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Abstract
Standardized reporting of multiparametric prostate MRI (mpMRI) is widespread and follows international standards (Pi-
RADS). However, quantitative measurements from mpMRI are not widely comparable. Although T2 mapping sequences 
can provide repeatable quantitative image measurements and extract reliable imaging biomarkers from mpMRI, they are 
often time-consuming. We therefore investigated the value of quantitative measurements on a highly accelerated T2 mapping 
sequence, in order to establish a threshold to differentiate benign from malignant lesions. For this purpose, we evaluated a 
novel, highly accelerated T2 mapping research sequence that enables high-resolution image acquisition with short acquisition 
times in everyday clinical practice. In this retrospective single-center study, we included 54 patients with clinically indicated 
MRI of the prostate and biopsy-confirmed carcinoma (n = 37) or exclusion of carcinoma (n = 17). All patients had received a 
standard of care biopsy of the prostate, results of which were used to confirm or exclude presence of malignant lesions. We 
used the linear mixed-effects model-fit by REML to determine the difference between mean values of cancerous tissue and 
healthy tissue. We found good differentiation between malignant lesions and normal appearing tissue in the peripheral zone 
based on the mean T2 value. Specifically, the mean T2 value for tissue without malignant lesions was (151.7 ms [95% CI: 
146.9–156.5 ms] compared to 80.9 ms for malignant lesions [95% CI: 67.9–79.1 ms]; p < 0.001). Based on this assessment, 
a limit of 109.2 ms is suggested. Aditionally, a significant correlation was observed between T2 values of the peripheral 
zone and PI-RADS scores (p = 0.0194). However, no correlation was found between the Gleason Score and the T2 relaxa-
tion time. Using REML, we found a difference of -82.7 ms in mean values between cancerous tissue and healthy tissue. We 
established a cut-off-value of 109.2 ms to accurately differentiate between malignant and non-malignant prostate regions. 
The addition of T2 mapping sequences to routine imaging could benefit automated lesion detection and facilitate contrast-
free multiparametric MRI of the prostate.
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Introduction

Prostate cancer (pCA) is the second most common solid 
tumor in men worldwide and has the highest age-standard-
ized rate (ASR) in Northern Europe at 83 per 100,000. The 
lifetime cumulative risk to develop a pCA is 3.9% [1].

Multiparametric MRI (mpMRI) is the preferred imag-
ing modality for prostate cancer and includes T1-weighted, 
T2-weighted (T2w), diffusion-weighted (DWI), and dynamic 
contrast-enhanced (DCE) sequences [2, 3]. MpMRI comple-
ments digital rectal examination (DRE), serum-PSA meas-
urement, transrectal ultrasound-guided (TRUS) in imaging. 
So far, the mpMRI has generally shown high sensitivity but 
low specificity in diagnosing pCA [4].

Short Synopsis   In this investigation, we found a good 
correlation between quantitative T2 mapping measurements of 
the prostate in 36 prostate cancer patients and biopsy results. 
Malignant lesions exhibited a significant reduction in T2 
relaxation time (151.7 ms [95% CI: 160.4–143.6 ms] vs. 80.9 ms 
[95% CI: 78.2–60.4 ms]). The linear mixed-effects model, fitted 
by REML (R Statistics), revealed a difference of -82.7 ms and 
-42.8 ms for average and minimum values, respectively, between 
cancerous and healthy tissue.
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Standardized reporting among urologists, radiologists and 
oncologists is crucial for the diagnosis and treatment plan-
ning of pCA. Although widespread and well-established, 
scoring of prostate lesions using the Prostate Imaging-
Reporting and Data System (PI-RADS) is subjective by 
nature. in particular, non-experienced radiologists may find 
it challenging to differentiate between tumor-free and tumor-
containing tissue in the prostate [5]. However, standard 
mpMRI acquisitions do not regularly provide quantitative 
image measurements, resulting in subjective or semi-objec-
tive interpretation and poor reproducibility of quantitative 
measurements on follow-up examinations.

The T2w sequence is particularly relevant for anatomi-
cal assessment of the prostate. Local variations in radiofre-
quency inhomogeneities of the transmitting and receiving 
coil make T2w values generally suitable as a qualitative 
measure. T2 mapping (T2M) values, on the other hand, can 
be processed as a quantitative parameter since they are based 
on multiple echo times, and thus reflect the relaxation time 
of the protons independent of their relative position to the 
coil [3]. However, the unfavorable resolution to acquisition 
time ratio has impeded the wide-spread adoption of this 
technique into standard clinical protocols [3].

Previous investigations have shown that T2M-derived 
measurements can detect malignant prostate lesions in 
standardized mpMRI [3, 6–8]. In this analysis, we evalu-
ated the value of the latest-generation quantitative MR data 
acquisition methods in detecting and characterizing prostate 
lesions in the peripheral zone [9]. A research application was 
utilized for fast T2M with high spatial resolution, supporting 
parallel imaging and model-based reconstruction [9]. The 
technical novelty of this technique allows for high accel-
eration, resulting in acquisition times that are acceptable in 
clinical routine.

We therefore evaluated the mean relaxation time of 
malignant lesions compared to benign lesions and tumor-
free prostate regions in different age groups. Additionally, 
the study aimed to determine if radiologists could use the 
highly accelerated T2M sequence to more easily distinguish 
malignant from healthy tissue. The study derived a threshold 
value to help classify suspicious prostate lesions as malig-
nant or non-malignant.

Material and Methods

Patients

We conducted a retrospective case-control study, approved 
by the Institutional Review Board (IRB No. 19-299). Cases 
were identified by an independent investigator by querying 
the hospital's Picture Archiving and Communication System 
(PACS) for prostate MRIs between 08/2018 and 07/2019. 

The study’s inclusion criteria required an examination to 
exclude prostate carcinoma. Patients who had received a 
T2M sequence as part of the mpMRI protocol with total 
coverage of the prostate volume during this period were 
included (acquisition parameters are included in the Sup-
plementary material). Of 260 patients, 91 met these inclu-
sion criteria (Fig. 1).

The data from the clinical database concerning the 
patients and their MRI were recorded and transferred to 
our study database (including the population parameters 

Fig. 1   Flowchart of cohort composition. For this retrospective analy-
sis patients were divided into two arms, according to biopsy results. 
All patients had received a systematic biopsy, which was considered 
as ground truth for the exclusion or confirmation of prostate cancer
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age, examination date, findings on mpMRI, PIRADS 
score) (Fig. 2).

From the hospital information system, we recorded 
whether the patient had undergone previous surgery, 
biopsy, or ablation or embolisation of the prostate, 
as well as the presence of prostatitis. The final cohort 
included only patients who had not undergone any inter-
ventions on the prostate and had a prostate biopsy sub-
sequent to mpMRI. Biopsy was defined as a systematic, 

standard-of-care biopsy. For these, pathology reports had 
to be available in the hospital data system and specify 
results per prostate region (n = 61).

The remaining group was further defined based on 
data quality criteria. Exclusion criteria included poor 
image quality due to relevant motion artifacts, incom-
plete or non-displayable T2M sequences, and unavailable 
or incomplete biopsy reports. Poor image quality was 
defined as not sufficiently interpretable by an experienced 
radiologist.

The final study group comprised 54 patients. Of these 
37 patients were diagnosed with prostate carcinoma and 
for 17 cases the presence of prostate carcinoma was 
excluded. The mean age of the group was 65.5  years 
(minimum 42, maximum 83 years). Tables 1 and 2 list 
the median PIRADS scores.

Fig. 2   Confirmed prostate cancer of the right peripheral zone. Coreg-
istration of the sections from T2M (A the color scale on the left image 
border is ranging from 0 to 200 ms), T2w (B), DWI b1000 (C) and 
ADC (D) sequences for one case of the pCAp group. The malignant 
lesion of the right peripheral zone is marked by an arrowhead in T2M 
where darker values correspond to lower relaxation times. In the 
corresponding region of the T2w decreased signal intensity can be 

observed in the posterolateral aspect of the right peripheral prostate 
zone (arrowhead). From ADC and DWI, a diffusion restriction is vis-
ible, demonstrating infiltration of the right transitional zone (arrow). 
The figure includes a color legend on the right border indicating 
relaxation times per voxel. Relaxation times larger than 200  ms are 
displayed in red

Table 1   Population overview

Median of PI-RADS per patient is presented and the range is included 
in parentheses

Age (years) Number 
of patients 
included

PI-RADS 
(Median and 
Range)

Biopsy correlation 
available (number of 
patient)

40–44 1 5 1
45–49 0 - -
50–54 4 3.5 (3–4) 4
55–59 3 3 (2–5) 3
60–64 15 4 (2–5) 15
65–69 12 4.5 (3–5) 12
70–74 14 4 (2–5) 14
75–79 4 3.5 (3–5) 4
80–84 1 4 1

Table 2   Population parameters of study and control groups

Values are the mean per parameter, range is in included parentheses, 
from lowest to highest value

Cohort with carcinoma Cohort without 
carcinoma

Age (y) 65.6 (42–83) 65.2 (53–77)
Gleason Score 7.4 (5–10) 0
PSA level (ng/ml) 40.2 (2.9–352.0) 14.4 (5.9–33.6)
PIRADS 4.5 (3–5) 2.7 (2–3)
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Procedures and Techniques

Imaging

MRI imaging was performed for all patients at 3 Tesla 
(MAGNETOM PrismaFit, Siemens Healthineers, Erlangen, 
Germany).

The mpMRI protocol included T2w imaging in 3 ori-
entations, Diffusion Weighted Imaging (DWI), dynamic 
contrast-enhanced T1-weighted (same orientation as axial 
T2-weighted and DWI) and pre-contrast T2M (0.7 × 0.7 × 3.0 
mm3, 16 echoes with ΔTE of 10.8 ms, TR 5000 ms, accel-
eration factor = 10; Fig. 3). Image reconstruction parameters 
are listed in the Supplementary material. Notably, T2M, a 
research application sequence, “GRAPPATINI”, that accel-
erates a multi-echo spin-echo sequence is used to achieve 
acquisition times that are feasible in clinical routine [9]. Par-
ticularly in this study, a tenfold acceleration is achieved by 
combining a twofold GRAPPA acceleration with a fivefold 
model-based acceleration resulting in an acquisition time of 
4:37 min [9, 10]. GRAPPATINI has been evaluated in vari-
ous body parts including the knee, brain, spine, pancreas, 

cervix, and prostate [3, 6, 11–15]. The method has been 
compared to various other methods across organs [13, 16].

Prostate Biopsy Performance

All patients included in our study underwent a systematic 
prostate biopsy. Before the biopsy, rectal swabs and/or urine 
cultures were performed if clinically indicated. A peripro-
static local anesthesia was injected under ultrasound-guid-
ance. We took 12 cores, 6 from each prostate lobe, with a 
length of 15–22 mm. If a targeted fusion biopsy was per-
formed in addition, 2 cores were taken from each suspicious 
lesion (defined as PIRADS ≥ 3).

Targeted biopsy was performed with a high-end ultra-
sound-machine (HiVison, Hitachi Medical Systems, Tokyo, 
Japan) [17–20].

Interpretation of Biopsy

Imaging abnormalities were defined as confirmed malignan-
cies based on the interpretation of the biopsy results for the 
corresponding prostate regions. Additionally, the regions of 

Fig. 3   Example of region 
of interest (ROI) measure-
ment of malignant lesion. 
T2w sections demonstrating 
the height of measurements 
for T2M sequence. Region of 
interest (ROI) measurements 
were drawn with the polygonal 
measurement tool an apical (A), 
midbase (B) and base (C). Sus-
picious lesions were addition-
ally measured on the slice with 
its largest diameter (D dotted 
line). This image represents a 
confirmed prostate cancer of the 
left peripheral zone (arrowhead)
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the corresponding lesions were noted and compared with 
the imaging findings.

Data Collection

Measurements were performed by an independent asses-
sor trained in the use of PACs measurement tools on a GE 
Workstation (Universal Viewer, GE, Boston).

For each MRI study, three regions of interest were drawn 
at representative axial sections: at the level of apex (pTa), 
mid-base (pTm) and base (pTb). Each ROI was drawn in 
three different regions per slice, including the right periph-
eral zone, left peripheral zone and transitional zone. Thus, a 
minimum of 9 ROIs were drawn per subject.

A differentiation was made between tumor-free (pT) and 
tumor-containing tissue (pCA). Tumor-containing tissue was 
defined as PIRADS ≥ 3 and Gleason Score ≠ 0. Prostate tis-
sue without suspicious lesions (as determined by mpMRI 
and biopsy report) was measured bilaterally in the peripheral 
zone, unless the zone was completely affected such that a 
representative ROI could not be set. In this case, only malig-
nant lesion measurements were recorded for this region. The 
slice with the largest tumor extent was also included to mark 
a representative ROI for the tumor-tissue (Fig. 3). Image 
measurements were performed in a structured manner suit-
able to inexperienced readers.

MRIs were originally marked in the T2w reconstruction 
of the T2M sequence. All corresponding measurements were 
mapped to other sequences by table position and synchroni-
zation of image stacks. If the automatic matching failed, cor-
rections to the mapping between sequences could be made 
manually. ROIs were always copied from the first sequence 
measured to all other corresponding sequences. Therefore, 
identical ROI shapes and sizes were ensured to match meas-
urements between sequences as closely as possible. Mean 
and minimum transverse relaxation time (T2) values in each 
ROI were recorded.

Measures of Data Validity

To ensure data quality, incomplete data, studies of poor 
image quality and inconsistent data was rigorously sorted 
out.

In addition, the ROIs were marked by an independent 
reader. ROIs were drawn leaving a margin to the edge of 
each structure to avoid including other tissue. ROIs were 
made as large as possible to get a representative average 
value per region. ROIs were not placed in areas containing 
artifacts.

All measurements and the markings of the ROIs were 
reviewed by an expert reader (AMB) with 6 years of expe-
rience in reading prostate MRI. ROIs were however only 
redrawn if the desired prostate region was not accurately 

included, in order to test the suitability of the approach for 
an inexperienced reader.

Statistical Tests

Statistical analysis was conducted using commercially avail-
able statistical software, including SPSS, version 21.0 (© 
1989–2012, IBM, Armonk, NY, USA; MedCalc Software 
bv, Ostend, Belgium; RStudio, PBC, Boston, MA, USA). 
The normal distribution was determined using the Shapiro-
Wilk test. Categorical variables are presented as percent-
ages, continuous variables as mean ± standard deviation 
or median and interquartile ranges if the distribution is not 
normal. The non-parametric were assessed using the Mann-
Whitney-U-test. To determine any correlation, the Spear-
man test was performed. A receiver operating characteristic 
(ROC) was used to identify the cut-off value that achieved 
the best balance between sensitivity and specificity. Using a 
linear mixed-effects model (LMM) fit by Restricted Maxi-
mum Likelihood (REML), we assessed the differences in 
transverse relaxation times (T2) between cancerous and 
healthy prostate tissues. The model included fixed effects for 
tissue type (cancerous vs. healthy) and random intercepts for 
subjects to account for inter-individual variability. P-values 
less than 0.05 were considered statistically significant.

Results

Patient Population

We included all patients between 08/2018 and 07/2019, 
who received a prostate MRI to rule out a pCA in our insti-
tute. Of these 260 patients, in 91 cases T2M were part of the 
image protocol. Of these 91 remaining patients, 61 received 
a prostate-biopsy. After excluding patients based on image 
quality criteria, as assessed by a radiologist with 6 years 
of experience, a total of 54 patients were included (Fig. 1).

Our patient cohort thus contained 37 patients with 
biopsy confirmed pCA (pCAP) and 17 patients without 
a pCA (pCAN). Mean age was 65.5 years (± 7.7 years, 
min: 42 years, max 83 years). Patient age was comparable 
between groups (p = 0.6915; Table 1). Mean PSA level of 
the pCAP group was 36,1 ng/ml (95% CI: 10.7–61.5 ng/ml).

Biopsy Results

The biopsy results confirmed pCA in 37 cases. The most 
common Gleason score was 7. The mean interval between 
MRI scan and prostate biopsy was 21  days (95% CI: 
14–28 days). An example of patients with pCA detected on 
our MRI protocol is included in Fig. 3.
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mpMRI Results

The PIRADS value was previously determined by radiolo-
gists. PIRADS was looked at per lesion in case of several 
lesions. The average PIRADS was 3.9 (± 1.03), the most 
frequent PIRADS score was 5 (n = 21; Table 3). T2M values 
in peripheral zones of healthy tissue but also in diseased tis-
sue were not normally distributed. An overview of the T2M 
values of the peripheral zone is shown in Table 5.

The mean relaxation time for healthy tissue was signifi-
cantly higher at 151.7 ms (95% CI: 146.9–156.5 ms) com-
pared to malignant lesions, which averaged 73.5 ms (95% 
CI: 67.9–79.1 ms, p < 0.0001; Fig. 4). 95% of the pCA val-
ues were below 121.4 ms.

T2M in different peripheral regions of the prostate did not 
differ significantly (Table 4, Fig. 5).

The linear mixed-effect model showed that the relaxation 
time of the mean values in lesions is on average 82.7 ms less 
than the relaxation time of healthy tissue.

The Spearman test did not reveal any correlation or sig-
nificant differences between the relaxation time and Glea-
son score in the diseased tissue. However, peripheral zone 
T2M values exhibited a correlation with PI-RADS score 
(p = 0.0194).

The ROC analysis of T2M-values resulted in an AUC of 
0.973 (95% CI [0.951–0.987], p < 0.0001), with a thresh-
old value of ≤ 109.2 ms, (sensitivity: 94.07%, specific-
ity: 92.06%) for the differentiating between pT and pCA 
(Figs. 6 and 7). We analyzed the relationship of T2M-values 
and the classification into pT and pCA using logistic regres-
sion. The logistic regression model was found to be statisti-
cally significant (χ2 = 274,2, p-value < 0.0001). The model 
explained 78,8% (Nagelkerke R2) of the variance in cancer 
presence and correctly classified 93% of cases. The odds 

Table 3   PIRADS scores diagnosed by radiologists in the study’s pop-
ulation

Number of patients grouped by radiological PI-RADS interpretation 
prior to biopsy

PIRADS number of studies Confirmed prostate 
cancer (number of 
studies)

1 0 0
2 5 0
3 15 3
4 13 13
5 21 21

Fig. 4   Box-and-whisker plot of 
measurements from T2 map-
ping sequence. Relaxation time 
(ms) in T2 mapping, compari-
son of healthy tissue (pT) and 
malignant lesions (pCA); Dots: 
outside values, squares: far out 
values, defined as values larger 
than the upper quartile plus 3 
times the interquartile range

Table 4   Reference Tissue measurements by region

Mean relaxation time from T2M is listed from a total 54 patients were 
measured, 360 in the peripheral zone and 165 in the transitional zone
pT prostate tissue without suspicious lesions, pCA malignant lesion, 
pTa Apex region, pTm Midbase region, pTb Base region, tz Transi-
tional zone, T2M T2 mapping

Region pT (ms) pCA (ms)

pTa right 152.4 69.4
pTa left 157.0 78.6
pTa tz 117.5 74.0
pTm right 154.8 76.5
pTm left 153.9 73.6
pTm tz 116.6 87.5
pTb right 142.1 76.9
pTb left 150.6 75.1
pTb tz 115.9 95.8
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ratio for T2M-values was 0,89 (95% CI 0.87 to 0.92), with 
a coefficient of -0.110 (Standard error: 0.013; p < 0.001; 
Fig. 8).

Discussion

One of the challenges radiologists face in differentiating 
between benign and malignant tissue of the prostate is that 
conventional T2w and DWI sequences provide qualitative 

rather than quantitative imaging information. Intra-indi-
vidual comparisons have shown large heterogeneity in 
quantitative measurements for these sequences when com-
paring quantitative measurements in [21]. Diagnosis of 
prostate cancer remains a subjective process and relies pri-
marily on experienced radiologists [22, 23]. However, our 
study demonstrates that using quantitative T2M values can 
aid in distinguishing between healthy tissue and tumors in 
the peripheral zone of the prostate. The quantitative values 
for pCA were significantly lower than those for healthy 

Fig. 5   Box-and-whisker plots of T2 mapping measurements per pros-
tate region. T2-Mapping values (ms) are shown grouped by anatomic 
prostate region of all non malignant tissue measurements. Although 
there are slight differences in the average relaxation times of prostate 
tissue per prostate region, there is no significant overlap with malig-
nant lesions measured across all prostate regions. The measurements 

of peripheral zone regions with cancer affection have been pooled 
into one group (pCA) for comparison. To represent the reader's differ-
entiation task of comparing benign lesions of any given prostate zone 
to the average values of malignant lesions, we chose to pool pCA val-
ues. Table 5 provides a more detailed comparison of average relaxa-
tion times per region for both groups

Table 5   T2 relaxation times of 
the peripheral zone

Descriptive statistics of the parameter T2 relaxation times for measurement of the peripheral zone on the 
three heights used for measurements
PZ healthy peripheral zone tissue, PZCa peripheral zone carcinoma tissue (confirmed by biopsy), MB Mid-
Base, Min smallest measured value, Max largest measured value, P75 75th percentile, ms all data in mil-
liseconds

Average T2M-Time (ms)

Apex right Apex left MB right MB left Basis right Basis left

PZ PZCa PZ PZCa PZ PZCa PZ PZCa PZ PZCa PZ PZCa

Arithmetic
Mean

152.4 69.4 156.9 78.6 154.8 76.5 153.9 73.6 142.1 76.9 150.6 75.1

Median 149.7 72.6 147.6 76.5 152.0 77.5 145.4 75.9 140.4 76.9 144.0 83.0
Min 94.8 13.2 109.9 11.9 97.4 13.8 101.5 15.1 81.6 13.1 86.7 13.9
Max 237.2 134.4 337.3 134.4 285.0 140.1 319.8 121.0 266.7 137.5 282.5 99.7
P75 169.3 92.7 107.2 86.8 172.4 97.1 169.2 93.7 158.3 100.6 167.2 93.0
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tissue (73.5 ms vs. 151.7 ms). Through ROC analysis, a 
threshold of 109.2 ms was statistically determined.

Using biopsy confirmation as a reference method, 
detection of malignant prostate tissue based on quanti-
tative measurements derived from high-resolution T2M 
sequences can lead to good differentiation of lesions in 
the peripheral zone.

There was no significant correlation between Gleason 
Score and tissue measurement. In our study, therefore, the 
aggressiveness of the lesion cannot be inferred from the 
measured value.

Our measured T2M values are consistent with those 
reported in previous studies affirming the reliability of our 
measurement techniques [3, 7, 24, 25]. Our proposed thresh-
old lies between the two thresholds identified by Yamauchi 
et al. (99 ms) and Mai et al. (134 ms) [3, 24]. However, 
our threshold showed a higher sensitivity in our cohort than 
those two mentioned above. Liu et al. determined reference 
values in their study on T2M (100 +– 10 ms for malignant 
lesions, 149 +–32 ms for healthy tissue) [26]. Although our 
values differ slightly, they both show that the values for 
malignant lesions are significantly lower than for healthy 
tissue. Our proposed threshold for the best possible sensitiv-
ity and specificity was 109.2 ms, which is close to the values 
of Liu et al.

As demonstrated in previous studies, a quantitative T2M 
sequence can provide a repeatable, measurable value for 
diagnosing malignant-suspicious prostate findings [3, 7, 25]. 
By utilizing the measured values of the T2M, it is possible 
to differentiate between benign and cancer-related tissue. 
This method enabled sufficient differentiation of malignant 
findings to be shown, particularly in the peripheral zone. 
Wu et al. showed in their study on 31 patients that the speci-
ficity and sensitivity are higher if the T2M values are also 
used additionally to the normal T2w values [27]. Potential 
uses of quantification in the T2M sequence could be both 
assessment of the prostate in the case of elevated laboratory 
parameters (prostate-specific antigen) and follow-up moni-
toring after therapy to see the response. This is also relevant 
if the prostate is palpable or if the prostate carcinoma has 
been histologically confirmed. T2M could help to evaluate 
the spread of the carcinoma prior to surgery. T2M could 
thus increase the value of a contrast agent-free mpMRI. In 
addition, the T2M is also helpful for inexperienced readers 
since malignant findings appear in a single sequence and 
do not have to be linked over several sequences. Inexpe-
rienced readers usually must assess and compare different 

Fig. 6   Sensitivity and Specific-
ity in relation to relaxation time 
of T2 mapping measurements. 
When considering sensitivity 
and specificity in relation to 
relaxation time values, a cut-off-
value of 109.2 ms was derived 
to differentiate malignant from 
non malignant tissue regions 
with high accuracy

Fig. 7   ROC graph of T2 mapping values. In ROC analysis, AUC was 
found to be 0.973 (95% CI 0.952–0.988) for T2 values (p < 0.001)
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sequences of the MRI in order to assess the presence of 
tumor-free or tumor-containing tissue. The T2M sequence 
and the significant threshold identified in this study could 
help readers to assess the occurrence of malignant tissue 
more reliably by using only one sequence. The suspicion of 
an assumed malignant change could be confirmed based on 
measured values. Accelerated T2M could be a feasible addi-
tion to standardized multi-parametric MRI of the prostate 
and could further aid automated lesion detection with quan-
titative measurements. While we used a simple thresholding 
method the addition of fingerprinting and pattern recogni-
tion approaches could help with characterization of lesions 
that are more difficult to evaluate, such as transitional zone 
lesions [28]. In breast cancer diagnostics, for example, stud-
ies have already shown that the T2M value of malignant and 
benign zones in the breast differs [26]. According to Mai 
et al. the synthetic T2w contrast calculated from the T2M 
is equal to anatomy and diagnostic accuracy compared to 
conventional T2w [3]. Therefore, there could be the possi-
bility to use only one sequence (T2M) and its synthetic T2w 

for detection of prostate lesions, replacing the standard T2w 
acquisition.

This study has some limitations that must be considered 
when interpreting the results. First, there was not much data 
acquired with the novel T2M sequence in the clinical data-
base when the study was executed. In some of them, no 
pathological examination was carried out, so that the results 
could not be correlated with pathological data. As a result, 
the number of patients examined is rather small. However, 
compared to other studies, our study did not examine fewer 
patients [7, 24, 25].

Furthermore, the exact correlation of the pathology 
with the image values is only possible to a limited extent. 
Although the pathological finding confirms e.g. the presence 
of a carcinoma in a certain zone, this does not mean that the 
entire zone is affected. It was therefore still necessary for the 
reader to independently examine the image for the lesion, 
find it and mark it. Inaccuracies can happen here. To prevent 
this, different sequences were compared. In particular, the 
ADC and DWI sequences were helpful in pinpointing the 

Fig. 8   Logistic Regression. Logistic Regression comparison of pooled measurements from ROIs corresponding to regions associated with 
biopsy confirmation or exclusion of malignant lesions
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actual lesion. Another limitation is that not all patients had 
the same type of pathological examination. Prostatectomy 
is certainly the most accurate. However, this type of histo-
pathology was only performed in a few patients.

Finally, there is the inaccuracy of the measurement of 
healthy tissue. Here, the examiner chose ROIs in the areas 
that were designated as non-malignant by the pathology. It 
cannot be ruled out that in those areas are signal changes too, 
e.g. because of benign prostatitis, which also leads to signal 
changes. These benign lesions were not investigated fur-
ther in our study, in contrast to the study by Hepp et al. [7]. 
The investigators tried to prevent this by setting the ROIs 
in healthy tissue as large as possible, paying attention to 
homogeneity. This minimizes distortion of the results due to 
possible small areas with changes. There was no significant 
correlation between Gleason Score and tissue measurement. 
In our study, therefore, the aggressiveness of the lesion can-
not be inferred from the measured value.

Conclusion

Our investigation confirmed that there are significant dif-
ferences in the T2M sequence between the relaxation time 
in healthy prostate tissue and prostate carcinomas in the 
peripheral zone. We recommend a threshold of 109.2 ms. 
Our investigation did not show any correlation between the 
measured value and Gleason Score.Therefore, in the future, 
the quantitative determination in the T2M sequence could 
help radiologists to better assess suspicious lesions of the 
prostate.
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