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Abstract

Objective: The aim of this retrospective study was to determine added value of single photon emission computed tomography (SPECT)/computed
tomography (CT) imaging to whole body scan (WBS) planar imaging in patients with thyroid cancer after radioiodine 131 ablation therapy.

Methods: Indications for treatment of radioactive ablation therapy were postsurgical ablation, recurrent or metastatic disease with high
thyroglobulin level of 50 patients with thyroid cancer were evaluated. Following 6 or 7 days after the between 50 and 300 mCi of radioiodine
131 administered orally in patients examined with WBS planar imaging, suspicion of metastasis evaluated with SPECT/CT imaging method.
Imaging techniques were evaluated by nuclear medicine specialist with over 10 years experience in thyroid cancer management. The number
of lesions assessed with planar images and the number of lesions assessed with SPECT/CT were recorded. The difference between the level of
significance was tested using Wilcoxon Signed Rank test, SPSS 12 software package. Special cases with lesion based analysis was performed by
examining the reviews.

Results: On planar images 188 foci were detected, on SPECT/CT images 196 foci were detected. Difference between the number of detected
lesions was found to be a statistically significant (p<0.05). SPECT/CT added diagnostic value 117 of 188 foci over planar imaging.

Conclusion: In patients with thyroid carcinoma, there was a statistically significant difference between the number of lesions detected with
WBS planar imaging and the number of lesions detected with SPECT/CT.
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age at the time of diagnosis is 54 in men and 48 in women.

INTRODUCTION

The incidence of differentiated thyroid cancer (DTC) in the last The treatment method chosen in 84% of patients is total

three decades has increased in men and women (1,2). Some thyroidectomy, and 15% is partial thyroidectomy. Approximately

studies have suggested that the use of ultrasonography and 56% of the good DTCs treated surgically receive radioactive

verification methods with fine needle aspiration biopsy explain
this increase (3,4). DTC is the most common type of cancer
among endocrine system malignancies. Thyroid cancers occur
at an earlier age than many adult cancer types, the median

iodine (RAI) 131 therapy for ablation of the remaining residual
tissue. By suppressing the pituitary gland, suppression therapy
with levothyroxine is applied to prevent the secretion of thyroid-
stimulating hormone (thyrotropin). In this way, recurrence rates
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are tried to be reduced. The relative 5-year survival rate for all
thyroid cancer patients is 97.3%. The stage of the disease and
the age of the patient at the time of diagnosis affect the survival
time. The 5-year survival rate is 99.8% in localized disease, 96.8%
in regional spread, 55.4% in those with distant metastasis (5).

1131 applied on the 6th or 7th day following the application
of RAI ablation therapy in the DTC is included in the routine
algorithm of the whole body scan (WBS) (6). Routine imaging is
done as planar imaging with gamma camera. Residual tissue,
lymphatic or other possible metastases can be imaged during
post-treatment imaging. When imaging is done planar, there are
deficiencies in terms of anatomical correlation. Due anatomical
correlation and three-dimensional imaging can be done by
single photon emission computed tomography (SPECT)/CT,
additional lesions can be detected which may result in changes
in the patient’s treatment and follow-up.

The aim of this study is to show whether the contribution of
SPECT/CT imaging method on planar imaging after RAI therapy
in DTC patients is statistically significant and to examine possible
contributions.

METHODS

This study was carried out with the approval decision of
Okmeydani Training and Research Hospital Clinical Research
Ethics Committee dated 17.12.2012 and numbered 41. Consent
was obtained from the patients who were scanned.

Cases

The patients who received 50-300 mCi RAI treatment in our clinic
between April 2010 and October 2011 due to thyroid cancer and
who underwent planar scintigraphy imaging 4 or 7 days after
treatment, and from the activity involvements with suspicion of
metastasis or recurrence and/or those investigated with SPECT/
CT with need of an anatomical correlation were chosen. No
exclusion criteria were applied. It was observed that the patients
whose dossier and epicrisis information were examined were
followed up and received RAI treatments in accordance with the
patient preparation protocol before RAI treatment.

Imaging Technique
1- Patient Preparation: The patients are informed about

the method of scan, and the importance of their immobility
throughout the study is explained.

2- Imaging: Imaging of all cases was done with Infinia double
headed gamma camera or Infinia Hawkeye 4 (General Electric
Medical Systems, Milwaukee, WI) double headed gamma
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camera. After WBS was performed, SPECT/CT examination
was performed for those with suspected recurrence and
metastasis, and the relevant field of view; viewing area was
determined by the nuclear medicine specialist who evaluated
the WBS image.

a. Planar imaging: WBS planar imaging was taken at a speed
of 10 cm/minute, and spot images were taken in 5 minutes
with Infinia double-head gamma camera or Infinia Hawkeye 4
(General Electric Medical Systems, Milwaukee, WI) double-head
gamma camera.

b. SPECT/CT imaging: SPECT imaging was done with Infinia-
Hawkeye 4 (General Electric Medical Systems, Milwaukee, WI)
device after planar imaging evaluation. With wide field of
view, high energy, high resolution, parallel hole collimator, 60
images were taken in total 360 degrees with zoom value at 1,
peak energy level 364 KeV, window range 10%, each image 30
seconds, 128x128 matrix, 6 degrees step and shoot mode. CT
imaging was performed with Infinia-Hawkeye 4 (General Electric
Medical Systems, Milwaukee, WI) device without giving oral or
intravenous contrast agent immediately after SPECT imaging. In
the system containing low dose CT (4 slice), the settings of the
X-ray tube were determined at 140 kV and 2.5 mA, in the mode
of scan type being helical, with a wide viewing angle in the pitch
of 1.9, 512x512 matrix in half rotation. Standard filter is applied
to the images obtained. The scan time lasted about 4.5 minutes
for 40 cm in helical shooting.

Evaluation Criteria

Planar and SPECT/CT images were evaluated by a nuclear
medicine specialist with more than 10 years of experience
in thyroid cancer imaging. Apart from nuclear medicine
scintigraphic images, clinical information, laboratory values and
available radiological images were also taken into consideration
during the evaluation.

During the evaluation of scintigraphic findings, one or more
activity areas with more involvement than background activity
were positively evaluated. Nasal activity was considered normal.
Symmetrical salivary gland activity, gastrointestinal activities,
bladder activity were evaluated as normal. Diffuse activity
involvement in the liver was considered normal in people with
functional thyroid tissue. The activity involvement areas in other
areas were recorded as abnormal.

SPECT images were performed on Xeleris (General Electric
Medical Systems, Milwaukee, WI) workstation. Qrecon Quant
filter was used as reconstruction downhill filter. After filtering
with the Hann prereconstruction filter (frequency value 0.9), it
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is reconstructed with OSEM iterative image refresh technique,
while the subset value was 10 and refresh value was 2. Filtered
with Hann 3D post reconstruction filter (frequency value 0.9).
Fusion images were obtained by combining the SPECT images
with attenuation correction by computer and CT images. It was
evaluated whether SPECT/CT images are synchronized with
regions with RAl involvement in transverse, coronal, sagittal
sections and 3D images.

Lesion numbers were recorded in both imaging methods for
statistical analysis. For each lesion, it was classified as malignant
or benign by making anatomical correlation with SPECT/CT and
the contribution rate of SPECT/CT was recorded in the lesion-
based analysis.

Statistical Analysis

SPSS 12.0 software package was used for statistical analysis.
In order to determine the appropriate test to be used in the
evaluation of the difference in the number of lesions between
planar imaging and SPECT/CT imaging, it was first examined
whether the variables were normally distributed or not. The
Wilcoxon Signed Rank test was used to analyze the difference in
the number of lesions, since the normal distribution assumption
did not occur. Hypotheses for testing were established as follows.

Ho: There is no statistical difference between the number of
lesions determined by planar imaging and the number of lesions
determined by SPECT/CT imaging.

Hq: There is a statistical difference between the number of
lesions determined by planar imaging and the number of lesions
determined by SPECT/CT imaging.

95% significance level (p<0.05) was used in the tests.

Lesion-based analysis was performed. Differences between
the planar imaging method and SPECT/CT were recorded. The
contribution value of SPECT/CT was calculated as a percentage.

RESULTS

The cases were between the ages of 18-80. The average age was
calculated as 47.60+16.05 (Table 1). Of the 50 patients, 42 (84%)
were female and 8 (16%) were male (Figure 1).

A total of 188 lesions were detected on planar images and 196
lesions on SPECT/CT images (Table 2).

Table 1. Distribution of cases by age
n Minimum | Maximum | Average | Standard
deviation
Age 50 |18 80 47.60 16,05475

The dose of RAI applied to the cases is in the range of 50-300
mCi. The average RAI dose was calculated as 131.40 mCi.

There was a statistically significant difference in terms of the
number of lesions determined by planar imaging and SPECT/CT
imaging (p>0.05). The test results are shown below (Table 3).

Lesion-based analysis; contribution after evaluation of lesions
considered suspicious in planar imaging with SPECT/CT; a total
of 188 lesions were detected in planar imaging, and 196 lesions
in SPECT/CT imaging. When 117 lesions considered suspicious in
planar imaging were evaluated by SPECT/CT, 44 were defined as
benign and 73 as malignant lesions.

Anatomic correlation was performed for all other lesions in the
SPECT/CT imaging area (Table 4).

DISCUSSION

Unlike other imaging modalities, there are unique methods
of defining physiological activities and processes using
nuclear medicine techniques. Most of the time, knowing the
physiological activity involvement helps in the interpretation
of the examination. When an unusual involvement is detected
in imaging, it is important to determine the exact localization
of the lesion for the planning of treatment. Determination
of the exact localization has become possible today with the
SPECT/CT imaging method (7). By combining anatomical and
molecular imaging methods with devices such as SPECT/CT
and PET/CT, more precise comments can be made regarding
better attenuation correction, better anatomic correlation and
examinations (7).

In thyroid cancer patients, WBS performed on the 5th-gth days
after RAl ablation therapy is used as a standard imaging method.
Important information about the condition of the disease is

16%

O Male
B Female

84%

Figure 1. Distribution of cases by gender

185



Tatoglu et al. Added Value of SPECT/CT

Eur Arch Med Res 2020;36(3):183-91

Table 2. Planar and SPECT/CT imaging lesion count and pathological diagnosis of cases

ICdase r:;r;irci(r:ll;gting IS:inE(C):/cC;—un i Pathological diagnosis

1 1 1 Papillary carcinoma follicular variant

2 4 4 Multicentric papillary carcinoma

3 4 4 Papillary carcinoma classic

4 2 2 Papillary carcinoma classic

5 10 11 Papillary carcinoma classic

6 4 5 Follicular carcinoma

7 5 5 Papillary carcinoma classic

8 4 4 Papillary carcinoma classic

9 1 2 Papillary carcinoma classic

10 5 5 Papillary carcinoma classic

1 4 4 Papillary carcinoma classic

12 4 4 Papillary carcinoma classic

13 3 3 Papillary carcinoma follicular variant + opposite lobe papillary microcarcinoma
14 5 5 Follicular carcinoma

15 3 5 Papillary carcinoma classic

16 3 3 Papillary carcinoma classic

17 3 3 Papillary carcinoma classic

18 2 2 Papillary carcinoma classic

19 9 9 Met: follicular carcinoma + slightly differentiated carcinoma
20 5 6 Papillary carcinoma classic

21 9 9 Papillary carcinoma classic

22 2 2 Papillary carcinoma follicular variant + opposite lobe multicentric papillary microcarcinoma
23 3 3 Diffuse invasive follicular carcinoma + papillary carcinoma follicular variant
24 4 4 Papillary carcinoma classic

25 1 1 Papillary carcinoma classic

26 4 4 Papillary carcinoma classic

27 4 4 Papillary carcinoma classic

28 5 5 Papillary carcinoma classic

29 2 2 Multicentric papillary microcarcinoma

30 3 3 Papillary carcinoma classic

31 5 5 Papillary carcinoma classic

32 2 2 Multicentric papillary carcinoma

33 2 1 Papillary carcinoma classic

34 3 3 Papillary carcinoma classic

35 3 3 Multicentric papillary microcarcinoma

36 2 2 Papillary carcinoma classic

37 7 8 Metastatic thyroid carcinoma

38 3 3 Papillary carcinoma classic

39 1 1 Papillary carcinoma slightly differentiated insular

40 4 4 Papillary carcinoma classic

41 3 3 Papillary carcinoma classic

42 4 4 Papillary microcarcinoma classic type + follicular variant
43 4 4 Papillary microcarcinoma
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Table 2. Continued

la ™" | lesion count "+ | lesion count | Pathologial diagnoss

44 2 2 Minimally invasive follicular carcinoma
45 3 3 Papillary carcinoma classic

46 5 5 Mixed type of papillary carcinoma
47 9 11 Papillary carcinoma classic

48 2 2 Papillary carcinoma classic

49 3 3 Papillary carcinoma classic

50 3 3 Papillary carcinoma follicular variant
Total | 188 196

SPECT: Single-photon emission computed tomography, CT: Computed tomography

Table 3. Wilcoxon signed ranks test results

Ranks
n Mean | Sum of
Rank | Ranks
SPECT-CT - planar Negative ranks 1() |]3.50 3.50
Positive ranks 7(b) |4.64 32.50
Ties 42 ()
Total 50

Test statistics

SPECT-CT - planar

Z -2.126 (a)
Asymp. Sig.
(2-tailed) 0.033

a SPECT-CT < planar, b SPECT-CT > planar, ¢ SPECT-CT=planar
a: Based on negative ranks, b: Wilcoxon signed ranks test

Table 4. Lesion-based analysis

Lesion | Impact of SPECT/ | Contribution
count T percentage
Total lesion - planar/ | 188/196 | Increase in lesion | 4.3%
SPECT-CT detection
Diagnostic 117/188 | Increased 62.2%
contribution of determination in
SPECT/CT localization and
characterization
(benign/
malignant)
Anatomical 71/188 | Increase in 27.8%
correlation localization
determination

SPECT: Single-photon emission computed tomography, CT: Computed tomography

obtained after treatment with WBS. Although RAI involvement
is specific for thyroid tissue, many false positive conditions such
as contaminations, physiological excretions can occur in planar
scintigraphy, and a definite anatomical correlation is needed to
distinguish between a physiological condition and a malignant

lesion. By determining the exact anatomical localization of RAI
involvement with SPECT/CT, diagnostic accuracy is increased and
a positive contribution is made to the management of patients’
treatment (8-10). Before the clinical use of the SPECT/CT device
became widespread, it was attempted to examine SPECT and CT
by using computer fusions after performing on separate devices,
and to use external markers outside the body, and publications
have been published on the usefulness of these (11,12).

In this study, the cases with suspicious involvements during WBS
planar imaging performed after RAI ablation therapy in thyroid
cancer patients were evaluated for those who were identified
and/or anatomically correlated with SPECT/CT. It is aimed to
examine the contributions of SPECT/CT to planar imaging. For
this purpose, whether there is a statistical difference between
the number of lesions detected in planar imaging and the
number of lesions detected in SPECT/CT was tested with the
SPSS 12.0 package program Wilcoxon Signed Rank test and the
result was found to be statistically significant. The total number
of lesions detected in planar imaging was 188, the number of
lesions detected in SPECT/CT was 196, and the rate of increase
was calculated as 4.3%. In addition, the contribution of SPECT/CT
was evaluated by performing lesion-based analysis. According to
the result of the lesion-based analysis; it was found that SPECT/
CT was useful in defining RAI involvement in 117 (62.2%) of 188
lesions detected in planar imaging. It has been observed that it
also contributed to the anatomical correlation of all remaining
foci of involvement (27.8%).

In a study conducted by Ruf et al. (13), which included 24 thyroid
cancer patients who could not be concluded with full-body-scan
planar imaging after RAI ablation therapy (3.7 GBq=100 mCi);
by comparing SPECT and SPECT/CT imaging methods, it was
examined whether fusion imaging contributed. As a result of the
study, in focus-based examination; SPECT/CT provided important
clinical information by providing comment changes in 15 (38%)
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out of 39 focal points. In patient-based examination; these
findings were found to be significant in 6 (25%) of 24 patients, and
SPECT/CT fusion was suggested to rule out artifacts. Compared
to this study, it is seen that similar results are obtained. It was
thought that the variance in contribution percentage of SPECT/
CT may be related to the selection of patients.

In the study conducted by Schmidt et al. (14) to evaluate the
contribution of SPECT/CT to nodal staging in 57 thyroid cancer
patients after RAI ablation therapy; the cervical region was
evaluated with planar imaging and SPECT/CT. SPECT/CT led to a
revision in the original diagnosis of 28 of the 143 RAl involvement
foci detected in planar imaging. In particular, it classified 6 of the
11 focal points considered as lymph node metastasis in planar
imaging and 11 of the 15 unidentified focuses as benign, and
identified 11 focal points as lymph node metastasis which were
previously defined as thyroid balance or ambiguous in planar
imaging. SPECT/CT contributed to nodal staging in 20 (35%) of
57 patients, and changed the nodal staging from NO to N1 in
2 of 20 patients and from N ambiguous (Nx) to N1 in 6 of 30
patients. According to these results, it changed the risk layer
in 14 of 57 patients according to International Union Against
Cancer. Although nodal staging was not taken into consideration
in this study, a full comparison could not be made, but 117 of
188 focal points detected in planar imaging were identified as
suspicious, and 44 of these foci were classified as benign and 73
were malignant with SPECT/CT, which suggests that these two
methods provide information in the same direction.

In the study conducted by Aide et al. (15), 55 thyroid cancer
patients undergoing RAI treatment were evaluated and it was
shown that cases identified as ambiguous by planar imaging
decreased from 29% to 7% with SPECT/CT. In addition, compared
to planar scintigraphy, SPECT/CT has been shown to be superior
in predicting treatment failure. In this study, there was no
lesion that SPECT/CT could not identify among the involvement
detected uncertain in planar imaging.

In a dicentric study of Mustafa et al. (16), 151 cases of T1 stage
papillary carcinoma, 96 of which were papillary microcarcinoma
were evaluated; cervical lymph node dissection was performed
in 69 patients and SPECT/CT based nodal staging was performed
in the remaining 82 patients. The incidence of lymph node
metastasis was 26% in the whole group and 22% in the papillary
microcarcinoma group. It was determined that SPECT/CT provides
more accurate information in 24.5% of patients compared to
planar scintigraphy. In this study, no comment was made on
the diagnostic accuracy of SPECT/CT in nodal staging due to the
absence of histopathological verification.
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In the study conducted by Ciappuccini et al. (17) on 170 DTC
patients; after RAl ablation therapy, the effects of other
prognostic factors such as age, gender, stimulated triglyceride
(Tg) level, tumor, lymph node metastasis, macroscopic lymph
node involvement on disease-free survival with the neck and
thorax SPECT/CT examination were compared. WBS showing
positive RAl involvement only and A Tg negative, Tg level at least
58 ng/dL were found to be associated with an increased risk of
recurrence or persistent disease.

Chen et al. (18) performed 37 SPECT/CT studies where 23 patients
with locally advanced or metastatic thyroid carcinoma failed
to achieve any results with planar imaging after RAI ablation
therapy; they found that it contributed to the diagnosis in 17
of 23 patients (74%). They reported that treatment strategy
changed in 8 (35%) of 23 patients with SPECT/CT imaging. They
reported that the diagnostic accuracy of fusion SPECT/CT imaging
was greater than planar scintigraphy, reduced trap images, and
caused a change in treatment strategy.

It was observed that the findings detected in many studies and
the findings found in this study were compatible and supportive.
In this study, it was seen that SPECT/CT is a contributing imaging
method for characterizing suspicious involvements in planar
imaging and making anatomical correlations.

In the clinic where the study was performed, the indication
for performing SPECT/CT examination in patients included in
the study was suspicious involvement in WBS and the need
for anatomical correlation (Figure 2-4). After RAI ablation
therapy of thyroid cancer patients, WBS testing continues to be
performed with planar imaging as a routine application in the
patient group. In other words, SPECT/CT imaging is not routinely
applied to all patients. The reason why it is not routinely
applied in all patient groups; although the CT component of
the SPECT/CT device produces lower dose radioactivity than
conventional CT imaging devices, it is to keep the radiation
dosimetry low. It was mentioned earlier in this section that
there were publications that showed that SPECT/CT detected
lesions that could not be detected in the planar image and
lesions in even WBS negative cases. In the clinic where this
study was performed, WBS negative patients could not be
included in the study because SPECT/CT was not performed.
It may be thought that the patient group of the cases with
suspicious findings in WBS, which caused the narrowing of the
patient group in the study. It was thought that studies should
be conducted in multi-centered, wider patient groups in order
to comment on whether SPECT/CT should be applied to all
cases as a routine practice.
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Anterior Posterior

Figure 2. A 56-year-old male who had papillary carcinoma metastasis as a result of the pathology of the mass excision from the dorsal vertebra
16 months ago, underwent bilateral total thyroidectomy 14 months ago. The patient, whose pathology result was reported as follicular variant of
papillary carcinoma, was administered 150 mCi RAI treatment. Local recurrence and lung metastasis were detected in 1-131 WBS during follow-up.
In the WBS performed on the 7th day of the patient who received 200 mCi RAI treatment, mild RAI involvement in the thyroid lodge, severe RAI
involvement in the midline in the mediastinum and mild RAI involvement in the right of the midline and more severe RAI involvement in the
posterior position were observed in the dorsal area. In the planar image with SPECT/CT, it was observed that RAI involvement observed in the middle
part of the mediastinum was in the sternum, and the involvement in the dorsal area was in the D10-11 vertebrae. In the CT component of SPECT/CT,
the appearance of the screws placed in the operation through the dorsal vertebra is observed. With SPECT/CT, the location of RAI involvement was
precisely determined and anatomical correlation was made. Lesions were reported as metastasis

RAI: Radioactive iodine, WBS: Whole body scan, SPECT: Single-photon emission computed tomography CT: Computed tomography

In this study, 188 RAI involvement focuses were detected in WBS CONCLUSION
planar imaging, and 196 RAI involvement focuses were detected
with SPECT/CT, and it was found that there was a statistically
significant difference. SPECT/CT provided additional clinical
information or helped lesion characterization in 117 of 188 RAI
involvements observed on WBS planar imaging. The contribution
of found foci on staging has not been studied separately, the

It is thought that conducting such researches, which will enable
the role of SPECT/CT to be better determined in the process of
thyroid cancer follow-up, may contribute to better follow-up of
doctors. According to this study, SPECT/CT is a recommended
imaging method for lesions in which planar imaging is suspected

first reason for this was there were patients who were at a high or requires anatomical correlation after RAI ablation therapy of

stage in the patient group and who underwent RAIl due to high
Tg at follow-up, and second reason was the idea that it would Acknowledgement

thyroid cancer.

be more meaningful to do it in a larger patient series. It has
been observed that the CT component of SPECT/CT contributes
by changing the treatment course in some cases. For example, in

This article was compiled from the medical speciality thesis titled
“Added value of SPECT/CT to whole body scan test planar imaging

o i in patient with thyroid cancer after radioiodine 131 therapy”,
one case, the pulmonary consolidation area was monitored, and . . .

. - . presented by Mehmet Tarik Tatoglu at Nuclear Medicine Clinic
the focus detected in favor of metastasis in the consolidation f Okmevdan: Traini 4R h Hospital
area, and it was seen that it could make changes in the course of Okmeydant Training and Research Hospital.

of treatment.
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Anterior Posterior

Figure 3. A 55-year-old female who underwent bilateral total thyroidectomy and received 100 mCi RAI ablation therapy due to the pathology result
of multicentric papillary carcinoma, SPECT/CT imaging was performed due to the detection of suspicious foci on the right and left sides of the
abdomen in the WBS on the 7th day of the treatment. In SPECT/CT images, one intense RAI involvement was observed in the 6th segment of the liver
and adjacent to the ribs in the inferoposterior of the spleen. In planar imaging with SPECT/CT, the RAI involvements observed as suspicious in the
abdomen were anatomically correlated and metastasis was reported

RAI: Radioactive iodine, WBS: Whole body scan, SPECT: Single-photon emission computed tomography CT: Computed tomography

.O
- -
Anterior Posterior

Figure 4. RAI treatment due to the pathology result of papillary carcinoma with capsular invasion and vascular invasion, SPECT/CT imaging was
performed due to suspicious RAl involvement in the upper mediastinum compatible with the residual tissue in the thyroid lodge and in the left
midline in the abdomen in the WBS performed on the 7th day of the treatment. SPECT/CT images showed an involvement consistent with metastatic
LAP in the upper mediastinum, while benign activity involvement consistent with the stomach was observed in the left midline of the abdomen. With
SPECT/CT, in this case one suspect involvement was reported as malignant and one suspicious involvement was reported as benign

RAI: Radioactive iodine, WBS: Whole body scan, SPECT: Single photon emission computed tomography CT: Computed tomography, LAP: Lymphadenopathy
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