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Objective: Pituitary macroadenomas (PAs) are usually
defined as benign intracranial tumors. However, they
may present local aggressive course. High Ki67 label-
ling index (LI) values have been related to an aggressive
tumor behavior. A recent clinicopathological classifica-
tion of PA based on local invasiveness and proliferation
indexes, divided them in groups with different prognosis.
We evaluated the utility of conventional MRI (cMRI) and
diffusion-weighted imaging (DWI), in predicting the
Ki67- LI according the clinicopathological classification.
Methods: 17 patients (12 M and 5 F) who underwent
surgical removal of a PA were studied. cMRI features,
quantification of ;W and T,W signal intensity, degree of
contrast uptake (enhancement ratio, ER) and apparent
diffusion coefficient (ADC) values were evaluated by
using a 3 T scan. Statistics included Mann-Whitney test,
Spearman’s test, and receiver operating characteristic

INTRODUCTION

Pituitary adenomas (PA) are the most common tumor of
the sellar region in adults and account for approximately
up to 80% of all tumors in this location.They are usually
classified as functioning or non-functioning, depending on
whether they are responsible for hormonal oversecretion,
and they are further categorized as macro- or microade-
nomas depending on their size."

Despite the typical benign histological appearance,
pituitary adenomas may present a vast range of biolog-
ical behavior, and, in some cases, an aggressive course
characterized by rapid growth with gross invasion of the

analysis. A value of p < 0.05 was considered significant
for all the tests.

Results: Negative correlations were observed between
Ki-67 LI, ADCm (p = - 0.67, p value = 0.005) and ER
values (p = —0.62; p = 0.008). ER values were signifi-
cantly lower in the proliferative PA group (p = 0.028; p
= 0.017). ADCm showed sensitivity and specificity of 90
and 85% respectively into predict Ki67-LI value. A value
of ADCm <0, 711 x 10-6 mm? emerged as a cut-off of a
value of Ki67-LI > 3%.

Conclusion: Adding quantitative measures of ADC
values to cMRI could be used routinely as a non-invasive
marker of specific predictive biomarker of the prolifera-
tive activity of PA.

Advances in knowledge: Routinely use of DWI on diag-
nostic work-up of pituitary adenomas may help in estab-
lish the likely biological aggressive lesions.

surrounding tissues, together with resistance, or early
recurrence, after treatment.”™ Establishing the aggressive
biological behavior of these lesions is essential for both an
appropriate surgical resection and long-term follow-up,
especially in presence of a residual lesion after treatment.
The 2017 WHO Classification of Tumours of Endocrine
Organs®’ recommends, together with routine histolog-
ical and immunohistochemical analysis, the systematic
evaluation of the tumor proliferation by the assessment
of mitotic count and Ki-67 labelling index (LI). These are
essential for defining the biological aggressiveness of a
PA, as they are directly associated with the likelihood of
relapse.”
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As well-known, conventional MRI (cMRI) is able to show a
combination of anatomic features related to the likelihood of
cavernous sinuses invasion by pituitary adenomas."” However,
it does not provide any meaningful information regarding PAs
proliferative potential. Among the advanced MR techniques,
diffusion-weighted imaging (DWI) exploits the incoherent ther-
mally induced motion of water molecules (Brownian motion)
in biological tissues within different compartments (i.e. intra-
cellular, extracellular, intravascular and transmembrane).
Every pathophysiological process which alters the relationships
between these compartments, as well as their composition, will
thereby affect the motility of water molecules. These changes can
be either visualized by DWI and measured by apparent diffusion
coefficient (ADC), allowing this technique to define an archi-
tectural organization of biological tissues more accurately than
conventional sequences.®!!

In particular, a stronger inverse relationship has been described
between tumor cellularity and the quantitative value obtained
from the ADC parametric maps.'?> Considering the pituitary
region, a few studies have explored the potential of DWT to iden-
tify pituitary macroadenomas (PM) biological aggressiveness by
analyzing the correlation with the Ki67-LI nuclear antigen.”'?

An exploration of the role of DWI techniques in the characteriza-
tion of pituitary tumors could yield useful information. Indeed,
the possibility of predicting the Ki-67 LI would allow to select
those patients with proliferative adenomas, thus both providing
important information regarding the surgical planning and
follow-up for untreated patients or those with a macroscopic
residual tumor. Moreover, Trouillas et al recently proposed
a new classification system based both on local invasiveness
criteria assessed by MRI and the use of proliferation criteria (the
number of mitoses, Ki-67 LI and protein p53 detection).? The
study demonstrated that adenomas defined as being “invasive
and proliferative” (Grade 2b) had a worse prognosis, with an
increased probability of tumor persistence or progression of 25-
or 12-fold as compared to “non-invasive” and “non-proliferative”
adenomas respectively.

Thus, the aim of our study was to evaluate the utility of cMRI
sequences and ADC maps, in predicting the Ki-67 index. We
also decided to explore the existence of a possible relationship
between the information obtained from MRI and the clincopath-
ological classification proposed by Trouillas et al trying to find an
MRI biomarker that allows the characterization of the 2b group
(invasive and prolifera‘cive).2

METHODS AND MATERIALS

Our (Etic Committee: Area Vasta Centro, Bologna, protocol: PIT-
MRI-201) institution’s ethics committee approved the study and
all patients gave their written informed consent before having
the MRI. Patients undergoing surgical removal of a suspected
PM between June and October 2019 were enrolled in the study.
Only patients with a histological diagnosis of PM and a report
including histopathological and immunohistochemical char-
acteristics in accordance with the fourth Edition (2017) of the
WHO Classification of Tumors of Endocrine Organs® were then
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considered. Therefore, 17 patients (12 males and 5 females), with
an average age of 56.1 + 10.0 years at the time of surgery, were
recruited.

Imaging protocol

The cMRI studies were performed using a high magnetic field
intensity system (3 T — Magnetom Skyra - Siemens Healthcare,
Erlangen, Germany) with a 64-channel Head/Neck coil. The
conventional sequences included a targeted study of the pitu-
itary region with high spatial resolution (coronal T, weighted
turbo spin echo (TSE) and coronal and sagittal T} weighted TSE
sequences both before and after contrast medium administra-
tion) and a whole-brain study (axial T, weighted TSE sequences,
DWI, T} weighted 3D SPACE after contrast agent injection);
in order to better evaluate the lateral extent of the tumor and
its relationship with the cavernous sinuses, three-dimensional
time-of-flight MR angiography technique was performed after
contrast medium administration.'*!* The following elements
were evaluated:

-Size of the lesion: major diameters (anteroposterior, laterolateral,
craniocaudal), volume;

-Tumor invasiveness: the tumor was considered “invasive” when
it surrounded at least 67% of the circumference of the internal
carotid artery,according the Grades 3 or 4 of the Knosp grading
system,'>!® and in all cases of evident invasion of the sphenoid
sinus?;

-Signal intensity (SI) homogeneity: tumors containing a predom-
inant cystic component exceeding 50% of total tumor volume
were considered “macrocystic”; tumors containing a predomi-
nant hematic content exceeding 50% of the total tumor volume
were considered “macrohemorrhagic”; the presence of multiple
small areas (maximum diameter <2 mm on T, weighted
sequences), distributed evenly inside the tumor were defined
as having a “mosaic-like” appearance; and all other tumors
not presenting the signal characteristics described above were
defined as “solid”'"'® ;

-T;W and T,W SI (rSI): defined as the ratio between the solid
portion of the lesion and the normal white matter visible on the
same image, in the temporal lobe, identified in the baseline T-
and T, weighted sequences; the methods for these analyzes have
been described and validated elsewhere'**! ;

-Degree of contrast uptake (enhancement ratio — ER): obtained by
calculating the ratio between the SI in T} weighted images after
contrast administration and baseline T; weighted images in the
solid portion of the adenoma;

Regions of interest (ROIs) for ER analysis were drawn directly
on the images obtained with conventional sequences in the
solid portion of the adenoma, avoiding areas of cystic or hemor-
rhagic degeneration. Similar ROIs were also identified in the
normal white matter visible on the same image, in the temporal
lobe in order to normalize the data obtained using an internal
control #1619 AJ] ROTs were of an arbitrarily chosen uniform
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Figure 1. (a-c) ROIs placement on T,W (a), T,W (b) and T; +c (c) images both on solid component of a pituitary macroadenoma
and on reference region (white matter of the left temporal pole). ROI, region of interest.

shape and size (elliptical ROIs of approximately 30-50 mm?)
(Figure 1).

DW!I protocol and processing

The diffusion-weighted study targeted on the PA was performed
using a high spatial resolution DWI sequence (values of b =
0-1.000 s/mm? TR = 3190 ms, TEL = 64 ms, TE2 = 100 ms, fat
saturation, FOV = 24x24 cm, matrix = 160x160, thickness/gap
= 2/0 mm, Averages = 0-6) acquired on a bicommissural axial
plane using a readout-segmented multishot echoplanar imaging
(EPI) technique(REadout Segmentation Of Long Variable Echo
trains — syngo RESOLVE " Siemens Healthcare) using data from
a two-dimensional navigator acquisition to perform a real-time
motion artifact correction. The advantage of this technique over
the more conventional single-shot EPI diffusion studies lies in
the reduction in magnetic susceptibility artefacts and blurring
even at high magnetic field intensities (3 T).?

The parametric maps obtained from the diffusion studies were
processed by using a dedicated software of the MRI platform(
syngo.via - Siemens Healthineers). The ADC maps were gener-
ated automatically by adapting a linear regression model to the
logarithmic signal decrease at the different b-values applied.

To ensure precise ROI placement on the solid tumor compo-
nent and avoid cystic, hemorrhagic and necrotic areas, the DWI
images were co-registered with conventional MRI T/W pre-
and post-gadolinium and T,W. Hence, the mean ADC values
(ADCm) were measured by manually placing from three to five
ROIs on the lower appearance ADC maps (Figure 2). The lower
ADCm values for each patient were considered. Eventually, to
minimize variances in ADCm values, relative ADC (rADC) was
obtained from the ratios of the tumor ADCm to ADCm of a
normal appearing reference region (white matter of the temporal
lobe), defined on T,W and contrast-enhanced T;W.

Figure 2. (a-b) ROIs placement on co-registered T3W + c (a) and ADC (b) images both on solid component of a PM and on white
matter of the left temporal pole (as reference region). The lower mean ADC values were chosen. ADC, apparent diffusioncoeffi-

cient; PM, pituitary macroadenoma; ROI, region of interest.
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Histological analysis

The tumor samples were stained with H&E for routine analysis.
According to the most recent edition of the WHO classifica-
tion of tumors of endocrine organs,® the pathologist provided a
diagnostic assessment of the lesion by using an immunohisto-
chemical analysis of the main hormones and the pituitary tran-
scription factors.

The Ki-67 LI was reported as the percentage of tumor cells with
positive nuclei in the lesion areas with the greatest labelling
density, known as hotspots, using high-power fields (HPF - 0.30
mm?, 400x magnification). The mitotic count, on the other hand,
was expressed as the number of mitotic figures/10 HPE/

Clinicopathological classification

All the PM were subclassified using the principles proposed by
Trouillas et al, taking into account radiological (Knosp grading
system) and histological invasion criteria of the sphenoid sinus or
cavernous sinuses. Moreover, the histopathological proliferation
criteria were also considered. In particular, according the clin-
icopathological classification, proliferation criteria include the
presence of at least two of the three among: Ki-67:21% (Bouin-
Hollande fixative) or >3% (formalin fixative), Mitoses: n > 2/10
HPF and P53: positive (210 strongly positive nuclei/10 HPF).”
Since not in all the cases immunohistochemical staining for p53
was performed, we considered as “proliferative” mocroadenomas
which presented both Ki-67 LI 23% and a number of mitoses >
2/10 HPE

Thus, based on the analysis of radiological local tumor invasion
and histopathological proliferation indices, the lesions were
stratified into Grade la (“not-invasive and not-proliferative’;
six lesions, 35.30%), Grade 1b (“not-invasive and proliferative”;
one lesion, 5.88%), Grade 2a (“invasive and not-proliferative”;
five lesions, 29.41%) and Grade 2b (“invasive and proliferative”;
five lesions 29.41%). In our population, every PA with a value of
Ki-67 LI 23% also presented a mitotic count >2/10 HPE.

Statistical analysis

The statistical analysis was performed using Stata 14.2 soft-
ware. In the descriptive analysis, the continuous variables were
summarized and expressed as median and interquartile ranges
or mean and standard deviation (on the basis of distribution),
and the categorical variables were expressed as absolute values
and percentages.

Spearman’s p was calculated to evaluate the correlation between
the degree of Ki-67 LI of the PM and each of the quantitative
values obtained from the MRI examination. A further correla-
tion analysis between the same imaging data and the clinico-
pathological classification® was performed. Moreover, to identify
any differences in ER, T,WSI, TWSI and ADCm values between
Grade 2b and the other groups the nonparametric Mann-
Whitney test was used.

The receiver operating characteristic (ROC) was applied and
logistic regression modelling were performed to determine the
ability of ADCm to discriminate the PM with Ki67-LI > 3% and
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Table 1. Magnetic Resonance and Histologic characteristics of
the PMgeneral population

Rate (%)
Sex (male/female) 12/5 70/30
Age 56.1 +10.0
Volume (ml) - mean (RIQ) 16 (6 - 31)
Signal intensity homogeneity 8
Solid 10 58.82
Macrocistics 3 17.65
Mosaic-like 4 23.53
Knospgradindgsystem
Grade 0-3 7 41.18
Grade 3-4 10 58.82
Adenoma Hystology
Somatotroph 1 5.8
Lactotroph 1 5.8
Plurihormonal 1 5.8
Corticotroph 2 11.76
Gonadotroph 12 70.60
Ki-67 LI
LI <3% 11 64.71
LI>3% 6 35.29
Mitoticcount (n/10 HPF)
<2/10 HPF 8 47.06
>2/10 HPF 9 52.94
TrouillasClassification:
la 6 35.3
1b 1 5.8
2a 5 29.4
2b 5 29.4

the 2b group according the clinicopathological classification.
The sensitivity, specificity and area under the curve based on
optimum thresholds for variable parameters were calculated. A
p-value < 0.05 was considered statistically significant for all the
tests.

RESULTS

Pathological and cMRI characteristics of the PM are summarized
in the Table 1. In all patients, it was possible to perform the quan-
titative measurements of the T}- and T, weighted images and of
the ADCm parametric maps.

Both rSIT, and rSIT; showed no statistically significant correla-
tions with Ki-67 LI nor with the clinicopathological classification
proposed by Trouillas et al.2

Negative correlations were observed both between Ki-67 LI and
ADCm (p =0.005, r = —0.67)and Ki-67and ER values (p = 0.008,
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Figure 3. Plot of ADCm values versus Ki67-LI demonstrates
an inverse association between these parameters (p = 0.005,
r = =0.67). The flat appearance of the correlation line is due
to one outlier higher value (KI67-LI > 25%). ADC, apparent
diffusioncoefficient; LI, labelling index.
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r = —0.62) (Figure 3). The ADCm and ER values were signifi-
cantly lower in the group with values of Ki67-LI > 3% (Table 2,
Figure 4).A negative relationship was also detected between
ADCm and the clinicopathological classification (r = -0.49; p =
0.05). Moreover, higher ADCm values were positively correlated
with ER values (r = 0.60 p = 0.015).

The differences in rSIT}, rSIT}, ER and ADCm between the “2b”
PM group and the other groups are summarized in the Table 3. In
particular, ER values were lower in the 2bPM group if compared
with the other groups (p = 0.028).

In the ROC analysis, a value of ADCm <0.711x10"° mm?/s
emerged as a cut-oft of Ki67-LI = 3% and 2b macroadenomas
group according the Trouillas’s classification. In particular,
ADCm showed sensitivity and specificity of 90 and 85% respec-
tively (AUC value: 0,866) in differentiating the Ki67-LI = 3% PM
group and a sensitivity and specificity of 81 and 80% respectively
(AUC value: 0,800) in differentiating the 2b group according the
clinicopathological classification.

BJR

DISCUSSION

The aim of the study was to evaluate the role of cMRI and ADC
maps in order to establish biomarkers able to identify the likely
PM with aggressive behavior. Indeed, although they are “benign”
from a histological standpoint, PM present a vast range of biolog-
ical behavior, and, in some cases, can present rapid growth, with
the invasion of the adjacent structures, and early relapse after
treatment.”

As expected, we observed the existence of a negative correlation
between Ki-67 LI and ADC values (r = - 0.67, p-value 0.005)
(Figure 3). These results are consistent with those recently
reported in the study by Tamrazi et al." In particular, the ADCm
values were significantly lower in the group of macroadenomas
characterized by a Ki-67 LI value 23% than the group of PM with
Ki-67 LI <3% (p-value 0.017).

On the other hand, both rSIT, and rSIT; showed no statistically
significant correlations with PM proliferative index.

These findings suggest that diffusion techniques have the capa-
bility to characterize PM better than ¢cMRI sequences alone, as
they are able to provide an objective parameter (ADC) as a radio-
logical biomarker suggestive of high proliferative activity.

Establishing the biological aggressiveness of PM is essen-
tial for both an appropriate surgical resection and long-term
follow-up, especially in presence of a residual lesion after treat-
ment. As well-known, cMRI is able to determine the likelihood
of cavernous sinuses invasion by PA"!>1® although it does not
provide any meaningful information regarding their prolifer-
ative potential. Indeed, multiple factors can affect PM signal
intensity on cMRI sequences, thus limiting their diagnostic
utility in this specific context. This is probably due to the fact
that PM signal intensity, especially on T, weighted images, has
been related to different biological features of the tumor, such
as its fibrous or microcystic content, as well as the tumor cellu-
larity'® and its hormonal secretory activity.”> However, the
recent introduction of machine learning or radiomics analysis
of texture-derived parameters from T,-weighted images applied
to PM, has proven to be effective for the preoperative predic-
tion of both KI-67 LI and tumor consistency.*** These studies
suggested that the limitations of T, weighted images alone could
be solved in the future.

Table 2. Differences in rSI T1, rSI T2, ER and ADCm between Ki67-IL groups (cut-off > 3%). Significant differences > were find in

ADCm and ER values.

Ki-67 LI <3% = 3% p-value
rSIT1 1.11 (1.07 - 1.16) 1.08 (1.02 - 1.11) 0.207
rSIT2 2.11(1.71 - 2.18) 1.82 (1.26 - 2.26) 0.366
ER 2.14 (1.98 - 2.29) 1.86 (1.62 - 1.92) "0.012
ADCm 0.884 (0.793 - 1.327) 0.542(0.504 - 0.599) '0.017
rADCm 1.07 (1.00 - 1.63) 0.67 (0.64 - 0.81) *0.017

ADCm, mean apparent diffusion coefficient (x 10® mm?2/sec); ER, enhancement ratio; Ki-67 LI, Ki-67 labelling index; rADCm, relative mean ADC;
rSI T1, signal intensity ratio T1-weighted images; rSI T2, signal intensity ratio T2-weighted images.
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Figure 4. Enhancement ratio (a) and ADCm (b)differences between KI67-LI groups. On each box, the horizontal line is the median
and the edges of the box are the 25th and 75th percentiles. Both ER (p = 0.012) and ADCm (p = 0.017) values were lower in the
PM group with Ki67-LI > 3%. ADC, apparent diffusioncoefficient; LI, labelling index; PM, pituitary macroadenoma
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On the other hand, DWI is able to further characterize PM,
delineating lesions that cannot be otherwise identified with
conventional studies. Moreover, in our patient sample, ADCm
values were negatively related also with the clinicopathological
classification (r = —0.49; p = 0.05), reflecting a more complex
patients’ subdivision. Indeed, a value of ADCm <0.711x10°°
mm?/s could be considered a “cut-off” of both Ki-67LI > 3%
values and 2b (invasive and proliferative) group according the
Trouillas classification.”

Thus, the use of ADC allows to recognize PM with histopatholog-
ical features related to a high proliferative activity and to a high
probability of recurrence,’ regardless of their invasive behavior.

In the past, a number of studies have identified a more or less
consistent correlation between Ki-67 LI and ADC values in
various tumor types and a recent meta-analysis showed that
they would appear to be strongest in ovarian tumors, urothe-
lial cancer, lung cancer, cerebral lymphoma and neuroendo-
crine tumors.'? Although a number of different factors would
appear to play a role, the exact biological rationale underlying
this association is not completely clear. Ki-67 LI is a nuclear non-
histone protein involved in cell proliferation processes.”® Given
its associations with nucleus cell size (which increases during the
mitotic phase of the cell cycle'"*®), and with the cellularity and

histological grade in various types of tumor,”’ * it is therefore

plausible that the ADC value may reflect the proliferative activity
of PM, thus representing an added value of DWI compared to
cMRI sequences.

Among the cMRI sequences, the only factor associated with
the PM proliferative index was the ER; indeed, it was negatively
correlated to Ki-67 LI (p = 0.008).

In our analysis, the 2b PM group, according the clinicopatholog-
ical classification, showed ER values (p = 0.028) lower than other
PM groups. Hence, MRI is potentially able to predict the clin-
icopathological grading, further stratifying invasive macroade-
nomas into two groups characterized by a different proliferative
capacity and prognosis.

The lower ER values we detected in this group could explain the
intratumoral microvessels organization of the pituitary gland and
PM. Indeed, although increased angiogenesis has been detected
to correlated with tumor growth and metastatic potential in many
different tumor types,” PM have significantly lower vascular
densities as compared to non-tumoros adenohypophysis.****

Furthermore, recently has been reported that the perfusion frac-
tion in PM is significantly lower than that in normal pituitary

Table 3. DifferencesinrSIT1,rSI T2, ER and ADCm between “invasive and proliferative” vs other PM groups. Significant differences

™ were detected in ADCm and ER values.

Clinicopathologicalclassification Other;ga n;l;)p Zs‘(lg?rade Invasive and Proliferative(2b) p-value
,1b,

1SIT1 1.07 (1.07-1.09) 1.06 (1.02-1.10) 0.600

1S T2 2.15 (1.93-2.18) 1.89 (1.75-2.26) 0.602

ER 2.14 (1.98-2.29) 1.92 (1.85-1.92) '0.028

ADCm 0.869 (0.793-1.051) 556.14 (504.92-599.91) 0.117

rADCm 1.05 (1.00-1.08) 0.67 (0.64-0.81) 0.117

ADCm, mean apparent diffusion coefficient (x 10°® mm?/sec); ER, enhancement ratio; Ki-67 LI, Ki-67 labelling index; rADCm, relative mean ADC;
rSI T1, signal intensity ratio T1-weighted images; rSI T2, signal intensity ratio T2-weighted images.
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glands and it was attributed to the lower microvessel area in PM
compared to normal pituitary glands.*

Moreover, interestingly a study regarding microvascular struc-
tural entropy”’ detected that regular, less chaotic microvascular
geometry contributes to increased proliferative activity in PA
producing prolactin.

Lastly, we found that higher ADCm values were positively
correlated with ER values (r = 0.60 p = 0.015) in the overall
group. The restricted ADC observed in many malignant tissues
can be attributed to their higher cellular structures than benign
and normal tissues.'"*® This leads to an increase in volume of the
intracellular space, at the expense of the extracellular one. More-
over, the extracellular space has a higher water content than the
intracellular one, therefore it can be deduced that lesions with
low Ki-67 LI have a greater extracellular space containing the
abnormal vessels, responsible for the greater enhancement of the
lesions.

We believe that our finding concerning ER, can adequately
reflect the structural characteristics of this type of tumors. More-
over, ER may not be considered as a predictive parameter of
aggression, as occurs for brain metastases and high grade tumor.
Hence, analysis of vascularization has no value in predicting
tumor growth of PM.

LIMITATIONS

The main limit of this study is the small patient sample size
examined in this preliminary study phase. Nevertheless, it
was possible to observe a number of significant associations
between the data obtained from pre-operative MRI, and
the PA proliferative activity. Despite the limited size of the
analyzed sample, it is worth noting the good inverse correla-
tion between the ADC and Ki-67 LI values, identifying DWI
as a biomarker predictive of the proliferative activity of PM.

However, prospective studies with larger patient samples such as
multicenter studies with different MRI equipment are needed to
confirm these results and to validate this method.

Moreover, it should be taken into account that the surgical
sample available to the pathologist varies greatly and may not
be representative of the tumor as a whole. This aspect could
also influence the Ki-67 LI assessment, especially in macroade-
nomas with a nonhomogeneous structure, thereby limiting the
subsequent analysis of the association and correlation with the
variables analyzed in the pre-operative MRI.

BJR

Lastly, the simplified description of the diffusion process
assumed in DWI sequences does not permit to completely
map the complexity underlying cellular components and
structures, which hinder and restrict the diffusion of water
molecules. Indeed, ADC values are affected by both molec-
ular diffusion and blood perfusion, so they do not represent
true tissue characteristics. Thus, the use of more advanced
MRI pulse sequences and a higher order of diffusion model
(e.g. through the use of multiple b values for intravoxel inco-
herent motion analyzes, which can separate the perfusion
components from the true diffusion of water molecules,
allowing the quantification of the true diffusion coefficient,
the pseudodiffusion coefficient, and the perfusion fraction)
may partially overcome these limits at the cost of less user-
friendly and more time-consuming pre- and post-processing
workflows.*

CONCLUSIONS

Establishing the biological PM’s aggressiveness is important
for both an appropriate surgical resection and the long-term
follow-up of these patients, especially in presence of a residual
lesion after treatment. Despite being necessary in order to
establish the extent of the tumor and any invasion of the adja-
cent structures, conventional imaging is unable to provide this
information. Modern diffusion imaging techniques are now
able to provide high-definition images that are sufficiently reli-
able even in the sellar and parasellar regions, thereby adding
a further characterization approach that should be included in
the routine pre-operative study of pituitary adenomas. Future
studies with larger sample sizes are needed to improve statis-
tical power and verify these observations. Lastly, studies on
machine learning analysis of texture-derived parameters from
pre-operative DWI could make a more accurate lesion classifi-
cation and allow for a more focused follow-up and long-term
management.
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