflammatory
processes, the elevation of creatine was evident, even in cases where
choline was subdued. The sensitivity and positive predictive value of
the findings in 3D spectroscopy with choline elevation corresponded to
88% while the specificity and negative predictive value corresponded
to values of 96%. However, considering the sample size, it is necessary
to continue with larger population studies, in the same line of research
for more conclusive results, however, those obtained in the present
study are promising.
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