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Abstract

In patients with increased prostate-specific antigen, the next diagnostics tool is transrectal
ultrasound-guided biopsy. The biopsy can cause pain, bleeding and infection. Multiparametric magnetic
resonance imaging (mp MRI) as non-invasive diagnostics tool is used as a triage test to avoid biopsy, as
well as to improve the diagnostics. The aim of this study was to examine the value of MR spectroscopy and
dynamic post-contrast series in the diagnosis of prostate cancer.

This cohort prospective study included 100 patients from CGH “September 8™ with increased
levels of PSA. The MRI equipment used was Siemens Essenza 1,5T with body coil.

The results obtained by MR spectroscopy analysis were correlated with the post-contrast series,
whereby by mapping suspicious areas, patients underwent biopsy according to the PIRADS (prostate
imaging and reporting data system) classification.

Of the 100 patients, 96 were biopsied according to the PIRADS (prostate imaging and reporting
data system) classification. The MRI results and pathohistological findings were then compared.

On MR postcontrast series, a malignant lesion was detected in 52% of patients, in 33% of patients
the lesion was suspicious for malignancy. On MR spectroscopy, a choline+creatinine/citrate ratio of 0.8 to
2 indicating a possible malignant lesion was confirmed in 33% of patients, this ratio was greater than 2 in
33% of patients, indicating a lesion highly suspicious for malignancy.

MR spectroscopy combined with contrast enhanced MRI is a powerful tool for non-invasive
differentiation of benign prostatic hyperplastic nodule and prostatitis from a malignant nodule.
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Introduction

Prostate carcinoma is the second most common carcinoma in the male population [1]. The diagnosis
of prostate carcinoma includes prostate-specific antigen (PSA) and digital rectal imaging. The diagnosis of
prostate problems is based on the fact that swelling is harmful to PSA, carcinoma, prostate inflammation
and benign prostatic hyperplasia (BPH) [2].

Also, prostatitis, hemorrhage, atrophy and postirradiation changes can be directed to the radiologist
as carcinomas in the peripheral zone on T2 pulse sequence [3, 4].

Magnetic resonance is a non-invasive diagnostics tool for evaluating the cause of PSA growth.
Mostly, the magnetic resonance is focused on the changes in the lateral zone, which is often the predilection
site for carcinoma, but about 20-30% of prostatic carcinomas PCs also appear in the transitory zone [55]
lowering the degree of biological aggressiveness.

The transitory zone is the part around the proximal urethra and it’s a zone of hypertrophy during
the lifetime with consecutive appearance of BPH. BPH, stromal hypertrophy and PC have similar
appearance on MR, they present themselves with a hyposignal on T2 pulse sequence and as a consequence
there are diagnostic problems for differentiation of BPH nodule of carcinoma [6].
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More studies have shown a high degree of diagnostic accuracy in the detection of malignhancies in
the prostate with a combination of MR spectroscopy and postcontrast series.

The main advantage of spectroscopy is that it is possible to give data for the presence of metabolites
in small volumes of interest (voxels). Metabolites were analyzed by prostate spectroscopy for citrate (Ci
2.6 ppm), creatinine (Cr 3.0 ppm) and choline (Cho 3.2 ppm).

In practice, the PC can be detected in the peripheral zone with a ratio of choline + creatine/citrate,
which in normal tissue and on the periphery is 0.8, and every change with a ratio of more than 0.8 is
considered to be a suspected cancer [7, 8].

On the other hand, the elevated values of choline are estimated to be indicative of the presence of
cancer, although there are also benign cases where elevated choline can be found, and that is prostatitis [9].

Post contrast series are T1 pulse sequence with applied paramagnetic contrast medium (gadolinium
diethylenetriamine pentaacetic acid).

The goal is to distinguish the tissue with abnormal vascularization from neoangiogenesis, one of
the main characteristics of cancer [10]. Increased vascularization in normal tissue is well defined, and in
cancer the vascularization is poorly defined. On the other hand, the interstitial area is bigger in cancer
compared to the normal tissue, and because of that there is a bigger difference between the concentration
of contrast in plasma and the interstitium [10].

Our goal here is to test the value of MR spectroscopy and dynamic post contrast series in prostate
carcinoma diagnostics.

Materials and methods

In this study, 96 patients of both sexes aged 45 to 80 years with PSA levels of 4ng/ml were
analyzed. They were all beforehand observed by an urologist. In some of the patients was implemented
rectal touche. The examination is implemented on a magnetic resonance device Siemens Essenza 1.5T with
standard body coil. 96 of these patients were referred for biopsy.

MR was implemented on the small pelvis area according to the protocol for evaluation of the
prostate in which were included T2, MR spectroscopy and series with IV contrast.

The results of the postcontrast series are correlated with MR spectroscopy with analysis of the
metabolites citrate, choline and creatine as well as their ratio, whereupon with mapping of the suspected
zones (Figure 1) the patient is subjected to a biopsy according to the PIRADS (prostate imaging and
reporting data system) classifications shown in Table 1.

Table 1. Tumor formation grading through PI RADS classification.

PI RADS o Total score T2W, diffusion with ADC,
classification Definition postcontrast series, MR spectroscopy

1 Surely benign 4,5

2 Most probably benign 6-8

3 Undetermined 9-12

4 Most probably 13-16

malignant
5 Certain malignant 17-20
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Fig 1. Prostate model and marcation of changes based on the location

The T2 pulse sequence (Figure 2) is used to characterize regions suspected of cancer. Peripheral
zones are normally characterized by hypersignal. Prostatic cancer presents as hyposignal, and in rare cases

as isosignal [11, 12, 13].

The parameters for the standard protocol for the T2 pulse sequence for the sagittal and transverse
planes are TP/TE 5000/80-149 ms, FOV (field of view) 14-20 cm, slice thickness or thickness of one slice
3 mm and imaging matrix 256x256. Prostate tumors in the central zone present as hyposignal, which makes
them more difficult to differentiate from changes in the context of BPH and reduces the sensitivity of the

T2 sequence by 60-70% [14].
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Fig. 2. Image of the prostate in a T2 pulse sequence

The T2 pulse sequence provides us with information about the morphology of the tissues, but for
cancer diagnostics we need data on vascularization and the presence of certain metabolites, their ratio, as
well as the possible detection of reduced concentrations of metabolites normally present in the tissues.

MR spectroscopy was performed using a multivoxel chemical shifting sequence with a spectral
pulse optimized for quantitative detection of choline, creatine and citrate (FOV 50x50x50 mm, TR 700 ms,
TE 120 ms TA 11.50 min) (Figure 3).

The analysis, i.e, the sub processing, takes about 20-25 minutes. In this process, the suspicious
zones that we previously detected on the T2 pulse sequence are analyzed and the absolute values of choline,
creatine and citrate in ppm are taken, as well as the ratio Ho+Cre/Ci. A value less than 0.8 is taken as a
normal ratio [15].

Fig. 3. Image of prostate spectroscopy

Post-contrast series are performed so that after intravenous application of paramagnetic contrast
agent, scans are performed every 8 seconds for 5 minutes. Then follows the subtraction of a part of the
obtained images based on the regions with maximum and minimum postcontrast enhancement. ROI (region
of interest) is placed in the zones that are hyposignal on the T2 pulse sequence and higher post-contrast
enhancement.

With a quantitative analysis of the images in post-processing we obtain three types of postcontrast
enhancement curves. Type 1 - mild, gradual enhancement which is most often benign and is characterized
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by 1 in the PIRADS score; Type 2 - so-called plateau type of enhancement which is characterized by 2 in
the PIRADS score and is suspicious for malignancy; Type 3 contrast washout, highly suspicious for
malignancy [16, 17].

The curves are formed based on three parameters:

- Onset time (OT), the time between injection and the appearance of the curve expressed in seconds.

- Time to peak (TTP), the time it takes for the curve to reach its maximum in seconds.

- Peak enhancement, expressed in mmol/kg, the highest level of contrast concentration in the ROI.

The vascularity of the tumor is greater than the rest of the tissue due to neoangiogenesis and this is
objectively shown in the curves.

Early OT in the arterial phase, due to increased arterial vascularity due to neoangiogenesis; high
PE values and early peak enhancement with rapid washout are shown by a rapid fall of the curve.
Postprocessing takes about 10 min.

Results

In this study, a correlation was made between MR spectroscopy, i.e. the ratio of
choline+creatine/citrate, and the pH finding from the biopsy. It is taken into account that a ratio below 0.8
is a benign lesion, a ratio of 0.8 - 2 is a suspicious malignant lesion, and a ratio greater than 2 is highly
suspicious for a malignant lesion.

In this study, a correlation was shown between MR postcontrast series and pathohistological
findings from the biopsy. Changes with a Type 1 curve are considered to be definitely benign, a Type 2
curve is considered to be probably benign, and a Type 3 curve is highly suspicious for malignant changes.

The study showed a correlation between the diagnostic value of MR spectroscopy and MR
postcontrast series.

The study included 100 patients, of whom 96 patients who underwent biopsy were analyzed, with
malignant change, i.e. histological diagnosis of PC, being found in 55 (57.29%) patients.

According to the findings of the MR postcontrast series, a malignant lesion was detected in 52% of
patients, in 33% of patients the lesion was suspicious for malignancy.

According to the findings of the MR spectroscopy, a choline+creatinine/citrate ratio of 0.8 to 2,
indicating a possible malignant lesion, was confirmed in 33% of patients, this ratio was greater than 2 in
33% of patients, and indicates a lesion highly suspicious for malignancy.

Table 2. Correlation of the pathohistological findings with MR postcontrast series and MR spectroscopy

variable n (%)
pathohistology

benign 41 (42.71)
malignant 55 (57.29)
MR postcontrast series

benign lesion 48 (48)
malignant lesion 52 (52)
MR spectroscopy

(choline+creatinine/citrate ratio)

< 0.8 benign lesion 34 (34)
> 0.8 possible malignant lesion 66 (66)
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Table 3. Table of summed up frequency. The marked zones have a number > 10 (the border

values are not taken into account).

not taken into account)

Table of summed up frequency. The marked zones have a number > 10 (the border values are

Postcontrast curves 1 and 2=b

pathohistology 1=b 2=m

thohistol 1=b 2=m
Curve 3=3ism 1 PRTONET 029y ° Total
1 neg 35 9 44
3 pos 6 46 52
All groups 41 55 96

The proportion of malignant changes on postcontrast MR series was 52/96=0.5417 or 54.17%,
while the proportion of malignant changes confirmed pathologically was 55/96=0.5729 or 57.29%. The
difference in the proportion of malignant lesions detected by postcontrast MR series and by biopsy was not
statistically significant (p=0.61). The sensitivity and specificity of postcontrast MR series in diagnosing
malignant changes in the prostate were 83.64% and 85.37%, respectively.

Table 4. Correlation of pathohistology with MR postcontrast series

MR postcontrast series Pathohistological findings Total
malignant benign

Malignant lesion 46 6 52

Benign lesion 9 35 44

Total 55 41 96

McNemar Chi=0.27 p=0.61

Table 5. Sensitivity and specificity of MR postcontrast series

Statistic

Sensitivity

Specificity

Positive Likelihood Ratio
Negative Likelihood Ratio
Positive Predictive Value
Negative Predictive Value

Accuracy

Value

83.64%
85.37%
5.72

0.19

88.46%
79.55%
84.38%

95% CI

71.20% to 92.23%
70.83% to 94.43%
2.70 to 12.08
0.10t0 0.35
78.39% to 94.19%
67.86% to 87.75%
75.54% to 90.98%

The proportion of malignant changes on MR spectroscopy was 66/96=0.6875 or 68.75%, while the
proportion of malignant changes confirmed by pathohistology was 55/96=0.5729 or 57.29%. The difference
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in the proportion of malignant lesions detected by MR spectroscopy and by biopsy was statistically
significant (p=0.015), as a result of a significantly higher percentage of malignant changes seen by MR
spectroscopy.

The sensitivity and specificity of MR spectroscopy in diagnosing malignant changes in the prostate
were 94.55% and 65.85%, respectively.

Table 6. Correlation of pathohistological findings with MR spectroscopy

MR spectroscopy Pathohistological findings Total
malignant benign

Malignant lesion 52 14 66

Benign lesion 3 27 30

Total 55 41 96

McNemar Chi=5.9 *p=0.015

Table 7. Sensitivity and specificity of MR spectroscopy

Statistic Value | 95% CI
Sensitivity 94.55% : 84.88% to 98.86%
Specificity 65.85% : 49.41% to 79.92%

Positive Likelihood Ratio | 2.77 1.80t0 4.26
Negative Likelihood Ratio | 0.08 0.03t00.25
Positive Predictive Value | 78.79% 70.73% to 85.09%
Negative Predictive Value | 90.00% = 74.56% to 96.51%
Accuracy 82.29% | 73.17% to 89.33%

The proportion of malignant changes on postcontrast MR series was 52/100=0.52 or 52%, while
the proportion of malignant changes on MR spectroscopy was 66/100=0.66 or 66%. The difference in the
proportion of malignant lesions detected by postcontrast MR series and by MR spectroscopy was
statistically significant (p=0.011), as a result of a significantly higher percentage of malignant changes seen
by MR spectroscopy.

According to the Kappa index value of 0.47326 and 95% confidence interval (CI) of 0.30655-
0.63997, there is a moderate level of agreement between the methods of postcontrast MR series and MR
spectroscopy in terms of the presentation of malignant changes in the prostate.

Table 8. Correlation of postcontrast MR series and MR spectroscopy in terms of pathohistology

MR postcontrast series MR spectroscopy Total
Malignant lesion Benign lesion

Malignant lesion 46 6 52

Benign lesion 20 28 48

Total 66 34 100

McNemar Chi=6.5 *p=0.011
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Table 9. Table of qualitative categorization

Kappa 0.47326
Standard error | 0.08506
95% ClI 0.30655 to 0.63997

ROC was performed to determine the discriminatory ability of the two methods, MR postcontrast
series, MR spectroscopy and their combination in differentiating malignant from benign changes in the
prostate.

According to the area under the ROC curve AUC (Area Under the Curve), both parameters have
excellent discriminatory ability for differentiating malignant from benign lesions in the prostate, but their
combination presents the highest AUC (0.933).
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Fig. 4. Sensitivity and specificity of MR postcontrast series, MR spectroscopy and their
combination in the detection of prostate carcinoma.

Table 10. Diagnostic value of MR postcontrast series, MR spectroscopy and their combination in the
detection of prostate cancer.

AUC (95% CI) sensitivity specificity
MR postcontrast series 0.845(0.760 — 0.930) 83.64% 85.37%
MR spectroscopy 0.802(0.705 — 0.899) 94.55% 65.85%
MR postcontrast series + 0.933(0.880 — 0.985) 81.8% 97.6%
MR spectroscopy
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Discussion

Prostate cancer is increasing in incidence in patients over 60 years of age, but with a reduced
mortality compared to the period 2014-2018 [15]. Timely and accurate detection and evaluation is essential
for further treatment planning, as well as monitoring the response to therapy.

For this purpose, we used multiparametric MRI in patients with elevated PSA values as a triage
test to avoid unnecessary biopsies, as well as for mapping suspicious lesions to allow increased precision
in TRUS biopsies [18].

A pelvic coil was used, not an endorectal one, due to patient intolerance. We evaluated the results
obtained based on the PIRADS score from 1 to 5, where 1 is a certain benign lesion, and 5 is a certain
malignant lesion. We consider all lesions with a Gleason score of 6 and higher to be malignant lesions.

MR spectroscopy provides functional data about the tissue by showing the absolute and relative
concentrations of metabolites in the tissue. In prostate cancer, these are creatine, choline, and citrate.
Carcinomas have a significantly higher concentration of choline and a reduced concentration of citrate.

Creatinine is often relatively constant in malignant and benign lesions. Consequently, malignant
lesions present with an increased ratio of choline to creatine relative to citrate [19].

Another advantage of MR spectroscopy is the definition of malignant from benign lesions of the
transitional zone in BPH [20].

On the other hand, post-contrast series are limited in terms of discrimination of malignant and
benign lesions in the transitional zone [21], which to a certain extent limits the diagnostic value of MR
spectroscopy.

Previous studies have reported that the sensitivity and specificity of postcontrast MR series in
lesions with a Gleason score greater than 6 are 46-96% and 74-96%, respectively, but these results are
highly dependent on patient selection, MRI technique, MRI criteria, and tumor size [22, 23, 24].

A similar study of combined postcontrast MR series and MR spectroscopy reported sensitivity,
specificity, positive and negative predictive values of 76.5%, 89.5%, 84.5%, and 83.7%, respectively, and
these results are improved when the two methods are combined as part of multiparametric MR [25].

In our study, similar results were obtained, namely the combination of the two diagnostic
modalities with sensitivities of 81.8% and 97.6%.

In the study by Yuen et al. [26] where MR spectroscopy was evaluated as part of MP, the sensitivity
was 70.6%, specificity was 83.5%, and 57.1% of tumors correlated with the localization of MR
spectroscopy. In studies involving a smaller number of patients, the sensitivity and specificity were with
accuracy of 73.35%, 96.3%, and 88% [27].

The sensitivity and specificity measured in a number of different studies with a larger number of
patients ranged from 57% to 100%, while the specificity was 44% to 95%. The accuracy was 67% to 85%
[25].

In our study, the sensitivity and specificity of MR spectroscopy were shown to be 94.55 and 65.85,
with a diagnostic accuracy of 82.29%.

Conclusion

In our study of 96 patients, MR spectroscopy was shown to be a diagnostic method with higher
sensitivity, while postcontrast MR series were more specific for tumor lesions.

The two methods combined together as part of MP MR have a significantly higher sensitivity,
specificity and accuracy.
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