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1. Background

Differentiated thyroid cancer (DTC) is the most frequent endocrine
malignancy [1]. Whereas standard treatment including surgery and
radioiodine is very effective and leads to survival times of more than
40 years [2], no sufficient therapy is established in case of dedifferenti-
ationwhen local treatment is not feasible anymore due to the extension
of the disease [3]. Recently, a promising approach for tumor re-
differentiation has been reported [4] but needs further investigation.

The sameproblemappears in advancedmedullary thyroid carcinoma
(MTC) which is iodine-negative due to its origination from C-cells [5].
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Treatment with chemotherapeutic drugs like carboplatin, cisplatin,
doxorubicin, epirubicin, or combined regimens has shown only insuffi-
cient responses with severe toxicity [6–8].

Tyrosine kinase inhibitors (TKI) have been introducedwith promising
results and play an important role in the treatment of both differentiated
iodine-negative/-refractory as well as locally advanced and/or metastatic
medullary thyroid cancers [9–13]. Another option for systemic treatment
includes administration of the 90Yttrium (90Y) or 177Lutetium (177Lu)-
labeled somatostatin analog like [1,4,7,10-tetraazacyclododecane-N,N′,N
″,N″′-tetraacetic acid0-d-Phe1,Tyr3]octreotate (DOTATATE)which prefer-
entially binds to the somatostatin receptor subtype (SSTR) II on the
tumor cell surface. This treatment has proven a valuable tool in the treat-
ment of neuroendocrine tumors [14]. In progressive iodine-refractory
thyroid cancer, pilot studies have demonstrated that radiopeptide re-
ceptor therapy can achieve some effects with much less toxicity than
other systemic therapies [15–20].

As an important factor for treatment response, tumor heterogeneity
has increasingly moved into focus. For example, Gerlinger et al. could
demonstrate that single tumor-biopsy samples may underestimate
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tumor biology [21]. Therefore it is important to obtain as much informa-
tion about the tumor manifestations as possible as they are often not
completely resected. Due to its ability to visualizewhole-body physiology
and metabolism, positron emission tomography (PET) is ideal for
assessing intraindividual differences in tumor biology. Several studies
have reported on its suitability for heterogeneity investigation and
thereby, prognostication of individual patient outcomes [22–26]. For
example, Tixier et al. could demonstrate that evaluation of heterogeneity
of tracer uptake in pre-therapeutic [18 F]fluorodeoxyglucose (FDG)-PET
predicted response to radiochemotherapy in patients with esophageal
cancer [22]. Cook and colleagues reported that abnormal textural
parameters of pre-therapeutic FDG-PET in patients with non-small
cell lung cancer were associated with non-response to therapy
[23]. Bundschuh et al. found the Coefficient of variation assessed in
FDG-PET/computed tomography (CT) to be a predictive marker for
histopathological response in colorectal carcinoma treated with neoad-
juvant combined radiation and chemotherapy [24].

In the present study, we retrospectively examined the prognostic
potential of tumoral heterogeneity analysis using somatostatin receptor
PET in patients with iodine-refractory differentiated or medullary
thyroid cancer who underwent radiopeptide therapy.
2. Methods

2.1. Patients

Between September 2009 and April 2013, 12 consecutive patients
(9 males, 3 females, mean age, 48 y; range, 33–75 y) were treated
with radiopeptide therapy on a compassionate use basis for progressive
medullary (4 patients) or iodine-refractory differentiated thyroid
cancer (1 papillary, 1 oxyphilic, 2 oncocytic, 4 follicular) at the university
medical centers of Würzburg and Bonn, Germany. All patients had
undergone a number of previous treatments including surgery (n = 12;
100%) and radioiodine therapy (n=8; 75%). Detailed patient information
is provided in Table 1. Prior to Peptide Receptor Radionuclide Therapy
(PRRT), somatostatin PET was performed to assess tumor receptor ex-
pression in all patients. A total of 30 treatment cycles (mean, 2,5; range
1–5) with 2.55 ± 0.42 GBq 90YDOTA-D-Phe1-Tyr3-octreotide
(DOTATOC) in 3 patients and 7.73 ± 0.23 GBq 177Lu-DOTATATE in 10
patients were performed (one patient received both radiopeptides).
All patients gave written and informed consent to the treatment and
imaging procedures. As this was a retrospective analysis of data collect-
ed in a compassionate use programno approval by the local ethics com-
mittee was necessary.
Table 1
Main baseline features of the patients enrolled in the study.

Patient Sex Age
(years)

Histology TNM
(initial)

Surgery Cycles of I-131
(n)/cumulative
activity (GBq)

Cycles of PRRT
(n)/cumulative
(177Lu-DOTATA

#1 m 63 FTC pT3 N0 M0 TT 4/19.2 1/90Y-DOTATOC
#2 m 69 FTC pT2 N0 M0 TT CND 3/16.8 4/90Y-DOTATOC

177Lu-DOTATOC
#3 m 54 Oxyphilic pT4, pNX, pM1 n/a 2/14.0 1/90Y-DOTATO
#4 m 61 FTC pT3 Nx M1 TT 10/52.5 1/8.2
#5 m 53 Oncocytic pT3 pNx pMx TT LND 4/19.3 1/7.6
#6 m 55 MTC pT4 pN1b M1 TT ND None 3/23.7
#7 m 68 Oncocytic pT3 pN0 cM1 TT CND 2/14.8 4/30.6
#8 f 75 MTC pT4b pN1 aM1 TT ND None 5/39.0
#9 m 74 PTC pT2 N0 M1 TT ND 8/39.7 4/31.5
#10 f 64 FTC pT2N0 M1 TT CND 4/19.7 2/16.0
#11 f 33 MTC MEN llb M1 TT ND None 2
#12 m 33 MTC MEN llb TT CND None 2

CND= central neck lymph-nodes dissection, CT = computed tomography, DOTATATE = [1,4,7,
DOTA-D-Phe1-Tyr3-octreotide, FDG= 18F-fluorodeoxyglucose, f = female, FTC = follicular thyr
MEN=multiple endocrine neoplasia, MRI =magnetic resonance imaging, MTC =medullary th
tomography/computed tomography, PRRT = peptide receptor radionuclide therapy, PTC = papil
2.2. Imaging – PET/CT

In 3 patients, dedicated PETwas performed on a stand-alone Lutetium
oxyorthosilicate full-ring PET scanner (ECAT Exact 47). In the remaining
9 patients, integrated PET/CTwas performed. Eight patientswere scanned
on a Biograph mCT 64 PET/CT consisting of a Lutetium oxyorthosilicate
full-ring PET and a 64-slice spiral CT, one patient underwent the examina-
tion on a Biograph 2 PET/CT consisting of a lutetium oxyorthosilicate full-
ring PET and a 2-slice spiral CT (all scanners, Siemens Medical Solutions,
Erlangen, Germany). 68Ga-DOTATATE or 68Ga-DOTATOC (121 ±
12 MBq) was injected intravenously. After a period of 60 min, transmis-
sion data were acquired using either the 68Ge-rod-sources (in case of
the stand-alone PET) or spiral CT with (80mAs, 120 kV, a 512 × 512 ma-
trix, 5 mm slice thickness,) or without (40mAs, 120 kV, a 512 × 512 ma-
trix, 5 mm slice thickness) contrast enhancement including the base of
the skull to the proximal thighs. Consecutively, PET emission data were
acquired in three-dimensional mode with a 200 × 200 matrix with
2–5 min emission time per bed position. After decay and scatter correc-
tion, PET data were reconstructed iteratively with attenuation correction
using the algorithm implemented by the manufacturer.

2.3. Image interpretation and data analysis

All image data were transferred to an Interview Fusion Workstation
(Mediso Medical Imaging Systems Ltd., Budapest, Hungary) for further
data analysis. Manual delineation was performed in combined PET/CT
data side-by-side (Fig. 1). If more than three metastases (with a size
≥15mm) per organwere present, only the three largest lesionswere an-
alyzed. For assessment of tumor heterogeneity several different textural
parameters were estimated for every individual lesion. Among these
were first order parameters (Coefficient of variation, COV), second
order parameters (Entropy, Homogeneity, Correlation and Contrast)
and higher order parameters (Size zone variability, Intensity zone vari-
ability, Short zone emphasis, Long zone emphasis, Low grey-level zone
emphasis, etc.). A more detailed description about textural parameters
can be found for example in [27]. For comparison for each lesion, conven-
tional diagnostic parameters were evaluated as well: maximum stan-
dardized uptake value (SUVmax), mean SUV (SUVmean), and total
receptor expression (TRE) were assessed. The SUV was calculated ac-
cording to the body weight of the patient.

2.4. Response assessment and follow-up

All patients were followed continuously by clinical examination,
tumor marker levels (thyreoglobulin in differentiated carcinomas or
activity
TE; GBq)

Time between
first and last
PRRT (months)

Imaging modality
used to assess PD

Site of disease

: 2.15 - US, CT, DOTATOC PET/CT Lymph node, bone
: 2.5 and
: 21.6

19 US, CT, DOTATOC PET/CT Lymph node, lung

C: 3.0 - US, CT, DOTATOC PET/CT Bone, lung
US, CT, DOTATOC PET/CT Lymph node, bone, liver

- US, DOTATATE PET/CT Lymph node, bone
13 US, CT, DOTATATE PET/CT Lymph node, bone
12 US, CT, DOTATATE-/FDG-PET/CT Lymph node, bone
46 US, CT, DOTATATE PET/CT Lymph node, liver
9 US, CT, DOTATATE-/FDG-PET, CT Lymph node, lung
3 US, CT, DOTATATE-/FDG-PET/CT Soft tissue, lung
5 US, CT, DOTATOC PET/CT Bone
4 MRI Liver, bone

10-tetraazacyclododecane-N,N′,N″,N″′-tetraacetic acid0-d-Phe1,Tyr3]octreotate, DOTATOC =
oid cancer, GBq = Gigabecquerel, LND = lateral neck lymph-nodes dissection, m = male,
yroid cancer, ND= neck dissection, PD = progressive disease, PET/CT = positron emission
lary thyroid cancer, TT = total thyroidectomy, US = ultrasound.



Fig. 1. Example ofmanual lesion delineation on PET images. A supraclavicular lymph nodemetastasis (arrow) which can be detected on both computed tomography (CT) as well as fused
somatostatin receptor positron emission tomography/computed tomography (SSTR-PET/CT) images is manually delineated by a region of interest on the PET-only images (upper left).
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calcitonin and carcinoembryonic antigen (CEA) in medullary carcino-
mas). In addition, imaging was performed each 3–6 months after
PRRT. Both functional imaging using SSTR-PET/CT and/or morphologic
imaging (CT) were performed. Progression-free-survival (PFS) was de-
fined when in clinical consent signs of progression were found,
which was radiologically according to Response Evaluation Criteria In
Solid Tumors (RECIST) criteria in most cases [28]. For the calculation
of overall survival (OS) the time interval between the pre-therapeutic
PET examination and the date of death was used.

In 6 patients for whom continuous imaging was available, lesion-
individual response according to modified RECIST criteria was assessed.

2.5. Statistical analysis

Statistical analysis was performed using MedCalc software (version
12.3.0.0, MedCalc Mariakerke, Belgium). All parameters were correlated
with the OS and the PFS using Pearson correlation analysis. A two sided t-
test was used to test if the correlation was statistically significant within a
95% confidence level. For the parameters in which the correlation was sta-
tistically significant (p b 0.05) a receiver operating characteristics (ROC)
analysis was performed to estimate the optimal cut-off value for the indi-
vidual parameters to assess time to progression and time to death. For
this purpose, theYouden indexwasused tomaximize the sumof sensitivity
and specificity [29]. The area under curve (AUC) was calculated including
the exact binominal confidence intervals (95% confidence level). Statistical-
ly significance of the predictive capability was assumed when the critical
value of 0.5 was not included in the confidence interval. As – due to the
small number of patients – the feasibility of ROC analysis can be discussed
critically, we also calculated the median for these parameters for compari-
son with the cut-off values [30]. For the parameters showing such signifi-
cance the relationship of it and the PFS as well as the OS was analyzed
using Kaplan–Meier plots. Kaplan–Meier analysis was performed using
thresholds established before by ROC analysis. Differences between
Kaplan–Meier curves were evaluated using nonparametric log-rank tests,
considering differences with a p-value smaller as 0.05 to be significant.
For lesion individual analysis ROC analysis was performed as described
above for all parameters to assess the predictive capability of each parame-
ter to assess the predictive parameter for individual therapy response.
3. Results

A total of 12SSTR-PET scanswereperformedprior toPRRT. BaselinePET
was positive in all patients. Metastatic sites included bone (n=3, 25%),
lymph nodes (n = 3; 25%), lungs (n = 6; 50%) and liver (n = 2; 17%).

During follow-up (mean, 480 days), 9/12 patients (75%) showed
progressive disease. On average, progression was detected 221 days
after the pre-therapeutic baseline PET scan (range, 60–390 days). The
remaining three patients (25%) could be classified as stable during
follow-up. 3/12 (25%, all follicular TC) patients died of cancer within the
follow-up period (mean, 450 days after baseline; range, 99 –815 days).

3.1. Correlation of PET parameters and PFS

Analyzing correlation of the different diagnostic parameters with PFS
we found that none of the conventional parameters investigated were
associated with PFS (p N 0.05). TRE trended to be negatively correlated
with PFS (r = −0.45; p = 0.142), however, it failed to reach statistical
significance. In contrast, several textural heterogeneity parameters
including “Contrast” (sensitivity 67%, specificity 100%), “Grey level non
uniformity” (sensitivity 89%, specificity 100%), “Intensity variation”
(sensitivity 78%, specificity 100%) and “Short run emphasis” (sensitivity
67%, specificity 100%) correlated significantly with PFS. A complete list
of all significant parameters is given in Table 2. More detailed explana-
tion of these parameters is shown in Table 3.

In ROC analysis, the parameter “Grey level non uniformity” proved
most useful in prediction of progression with the biggest area under
the curve (AUC; 0.93) followed by “Contrast” and “Intensity variation”
with an AUC of 0.89 each and “Short run emphasis” (AUC, 0.85). Details
as well as the optimal cut-off values for each parameter can be inferred
from Table 2. Whereas a number of further parameters correlated with
PFS, none of those demonstrated prognostic capability in ROC analysis.

For the four prognostic parameters Kaplan–Meier analysis was per-
formed using the threshold estimated by ROC analysis. Additionally,
the median of these textural parameters was calculated. For “Intensity
variation”, the estimated cut-off value as well as the median was the
same, while there were small differences for “Contrast” and “Short run
emphasis” and a bigger difference for “Grey level non uniformity”.



Table 2
Receiver Operating Characteristics (ROC) analysis, sensitivity and specificity of heterogeneity parameters regarding progression free survival (n = 12; 9/12 showedprogressive disease, 3/
12 remained stable during follow-up).

Parameter AUC 95% CI Sensitivity Specificity Cut-off P-value Median

Contrast 0.89 0.58–0.99 67 100 b10.8 0.0006 11.5
Entropy 0.63 0.32–0.88 44 100 N4.3 0.006 4.3
Grey level non uniformity 0.93 0.63–1.00 89 100 b0.048 0.007 0.029
High grey level zone emphasis 0.78 0.46–0.96 56 100 b58.7 0.011 60.2
Intensity variation 0.89 0.58–0.99 78 100 b0.015 0.001 0.015
Short run emphasis 0.85 0.54–0.99 67 100 b0.588 0.018 0.613
Short run high level grey emphasis 0.78 0.46–0.96 67 100 b31.9 0.0009 34.0
Short zone emphasis 0.82 0.50–0.97 67 100 b0.578 0.0017 0.596
Short zone high grey level emphasis 0.70 0.38–0.92 78 67 b41.2 0.0001 38.9
Short zone low grey level emphasis 0.74 0.42–0.94 67 100 b0.090 0.017 0.065

AUC = area under the curve, CI = confidence interval.
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Therefore, Kaplan–Meier analysis was also performed using themedian
for the latter three parameters.

Using the cut-off values derived by ROC analysis for “Contrast”,
“Intensity variation” and “Short run emphasis” a significant distinction
between responders and non-responders regarding PFS (p = 0.04,
p = 0.01, and p = 0.02) could be demonstrated (Fig. 2). For “Grey
level non uniformity” significance was not reached. However a p-value
of 0.06 indicates a strong trend toward prognostic capability. Using the
median as cut-off, no changes in patient classification were found for
“Contrast” and “Short run emphasis”. In “Grey level non uniformity”,
using the median as cut-off leads to a statistical significant distinction
between responders and non-responders regarding PFS (p = 0.04) and
therefore to an improvement compared to ROC analysis.

3.2. Correlation of PET parameters and OS

None of the conventional PET parameters investigated correlated with
OS. No prediction of OS was possible by analysis of SUVmax, SUVmean or TRE.
As for PFS, TRE trended tobepredictive ofOSwith r=−0.40 andp=0.196.
Table 3
Overview of the significant textural parameters of Receiver operating characteristics
(ROC) analysis (according to Table 2).

Parameter Order Description

Contrast 2nd Measures the difference of the grey value when
going to the next voxel. It is high when the intensity
changes very often between single voxels.

Entropy 2nd Entropy is a measure for the grade of derangement.
A homogeneous volume has low entropy as well as
an image with a highly ordered pattern.

Grey level non
uniformity

3rd Measures the similarity of grey level values. It is small
if the grey level values are similar in the volume.

High grey level zone
emphasis

3rd Measures the distribution of high grey level values.
It is large when high grey level values appear in
the volume.

Intensity variation 3rd The intensity variation describes the variation of the
intensity of different substructures (zones).

Short run emphasis 3rd The SRE describes the distribution of runs. It is
highly dependent on the occurrence of small runs
and is in fine textures.

Short run high level
grey emphasis

3rd Measures the joint distribution of small runs and
low grey level values. It is expected to be large
when many small zones and lower grey level values
are present in the volume.

Short zone emphasis 3rd Measures the distribution of short zones. It is highly
dependent on the occurrence of small zones and is
expected to be large for fine textures.

Short Zone high grey
level emphasis

3rd Measures the joint distribution of short zones and
high grey level values. It is expected to be large
when many small zones and high grey level values
are present in the volume.

Short zone low grey
level emphasis

3rd Measures the joint distribution of small zones and
low grey level values. It is expected to be large
when many small zones and lower grey level values
appear in the volume.
No significant correlation was found between OS and any textural
parameters. Of all parameters investigated, “Short zone high Grey level
emphasis” proved most useful with a trend toward significance (r = 0.42;
p= 0.178). A detailed explanation of this parameter is given in Table 3.

3.3. Lesion-based analysis

In lesion-based analysis, only the parameter “Entropy” was able to
predict progression of the individual lesion (AUC, 0.73; 95% CI,
0.50–0.89) providing a sensitivity of 67% and a specificity of 75%. All
other textural as well as the conventional parameters did not show
statistical significance in ROC analysis.

4. Discussion

In this pilot study, we analyzed the capability of SSTR-PET to predict
therapy response andoutcome inpatientswith iodine-refractorydifferenti-
ated and advanced medullary thyroid carcinoma prior to treatment with
PRRT. Therefore, conventional diagnostic parameters aswell as textural pa-
rameters for the assessment of tumor heterogeneity were investigated.

Heterogeneity parameters outperformed all conventional parameters
like SUV and TRE with “Contrast”, “Grey level non uniformity”, “Intensity
variation” and “Short run emphasis” being predictive of PFS after PRRT.
Kaplan–Meier analysis demonstrated a significant distinction between
therapy responders and non-responders. On a lesion basis, “Entropy”
could be used as a predictor of progression.

There may be many reasons for the implications of heterogeneity in
terms of therapy response and patient prognosis. Heterogeneitymay cor-
respond to high levels of neovascularization, indicating more aggressive
tumors. Lesion inhomogeneity can also be explained by hypoxia, which
is known as a negative prognostic factor formany tumor entities. Further-
more, inhomogeneity may indicate de-differentiated intra-lesional areas
which have lost expression of SSTR and turned to a more aggressive
behavior. Interestingly, all conventional parameters like SUVmax or
SUVmean failed to provide prognostic value for the individual patient.
Thismay be due to the fact that the SSTR-PET/CTwhichwas used for anal-
ysis depicts cell surface receptor expression in contrast to cellmetabolism
which can be assessed by FDG. Since receptor expression can be regulated
dynamically, evaluation of the implication of SUV only in somatostatin-
based PET might prove insufficient.

OS did not correlate with any parameter investigated in this study,
neither conventional nor textural. “Short zone high grey level empha-
sis” trended to be correlatedwith longerOS (r=0.42; p=0.178), how-
ever, significancewas not reached. This might be explained by the small
sample size of the studywith only 12 patients enrolled. In addition, after
PRRT patients underwent treatments including TKI, thereby influencing
overall survival as well.

Nevertheless, our data suggest that the “new” parametersmay prove
to be useful tools in the pre-therapeutic assessment of the possible
benefit of PRRT in late-stage thyroid cancer patients. Whereas TKI are
widely used nowadays, many patients experience a various number of



Fig. 2. Kaplan–Meier plots and number-at-risk tables for probability of progression-free survival. Low-risk group (solid lines) was identified by various textural parameters measured on
somatostin receptor positron emission tomography/computed tomography (PET/CT) before Peptide Receptor Radionuclide Therapy. Cut-off values derived by Receiver operating charac-
teristics analysis were used. d=days.
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different side effects like skin reactions or diarrhea [31] that can be in-
tolerable in some cases and lead to disruption of TKI treatment. Atten-
tion has also to be drawn on cardiac adverse events including
prolongations of QT-interval which may lead to life-threatening “tor-
sades de pointes” arrhythmias [32]. In those patients, SSTR-PET/CT in
combination with analysis of heterogeneity parameters can help in
treatment individualization by selecting patients who will benefit
from PRRT. Strikingly, “Contrast” and “Grey level non uniformity”
were the best discriminators between responders and non-
responders. We speculate that the application of textural parameters
may be used to improve individualized cancer treatment. Thereby, the
concept of “theranostics” may be applied. By performing a diagnostic
study, information on individual treatment options can be gained at
the samemoment. However, resultswill have to be reproduced and val-
idated in larger series until final conclusions can be drawn.

This study has some limitations. First, only 12 patients could be in-
cluded, thereby limiting statistical power of analyses. However, results
suggest that tumor heterogeneity may be used for treatment decisions.
Beneficial results of PRRT have also recently demonstrated by Versari
et al. who reported on a series including 11 patients with radioiodine-
negative differentiated thyroid cancer. PRRT was able to induce disease
control in 7 patients [20]. In another study from 2009, a Swiss group
found lower response rates of about 30% (in a cohort of 24 iodine-
refractory patients). However, response to PRRT was again associated
with significantly longer survival [18]. Also, this study focused on the pre-
dictive value of parameters of tumor heterogeneity, not the effectiveness
of PRRT itself. Second, a very heterogeneous patient cohort including
patients with medullary as well as iodine-negative differentiated thyroid
carcinoma as well as differing previous treatments was enrolled.
Third, reproducibility of tumor heterogeneity as assessed by PRRT-
PET/CT has not been evaluated. Consequently, repeated PET/CT studies
within short time intervals will have to be performed in each patient
to answer this question. For FDG-PET/CT, such a study has been per-
formed by Tixier et al. and demonstrated reproducibility of textural
parameters comparable to the range of conventional SUV [22]. However,
data should be validated by further studies.

The analysis of heterogeneity is limited by the size of the lesion. If the
lesion becomes too small, the analysis of differences in radiotracer-
uptakewithin the lesion does notmake sense. Investigating small struc-
tures, e.g. lymph node metastases, may challenge the value of textural
parameters. In this context a limitation of our study is the use of three
different PET scanners, however as the tumor entities are rare and the
PRRT is not used routinely in these patients it is still an interesting result.

Another issue that needs further investigation is the influence of
reconstruction parameters on tissue heterogeneity: PET reconstruction
algorithms include smoothing of the image data which could influence
assessment of tumor heterogeneity. Furthermore, as another drawback
of this study, metabolically active tumor volumes were delineated
manually instead of using segmentation algorithms with fixed thresh-
olds andmight therefore be prone to inter-individual differences. How-
ever, the appropriate segmentation method is still widely discussed;
semiautomatic methods often fail depending on the tumor localization
[33,34]. Therefore, we considered manual delineation to be optimal
for our study especially as we included metastases varying in location
aswell as signal-to-background ratio. Besides, partial volume correction
has to be addressed in small lesions. However, we excluded lesions
smaller than 15 mm from analysis. Additionally, Hatt and colleagues
could demonstrate that the predictive value of textural parameters is

image of Fig.�2
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not affected by partial volume effect and is relatively independent of the
method used to delineate the tumor volumes to be analyzed [35].

The question of accurate assessment of tumor borders in PET images
and whether delineation based on CT images may prove superior is
discussed adversatively at the moment [36,37]. Differences in tumor
heterogeneity depending on the delineation method will also need to
be investigated in further studies.
5. Conclusions

Tumor heterogeneity seems to be a predictor of outcome in patients
with iodine-refractory differentiated and advanced medullary thyroid
cancer and outperforms conventional PET parameters. In a “theranostic”
approach, assessment of textural parameters may help in selecting pa-
tients whomight benefit from PRRT and warrants further investigation.
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