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PURPOSE

Patients with neuroendocrine tumors (NET) often present with disseminated liver metastases
and can be treated with a number of different nuclides or nuclide combinations in peptide re-
ceptor radionuclide therapy (PRRT) depending on tumor load and lesion diameter. For quanti-
fication of disseminated liver lesions, semi-automatic lesion detection is helpful to determine
tumor burden and tumor diameter in a time efficient manner. Here, we aimed to evaluate
semi-automated measurement of total metastatic burden for therapy stratification.

METHODS

Nineteen patients with liver metastasized NET underwent contrast-enhanced 1.5 T MRI using
gadolinium-ethoxybenzyl diethylenetriaminepentaacetic acid. Liver metastases (n=1537) were
segmented using Fraunhofer MEVIS Software for three-dimensional (3D) segmentation. All le-
sions were stratified according to longest 3D diameter >20 mm or <20 mm and relative contri-
bution to tumor load was used for therapy stratification.

RESULTS

Mean count of lesions <20 mm was 67.5 and mean count of lesions >20 mm was 13.4. However,
mean contribution to total tumor volume of lesions <20 mm was 24%, while contribution of
lesions >20 mm was 76%.

CONCLUSION

Semi-automatic lesion analysis provides useful information about lesion distribution in predomi-
nantly liver metastasized NET patients prior to PRRT. As conventional manual lesion measurements
are laborious, our study shows this new approach is more efficient and less operator-dependent
and may prove to be useful in the decision making process selecting the best combination PRRT in
each patient.

euroendocrine tumors (NETs) are unusual tumors with an incidence of 4 or 5 per
100.000 per year, rising in the past decades, but still representing only about 1%
of all malignant neoplasms (1). NETs are often detected when the disease is ad-
vanced, commonly presenting with a large number of liver metastases. In addition to
surgical resection, focal treatments include selective internal radiation therapy, transar-
terial chemoembolization, or radiofrequency ablation (2). Due to the large burden of
disease, portal vein thrombosis, or hepatic insufficiency, these methods have limitations
(3). Thus, there has been increasing interest in palliative treatments with *Yttrium- (*°Y-)
DOTA(0)-Phe(1)-Tyr(3)-octreotid (DOTATOC) or "’Lutetium- ('”’Lu-) DOTATOC which pro-
vide response rates of about 30% (4, 5). *°Yttrium and '’Lutetium have different ranges
of effective dose distribution with a maximal tissue penetration range of 12 mm (°°Y) and
2 mm (7’Lu), respectively (6). Thus, therapy regimens might benefit from an adjustment
according to lesion size distribution in a given patient, i.e., using *Y primarily for targeting
lesions >20 mm and "’Lu primarily for lesions <20 mm in diameter. However, total lesion
quantification is time consuming and operator-dependent, resulting in an approximation
of total lesion distribution only. Moreover, it can be difficult to manually determine the
maximum three-dimensional (3D) diameter. Thus, in patients with a large number of me-
tastases, it can be very challenging to manually quantify the volume of multiple hepatic
lesions (7).
Besides ®Ga-DOTATOC positron-emission-tomography/computed tomography (PET/CT)
scans for functional imaging, which were recently proven to be capable of predicting thera-
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py response in liver lesions (8), contrast-en-
hanced magnetic resonance imaging (MRI)
is the modality of choice for structural as-
sessment (9).

Here, we aimed to evaluate the feasibili-
ty of a semi-automated measurement tool
designed to determine the total lesion size
distribution in patients with metastatic NET.
This information can then be used to deter-
mine the optimal combination of peptide
receptor radionuclide therapy (PRRT) in
each patient.

Methods

Patients

We performed this retrospective anal-
ysis using the data of 19 consecutive pa-
tients (9 males and 10 females; mean age,
53.6 years; age range, 40-69 years) who
had a prior histologic diagnosis of NET
with confirmed metastases to the liver and
underwent PRRT in our institution from
June 2009 to May 2011. Some patients
had resection of the respective primary tu-
mor, splenectomy, chemotherapies, focal
treatments, or therapies using somatosta-
tin analogs, before PRRT. Primary tumors
were pancreatic tumor (n=9), intestinal tu-
mor (n=6), lung tumor (n=1), renal tumor
(n=1), and neuroendocrine tumor with an
unknown primary (n=2). The liver lesions
were confirmed to have originated from
their respective neuroendocrine tumors
using a *®Ga-DOTATOC-PET/CT within 4-6
weeks of study entry. Formal consent was
obtained from all participating patients.
Ethics committee of our institution ap-
proved this study.

* Patients with liver lesions from neuroendocrine
tumors (NET) often present with disseminated
liver involvement.

* Patient-individualized '7’Lu- and *°Y-DOTATOC
nuclide combination could improve peptide
receptor radionuclide therapy of NET liver
lesions due to their different radiation range
and distribution.

* Manual measurements are laborious, and
choice of nuclide combination is operator
dependent as patients often show numerous
liver lesions.

* We describe a new method for semi-
automatic liver lesion segmentation, which
allows accurate definition of lesion load and
distribution based on contrast-enhanced MRI.

* Lesion distribution can be used for dosimetry
and therapy stratification.

MRI and PET/CT

All patients underwent hepatic MRI.
MRI was performed on a 1.5 T whole body
system (Avanto, Siemens) using gadolini-
um-ethoxybenzyl diethylenetriaminepen-
taacetic acid (Gd-EOB-DTPA), a hepato-
cyte specific contrast agent (Primovist,
Bayer-Schering). Contrast-enhanced MRI
was performed using volumetric interpo-
lated breath-hold examination, which is a
T1-weighted scan (TR 3.41 ms, TE 1.18 ms,
slice-thickness 4 mm, matrix 320x180; 72
axial slices with an acquisition time of 20 s
per 3D dataset). Adjusted to patient weight
(0.1 mL/kg), up to 20 mL of 0.25 mol/L con-
trast was injected at 3 mL/s, followed by
injection of 30 mL saline at the same rate.
Among other sequences, a hepatocyte
phase was acquired 15 minutes after ad-
ministration and used for this study.

Radiopharmaceuticals

DOTATOC was synthesized as described
in the literature (10). %®Ga (half-life, 68.3 min)
was obtained from a %®Ge/%Ga radionuclide
generator developed by the Radiochem-
istry Department of the German Research
Center in Heidelberg. Twenty-four micro-
grams of peptide (16.8 nmol of aqueous
DOTATOC solution) were used per synthesis.
HPLC revealed <2% of unchelated ®Ga. Py-
rogenicity and sterility were also evaluated.

%Ga DOTATOC-PET/CT was performed
on a Biograph 6 (Siemens/CTI). Imaging
was initiated 45+5 min after intravenous
injection of 90-198 MBq %Ga-DOTATOC.
Static emission scans, corrected for dead
time, scatter and decay, were acquired from
the vertex to the proximal legs using eight
bed positions at 4 min each. The PET imag-

es were iteratively reconstructed with the
ordered subset expectation maximization
algorithm using four iterations with eight
subsets and Gaussian filtering to achieve an
in-plane spatial resolution of 5 mm at full-
width half-maximum. A low dose CT with-
out contrast agent was obtained for atten-
uation correction. Contrast-enhanced CT
was additionally performed at the time of
the PET/CT. PET and MRI were co-registered
using Syngo® 3D (Siemens). All images were
electronically stored in a picture archiving
and communication system.

Image analysis and statistics

Oncology prototype software (Version
1.9.0; 2012-11-15 Release; Qt Version 4.8.0
Fraunhofer MEVIS, Siemens) was used for
semi-automated 3D segmentation of liver
lesions (11). There is no general consent
on a gold standard for volumetric lesion
quantification in the presented scenario
yet. However, the Fraunhofer method/algo-
rithm has been tested and shown to be reli-
able (11). In each patient, the Gd-EOB-DTPA
MRI dataset underwent volumetric analysis
of all identifiable lesions in a semi-automat-
ed manner as shown in Figs. 1 and 2. The
user sets a seed point in each lesion and
the software then automatically delineates
the lesion’s edges. Each segmentation was
checked by the user in every frame of the
dataset in three axes and corrected if nec-
essary. After calculation of the volume and
maximal 3D diameter in mm, each lesion
was assigned to one of two groups (Group
1 <20 mm in longest 3D diameter, Group 2
>20 mm in longest 3D diameter). After this,
lesion volume distribution was analyzed by
adding up the volumes of all lesions in each

Figure 1. a, b. Images depicting examples of lesion mapping for lesion distribution analysis and peptide
receptor radionuclide therapy stratification. Lesions from Gd-EOB-DTPA MRI (a) were compared with a
DOTATOC-PET/CT scan (b) to validate their origin. The images originate from patient 13.
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of the two respective groups and dividing
this value by the total tumor volume in each
patient. Total tumor load was defined as the
sum of all lesion volumes in a patient. This
provided the percentage volume of large
vs. small tumors in each patient.

Results

Lesion measurements were successful-
ly quantified in all lesions of all patients; a
total of 1537 lesions were quantified. The
tumor burden of the patients assessed
ranged from 5 mL to 788 mL.

The mean count of lesions <20 mm was
67 per patient (standard deviation [SD], 87;
range, 0-351), while the mean count of le-
sions >20 mm was 13 per patient (SD, 14;
range, 0-50). However, the mean contribu-
tion of lesions <20 mm to tumor volume
was only 24% (SD, 24%; range, 0%-100%),
while the contribution of lesions >20 mm
was 76% (SD, 24%; range, 0%-100%). The
mean maximal 3D diameter (mean of all
patient’s means) was 16.6 mm (SD, 5.5 mm;
range, 10.2-31.7 mm). The mean individual
tumor volume (mean of all patient’s means)
was 5 mL (SD, 7 mL; range, 0.36-31 mL).

Figure 2. a-h. Automatic three-plane lesion
delineation using study software (a-c). Axial (d),
coronary (e) and sagittal (f) whole-liver slices
show the location of the lesion (arrowhead).
Panel (g) presents a 3D reconstruction of the
same lesion. Panel (h) shows another much
larger lesion, which can be seen in panel (d)
as well (arrow). The lesion depicted in (g) has
a volume of 3.31 mL, the lesion depicted in (h)
has a volume of 156.16 mL. Different scales
were used for images (d-h).

Fig. 3 shows two connected columns for
each patient who presented with one or
more liver lesions that were <20 mm (pa-
tient 16 had lesions >20 mm only). The rela-
tion of share of lesion count to share of total
tumor load of the participating patients
presented as follows: mean, 8.995; SD,
15.569; range, 0.000-60.896; median, 3.484.

For a more detailed analysis of a patient’s
tumor load, a chart was prepared for ev-
ery patient individually. The charts depict
distribution of the volumes and counts of
all lesions, ordered according to their size
and categorized in size-groups according
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Figure 3. Lesions <20 mm in greatest 3D diameter; individual comparison of share of total lesion count

with share of total tumor load in each patient. The darker column represents the percentage of the total
lesion count contributed by lesions <20 mm; e.g., in patient 1, 52 of 56 lesions were <20 mm in maximal
diameter thus showing as 93%. The lighter column represents each patient’s corresponding percentage
of total tumor load contributed by lesions <20 mm; e.g., in the same patient 1, of the 60 mL total tumor
load, 14 mL were from lesions <20 mm, thus showing as 23%. Note that there is a clear difference

between the two values in most patients.

to their maximal 3D-diameter, using T mm
steps for each new group. In each of these
groups, the volumes of the lesions in the
group were added to calculate the size-
group’s total volume in mL. Two of these
charts are shown in Fig. 4, representing pa-
tient 13 (Fig. 4a) and patient 7 (Fig. 4b).

Discussion

In our study, the tumor load of all partic-
ipating patients has successfully been eval-
uated, with a total of 1537 assessed liver
lesions. Semi-automatic volumetric lesion
analysis is a feasible approach, which can
help determine a user-independent, pa-
tient-specific combination PRRT. Combina-
tion PRRT employing both "’Lu-DOTATOC
and *Y-DOTATOC has been shown to be a
superior therapy to either method alone in
patients with metastatic NETs to the liver
(12). However, accurate depiction of lesion
spread is important to perform PRRT prop-
erly. Using Gd-EOB-DTPA, an intravenous
contrast agent that binds hepatocytes, the
margins of the hepatic metastases become
highly visible enabling the accurate deter-
mination of lesion size and distribution of
lesion volume. The most appropriate mix of
77Lu-DOTATOC (2 mm range) and *°Y-DOTA-
TOC (12 mm range) could then be selected.
However, manual determination of each le-
sion is labor-intensive in patients with one
hundred or more lesions and are addition-
ally subject to observer error. Therefore, a
robust, software-assisted method of deter-

mining the volume contribution of different
size lesions would be useful.

Calculation of the contribution to total
tumor volume from smaller and larger le-
sions is the ultimate goal of this software.
Currently, the software is able to quickly
segment and determine the volume and
maximum diameter in 3D of identified liver
metastases. However, the final calculations
must still be done in a spreadsheet. Even-
tually, this step will be integrated into the
software so that the output is automatic.
Also, fully automated lesion detection and
liver segmentation would significantly
shorten the time needed to assess a patient.
If a fully automated system is developed, it
becomes more feasible to introduce a third
category of lesion size based on yet another
radioisotope, 2*Bismuth (*'*Bi, 75 um range)
to further customize treatments for each
patient (13).

Fig. 5 shows idealized lesion size dis-
tribution curves on which to base radio-
isotope selection in an individual patient.
These curves represent abstracted forms
of the volume distribution shown in Fig. 4.
For patients with predominantly large le-
sions monotherapy with *Y-DOTATOC will
produce the best results for the available
dose. For patients with a mixture of larger
and moderate size lesions, a combination
of *°Y-DOTATOC and "’Lu-DOTATOC will be
more successful. For patients with mixtures
of small and moderate size lesions a com-
bination of '7’Lu-DOTATOC and '*Bi-DOTA-
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TOC is preferred. Using dosimetry data, it
is possible to determine the exact contri-
bution of each radionuclide based on the
geometry and distribution of the lesions.
The acquisition and utilization of the data
necessary for this is a computationally in-
tensive approach, which is possible only by
accurately characterizing the location, size,
and volume of each lesion in relationship to
each other, thus, by accurately describing
the total tumor load of a patient. Although
this is the ultimate goal of our study, there is
still much work to be done in mathematical
modeling of the radiation dose and predict-
ing appropriate mixtures of radioisotopes.
Therapy schemes may be further compli-
cated by knowledge of previous efficacy
and tolerability of PRRT. However, none of
this is possible without first accurately cate-
gorizing the extent of disease.

This study has a number of limitations.
There is still a certain degree of operator-de-
pendency, as the actual lesion delinea-
tion was performed manually. Differences
among users might also contribute to errors.
The reliability of semi-automatic volumet-
ric analysis is subject to ongoing research.
Studies comparing the interobserver and/or
intraobserver variability between semi-au-
tomatic and manual volume measurements
have shown comparable results, namely,
a superiority of semi-automatic measure-
ments, depending on entity and used mo-
dality (14-17). Also, this method depends on
detection of lesions following Gd-EOB-DTPA
enhancement. Although most lesions can
be distinguished against the liver, undoubt-
edly there are lesions that do not contrast
sufficiently to enable accurate identification
and segmentation. Thus, patients with high-
ly disseminated metastases of the liver and
patients who present with advanced stage
hepatic fibrosis or scarring may not be good
candidates for this method. Furthermore,
the error rate of the semi-automated delin-
eation was not assessed. It is still unknown
whether a more accurate depiction of lesion
size will result in clinically significant differ-
ences in the outcomes of patients under-
going PRRT. Evidence of its possible supe-
riority can only be proven by a controlled,
double-blind randomized study, which will
likely require many patients. A 1.5T MRI was
used for this study as it was available in our
institution. Using a 3T MRI might enhance
accuracy of lesion assessment, especially in
smaller lesions.

In conclusion, we demonstrated that a
segmentation software is capable of help-
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Figure 5. Idealized therapy stratification based on lesion distribution curves using segmentation of
Gd-EOB-DTPA MRI.

ing users quantify the volume and maxi-
mum diameter of all hepatic metastases in
patients with NET. This might enable user
independent PRRT stratification. Current
manual methods of lesion characterization
are time consuming and inaccurate and
thus semi-automated and fully automated
methods described here will greatly im-
prove the ability to perform dosimetry and
combination PRRT. Although the segmen-
tation process is yet to be optimized, it is
clear that this method provides faster and
more reliable lesion mapping, volume, and
maximum 3D diameters than what is cur-
rently possible.
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