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Use of Positron Emission Tomography/Computed Tomography in 
Radiation Treatment Planning for Lung Cancer
Akciğer Kanserlerinde Radyoterapi Planlamada Pozitron Emisyon Tomografi/Bilgisayarlı 
Tomografi Kullanımı

Abstract
Radiotherapy (RT) plays an important role in the treatment of lung cancer. Accurate diagnosis and staging are crucial in the 
delivery of RT with curative intent. Target miss can be prevented by accurate determination of tumor contours during RT 
planning. Currently, tumor contours are determined manually by computed tomography (CT) during RT planning. This method 
leads to differences in delineation of tumor volume between users. Given the change in RT tools and methods due to rapidly 
developing technology, it is now more significant to accurately delineate the tumor tissue. F18 fluorodeoxyglucose positron 
emission tomography/CT (F18 FDG PET/CT) has been established as an accurate method in correctly staging and detecting 
tumor dissemination in lung cancer. Since it provides both anatomic and biologic information, F18 FDG PET decreases inter-
user variability in tumor delineation. For instance, tumor volumes may be decreased as atelectasis and malignant tissue can 
be more accurately differentiated, as well as better evaluation of benign and malignant lymph nodes given the difference in 
FDG uptake. Using F18 FDG PET/CT, the radiation dose can be escalated without serious adverse effects in lung cancer. In 
this study, we evaluated the contribution of F18 FDG PET/CT for RT planning in lung cancer.
Keywords: F18 fluorodeoxyglucose positron emission tomography/computed tomography, radiotherapy planning, non-
small cell lung cancer, small cell lung cancer

Öz
Akciğer kanserlerinin tedavisinde radyoterapi önemli rol oynar. Küratif radyoterapinin uygun biçimde verilebilmesi için doğru tanı 
ve evrelendirme yapılması şarttır. Radyoterapi planlamada tümör sınırlarının doğru biçimde belirlenmesi ile coğrafik kayıpların 
önüne geçilebilir. Günümüzde radyoterapi planlamada bilgisayarlı tomografi (BT) görüntüleri kullanılarak tümör sınırları manuel 
olarak belirlenmektedir. Bu yöntem, kullanıcılar arasında tümör volümlerinin belirlenmesinde farklılıklara yol açmaktadır. Hızla 
gelişen teknoloji sayesinde radyoterapi cihazlarının ve yöntemlerinin değişmesi uygun tedavinin verilebilmesinde gerçek tümör 
dokusunun gösterilmesinin önemini arttırmıştır. F18 florodeoksiglukoz pozitron emisyon tomografi/BT’nin (F18 FDG PET/BT) 
akciğer kanserlerinde doğru evreleme ve tümör yayılımı tespit etmede güvenilir bir yöntem olduğu bildirilmiştir. F18 FDG PET 
anatomik bilgilere ilave olarak biyolojik bilgileri de sağladığından klinisyenler arasında farklılığı anlamlı biçimde azaltmaktadır. 
Örneğin tümör dokusunu atelektazik alandan ayırarak ve boyutları benign nedenlerle büyümüş lenf nodlarını belirleyerek 
tümör volümlerini azaltmakta veya boyutları küçük ancak FDG tutulumu gösteren metastatik lenf nodlarını göstererek doğru 
alanın ışınlamasına olanak sağlamaktadır. F18 FDG PET/BT ile akciğer kanserlerinde ciddi yan etkilere yol açmadan doz artırımı 
yapılabilir. Bu yazıda akciğer kanserlerinde radyoterapi planlamasının F18 FDG PET/BT ile yapılmasının katkısı değerlendirilmiştir.
Anahtar Kelimeler: F18 florodeoksiglukoz pozitron emisyon tomografi/bilgisayarlı tomografi, radyoterapi planlama, küçük 
hücreli dışı akciğer kanseri, küçük hücreli akciğer kanseri
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Introduction

External beam radiotherapy (RT) plays an important role 
in the management of non-small cell lung cancer (NSCLC) 
and small cell lung cancer (SCLC) (1,2). In the delivery of 
RT with curative intent, an optimum treatment plan will 
deliver a sufficiently high dose of radiation to achieve high 
tumor control while delivering the least possible dose to 
the smallest possible volume of critical normal tissues to 
reduce the side effects of RT. The introduced RT techniques 
such as three-dimensional conformal RT (3D-CRT), intensity 
modulated radiation therapy (IMRT) (3), and image-guided 
radiation therapy (IGRT) have improved the accuracy of 
radiation delivery, leading to improved loco-regional control 
with reduced morbidity by facilitating delivery of a higher 
radiation dose to the tumor while sparing more normal 
tissue (4,5). Before a treatment decision is made, accurate 
diagnosis and staging are essential parts of the RT treatment 
plan. The staging and diagnosis of the disease also play a 
crucial role in the success of definitive RT. Thus, feasible 
systemic treatments are enabled instead of unnecessary 
local treatments in patients with distant metastasis owing 
to accurate staging. The effectiveness of radiation therapy 
for lung cancer definitive treatment is limited by the 
radio-sensitivity of surrounding normal structures, by the 
difficulty in delineating the extent of malignant tissue using 
conventional imaging techniques, and by the identification 
of distant metastatic disease. Accurate and precise target 
delineation is necessary in order to take full advantage of 
these modern RT techniques. In addition, surgical resection 
is the standard of care for stage I and II NSCLC; however, 
significant co-morbidities may preclude surgical resection 
in those who are not able to tolerate the procedure. There 
is emerging data on the potential of ablative RT, called the 
stereotactic body radiation therapy (SBRT), in an effort 
to reduce morbidity and achieve better local control in a 
select group of patients. Herein we review the potential 
role of positron emission tomography (PET) imaging as 
a prognostic indicator in treatment planning and in the 
assessment of response to SBRT. Accurate delineation of 
target volume and preservation of peripheral critical organs 
determine treatment success in not only IMRT/volumetric 
modulated arc therapy but also SBRT. Target volumes 
and treatment volumes in RT planning are primarily 
determined by structural imaging with CT, contrast CT 
or MRI, which together with clinical judgment are used 
to estimate the likely extension of microscopic disease in 
each case and thereby define the clinical target volume 
(CTV). Currently computed tomography (CT) is still being 
used for the determination of tumor volume and to obtain 
electron density information that is necessary for organ 
dose calculation during treatment planning. In a clinical 
study where the tumor contour was drawn by radiation 
oncologists manually, there were inter-user differences 
between radiation oncologists in the determination of tumor 
volumes (6). Anatomic imaging methods can be insufficient 

for assessment of some tumors and lymph nodes, and it is 
observed that radiation field might not include the tumor 
despite radiation dose escalation (7). Feasibility studies have 
found that the use of F18 fluorodeoxyglucose-PET/CT (F18-
FDG) for planning three-dimensional conformal radiation 
therapy improves the standardization of volume delineation 
as compared to CT alone in several types of cancers that 
are well imaged on PET (8). FDG-PET/CT was formed by the 
fusion of CT that allows anatomic information, and FDG-PET 
that provides biological information. Thus, both anatomic 
and biologic information is acquired together. FDG-PET/CT 
significantly decreases the delineation differences between 
oncologists, and it provides proper staging by identifying 
tumor and lymph nodes and hence determines gross target 
volume (GTV) more accurately during RT planning process. 
In addition, it was shown that PET/CT increases the 
sensitivity and accuracy in determining nodal GTVs than 
those detected by CT alone. The contribution of FDG-PET/
CT to RT planning has been investigated in various cancer 
types (9). Currently, the widespread use of FDG-PET/CT 
allows RT planning by this method (10). Functional/biologic 
imaging by FDG-PET/CT changes RT planning due to several 
reasons. The most important ones are:

1. Detection of lesions that are not observed by CT 
and MR (identification of small lymph nodes and distant 
metastases),

2. Reduction of tumor volumes by determination of fields 
without tumor such as atelectasis,

3. Allowing dose heterogeneity within one target by 
determining biologic differences within the tumor,

4. Superior ability in assessing the tumor after chemo-RT 
and during treatment,

5. “Response modulated RT” planning based on changing 
target volumes during the course of treatment (11,12).

Radiotherapy Planning in Non-Small Cell Lung 
Cancer by Fluorodeoxyglucose Positron Emission 
Tomography/Computed Tomography

Lung cancer is the leading cause of cancer mortality. Five-
year life expectancy is 14% in patients diagnosed with lung 
cancer, and surgery is indicated in approximately 1/3rd (13). 
Surgery is the primary treatment for patients with early-stage 
disease. However, RT plays a significant role in those who 
cannot be operated due to medical and technical reasons. 
Disease control can be achieved by delivering the maximum 
radiation dose to the tumor and decreasing the dose to 
peripheral tissues; in NSCLC, this can be achieved via novel 
RT techniques such as IMRT, IGRT, and SBRT. RT planning by 
CT is a standard approach. Planning is performed by using 
anatomic information obtained by CT. When PET is used, 
biologic data can be included in planning as well, which 
allows dose escalation to the GTVs.

Kezban Berberoğlu. PET/CT in Lung Cancer Radiotherapy PlanningMol Imaging Radionucl Ther 2016;25:50-62
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Staging

Staging is the most critical process in NSCLC, since both 
treatment strategy and prognosis are subject to change 
according to disease stage. FDG-PET/CT is more accurate 
than CT in showing mediastinal and distant metastases, 
and this imaging platform changes the treatment plan 
in approximately 1/3rd of patients (14). The sensitivity of 
FDG-PET/CT in mediastinal staging is higher than CT due 
to increased metabolic uptake of lymph nodes in FDG-PET/
CT that were otherwise noted to be of normal size by CT. 
FDG-PET/CT can differentiate a metabolic active tumor 
from atelectasis (15). In addition, RT target volume can 
also be determined by detecting necrotic regions in the 
tumor. Thus, maximum radiation can be applied to different 
regions within the tumor by adjusting the intra-target dose, 
while decreasing the radiation dose that peripheral tissues 
will receive. As a result, fibrosis and long-term side effects 
will decrease (16). Patients can be operated if there is no 
lymph node involvement (N0) or if there is only hilar lymph 
node involvement (N1) in NSCLC. SBRT provides good 
local control in non-operable patients with T1-2 tumor 
and without lymph node metastasis (N0) (80 Gray in 6-8 
fractions; 30-60 Gy in 3-5 fractions) (17). For this reason, 
the highly accurate mediastinal staging provided by FDG-
PET/CT is critical for early stage NSCLC patients who are 
candidates for SBRT. Li et al. (17) evaluated 200 patients 
by FDG-PET/CT before the operation in their multi-centered 
study. They compared PET and the histopathologic results of 
surgery specimens. The sensitivity rate (83%) and negative 
predictive value (NPV) (91%) of PET/CT were found to be 
very high for mediastinal lymph node staging. Treatment 
volumes change owing to the presence of non-enlarged 
lymph nodes with increased FDG uptake. Hellwig et al. (18) 
reported the sensitivity rate of CT and FDG-PET as 56% and 
83% for all stages, respectively. Enlarged nodal size on CT 
showed a sensitivity of PET of 90% while sensitivity was 
70% in normal lymph node sizes on CT. Routine elective 
nodal radiation is not recommended due to the high 
NPV of FDG-PET/CT in detecting mediastinal lymph node 
metastasis (19). SBRT can be a treatment option for patients 
if mediastinal lymph node metastasis is not detected in 
FDG-PET study. Selective lymph node radiation, which refers 
to the irradiation of lymph nodes with increased FDG-PET 
uptake, is a reliable method that provides local control 
in lymph nodes with decreased target volumes (16,20). 
Hwangbo et al. (21) found that mediastinal staging by 
FDG-PET/CT led to false positive results in approximately 
30% of patients. Therefore, pathologic evaluation with 
mediastinoscopy or endoscopic ultrasound (EUS-FNAB) 
guided fine needle aspiration biopsy may be more suitable. 
The sensitivity of EUS-FNAB and that of FDG-PET/CT are 
similar in the detection of mediastinal metastasis (EUS-
FNAB: 97.9%, FDG-PET: 96.3%) in squamous cell carcinoma 
while EUS-FNAB has a higher sensitivity in adenocarcinoma 
patients (EUS-FNAB: 94.6%, FDG-PET: 77.8%) (21). 

A dosimetric study of van Der Wel et al. (20) evaluating 21 
patients with N2 and N3 NSCLC showed that using FDG-PET/
CT in radiation treatment planning process the esophagus 
and the lungs could be kept in the low dose area while the 
tumor received a high dose. FDG-PET/CT is one of the most 
important methods for the detection of NSCLC patients who 
are candidates for definitive RT. FDG-PET/CT affects staging 
by detection of distant metastasis and locally advanced 
disease, thus improving the success rates of cancer treatment 
with curative intent such as RT and chemotherapy (22). In a 
prospective study by Mac Manus et al. (23) on 153 patients, 
FDG-PET/CT changed treatment plan in 30% of patients to 
palliative treatment who were initially planned for curative-
intent RT by conventional staging. This alteration was due 
to the detection of distant metastasis and extensive intra-
thoracic disease in 20% and 10% of patients, respectively. 
Staging with PET predicts life expectancy more accurately 
than conventional staging in patients planned for curative-
intent definitive RT. It allows prevention of unnecessary 
treatment for patients with a short life expectancy. The 
accuracy of staging with PET/CT in patients with NSCLC 
is higher and it allows radiation oncologists to treat the 
malignant tissue alone. In a prospective study including 
105 NSCLC patients, the treatment strategy for 26% of the 
patients was changed from curative therapy to palliation 
after staging with FDG-PET, overall, the treatment plan was 
changed in 67% of the entire patient group (24). In another 
study including 153 NSCLC patients, it was observed that 
disease staging changed in 33% of the patients and target 
volumes changed in 25% of the patients after use of 
FDG-PET (25). It was further shown that the use of FDG-
PET study for the detection of tumor volumes significantly 
decreased the differences in contouring between radiation 
oncologists. FDG also led to intra-observer changes, as the 
same oncologist contoured the same target differently 
when also using FDG PET (26). 

Definition of Volumes Delineated in Radiotherapy 
Planning

The definitions related to tumor localization were described 
in International Commission on Radiation Units (ICRU) 29th, 
50th, 62nd, 71st and 83rd reports in detail ICRU. In this study, 
the definition of target volumes was made by using these 
protocols (Figure 1). 

Gross Tumor Volume GTV: The visible tumor volume that 
can be felt by hand and can be detected by methods such 
as CT or MR.

Clinical Target Volume: In various studies, it was shown 
that there were undetectable subclinical malignant cells 
around the gross tumor. Thus, it was considered that these 
areas should also be included in the treatment volume. The 
treatment volume is determined by the radiation oncologist 
based on the aim of treatment (cure versus palliation). 

CTV=GTV + subclinical disease area

Kezban Berberoğlu. PET/CT in Lung Cancer Radiotherapy Planning Mol Imaging Radionucl Ther 2016;25:50-62
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Planning Target Volume: Patient and machine factors 
are considered in the delineation of the planning target 
volume (PTV), which is a geometrical definition. Accurate 
selection of radiation areas and sizes in order to create 
the desired dose in CTV depends on the definition of PTV 
by considering error margins. PTV volume and shape are 
determined by the selected therapy techniques such as 
SBRT, tumor location and set-up errors that depend on 
the previously defined CTV. In addition, PTV is dependent 
on tumor location that can influence assessment 
with respiration or digestive organ movement such as 
peristalsis, as well as on patient set-up during treatment 
planning session and beam inaccuracies. The required 
confidence margins should be added to therapy plan 
to minimize these problems. Internal margins include 
physiological alterations in position, volume and shape 
of the tumor according to anatomical reference points 
(i.e. bladder and rectum become full differently in each 
treatment, respiration, intestine and heart movements). 
Set-up margin includes patient-specific clinical and 
instrument specific mechanical and dosimetric factors 
besides unavailability of the same position for the patient 
and radiation area according to coordinate systems of 
therapy instrument. 

PTV=CTV + internal margin (IM) + set-up margin (SM).

Internal Target Volume: This is defined both in ICRU 62 
and ICRU 50, and includes respiration, digestion, heart and 
other organ movements in addition to CTV.

ITV=CTV+IM

Planning Organ at Risk Volume: Therapy planning and 
total dose should be also decided by considering radiation 
sensitivities of critical organs and early/late side effects. 
Side effects can manifest in the long-term in some organs 

such as the spinal cord, and permanent damage can occur 
with high doses. Early side effects such as mucositis and 
diarrhea may lead to interruption of therapy. Generally, 
the dose limits of specific tissues and organs that can be 
tolerated without side effects should be determined and 
these doses should not be exceeded. IM and SM should be 
added while determining “planning organ at risk volume” 
(PVR) that can affect the dose area and therapy planning 
significantly.

PRV=OAR+IM+SM

Effect of Fluorodeoxyglucose Positron Emission 
Tomography on Target Volume Determination

FDG-PET/CT leads to significant alterations in target 
volume size and shape as shown in various studies 
(15,20,27,28,29,30,31,32,33).

In a recent review reported by Chi and Nguyen (34), it was 
observed that target volumes changed more than 20% 
while staging changed 20-50% as a result of treatment 
planning with FDG-PET. The most significant alteration was 
related to the differentiation of atelectasis from tumor 
tissue in PET images (Figure 2), and detection of lymph 
node metastases by observing increased FDG uptake 
in small-sized lymph nodes on CT (15,27,28,29,30,33) 
(Figure 3). Bradley et al. (29) showed that there was a 
58% change in the delineation of tumor volume when 
planned using FDG-PET/CT in stage I-III NSCLC patients 
along with a 31% change in disease stage. The ability to 
identify and differentiate atelectasis led to a decrease in 
GTV delineation in 3 out of 24 patients planned for 3D 
conformal RT, while the ability to identify small lymph node 
metastases via high FDG uptake led to a GTV increase in 
10 patients as well as detecting additional parenchymal 
disease in one patient. Furthermore, the dosage to the 
normal lung and esophagus decreases with a small GTV 
by excluding atelectasis. Similar studies showed that doses 
to the heart, esophagus, spinal cord and normal lungs 
decreased due to alterations of the target volume when 
using FDG-PET/CT (27,28,30,31,33). Although an increase 
in dose to peripheral tissue was observed in patients with 
greater GTV volume due to mediastinal lymph nodes 
detected by FDG-PET/CT, this increase was not found to 
be clinically significant in all patients. In a study of van Der 
Wel et al. (20), it was shown that nodal GTV decreased 
and thus, the dose that esophagus and normal received 
took decreased by FDG-PET/CT in N2-3 NSCLC patients. 
In a study performed in our clinic including 25 patients 
with lung cancer, a change was detected in 96% of the 
patients when target volumes were delineated by using 
F18 FDG-PET/CT versus CT alone. GTV and CTV volumes 
delineated by using FDG-PET/CT were lower than the 
volumes obtained by CT alone in 64% of the patients. 
This was due to PET/CT’s enabling differentiation of the 
tumor from atelectasis in the lung (35). 

Kezban Berberoğlu. PET/CT in Lung Cancer Radiotherapy PlanningMol Imaging Radionucl Ther 2016;25:50-62

Figure 1. International Commission on Radiation Units 62: Treatment 
volume definitions
PTV: Planning target volume, CTV: Clinical target volume, GTV: Gross tumor 
volume
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Delineation of Target Volumes by 
Fluorodeoxyglucose Positron Emission Tomography

Once PET and CT images are obtained and fused, tumor 
and target volume delineation are the most important 
steps to follow. Individual view assessment for each 
patient and determination of tumor contours are required 
because of the differences in bio-distribution, dynamic 
and screening features of screening agents used in 
nuclear medicine. Thus, a standard use and algorithm of 

PET for the detection of target volumes is not available. 
Accurate and consistent detection of target volumes by 
PET is affected by certain factors. The first one is the 
limited spatial resolution of PET for the detection of GTV 
(it is approximately 4.5 mm in the latest generation PET/
CT scanners) and partial difficulty in the determination of 
lesions due to poor resolution. The small lesions can be 
detected if only they have high FDG uptake while almost 
all of the lesions larger than 1 cm or those with increased 
FDG uptake 4 times greater than background activity can 
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Figure 2. Non-small cell lung cancer, a) The atelectatic field cannot be separated from the tumor tissue in computed tomography, b) Positron emission 
tomography images showed increased fluorodeoxyglucose uptake in the tumor tissue, c and d) It was observed that there was a significant difference in 
target volumes formed by positron emission tomography/computed tomography fusion images

Figure 3. a) A normal-sized mediastinal lymph node in computed tomography images, b) Increased activity uptake was seen in positron emission tomography 
images, gross tumor volume included
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be detected. The detection of tumor contours by visual 
assessment is subjective, and hence proper delineation 
varies according to physician experience; certain lesions 
can be obscured due to partial poor spatial resolution. 
In addition, the proper assessment may be affected by 
view window selection, color scale, lesion/background 
ratio and high uptake in neighboring normal structures 
in PET images. These problems can be minimized by 
fusing PET and CT images. The tumor can be detected 
more clearly by obtaining more information with fused 
images of PET and CT imaging. PET images can also be 
used for RT planning in patients with FDG-PET staging 
and who are suitable for RT with curative intent (29). 
Ideally, PET staging images of RT candidates can be used 
directly in treatment planning if the views are acquired 
with the patient in the treatment position with suitable 
immobilization (36). If there is no PET/CT instrument in the 
department, PET and CT image fusion can be performed 
afterward, only if reference markers were used (37). If 
PET imaging are not acquired in the treatment position 
(i.e. if arms are not above the head) or if there has been 
a significant time lapse since staging PET images, then 
it is recommended that PET should be repeated in the 
accurate position. Target volumes can be delineated 
by visual assessment, experience and initiative of the 
physician as well as mathematical modeling methods 
using PET data obtained by semi-quantitative calculations 
in RT planning. Methods used for the detection of target 
volumes are as follows:

1. Visual Assessment

It is observed that standardized uptake value (SUVmax) 
and other similar parameters are being used in almost 
all studies in which RT planning is performed by visual 
assessment. Visual method is not defined in the literature, 
thus, it is recommended that a detailed protocol should be 
outlined by the centers that will use this method. Anatomic 
labels should confirm the suitability of PET/CT and fusion 
images, and the radiation oncologist and the nuclear 
medicine specialist should select the suitable diagnostic 
window before beginning the RT planning process by 
visual assessment. In a study by Doll et al. (38) including 
44 international and different disciplines, it was shown that 
tumor volumes were determined most accurately in teams 
including nuclear medicine doctor and radiation oncologist. 

2. Automatic or Semi-Automatic Methods

Methods that are more objective were investigated 
using automatic and semi-automatic methods in order to 
decrease the inter-user variability in the detection of target 
tumor volumes by FDG-PET/CT. However, these methods 
could not differentiate neoplastic tissue from physiologic 
and inflammatory processes since FDG is not a tumor-
specific substance. Tumor volumes required revision in 

studies using real patient data while these methods yielded 
good results in studies using phantom data. It should be 
remembered that FDG is involved in macrophages and 
granulation tissue beside tumor cells. FDG-PET is a map 
showing three-dimensional glucose distribution, but it is 
not a map showing cancer cells (39). 

2.1. Standardized Uptake Value

SUVmax is the most compatible and reliable quantitative 
parameter commonly used for the assessment of tumor 
activity in clinical practice [SUVmax: Maximum activity 
concentration/(injected dose/weight)]. Eighty-seven 
patients with pulmonary nodules were included in the 
study. Lesions were confirmed by pathological assessment 
and followed up for at least 2 years. When the threshold 
value for SUV was considered as 2.5 for the diagnosis of 
lung cancer, the sensitivity, specificity and accuracy were 
97%, 82%, and 92%, respectively (40). Therefore, SUV 
threshold value is recommended as 2.5 for the detection 
of GTV during RT planning (41).

2.2. Thresholding Method

In the most common thresholding approach, it is accepted 
that selection of the field with constant percent uptake 
levels according to maximum activity value of tumor helps 
to determine tumor contour (42). In the studies in which 
constant threshold value was accepted as 40-50%, it was 
observed that this threshold value led to serious errors in 
lesion-size, homogeneity, and lesion/background contrast-
depended volume calculations (43). This approach was 
shown to decrease GTV significantly in primary NSCLC 
patients who showed large, non-homogeneous activity 
uptake by comparing various contouring methods (44). 
Thus, more studies are required for the detection of 
gross tumor contours by contrast-dependent adaptive 
thresholding methods.

2.3. Background Cut-off Method and Source/
Background Plan Algorithms 

 In the background cut-off method, which is another automatic 
contouring method, tumor volumes are formed by drawing 
the field above the detected value (i.e. the fields showing 
3 standard deviations from background activity for increase 
uptake level, fields above 2.5 SUV) (45). The advantage of 
this method is the detection of contours separately from 
heterogeneous FDG uptake in the lesion. However, the 
accuracy of this background cut-off approach depends on 
the accuracy of the statistical method used for this method. 
Contrast-oriented thresholding algorithm is obtained by 
calculating the effects of background FDG concentration on 
tumor volumes for the detection of GTV by PET in NSCLC 
patients (46). This approach showed that the GTV decreased 
as compared to the volumes obtained by CT alone, and it 
was compatible with pathologic tumor volume. This study 
detected a significant difference in pathologic tumor volume 
for tumors located in the lower lobes, as a result of breathing 
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motion. It was predicted that these mistakes can be prevented 
by three-dimensional PET imaging. In a study, in which source/
background ratio determined by auto-segmentation approach 
was used, the results were compatible with pathologic tumor 
size in 33 NSCLC patients (47).

2.4. Gradient-Based Approach

PET-GTV detected by gradient-based approach is 
recommended in order to minimize statistical image noise 
and resolution blur (48). In a phantom study by Werner-
Wasik et al. (49), gradient-based approach produced results 
that were more accurate as compared to other methods 
in terms of PET-GTV detection. In addition, this method 
was also compared with other methods in which GTV was 

determined by comparing to surgical samples (50,51). A 
study including 10 patients who had undergone lobectomy 
for stage I-II NSCLC found that PET-GTV detected by 40-
50% constant threshold and source/background ratio 
methods was better than GTV detected visually on CT 
images (50). In another study including 19 patients, tumor 
volumes detected by the gradient-based approach in 
PET/CT images obtained during normal breathing before 
surgery were highly compatible with surgical pathologic 
results (51).

2.5. Automatic Methods

Full-automatic thresholding methods were developed for 
the detection of tumor volumes by FDG-PET in lung cancer 
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Table 1. Methods of gross tumor volume delineation on positron emission tomography in correlation with surgical 
specimens

1.1.1.1.1.1 Patient 
Number

Method of GTV delineation on PET Correlation between CT, PET, PET/CT and pathologic 
tumor size

Lin et al. (46) 37 Halo for tumor observed in fused PET/CT images Stronger correlation between GTV and pathologic tumor 
dimensions were observed with PET/CT

   Mean SUV of the external margin of halo was 2.41±0.73

   T stage and histology significantly influenced SUV at the 
edge of halo

Yu et al. (52) 52 SUV of 2.5 FDG-PET/CT had significantly better correlation with 
surgical specimens than CT or PET alone, especially in the 
presence of atelectasis

Yu et al. (53) 15 SUV threshold of 3.0±1.6 Best correlation between PET GTV and actual tumor was 
found at the SUV threshold of 3.0±1.6 

Wu et al. (54) 31 Thresholding with 20-55% SUVmax Maximal tumor dimension was more accurately predicted 
by CT at the window-level of 1.600 and --300 HU than PET 
GTVs (best correlation with pathologic tumor volume at 
50% SUVmax)

Schaefer et al. 
(55)

15 Tumor threshold=A *mean
SUV70% + B *background

Pathologic tumor volume: 39±51 ml
PET tumor volume: 48±62 ml
CT tumor volume: 60.6±86.3 ml
Both CT and PET volumes were highly correlated with 
pathological volumes (p<0.001).
Increased variation between PET and pathological tumor 
volumes were observed in lower lobes.

van Baardwijk 
et al. (47)

33 Source-to-background ratio autosegmentation Maximal tumor diameter of the PET GTV was highly 
correlated with that in surgical specimens (CC: 0.90). 
Auto-segmented GTVs were smaller than manually 
contoured GTVs on PET/CT

Wanet et al. 
(50)

10 Gradient based method
Fixed theroshold at 40 and 50% of the SUVmax
Adaptive therosholding based on the source-to-
background ratio

Comparison of both CT and PET/CT
Gradient-based method led to the best estimation of the 
GTV
PET GTVs were smaller than CT GTVs in general

Cheebsumon 
et al. (51)

19 Absolute SUV cut-off (2.5) 
Fixed threshold at 50% and 70% SUVmax
Adaptive thresholding 41-70% SUVmax
Contrast oriented algorithm
Source to background ratio
Gradient based method

Adaptive 50% gradient- based methods generated the 
most consistent maximal tumor dimension, which had a 
fair correlation with pathological tumor size

SUVmax: Maximum standard uptake value, GTV: Gross tumor volume, PET: Positron emission tomography, CT: Computed tomography
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patients. Automatic thresholding methods using source/
background algorithm is one of the most frequently used 
methods. If automatic contouring is performed using only 
functional images for RT planning, serious errors may occur. 
Primarily, it is important to match the images obtained 
by CT and the other anatomic imaging methods before 
determining tumor volume by automatic segmentation. 
Afterward, these should be revised by the planner since 
pathologic and physiologic distribution of the radioactive 
substance cannot be differentiated by automatic 
thresholding methods. 

IA standardized automatic method for the delineation of 
GTV has not been established yet, although the methods 
discussed above have been reported for the detection of 
tumor volume. The concordance of real tumor volume 
obtained by surgery and different GTV detection methods 
in NSCLC patients are summarized in Table 1 (34).

Tumor Movement: Radiotherapy Planning by 
Gated Positron Emission Tomography/Computed 
Tomography 

Organ movement and thus, tumor motion due to 
respiration, cardiac cycle, and other factors, is a significant 
issue in the delineation of the target tumor volume in 
thoracic malignancies. Calculations in RT planning should be 
performed by taking organ movements into consideration 
(56). A more accurate treatment can be delivered by 
following organ movement. If the tumor volume moves 
out of the contours, a part of the tumor can remain in the 
low-dose field due to organ motion. A few non-randomized 
studies described adverse effects related to average lung 
dose, despite the belief that high doses are advantageous 
for lung cancer patients (57). The peripheral healthy tissue 
can be preserved while increasing the dose to the tumor, 
and a smaller margin can be used to create the PTV by 
four-dimensional (4D) RT. PET, as well as CT images, can 
be recorded synchronized with the respiratory cycle in 4D 
Gated PET/CT imaging. Images are formed by taking a 
specific phase of 4D PET/CT respiration cycle as a reference 
point, and image of the tumor that moves with breathing 
can be obtained (58). Therefore, tumor contours can be 
delineated more accurately and normal tissues can be 
preserved better. 4D Gated PET/CT corrects for movement-
depended motion blur and shows the functionally active 
field of the tumor that is mobilized with respiration more 
clearly. In a study by Lamb et al. (59), tumor volumes of 4 
lesions in the lower lobes of 3 patients were delineated, 
calculated by both 4D CT and 4D Gated PET/CT, and were 
compared. In this study, GTVs obtained by 4D PET/CT were 
30% smaller in volume than those obtained by 4D CT. In 
the same study, the difference between the target tumor 
volumes obtained by 4D CT and normal PET images was 
deemed as minor. Gated PET allows more accurate GTV 
detection than 4D CT for SBRT planning, especially in tumors 

located in the lower lobes, which have more movement. 4D 
CT has a decreased accuracy of tumor motion assessment 
in lower lobe lesions, due to the proximity of the tumor to 
soft tissues such as the liver on the right and the spleen and 
stomach on the left. Tumor motion is the most significant 
obstacle to the planning of conformal RT. The treating 
system should be compatible with the differences due to 
tumor motion (real time monitoring) at all times (60) or the 
radiation dose should be delivered only at a specific phase 
of the respiratory cycle. As a result, the definition of three-
dimensional conformal RT is termed as a four-dimensional 
or gated radiation therapy. 

Clinical Results of Radiotherapy Planning 
Performed by Positron Emission Tomography/
Computed Tomography

The literature indicates that FDG-PET/CT significantly 
decreases clinical tumor volumes in patients with large 
lymph nodes without FDG uptake and atelectasis due to 
its high diagnostic accuracy in NSCLC. FDG-PET/CT was 
also observed to have a prognostic value since the SUVmax 
value is reported to predict survival in primary NSCLC 
patients. In addition, the pre- and post-RT SUVmax values 
were found to correlate with overall survival and disease-
free survival. High SUVmax values were associated with 
poor survival in primary lung tumors and with the presence 
of lymph node metastasis (61). High glucose uptake of 
the tumor is related to its high metastatic potential. Mac 
Manus et al. (62) investigated the role of FDG-PET in the 
assessment of response to RT. In this study, screening 
was performed by FDG-PET for 88 NSCLC patients before 
and after chemotherapy (on average 70 days after RT 
initiation, 60 Gy, 30 fractions for 6 weeks). The complete 
metabolic response was obtained in 45% of the patients 
while a partial metabolic response was obtained in 36% 
of the patients by FDG-PET after treatment. The mean 
survival was 31 months and 11 months in the group with 
a complete metabolic response and in the group without 
response, respectively. One-year survival was determined as 
93% and 47% in the group with complete response and 
without response, respectively. This study detected that the 
results were statistically significant despite confounders 
such as inflammation due to RT. There are significant 
differences in SUVmax changes during RT between the 
group that showed metabolic response and the group with 
no response. Overall survival was higher in the group with 
a metabolic response. The decrease ratio in SUVmax value 
directly correlated with disease-free survival (63). FDG-PET/
CT plays an important role in the detection of recurrent 
disease. Metabolic evaluation by PET/CT in NSCLC has a high 
accuracy rate after treatment (78-98%) (64). Investigations 
can be performed as early as 6 weeks post treatment due 
to pneumonia and inflammation that may occur after RT, 
but the recommended interval is frequently 3-6 months. 
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Metabolic response assessment is an important parameter 
for the detection of local failure and survival. The detection 
of residual metabolic activity allows for the possibility of 
additional planning (Figure 4). In a study by Velasquez et 
al. (65), PET images were assessed before and after radical 
chemotherapy in 101 non-operated NSCLC patients. The 
overall survival was significantly decreased in the group 
showing residual metabolic uptake in the post-treatment 
PET study. There was an association between detection 
of residual increased metabolic uptake after RT in large 
tumors and tumors with high SUVmax value. The clinical 
results of stage II-III NSCLC patients whose disease volumes 
were identified by FDG-PET/CT and who were treated with 
RT were reported in two recent studies (66,67). In a pilot 
study including 32 patients treated with RT, only one local 
failure and one local progression were detected (66). The 
recurrence was in a lymph node. When the treatment plans 
were revisited, it was observed that this lymph node was 
FDG positive but was not included in the treatment volume. 
In another study on 137 stage III NSCLC patients and PET-
positive areas, local recurrence was reported as 14.6% and 
distant metastases as 16.8% (67). These findings showed 
that clinical results of patients with stage II and III disease 
whose RT were planned by PET were as good as of those 
planned by using CT (68). Furthermore, the dose to the 
primary lesion can be increased while preserving the normal 
tissue in locally advanced NSCLC by using PET. Therefore, 
local control can be increased as well as survival, as was 
suggested by Aupérin et al. (69) in a meta-analysis. 

Radiotherapy Planning by Fluorodeoxyglucose 
Positron Emission Tomography/Computed 
Tomography in Small Cell Lung Cancer Staging 

SCLC consists of approximately 20-25% of lung cancers. 
It is often diagnosed at an advanced stage with distant 
metastases and exhibits an aggressive clinical behavior (70). 
In spite of aggressive treatment, it carries a poor prognosis 
(9). Accurate staging in SCLC is the most important factor 
in determining the most appropriate method of treatment. 
It is difficult to determine disease spread and especially 
to assess the involvement of mediastinal lymph nodes. 
Fischer et al. (71) compared FDG-PET/CT as a staging 
tool with standardized staging modalities (CT and bone 
scintigraphy) in their prospective study including 29 SCLC 
patients. In this study, PET/CT changed the plan in five of 
29 patients (17%), and it was shown that this method 
increased the accuracy of tumor definition. In another 
study, 8.3-9.5% of patients were up-staged to advanced 
stages with the addition of FDG-PET/CT (72,73). Arslan et 
al. (74) evaluated the accuracy of staging by FDG-PET/CT 
and CT, and its relation to overall survival. When compared 
to staging by CT, staging by FDG-PET/CT up-staged nine of 
25 patients(36%), while down-staging two patients (8%). 
In addition, a significant survival difference was predicted 
(p=0.019) by using FDG-PET/CT in the staging process, but 
there was no difference in those in which CT had been 
used (p=0.055). These studies recommend the use of FDG-
PET/CT for initial staging in SCLC during limited stage. 
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Figure 4. Non-small cell lung cancer, 82 y.o., M patient, a1) Abnormal increased metabolic activity was observed in the mass identified in the left parahilar 
region and, a2) Intensity modulated radiation therapy planning images by these views, b) Increased metabolic activity compatible with residual mass 
was seen in positron emission tomography/computed tomography that was applied for treatment-control after four months, c) Plan images belonged 
to stereotactic body radiation therapy that was applied to the residual mass, d) Pathologic activity was not observed in positron emission tomography/
computed tomography after one year (complete metabolic response)
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Determination of Tumor Volumes by 
Fluorodeoxyglucose Positron Emission 
Tomography/Computed Tomography

There are less studies in which tumor volumes were 
determined by FDG-PET/CT in SCLC patients when 
compared to NSCLC. Nevertheless, it can contribute to the 
treatment planning process by determining tumor volumes 
more accurately as in NSCLC.

Radiotherapy Planning for the Field Involved 
Lymph Node with Fluorodeoxyglucose Positron 
Emission Tomography/Computed Tomography

Elective nodal radiation of mediastinal lymph nodes in 
SCLC patients with limited disease decreases nodal failure 
rate. However, some physicians are reluctant to offer 
elective nodal radiation due to serious adverse effects as a 
result of large field of radiation. Baas et al. (75) evaluated 
involved field RT in early stage SCLC patients diagnosed by 
CT in their phase II study. Mean survival was 19.5 months 
with acceptable adverse effects. De Ruysscher et al. (76) 
investigated involved field RT in early stage SCLC patients 
diagnosed by CT in their phase II study. They assessed 
general survival and isolated lymph node failure rates, 
which was described as relapse in local lymph nodes out 
of target volumes in patients who had no failure identified 
in the treatment field. In this study, isolated lymph node 
metastases that were not included in the treatment field 
was found to be unexpectedly high (11%). Involved field 
RT was considered as controversial by International Atomic 
Energy Agency (IAEA) when these findings were evaluated, 
and further prospective clinic studies were suggested 
(77). FDG-PET/CT can be used in order to determine the 
requirement of elective nodal radiation. Two recent studies 
assessed the requirement for elective nodal radiation after 
staging by FDG-PET/CT (78,79). In a prospective study, van 
Loon et al. (78) assessed involved field RT by FDG-PET in 60 
patients with limited stage SCLC disease. The mean overall 
survival was 19 months and isolated nodal failure rate was 
3%. The isolated nodal failure rate was significantly lower 
in the group planned by FDG-PET as compared to the group 
planned by CT (11% vs. 3%). Shirvani et al. (79) evaluated 
60 patients with limited stage SCLC who were staged by 
FDG-PET and were treated with IMRT involved field RT. The 
2-years survival rate was calculated as 58%, and isolated 
nodal failure was detected in one patient (3%). These 
studies concluded that involved field RT could be used 
reliably instead of elective nodal radiation in patients staged 
by F18 FDG-PET. In this way, the toxicity can be decreased or 
adjusted by not irradiating the PET negative lymph nodes. 
Involved field RT by FDG-PET in SCLC is a current discussion 
subject and the use of involved field RT instead of elective 
nodal radiation should be assessed by further prospective 
studies. Another role of FDG-PET in SCLC is the evaluation 

of response to treatment. It was found that assessment 
success of FDG-PET in patients who received chemotherapy 
and RT was high (80). 

Conclusion

In conclusion, the most important contribution of FDG-
PET to the management of SCLC is in the accuracy of 
staging. Although RT use with the help of FDG-PET in this 
patient group is controversial, involved field radiation is an 
attention-grabbing method. FDG-PET treatment planning 
can change treatment strategy of SCLC patients with 
limited disease.
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Abstract
Objective: The aim of the present study was to evaluate the response to treatment by histopathologic type in patients with
lung cancer and under follow-up with 18F-fluoro-2deoxy-glucose-positron emission tomography/computed tomography 
(18F-FDG PET/CT) imaging by using Response Evaluation Criteria in Solid Tumors (RECIST) and European Organisation for 
Research and Treatment of Cancer (EORTC) criteria that evaluate morphologic and metabolic parameters.
Methods: On two separate (pre- and post-treatment) 18F-FDG PET/CT images, the longest dimension of primary tumor 
as well as of secondary lesions were measured and sum of these two measurements was recorded as the total dimension 
in 40 patients. PET parameters such as standardized uptake value (SUVmax), metabolic volume and total lesion glycolysis 
(TLG) were also recorded for these target lesions on two separate 18F-FDG PET/CT images. The percent (%) change was 
calculated for all these parameters. Morphologic evaluation was based on RECIST 1.1 and the metabolic evaluation was 
based on EORTC.
Results: When evaluated before and after treatment, in spite of the statistically significant change (p<0.05) in SUVmax, the
change was not significant in TLG, in the longest total size and in the longest size (p>0.05). In histopathologic typing, when 
we compare the post-treatment phase change with the treatment responses of RECIST 1.1 and EORTC criteria; for RECIST 
1.1 in squamous cell lung cancer group, progression was observed in sixteen patients (57%), stability in seven patients (25%), 
partial response in five patients (18%); and for EORTC progression was detected in four patients (14%), stability in thirteen 
patients (47%), partial response in eleven patients (39%), in 12 of these patients an increase in stage (43%), in 4 of them a 
decrease in stage (14%), and in 12 of them stability in stage (43%) were determined. But in adenocancer patients (n=7), for 
RECIST 1.1, progression was determined in four patients (57%), stability in two patients (29%), partial response in one patient 
(14%); for EORTC, progression in one patient (14%), stability in four patients (57%), partial response in two patients (29%) 
were observed and in these patients, an increase in stage was detected in 3 of them (43%), while 4 of them remained stable. 
According to histopathologic diagnosis, between squamous cell cancer and adenocancer cases, no significant difference 
was determined in terms of SUVmax (p>0.05). Post-treatment SUVmax was significantly different in primary tumor but was 
not significantly different in nodal involvement and metastatic lesions for squamous cell carcinoma patients as compared to 
the pre-treatment SUVmax measurements. Similarly, there was no significant difference between primary tumor and nodal 
involvement for adenocarcinoma patients.
Conclusion: Whether metabolic or morphologic changes are more accurate in evaluating treatment response in lung cancer 
remains unknown, and there is no gold standard diagnostic method on this issue yet. The most reliable results can only be 
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Introduction

Lung cancer is the most common cancer in men and 
the fifth cancer in women, with 53300 new male cases 
per year (1). The majority of lung cancer is non-small cell 
lung cancer (NSCLC) tumors which consist of subtypes 
such as adenocarcinoma, squamous cell carcinoma, large 
cell carcinoma and carcinoid tumor (2). 18F-fluoro-2-
deoxy-glucose positron emission tomography/computed 
tomography (18F-FDG PET/CT) is widely used throughout 
the world in lung cancer for primary diagnosis, staging, 
restaging, evaluation of treatment response and 
radiotherapy (RT) planning (3). The maximum standardized 
uptake value (SUVmax) is widely recognized as an adequate 
imaging biomarker for the prognosis of lung cancer (4). 
A SUV of >2.5 is considered as evidence of malignancy in 
solitary lung nodules. However, lesions smaller than twice the 
resolution of imaging systems usually yield underestimated 
SUV values (5). Moreover, SUV may be lower than 2.5 in 

bronchoalveolar carcinoma involving no other histological 
component (6). Parameters such as SUVmax have been used 
for diagnosis and evaluation of treatment effectiveness in 
lung cancer. In addition, metabolic parameters such as 
metabolic tumor volume (MTV) and total lesion glycolysis 
(TLG) can also be estimated by 18F-FDG PET/CT that have 
been considered as prognostic factors in patients with 
NSCLC, independent of tumor-node-metastasis stage (7). 
MTV represents the three-dimensional total volume within 
the region of interest drawn around the lesion. The highest 
SUV (SUVmax) and the average SUV (SUVmean) measured 
within this volume can be estimated. TLG value for the 
lesion, which is directly related to these two measurements, 
is calculated as follows: “TLG=MTVxSUVmean” (8). The 
Response Evaluation Criteria in Solid Tumors (RECIST) 
criteria are being used for the morphologic evaluation of the 
response to treatment in lung cancer, while the metabolic 
response is being evaluated by the European Organization 
for Research and Treatment of Cancer (EORTC) criteria. 
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achieved by survival curve parameters. However, we believe SUVmax seems to provide more easy and practical data for the 
evaluation of treatment response. 
Keywords: Standardized uptake value, total lesion glycolysis, metabolic tumor volume, lung cancer, positron emission 
tomography/computed tomography, treatment response 

Amaç: Bu çalışmadaki amaç 18F-floro-2deoksi-glikoz-pozitron emisyon tomografisi/bilgisayarlı tomografi (18F-FDG PET/BT) ile
takip edilen akciğer kanseri hastalarında histopatolojik hücre tipine göre tedavi yanıtını, morfolojik ve metabolik parametreleri
dikkate alan Solid Tümörlerde Cevap Değerlendirme (RECİST) ve Avrupa Kanser Araştırma ve Tedavi Organizasyonu (EORTC)
kriterleri ışığında değerlendirmektir.
Yöntem: Kırk hastanın çekilen iki ayrı (tedavi öncesi ve sonrası) 18F-FDG PET/BT tetkikindeki primer tümörün ve eş zamanlı ikincil 
lezyonların en uzun boyutları ölçüldü ve bu ölçümler toplanarak ‘toplam boyut’ olarak kaydedildi. Hedef alınan bu lezyonların 
standart tutulum değeri (SUVmaks), metabolik tümör volümü ve toplam lezyon glikolizis (TLG) gibi PET parametreleri tedavi 
öncesi ve sonrası iki ayrı 18F-FDG PET/BT tetkikinde kaydedildi. Bu verilerin tedavi öncesine göre yüzde (%) değişimi her hasta 
için ayrı ayrı hesaplandı. Morfolojik değerlendirme RECİST 1.1, metabolik değerlendirme ise EORTC kriterlerine göre yapıldı. 
Bulgular: Tedavi öncesi ve sonrası değerlendirildiğinde, SUVmaks’taki istatistiksel olarak anlamlı (p<0,05) değişime karşın, en 
uzun boyut, en uzun toplam boyut ve TLG’deki değişim anlamlı değildi (p>0,05). Histopatolojik tiplendirmede, RECİST 1.1 ve 
EORTC kriterlerine göre tedavi yanıtlarını tedavi sonrası evre değişimi ile karşılaştırdığımızda; RECİST 1.1’e göre skuamoz hücreli 
akciğer kanseri grubunda on altı hastada progresyon (%57), yedi hastada stabilite (%25), beş hastada parsiyel cevap (%18), 
EORTC’a göre dört hastada progresyon (%14), on üç hastada stabilite (%47), on bir hastada parsiyel cevap (%39) izlenirken, 
bu hastaların on ikisinde evrede artış (%43), dördünde evrede azalma (%14) ve on ikisinde evrede stabilite (%43) saptandı. 
Adenokanserli hasta grubunda (n=7) ise RECİST 1.1’e göre dört hastada progresyon (%57), iki hastada stabilite (%29), bir 
hastada parsiyel cevap (%14); EORTC’a göre bir hastada progresyon (%14), dört hastada stabilite (%57), iki hastada parsiyel 
cevap (%29) izlenirken, bu hastaların üçünde evrede artış (%43), dördünde ise evrede stabilite saptandı. Histopatolojik tanıya 
göre skuamöz hücreli kanser ve adenokanser olguları arasında SUVmaks değerlerinde anlamlı farklılık saptanmadı (p>0,05). 
Skuamöz hücreli kanserde primer tümörde tedavi sonrası SUVmaks değişimi anlamlı iken, nodal tutulumda ve metastatik 
lezyondaki değişimde ise anlamlı farklılık saptanmadı. Benzer şekilde, adenokanser hastalarında da primer tümörde ve nodal 
tutulumda anlamlı farklılık saptanmadı. 
Sonuç: Akciğer kanserinde tedavi yanıt değerlendirmede metabolik ve morfolojik değişikliklerden hangisinin daha doğru 
sonuç verdiği kesin olarak bilinmiyor olup bu konuda altın standart bir tanı yöntemi de henüz yoktur. En doğru sonuçlar ancak 
yaşam eğrisi parametreleri ile gösterilebilir. Ancak, SUV ölçümünün tedavi yanıtını takipte daha kolay ve pratik bilgi verdiğini 
düşünüyoruz. 
Anahtar kelimeler: Standart tutulum değeri, toplam lezyon glikolizis, metabolik tümör hacmi, akciğer kanseri, pozitron 
emisyon tomografisi/bilgisayarlı tomografi, tedavi yanıtı
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Since the introduction of 18F-FDG PET/CT in routine clinical 
practice, studies on the Positron Emission Tomography 
Response Criteria in Solid Tumors (PERCIST), which is the 
criteria of tumor response as related to 18F-FDG-PET, are 
being conducted. PERCIST suggests using lean body mass-
normalized value instead of SUV (the activity concentration 
in tumor/injected dose/patient weight). The aim of the 
present study was to assess treatment response according 
to histological types in lung cancer patients by using RECIST 
and EORTC criteria, which evaluate morphologic and 
metabolic parameters. 

Materials and Methods

A total of forty patients (38 males, two females, median 
age=63.3±6 years; range=46-73) who underwent PET/CT 
were included in the study. In the initial assessment, there 
was a mixed population in whom primary staging had been 
done and the treatment had been given. 18F-FDG PET/CT 
was performed to assess treatment response following 
chemotherapy or chemoradiotherapy. PET imaging was 
performed using a combined PET/CT scanner (Discovery 
600 PET/CT GE Medical Systems, USA). Each patient fasted 
for at least 6 h before imaging. After ensuring that blood 
glucose was <150 mg/dl, approximately 370 MBq 18F-FDG 
were administered i.v. 1 h before image acquisition. 
Attenuation correction of PET images with the CT data 
was performed. The CT scan was performed first. Right 
after CT data acquisition, a standard PET imaging protocol 
was taken from the cranium to the mid-thigh with an 
acquisition time of 3 min/bed in 3-dimensional mode. CT 
and PET images were matched and fused into transaxial, 
coronal and sagittal images. The data were transferred 
via the Digital Imaging and Communications in Medicine 
protocol to a processing Workstation (AW Volumeshare 5 
GE Medical Systems S.C.S, France). The visual and semi-
quantitative analyses were then performed. The longest 
dimension of the primary tumor on two separate 18F-FDG 
PET/CT images were measured in the mediastinum window 
on CT. Moreover, “total size” was calculated by summing 
the longest dimensions of the two lesions with maximum 
size or of any five lesions in an organ (lung). For the lymph 
nodes, the short axis measurement was also included in 
this measurement. Two separate 18F-FDG PET/CT images 
obtained in the pre-treatment and post-treatment periods 
were assessed and the SUVmax, SUVmean and MTV of the 
target lesions were recorded. The percent change in the 
longest size of the primary tumor and total size as well as in 
SUVmax, SUVmean and TLG was calculated for each patient 
in comparison to the pre-treatment values. Morphologic 
assessment was made according to RECIST 1.1 criteria 
by considering the percent change in the total longest 
dimension of the target lesions in the post-treatment 
period. Metabolic assessment was made according to 
EORTC criteria by calculating the percent change in SUVmax 
of the primary tumor in the post-treatment period. 

Statistical Analysis

Data were analyzed by using SPSS version 14.0 and 
expressed as mean±standard deviation. The pre-treatment 
and post-treatment dimensions measured on CT, and 
SUVmax and TLG values on PET were compared by the 
paired T-test. Among the histopathologic diagnosis of the 
patients, the two major groups of patients with a diagnosis 
of squamous cell carcinoma (n=28/40) or adenocarcinoma 
(n=7/40) were compared in terms of SUVmax values 
by using Kruskall Wallis analysis. Moreover, the percent 
change in post-treatment longest dimension, SUVmax and 
TLG (increased or decreased) were compared by using chi-
square (Fisher) test. Significance level was set at p<0.05. 

Results

Of the forty patients included in the study, 2 were female 
(5.0%) and 38 were male (95.0%) with a mean age of 63.3±6 
years (range, 46-73 years). In terms of histopathologic 
diagnosis, 28 patients had squamous cell lung carcinoma 
(70%), seven had adenocarcinoma (17.5%), four had small 
cell cancer (10%) and one had pleomorphic cell lung cancer 
(2.5%) (Table 1). Mean follow-up time was 23.1±12.6 
weeks (range, 10-67 weeks). The treatment methods were 
separate RT+chemotherapy (CT) sessions in two patients, 
chemoradiotherapy in three patients and only CT in the 
remaining 35 patients. Nine patients had distant metastatic 
lesions in addition to the primary lesion and lymph node 
involvement, and the metastasis was measurable in 
seven of these patients. According to the histopathologic 
diagnosis, pre-treatment SUVmax was 16.1±6.9 (n=28) vs. 
20.4±14.1 (n=7) in patients with squamous cell carcinoma 
and adenocarcinoma, respectively (p>0.05). Post-treatment 
change in SUVmax was found to be statistically significant 
in patients with squamous cell carcinoma. However, there 
was no statistical difference in the FDG uptake change 
for patients with lymph node involvement or metastatic 
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Table 1. Demographic and clinico-histopathologic 
characteristics

Characteristics n (%)

Age (years)

Mean age at diagnosis (years) (range) 63.3±6.3 years, range 46-73 years

Sex

Female 2 (5%)

Male 38 (95%)

Pathological classification

Squamous cell carcinoma 28 (70.5%)

Adenocarcinoma 7 (17.5%)

Small cell carcinoma 4 (10%)

Pleomorphic cell carcinoma 1 (2.5%)
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lesions. Similarly, there was no significant difference in 
primary tumor and nodal involvement in the comparison of 
adenocarcinoma patients. Pre- and post-treatment longest 
dimension, SUVmax and TLG of the primary tumor were 
compared in twenty-eight patients with a histopathologic 
diagnosis of squamous cell carcinoma who constitute 
the majority of the patients in order to assess treatment 
response. Mean SUVmax was significantly different between 
pre- and post-treatment measurements (p<0.05), with no 
difference in terms of longest dimension, total dimension 
and mean TLG (p>0.05). The pre- and post-treatment 
longest dimension, SUVmax and TLG were also compared 
in adenocarcinoma patients. Patients with adenocarcinoma 
(n=7) had no significant difference in these parameters 

measured before and after the treatment (p>0.05) 
(Table 2). Table 3 represents the pre-treatment and post-
treatment SUVmax change in the primary tumor, lymph 
node and metastatic lesions stratified by histopathologic 
diagnosis. When the response to treatment was compared 
in patients with squamous cell cancer according to RECIST 
1.1 and EORTC criteria by post-treatment stage change, 
RECIST 1.1 revealed progression in sixteen patients (57%), 
stability in seven (25%) and partial response in five (18%); 
while EORTC revealed progression in four (14%), stability 
in thirteen (47%) and partial response in eleven (39%) 
patients (Table 4). Of these patients, twelve (43%) showed 
increased stage, 4 (14%) had decreased stage with the 
remaining 12 (43%) at a stable stage. In patients with 

Börksüz et al. Lung Cancer and Evaluation of Therapeutic Mol Imaging Radionucl Ther 2016;25:63-69

Table 2. Pre-treatment and post-treatment highest standardized uptake value change in the primary tumor, lymph node 
and metastatic lesions according to histopathologic diagnosis

Pre-treatment SUVmax Post-treatment SUVmax p

Squamous cell carcinoma, primary tumor (n=28) 16.1±6.9 13.1±7.8 <0.05*

Squamous cell carcinoma, nodal involvement (n=9) 16.3±7.4 12.1±9.1 >0.05

Squamous cell carcinoma, distant metastatic lesions (n=6) 16.1±5.7 10.9±8.8 >0.05

Adenocarcinoma, primary tumor (n=7) 20.4±14.1 13.5±6.7 >0.05

Adenocarcinoma, nodal involvement (n=4) 16.1±3.9 8.1±4.3 >0.05

Small cell carcinoma, primary tumor (n=4) 15.5± 4.2 9.8±3.5 >0.05

Pleomorphic cell carcinoma, primary tumor (n=1) 5.1 9.9 -

SUVmax: Highest standardized uptake value

Table 3. The number of cases with change in size and metabolic parameters according to histological type and the 
percent change (%) 

(Primary tumor)

Squamous cell 
carcinoma (n=28) Adenocarcinoma (n=7) Small cell carcinoma 

(n=2)
Pleomorphic 
adenoma (n=1)

Number 
of cases

Percentage 
(%)

Number 
of cases

Percentage 
(%)

Number 
of cases

Percentage 
(%)

Number 
of cases

Percentage 
(%)

Decrease in the longest 
dimension

18 (18/28) 64% 2 (2/7) 28%
2 (2/4) 50% 0 0/1 0%

Increase in the longest dimension 10 (10/28) 36% 5 (5/7) 71% 2 (2/4) 50% 1 1/1 100%

Decrease in SUVmax 20 (20/28) 71% 4 (4/7) 57% 2 (2/4) 50% 0 0/1 0%

Increase in SUVmax 8 (8/28) 29% 3 (3/7) 43% 2 (2/4) 50% 1 1/1 100%

Decrease in TLG 18 (18/28) 64% 5 (3/7) 43% 2 (2/4) 50% 0 0/1 0%

Increase in TLG 10 (10/28) 36% 2 (4/7) 57% 2 (2/4) 50% 1 1/1 100%

SUVmax: Highest standardized uptake value, TLG: Total lesion glycolysis

Table 4. The treatment responses of squamous cell cancer patients according to Response Evaluation Criteria in Solid 
Tumors 1.1 and European Organisation for Research and Treatment of Cancer criteria

RECIST 1.1 EORTC

Progression 16 (57%)  4 (14%)

Partial response  7 (25%) 13 (47%)

Stability  5 (18%) 11 (39%)

RECIST: Response Evaluation Criteria in Solid Tumors, EORTC: European Organisation for Research and Treatment of Cancer
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adenocarcinoma (n=7), RECIST 1.1 revealed progression 
in four (57%), stability in two (29%), and partial response 
in one (14%) patient; while EORTC showed progression in 
one (14%), stability in four (57%), and partial response in 
two (29%) patients. Of these patients, 3 (43%) showed 
increased stage and the remaining 4 had a stable stage. 
Data on change in size and metabolic parameters and rates 
(%) according to histopathologic type of primary tumor are 
presented in Table 2. In our study, PET/CT and CT data of 
four patients diagnosed with small cell lung cancer before 
and after treatment were compared and the following 
conclusion was reached: Although the average SUVmax 
decreased, two patients showed metastatic progression 
and upstaging. And one patient with the diagnosis of 
stage 4 pleomorphic Ca according to pre-treatment PET/
CT, showed an increase in size and TLG at post-treatment 
PET/CT. 

Discussion

18F-FDG PET/CT is used for the diagnosis and staging of 
lung cancer as well as for the assessment of response 
to treatment. In the present study, we investigated the 
association between the morphologic features (dimension) 
and metabolic criteria for assessment of response to 
treatment (SUV and TLG). One of the first studies by 
Kubota et al. (9) assessing the metabolic and morphologic 
comparison of response to treatment in patients with lung 
cancer was carried out with radiopharmaceutical 11C 
L-methionine, which is a marker for protein synthesis and 
cell proliferation. Change in dimension has been assessed 
by CT and the change in nodal uptake has been measured 
by PET not using a hybrid device. The outcome has been 
divided into 3 groups of early progression, late local 
recurrence and no local recurrence. Methionine uptake 
was decreased by 72% and 65% in the groups of late 
local recurrence and no local recurrence at PET imaging 
obtained 2 weeks after RT, while it was found to decrease 
by 22% in the group of early progression. The authors 
have concluded that PET imaging was more beneficial in 
predicting local recurrence and progression as compared to 
CT imaging. Kubota et al. (9) have carried out PET and CT 
imaging methods on separate devices. In contrast to these 
studies, we used an integrated PET/CT device. Although 
there was no significant change in the longest dimension 
of the primary tumor and in total target dimension and TLG 
of the primary tumor, the SUVmax showed a statistically 
significant change after the treatment in patients with 
squamous cell carcinoma as well as in the whole group. 
Another study by Patz et al. (10) assessing the response 
to treatment only with PET imaging included 113 patients 
treated with chemotherapy, RT, surgery or a combination 
of these modalities. The authors have evaluated the 
examinations performed within an average of 8 months 
after the treatment, and have found that the PET imaging 
was negative in 13 vs.100 positive patients. In our study, 

two of the forty patients died in the last evaluation time. 
For this reason, in the present study, we did not perform a 
survival analysis. Another study has evaluated the patients 
treated with only chemotherapy and has aimed to predict 
the final outcome on PET imaging obtained after the first 
course of chemotherapy. In that study carried out on seven 
patients by Weber et al. (11), median survival time was 
151 days in patients with more than 20% decrease in FDG 
SUV vs. 54 days in those without. The authors have also 
suggested a close relationship between assessment criteria 
for response to treatment and metabolic response in solid 
tumors.  Cerfolio et al. (12) have evaluated 56 patients with 
NSCLC by 18F-FDG-PET within 1 month after neoadjuvant 
chemotherapy or combined RT before surgery. The authors 
have found a correlation between the change in SUVmax 
and percent rate of non-living cell number (%) during the 
resection. It was reported that the overall pathological 
response could be predicted with 96% accuracy when an 
80% decrease in SUVmax was considered as the threshold 
value. 

Pöttgen et al. (13), on the other hand, have performed 
resection to patients in whom PET images were obtained 
about 63 days after 3 courses of induction chemotherapy 
and 84 days after combined RT. There was an average of 
67% decrease in SUVmax in patients treated with induction 
chemotherapy, with no or less than 10% living cancer cells 
in the resection. Moreover, patients having more than 10% 
living cancer cells had a mean decrease of 34% in SUVmax. 
In the present study, in the post-treatment evaluations, 
22 patients had an average decrease of 25.4±15.8 mm 
in the longest dimension of the primary tumor while the 
remaining eighteen patients had an average increase of 
30.6±28.6 mm in the longest dimension of the primary 
tumor. When the target lesions were also included in these 
measurements according to the RECIST 1.1 criteria, 22 
patients had an average decrease of 24.8±16.1 mm and 
eighteen patients had an average increase of 39.2±44 mm. 
According to the RECIST 1.1 criteria, when the new lesion 
formation and the increase in unmeasurable lesions were 
also included in these measurements, eight patients had 
partial response, 22 had progressive disease and 10 had a 
stable disease. In the evaluations by using the SUVmax values 
based on EORTC criteria, SUVmax decreased by 38.9±25.6% 
in twenty-seven patients. In the remaining thirteen patients, 
there was an increase by 23±17.8%. Overall, sixteen 
patients had partial response, 19 had a stable disease and 
5 had a progressive disease. Use of the changes in post-
treatment longest dimension and SUVmax for the evaluation 
of response to treatment yields different results. In the 
present study, patients were evaluated according to the 
metabolic and morphologic features separately and the 
response to treatment differed with the use of RECIST 
1.1 and EORTC criteria. With today’s technology, there 
is no gold standard diagnostic method to be used to 
determine which one is more accurate in evaluating the 
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response to treatment. It is also not possible to evaluate 
all suspicious lesions with histopathologic methods. 
Therefore, response to treatment should be evaluated by 
comparisons with survival curves. However, FDG uptake is 
associated with living cancer cells and SUV increases with 
the increasing FDG uptake. Therefore, FDG uptake may be 
useful in the differentiation of tumor tissue, fibrosis and 
necrosis for which anatomical boundaries are not always 
distinguishable. Ordu et al. (14) reported in their study that, 
in advanced NSCLC patients, in evaluation of response to 
chemotheraphy and in determination of overall survival, the 
metabolic response with PERCIST may be an early predictive 
factor in comparison with morphologic response. Our study 
showed that although there was no significant change in 
the longest total dimension, the change in post-treatment 
SUVmax was significant whether only the longest dimension 
of the primary tumor or of target lesions were taken into 
account. There were seven patients who met the criteria 
of longest total dimension for the evaluation of metastatic 
disease (n=7/9). The longest total dimension in metastatic 
disease did not differ significantly between pre- and post-
treatment periods. However, average SUVmax in metastatic 
lesions and nodal involvement differed significantly 
between pre- and post-treatment periods. As in the primary 
tumor, the response of metastatic lesions was also different 
between pre- and post-treatment periods in terms of 
dimension (morphologic feature) and SUVmax (metabolic 
feature). Overall, dimension criteria tended to be negative 
for the patient (unresponsiveness to treatment). Treatment 
response criteria should be standardized in a way that can 
be easily used in clinical practice for the patient examination 
reports. However, response criteria usually are not specified 
in the imaging methods for cancer patients (both in CT 
and PET/CT). This may result in difficulty for daily clinical 
practice. Moreover, although lymph nodes are included in 
RECIST 1.1, it is not always possible to determine the post-
treatment changes in lymph nodes that are close to each 
other (and in conglomerated nodes). After the treatment 
period, a lymph node may have a decrease in size while the 
size of the next lymph node might have been increased. 
Because these nodes do not have clear borders, it is quite 
difficult to evaluate the treatment response in lymph nodes. 
In addition, RECIST 1.1 basically considers the tumor and the 
lymph node size. However, recent targeted anticancer drugs 
inhibit the growth of cells without killing the tumor cells. 
Thus, responders may display morphologic changes such 
as necrosis, cavitation, and hemorrhage in tumor without 
change in size (15). In this context, a more practical and 
easily used method, the metabolic criteria can be preferred. 

Conclusion

In this study on lung cancer patients, there was no 
significant difference between squamous cell and 
adenocancer group in terms of primary tumor SUVmax 
rates. There was no significant difference between pre- and 

post-treatment measurements in the longest dimension of 
primary tumor and in the total longest dimension selected 
as a target lesion. There was a significant SUVmax change 
after the treatment as compared to that of prior to the 
treatment. In the determination of treatment response, it is 
not known exactly yet whether metabolic or morphologic 
changes as evaluated by RECIST 1.1 and EORTC is more 
accurate in determining treatment response is yet 
unknown. Unfortunately, we could not comment on this 
issue because we had a limited number of patients and 
follow-up period. At the same time, we think that SUV rates 
can be preferred for treatment response evaluation due to 
its easier applicability in clinical practice.
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Evaluation of Silent Myocardial Ischemia with Single-Photon Emission 
Computed Tomography/Computed Tomography in Asymptomatic 
Subjects with Diabetes and Pre-Diabetes
Asemptomatik Diyabetik ve Pre-Diyabetik Hastalarda Miyokardiyal Sessiz İskeminin Tek Foton 
Emisyon Bilgisayarlı Tomografi/Bilgisayarlı Tomografi ile Değerlendirilmesi

Abstract
Objective: The aim of this study was to disclose the prevalence of myocardial ischemia, as detected by adenosine stress 
myocardial perfusion imaging (MPI) with hybrid single-photon emission computed tomography/computed tomography 
(SPECT/CT), in asymptomatic diabetic and pre-diabetic patients and to find out whether ischemia predicted the occurrence of 
adverse cardiac/cerebrovascular events (ACCE) at follow-up. 
Methods: Forty-three diabetic and thirty-five pre-diabetic asymptomatic patients without any history of coronary artery 
disease, underwent MPI and were followed-up for a 12.8±2.2 (8-19) months for the occurrence of ACCE. Baseline variables 
that would predict the presence of ischemia and the value of ischemia on MPI for predicting the occurrence of ACCE at follow-
up were evaluated by logistic regression analysis. 
Results: Ischemia was detected in ten (23.3%) of the diabetic and in four (11.4%) of the pre-diabetic patients. The presence 
of diabetes was the only independent predictor of myocardial ischemia [odds ratio (OR): 12.31, 95% confidence interval 
(CI): 1.83-82.66; p<0.01]. During 12.8±2.2 (8-19) months of follow-up, ACCE was observed in five out of 78 (6.4%) patients. 
Patients with ischemia were significantly more likely to have ACCE during follow-up as compared to those with normal MPI 
scans (event rates: 21.4% vs. 3.1%, OR: 8.455 95% CI: 1.264-56.562, p=0.038).
Conclusion: Myocardial ischemia as detected by adenosine stress SPECT/CT in a population of asymptomatic patients with 
diabetes mellitus or pre-diabetes appeared to predict the occurrence of ACCE at follow-up. 
Keywords: Type 2 diabetes mellitus, pre-diabetes, silent myocardial ischemia, single-photon emission computed tomography/
computed tomography

Öz
Amaç: Bu çalışmanın amacı asemptomatik diyabetik ve pre-diyabetik hastalarda stres miyokardiyal perfüzyon tek foton 
emisyon bilgisayarlı tomografi/bilgisayarlı tomografi miyokard perfüzyon sintigrafisi (MPS) ile miyokardiyal iskemi prevalansını 
belirlemek ve iskemi bulgularının takipte istenmeyen kardiyak ve serebrovasküler olayları öngörüp görmediğini saptamaktır.
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Introduction

Type 2 diabetes mellitus (DM) is associated with an increased 
risk of coronary artery disease (CAD) and has long been 
considered a CAD equivalent (1,2). CAD is usually silent in 
diabetics, and the reported prevalence of silent myocardial 
ischemia ranges between 6-57% (3,4). This wide range is 
probably due to differences in patient population and in 
sensitivity rates of various imaging modalities used in these 
studies to detect ischemia. Intermediate states of abnormal 
glucose regulation that exist between normal glucose 
homeostasis and diabetes are defined as pre-diabetes and 
include impaired glucose tolerance (IGT), impaired fasting 
glucose (IFG) or both. Patients with IFG or IGT have a 
relatively high risk of developing overt diabetes in the future, 
and CAD risk has been reported to increase in pre-diabetics 
before glucose levels reach diabetic thresholds (5). Cardio-
metabolic derangements occur long before the diagnosis 
of diabetes and contribute to the 2-fold increased risk of 
cardiovascular disease seen in IGT and the 4-fold increased 
CAD risk seen in diabetes (1). According to the American 
College of Cardiology (ACC) practice guidelines, stress 
myocardial perfusion imaging (MPI) may be considered for 
advanced cardiovascular risk assessment in asymptomatic 
adults with diabetes (class IIb, LoE=C) (6). A similar level of 
recommendation (class IIb) has been put forward by the 
European Society of Cardiology for screening selected high-
risk patients with DM for the presence of silent myocardial 
ischemia (7). Quantitative MPI with single-photon emission 
tomography (SPECT) is a powerful diagnostic modality being 
used for risk stratification and determination of prognosis 
in CAD. Recently developed hybrid SPECT/computed 
tomography (CT) systems were reported to reduce false 
positive results of myocardial perfusion scintigraphy by 
eliminating soft tissue attenuation problems and improve 
the accuracy of MPI (8). In this prospective study, we 
aimed to disclose the prevalence of silent ischemia, as 
detected by adenosine stress MPI with hybrid SPECT/CT, 
in asymptomatic diabetic and pre-diabetic patients and to 
find out whether ischemia on MPI predicts the occurrence 
of adverse cardiac/cerebrovascular events (ACCE) at follow-

up. We also tried to evaluate the factors that could predict 
the occurrence of ischemia in this patient subset. 

Materials and Methods

We enrolled 35 pre-diabetic and forty-three diabetic 
patients (mean age=55.6±8.5 years, 35 females) without 
any history of CAD. The diagnosis of DM and pre-diabetes 
were made according to American Diabetes Association 
(ADA) criteria (9). Diabetes diagnosis was based on three 
fasting blood glucose levels ≥126 mg/dL. Subjects who 
had fasting plasma glucose levels between 100-125 mg/dL 
were subjected to 75 gr oral glucose tolerance test (OGTT) 
where, after an overnight fasting, subjects were given a 
load of 75 g glucose in 300 mL water. Blood samples for 
glucose measurements were drawn before the loading and 
at 120 minutes thereafter. Categories of glucose tolerance 
were defined according to 2013 ADA criteria (9). IFG was 
defined as fasting plasma glucose between 100-125 mg/
dL and 120 min plasma glucose level <140 mg/dL, whereas 
IGT was defined as 120 min plasma glucose between 140-
199 mg/dL during OGTT. The 120 min glucose level ≥200 
mg/dL on 75 gr OGTT were designated as DM. Patients 
who had either IFG or IGT or both were classified as pre-
diabetes. The study was approved by the Hospital Ethical 
Committee, and informed consent was obtained from all 
participants before the study procedures.

Exclusion criteria were defined as follows;

1- History of CAD [previous myocardial infarction (MI), 
percutaneous coronary intervention (PCI) or coronary by-
pass graft surgery (CABG)],

2- Electrocardiogram (ECG) findings suggestive of Q wave-
MI, ischemic ST-segment or T-wave changes, or complete 
left bundle branch block,

3- Typical angina pectoris,

4- Absolute contraindication for adenosine stress testing,

5- Segmental wall motion abnormality (WMA) or left 
ventricular hypertrophy on transthoracic echocardiography,

6- Comorbid conditions that might influence plasma 

Yöntem: Daha önce bilinen koroner arter hastalığı olmayan 43 diyabetik ve 35 pre-diyabetik asemptomatik hastaya MPS 
yapılarak, hastalar istenmeyen kardiyak/serebrovasküler olaylar açısından ortalama 12,8±2,2 (8-19) ay takip edildi. İskemiyi 
öngören bazal değişkenler ve MPS’nin takipte istenmeyen kardiyovasküler olayları öngörmedeki değeri lojistik regresyon 
modeli ile değerlendirildi.
Bulgular: Diyabetik hastaların onunda (%23,3) ve pre-diyabetik hastaların dördünde (%11,4) MPS ile iskemi saptandı. 
Miyokardiyal iskemi açısından tek bağımsız risk faktörü diabetes mellitus varlığı idi (odds ratio (OR): 12,31, %95 güven 
aralığı (GA): 1,83-82,66; p<0,01). Ortalama 12,8±2,2 (8-19) aylık takip süresi boyunca yetmiş sekiz hastanın beşinde (%6,4) 
istenmeyen kardiyovasküler olay gelişti. Sintigrafide iskemi bulgusu olanların takibinde kardiyovasküler olay gelişme riski, 
normal MPS bulguları olanlara göre belirgin olarak yüksekti (olay oranı: %21,4 ile %3,1, OR: 8,455 %95 GA: 1,264-56,562, 
p=0,038).
Sonuç: Adenozin stres SPECT/CT ile saptanan iskeminin asemptomatik diyabetik ve pre-diyabetik hastalarda takipte gelişecek 
olan kardiyovasküler olayları öngördüğü söylenebilir.
Anahtar kelimeler: Tip 2 diyabet, prediyabet, sessiz iskemi, tek foton emisyon bilgisayarlı tomografi/bilgisayarlı tomografi
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glucose levels such as Cushing syndrome, acromegaly, 
pheochromocytoma,

7- Use of drugs that may affect plasma glucose levels 
such as corticosteroids, neuroleptics, antiviral agents, beta 
agonists, interferon, diazoxide.

After a detailed medical history and a thorough physical 
examination, a 12-lead ECG and a trans-thoracic 
echocardiogram were recorded for each patient. Age at 
onset of diabetes, duration of diabetes and recently used 
medications were recorded. Major cardiovascular risk 
factors including smoking, dyslipidemia, hypertension, and 
family history of CAD were also recorded. Hypertension 
was defined as systolic blood pressure ≥140 mmHg, 
diastolic blood pressure ≥90 mmHg, or any treatment with 
an antihypertensive drug. Microalbuminuria was evaluated 
on 24-hour urine samples in all patients. The fundoscopic 
examination was applied to patients with DM. 

Laboratory testing: Venous blood samples were drawn 
in the fasting state using vacutainer tubes. Plasma glucose, 
HbA1c, triglycerides, total and high-density lipoproteins 
(HDL) and cholesterol concentrations were measured by 
enzymatic assays (Roche Diagnostics GmbH, Mannheim, 
Germany). Albumin measurement in 24-hour urine 
samples was made by immunoradioturbimetric method 
(Aeroset, Abbott), and levels ≥30 mg/day were defined as 
‘microalbuminuria’.

Myocardial perfusion imaging with SPECT/CT: All 
patients underwent same-day rest/stress technetium-99m 
methoxy-isobutyl-isonitrile (99mTc-MIBI) gated-SPECT MPI 
by adenosine stress with hybrid SPECT/CT system (Infinia, 
GE Healthcare). Pharmacologic stress with adenosine was 
chosen as the stress modality of choice to standardize the 
stress level and eliminate potential confounding that could 
arise from different levels of maximum achievable stress due 
to varying levels of exercise capacity in different patients. 
For adenosine stress test, patients were asked to refrain 
from consuming caffeinated beverages after midnight prior 
to testing. In the morning 296-370 MBq 99mTc-MIBI was 
injected intravenously at rest and imaging was performed 
60 min after injection. Three or four hours after resting 
acquisition, stress protocol was started. One hundred forty 
µg/kg per minute adenosine (adenosine-LM, Abfenfarma) 
was infused intravenously over 4-6 min. 99mTc-MIBI (of 888-
1110 MBq) was administered 3 minutes after the beginning 
of adenosine infusion. After the radiotracer injection, 
adenosine infusion was continued for another 1-2 minutes. 
ECG was monitored continuously and blood pressure and 
heart rate were obtained at 1-min intervals. Stress images 
were acquired 30-45 minutes after radiotracer injection. 
The SPECT MPI acquisition was performed on a dual-head 
camera (Infinia, GE Healthcare) with a low-energy, high-
resolution collimator; a 20% symmetric window at 140 
keV; a 64x64 matrix; and an elliptic orbit with step-and-
shoot acquisition at 3° intervals over a 180° arc (45° right 
anterior oblique to 45° left posterior oblique) with 30 steps 

(60 views). Scan time was set to 20 s per frame for stressed 
and 25 s per frame for resting conditions. Gating included 
16 frames per R-R cycle. For attenuation correction (AC), all 
patients underwent low-dose CT using a Hawkeye system 
(Infinia; GE Healthcare). Single-slice non-spiral CT (x-ray tube 
current, 2.5 mA; voltage, 140 kVp) with a slice thickness of 
10 mm and a scan time of more than 5 min for a typical 
13-cm field of view was obtained. After reconstruction and 
transfer to a Xeleris workstation (GE Healthcare), AC maps 
were generated. SPECT images were reconstructed into 
short and vertical and horizontal long axes using standard 
reconstruction-that is, filtered back projection-and iterative 
reconstruction with CT-AC. Visual interpretation of SPECT 
images was always performed side by side by 2 experienced 
nuclear medicine specialists. SPECT images were analyzed 
by using Emory Cardiac Toolbox software package. For 
semi-quantitative analysis, SPECT images were visually 
scored using a 20-segment model of the left ventricle and 
images with AC were evaluated visually and each segment 
was scored between 0 and 4. Zero was defined as normal 
perfusion, 1: equivocal, 2: moderate reduction, 3: severe 
reduction, and 4: lack of perfusion. Summed stress score 
(SSS) and summed rest scores were obtained by adding the 
scores of the 20 segments. The summed difference score 
(SDS) represents the difference between the stress and 
rest scores. In the semi-quantitative analysis done by using 
AC images, SSS >1 and SDS >1 were accepted as positive 
for ischemia (10). Wall motion, wall thickening and left 
ventricular ejection fraction (LVEF) were evaluated using 
Quantitative Gated SPECT; (Cedars-Sinai Medical Center) 
software package.

Patient follow-up: The patients were followed up for a 
mean of 12.8±2.2 (8-19) months for the occurrence of 
ACCE defined as the occurrence of either typical angina 
pectoris, MI, myocardial revascularization (PCI or CABG), 
stroke, cardiovascular or cerebrovascular death, new 
cardiac arrhythmia or congestive heart failure. Predictors 
of ischemia in the whole group and in those with DM were 
evaluated using multiple logistic regression analysis. 

Statistical Analysis

Data analysis was performed by using SPSS for Windows, 
version 11.5 (SPSS Inc., Chicago, IL, United States). The 
distribution pattern of metric discrete and continuous 
variables was evaluated by Kolmogorov-Smirnov test. Metric 
discrete and continuous variables were shown as the mean 
± standard deviation (SD) or median (minimum-maximum), 
where applicable. The mean value differences between groups 
were compared by Student’s t-test. Mann-Whitney U test 
was applied for comparisons of the median values. Nominal 
data were analyzed by Pearson’s chi-square or Fisher’s exact 
test, where appropriate. The predictors of ischemia on MPI 
were evaluated by Multiple Logistic Regression Analyses. 
Any variable found to be significant on univariate testing 
(p-value <0.25) was subjected to testing in the multivariate 
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model. Odds ratios and 95% confidence intervals for each 
independent variable were also calculated. A p value less 
than 0.05 was considered statistically significant.

Results

We enrolled 43 diabetics and 35 pre-diabetic subjects. DM 
had been present for a median of 7 years in the diabetic 
group. Among the pre-diabetics, 20 had IFG, 6 had IGT and 
9 had both. The demographic properties, risk factors and 
medications that were being used at study entry are shown 
in Table 1. The two groups (diabetics and pre-diabetics) were 
similar with regard to age, gender and body mass index. 
On the other hand, the diabetics were more likely to be 
hypertensive (50% vs. 11.4%, p=0.001), had higher serum 
triglyceride levels (170 vs. 130 mg/dl, p=0.002), and were 
on lipid-lowering therapy more frequently (16.3% vs. 2.9%, 

p=0.06) as compared to pre-diabetics. Otherwise, the two 
groups looked similar. Diabetic retinopathy was present in 
23.3% of the diabetic population. Microalbuminuria was 
evident in 14% of the diabetics, and none of the pre-
diabetic patients. 

SPECT findings: By using 20 segment model, attenuation 
corrected images, SSS and SDS scores, 4 out of 35 (11.4%) 
in the pre-diabetics and 10 out of 43 (23.3%) in the 
diabetic group were found to have ischemia on SPECT/CT 
MPI (Table 2) (Figure 1). Among the four pre-diabetics with 
ischemia on MPI, 1 had IFG and 3 had IGT. 

Hypo-perfusion involving more than 5% of the left ventricle 
was detected only in two diabetic patients. Although no 
patient had WMA on echocardiography at study entry, 
we detected segmental WMA (all hypokinesia) on post-
stress gated images in five diabetic patients on MPI. No 
patient in the pre-diabetic group had WMA on MPI. The 

Table 1. Characteristics of the study population (n=78)

Prediabetes (n=35) Diabetes mellitus (n=43) p

Age (years) 54.1±10.4 56.8±6.3 0.188

Female/male 16/19 19/24

BMI (kg/m2) 29.8±5.4 27.9±3.1 0.097

Duration of disease (years) 6 (1-9) 7 (1-20)

FPG (mg/dl) 105.5±8.9 163.9±55.7 <0.001

HbA1C (%) 5.6±0.5 7.1±1.2 <0.001

Total cholesterol (mg/dl) 203.9±40 192.6±39.9 0.240

LDL cholesterol (mg/dl) 117.3±39.8 110.3±33.5 0.424

HDL cholesterol (mg/dl) 52.2±12.1 48.9±12.8 0.133

Triglycerides (mg/dl) 130±71.6 150±75.5 0.002

Hypertension 4 (11.4%) 21 (50%) 0.001

Smoking 8 (22.8%) 11 (25.5%) 0.640

Family history of CAD 9 (25.7%) 10 (23.2%) 0.686

Retinopathy - 10 (23.3%)

Microalbuminuria - 6 (14%)

Diabetes Treatment

None 26 (74.3%) 3 (7%)

<0.001
Diet only 1 (2.9%) 1 (2.3%)

Oral agent 8 (22.9) 21 (48.8%)

Insulin - 18 (41.9%)

Aspirin 2 (5.7%) 8 (19%) 0.101

Statins 1 (2.9%) 7 (16.3%) 0.068

IGT 6 (17.1%)

IFG 20 (57.1)

IGT+IFG 9 (25.7%)

BMI: Body mass index, FPG: Fasting plasma glucose, LDL: Low density lipoprotein, HDL: High density lipoprotein, CAD: Coronary artery disease, IGT: Impaired glucose tolerance, 
IFG: Impaired fasting glucose
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mean LVEF by gated SPECT was 72±7.3% in the pre-
diabetic and 70±7.7% in the diabetic group. High SSS and/
or SDS scores before AC turned to normal values after AC 
in 25 patients (31.6%) in the whole group. Table 3 shows 
the univariate analysis results of all possible predictors 
of ischemia in the whole group. Those variables found 
to be significant (p<0.25) on univariate testing were 
subjected to multivariate analysis, where the presence 
of DM was found to be the only independent predictor 
of an abnormal MPI result [odds ratio (OR): 12, 31, 
95% confidence interval (CI): 1.83-82.66; p<0.01]. No 
significant correlation was evident between ischemia on 
MPI and age, sex, hypertension, microalbuminuria, family 
history of CAD, smoking, aspirin use, and fasting blood 

glucose. In the diabetic group, ischemia on MPI was not 
correlated with hypertension, smoking, family history of 
CAD, retinopathy, microalbuminuria, treatment modality for 
DM (oral antidiabetics, insulin, diet), and disease duration. 
Multivariate analysis revealed a small but a significant 
correlation between total cholesterol levels and ischemia 
(OR: 1.035, 95% CI: 1.0005-1.071, p=0.047).

Follow up: During 12.8±2.2 (8-19) months of patient 
follow-up, we observed ACCE in two (5.7%) pre-diabetic 
and three (7%) diabetic patients (Table 2). One diabetic 
patient developed MI and underwent PCI with stenting. 
This patient had positive scintigraphic findings and his 
SSS was 8. Four other patients (two diabetics, two pre-
diabetic) developed typical angina pectoris and were 

Table 3. Univariate analysis of the variables predictive of ischemia on myocardial perfusion imaging 

Variables
Ischemia (-) Ischemia (+)

p
Odds ratio

(n=64) (n=14) (95% CI)

Age (years) 55.4±8.2 56.4±9.7 0.685 1.015 (0.946-1.089)

Gender

Male 37 (57.8%) 6 (42.9%) - 1.000

Female 27 (42.2%) 8 (57.1%) 0.31 2.252 (0.565-8.876)

Groups

Prediabetes 31 (48.4%) 4 (28.6%) - 1.000

Diabetes 33 (51.6%) 10 (71.4%) 0.176 2.348 (0.667-8.270)

Smoking 3 (4.7%) 0 (0.0%) 1.000 -

Family history of CAD 16 (25.0%) 3 (21.4%) 1.000 0.818 (0.202-3.306)

FPG (mg/dl) 115 (80-291) 128 (102-334) 0.528 1.002 (0.991-1.013)

HbA1c (%) 6.3 (4.5-10.8) 5.6 (5.0-10.0) 0.175 0.779 (0.449-1.352)

Total cholesterol (mg/dl) 194.7±37.4 213.6±46.4 0.106 1.012 (0.997-1.027)

LDL cholesterol (mg/dl) 110.8±35.4 126.3±40.0 0.152 1.012 (0.995-1.029)

HDL cholesterol (mg/dl) 49.1±12.5 53.3±11.9 0.252 1.027 (0.981-1.076)

Triglycerides (mg/dl) 145.5±70.6 (57-382) 148±71.1 (74-377) 0.720 1.003 (0.995-1.011)

Aspirin 8 (12.7%) 2 (14.3%) 1.000 1.146 (0.216-6.090)

Hypertension 21 (32.8%) 4 (28.6%) 1.000 0.819 (0.230-2.921)

Dyslipidemia 22 (34.4%) 7 (50.0%) 0.273 1.909 (0.594-6.137)

Two or more CAD risk factors 21 (32.8%) 5 (35.7%) 1.000 1.138 (0.339-3.820)

CI: Confidence interval, CAD: Coronary artery disease, LDL: Low density lipoprotein, HDL: High density lipoprotein, FPG: Fasting plasma glucose 

Table 2. Myocardial perfusion imaging findings and adverse cardiac/cerebrovascular event rates 

Prediabetes (n=35) Diabetes mellitus (n=43) p

Myocardial ischemia 4 (11.4%) 10 (23.3%) 0.290

Gated SPECT-WMA - 5 (11.6%)

LVEF 72±7.3 70±7.7 0.392

ACCE 2 (5.7%) 3 (7%) 1.000

SPECT: Single-photon emission computed tomography, WMA: Wall motion abnormalities, LVEF: Left ventricular ejection fraction, ACCE: Adverse cardiac/cerebrovascular event
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started on anti-anginal therapy. No patient died because of 
a cardiovascular or cerebrovascular event during follow-up. 
Three of the five patients who developed ACCE on follow-
up had ischemia on MPI. Patients who had ischemia on MPI 
were significantly more likely to have ACCE during follow-
up as compared to those who had totally normal MPI scans 
(event rates: 21.4% vs. 3.1%, OR: 8.455 95% CI: 1.264-
56.562, p=0.038). 

Discussion

The major findings of this study are; 

1- By using adenosine stress MPI with gated SPECT/CT, 
myocardial ischemia was detected in 23.3% and 11.4% 
of asymptomatic diabetic and pre-diabetic subjects, 
respectively, 

2- Although the population size and the event numbers 
are too small to draw any firm conclusions, subjects with 
ischemia on MPI were significantly more likely to experience 
ACCE as compared to those with normal scans. 

The presence of silent ischemia has been evaluated in 
diabetic patients utilizing different methods of ischemia 
detection. In studies using nuclear imaging modalities, 
perfusion abnormalities were detected in 6-57% of 
asymptomatic patients with DM (4,11,12,13,14,15,16). In 
the present study, we evaluated completely asymptomatic 
patients with diabetes and pre-diabetes without clinically 
documented CAD. The prevalence of silent ischemia in our 
study is close to that reported in the Detection of Ischemia 
in Asymptomatic Diabetics (DIAD) trial (22%), one of 
the largest trials on asymptomatic ischemia in diabetic 
patients. Population-based studies report an increased 
rate of macrovascular complications and mortality in pre-
diabetes; and fasting plasma glucose, postprandial plasma 
glucose and HbA1c are related with increased mortality 
independent of obesity, hypertension and lipid profile 
(17,18). Nasr and Sliem (19) reported that pre-diabetics 
have myocardial defects, which represent a pattern 
of cardiovascular risk. In our study, the prevalence of 
hypertension, hypertriglyceridemia and use of statins were 
more common in the diabetic group as compared to pre-
diabetics. Wall motion abnormalities and MPI abnormalities 
were more frequent in the diabetic group as compared to 
pre-diabetics but the differences did not reach statistical 
significance. Our small study population and an even 
smaller number of pre-diabetics preclude any meaningful 
discussion on the relative importance of pre-diabetes as 
opposed to diabetes with regard to the occurrence of 
asymptomatic ischemia. 

Routine screening for silent ischemia in asymptomatic 
diabetic patients has been a matter of debate for a long 
time. Guidelines recommend routine screening only for 
high-risk patients. Janand-Delenne et al. (15) found a 
positive correlation between silent myocardial ischemia 
and DM duration, renal status and other classical CAD risk 
factors except family history. They recommend screening 
for male patients in whom the duration of DM is 10 
years or even less when more than one cardiovascular 
risk factor is present. In a recent study by Giovacchini et 
al., (20) microalbuminuria was the only predictor of silent 
ischemia in diabetes. Gokcel et al. (12) reported a positive 
correlation between silent ischemia and retinopathy, male 
sex, hypertension and low HDL-cholesterol levels in patients 
with DM. In our patient population, which included both 
diabetics and pre-diabetics, the presence of DM was the 
only independent predictor of the occurrence of silent 
ischemia. In the diabetic group, only total cholesterol, 
neither microalbuminuria nor retinopathy, were found 
to be significant predictors of ischemia. Our small study 
sample may have obscured any such possible association, 
nevertheless it should be kept in mind that diabetic 

Figure 1. Stress and rest myocardial perfusion single-photon emission 
computed tomography images of a diabetic patient revealed reversible 
ischemia in the inferolateral wall
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complications do not have to follow a particular sequence. 
Our findings seem to be in line with those of Peix et al., 
(21) who showed that the presence of DM was the only 
predictor of abnormal myocardial perfusion and that 
total cholesterol/HDL ratio greater than 4 was correlated 
with perfusion abnormalities. In the DIAD study, where 
522 diabetic patients were evaluated with adenosine 
MPI, an abnormal stress test result was not significantly 
associated with demographic characteristics, traditional 
cardiac risk factors, or laboratory variables (4). Anand et 
al. (22) also screened 510 asymptomatic diabetic patients 
and did not show any correlation with conventional risk 
factors and myocardial perfusion abnormalities. In that 
study, Coronary Artery Calcium (CAC) score was the only 
predictor of myocardial perfusion abnormality. In light of 
these findings, they recommended a strategy of initial 
CAC imaging followed by selective myocardial perfusion 
scintigraphy (MPS), which has the advantage of combining 
the high sensitivity rate of CAC imaging with the specificity 
of MPS for predicting angiographic stenosis. 

MPI is a well-established method for the evaluation of CAD 
and has a high diagnostic accuracy (23,24,25). In our study, 
we used SPECT/CT for MPI and AC was made with low 
dose CT and left ventricular function was evaluated in each 
patient with gated SPECT. The American Society of Nuclear 
Cardiology and the Society of Nuclear Medicine concluded 
in their joint position statement that incorporation of AC 
in addition to ECG gating with MPI would improve image 
quality, interpretive certainty, and diagnostic accuracy (26). 
It was shown previously in several studies that AC increased 
the diagnostic accuracy and contributed to better risk 
stratification, possibly via decreasing the rate of false positive 
results (10,27,28,29). In the semi-quantitative analysis, no 
cut-off values of SSS, SDS and SRS have been established 
for CT-AC. In a limited number of studies, the cardiac event 
rate was significantly higher in patients with CT-based AC- 
SSS between 1-3 compared to the ones with non-AC- SSS 
between 1-3 (10,29). In our study, we considered SSS or 
SDS greater than 1 as positive. AC made a great contribution 
to our study since twenty-five patients (31.6%) with SSS >4 
or /and SDS >2 scores in non-attenuation corrected images 
turned out to have a score of ‘0’ when AC was performed. 
We believe that the reduction of false positive results on 
MPI by using AC may prevent unnecessary diagnostic 
and therapeutic interventions in this patient subset. MPI 
has been shown to predict the occurrence of adverse 
cardiac events in asymptomatic diabetic patients (11,12). 
In a recent study, Kakaletsis et al. (30) used stress MPI in 
asymptomatic diabetic patients to predict the occurrence 
of cardiac events at follow-up. They did not use CT for AC 
and reported that ischemia on MPI was associated with an 
OR of 3.8 for cardiac event prediction. The OR increased to 
7.7 when only extensive ischemia on MPI was taken into 
account. We observed a significantly higher rate of ACCE 
(OR: 8.455 95% CI: 1.264-56.562, p=0.038) at follow-up 

in diabetic and pre-diabetic patients with ischemia on MPI 
as opposed to those without. The OR that we have found 
in our study seems to be higher than those reported in 
the literature. The high rate of cardiac adverse events at 
follow-up in our study seems to be contradictory to the rate 
reported in the landmark DIAD trial (6.4% over a mean of 
12 months versus 2.9% over 4.8 years, respectively) (4). 
This discrepancy deserves an explanation and the most 
likely sources are the small sample size and the simplistic 
clinical definition of cardiac events in our study. Four out of 
five cardiac events on follow-up were angina necessitating 
the institution of anti-anginal therapy. Still, hard end-points 
like MI appeared to have similar frequencies (1.28% versus 
1.3% respectively) in the 2 studies. We believe that when 
performed by highly accurate methods like the one used in 
our trial (MPI with gated SPECT/CT), ischemia detection in 
this patient population may be useful in accurate prediction 
of the likelihood of ACCE on follow-up, and thus, guide 
patient selection for more advanced evaluation with respect 
to CAD. Adenosine SPECT/CT as an imaging modality is a 
promising tool to detect silent ischemia in diabetic and non-
diabetic patients. Whether such a strategy of screening for 
ischemia in this population will yield clinical improvement 
still remains to be proven by further studies. 

There are some limitations in our study;

1- No control group was included due to ethical reasons,

2- The small population size precluded any meaningful 
discussion of IGT and IFG groups, even diabetics and pre-
diabetics separately,

3- The follow-up interval for cardiac events was rather short.

Conclusion

In conclusion, although the population size and the event 
numbers are too small to draw any firm conclusions, subjects 
with ischemia on MPI were significantly more likely to 
experience ACCE as compared to those with normal scans. 
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Abstract
Objective: Remnant ablation with radioactive iodine (I-131) is a successful form of treatment that aims to destroy the 
remaining residual tissue and/or metastatic tissue after total thyroidectomy in differentiated thyroid cancer (DTC) patients. 
High level of thyroid stimulating hormone (TSH) (≥30 mIU/L) is recommended for success of ablation treatment. In this 
retrospective study, our aim was to investigate whether the TSH levels at the time of ablation effect the success of radioactive 
iodine remnant ablation. 
Methods: Patients who were diagnosed with DTC, treated with bilateral total/near total thyroidectomy and who were 
referred for I-131 remnant ablation were included in this study. Patients with undetectable TSH-stimulated serum thyroglobulin 
(Tg) level, normal physical examination, negative results on whole body scan with I-131, and no evidence of neck lymph node 
metastasis on ultrasound were defined as disease-free. The correlation between TSH level at the time of ablation and ablation 
success was assessed. 
Results: Two hundred sixty one consecutive patients were included in the present study. Mean TSH level was 19.47±6 mIU/L 
in the 34 patients with TSH <30 mIU/L, while mean TSH level was 73.65±27 mIU/L in the 227 patients with TSH ≥30 mIU/L 
during I-131 remnant ablation. Ablation was unsuccessful in only one patient with TSH <30 mIU/L who had lung metastasis. 
Ablation was unsuccessful in 5.1% of patients with TSH ≥30 mIU/L. The effect of TSH level was not significant on ablation 
success (p=0.472). 
Conclusion: In conclusion, we think that a high TSH serum level alone is not a factor for the success of ablation. Age, 
presence of metastasis, extent of residual thyroid mass should also be considered. Especially, in the presence of metastatic 
tissue, obtaining adequate increase in TSH level is not always possible. The success of ablation at lower levels of TSH elevations 
may be sufficient for patients, and long-term hypothyroidism may not be required. 
Keywords: Thyroid cancer, thyroid stimulating hormone level, radioiodine therapy

Öz
Amaç: Diferansiye tiroid kanser (DTK), hastalarında total tiroidektomi sonrası radyoaktif iyot (I-131) ile remnant ablasyon 
kalan rezidü doku ve/veya metastatik dokunun yok edilmesi amacıyla kullanılan başarılı bir tedavi yöntemidir. Başarılı ablasyon 
tedavisi için yüksek tiroid simüle edici hormon (TSH) (≥30 mIU/L) seviyesi önerilmektedir. Bu retrospektif çalışmada ablasyon 
sırasındaki TSH düzeyinin radyoaktif iyot remnant ablasyonun başarısı üzerine etkisinin araştırılması amaçlandı. 
Yöntem: Bu çalışmaya DTK tanısı olan, bilateral total/totale yakın tiroidektomi ile tedavi edilen ve I-131 ile remnant ablasyon 
için yönlendirilmiş hastalar dahil edildi. Detekte edilemeyen stimüle-TSH serum tiroglobulin düzeyi, normal fizik muayene, I-131 
ile tüm vücut tarama sonuçları negatif ve ultrasonda boyun lenf nodu metastazı bulgusu olmayan hastalar hastalıksız olarak 
kabul edildi. Ablasyon başarısı ile ablasyon sırasındaki TSH düzeyi arasındaki ilişki değerlendirildi.
Bulgular: Mevcut çalışmaya ardışık 261 hasta dahil edildi. I-131 ile remnant ablasyon sırasında TSH düzeyi <30 mIU/L olan 
34 hastada ortalama TSH düzeyi 19,47±6 mIU/L, TSH düzeyi ≥30 mIU/L olan 227 hastada ortalama TSH düzeyi 73,65±27 
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Introduction 

Thyroid cancer is the most common endocrine tumor, most 
of which are papillary thyroid carcinomas. Multidisciplinary 
treatment of differentiated thyroid cancer (DTC) patients 
consists of total thyroidectomy followed by radioactive 
iodine remnant ablation (RRA) and thyroid stimulating 
hormone (TSH) suppression treatment. RRA is a successful 
form of treatment that aims to destroy the remaining 
residual tissue and/or metastatic tissue after surgical 
treatment in patients with DTC (1). Elevated levels of 
serum thyroglobulin (Tg) (>2 ng/mL) is a specific indicator 
with high sensitivity, which indicates presence of residual 
thyroid tissue, metastatic focus or recurrence (2). Obtaining 
elevated levels of TSH (thyroid stimulating hormone) (≥30 
mIU/L) is recommended for successful ablation (3). High 
serum TSH concentration enhances I-131 uptake by cancer 
cells. However, it is not known whether higher TSH levels 
produce a better rate of remnant ablation or cancer cure. In 
this retrospective study, our aim was to investigate whether 
TSH levels during ablation influenced the success of RRA. 
The secondary aim was to investigate the effect of Tg level 
at the time of ablation and other clinic and demographic 
patient related data on ablation success. 

Materials and Methods 

Patients who were diagnosed with DTC, treated with 
bilateral total/near total thyroidectomy and who were 
referred for RRA were included in this retrospective study. 
Exclusion criteria were patients receiving I-131 treatment 
in another hospital, patients who were not imaged with 
whole body scan (WBS) within 8-12th months after ablation, 
and patients with positive Tg antibodies (TgAb). Activity 
ranging between 100 to 250 mCi (mean 114±22 mCi) of 
I-131 were administered orally. The standard therapeutic 
dose was applied (for ablation therapy: 100 mCi, for lymph 
node metastasis: 150 mCi, for lung metastasis: 200 mCi, 
for lung metastasis reablation: 250 mCi). RRA was given to 
patients who had a TSH level under 30 despite sufficient 
levothyroxine (LT4) thyroid hormone withdrawal (THW) 
time (minimum 4 weeks), due to suspicion of metastatic 
disease. Patients were divided into 2 groups as <30 mIU/L 
and ≥30 mIU/L according to serum TSH level. Serum TSH, 
serum Tg and serum TgAb levels were recorded before 

RRA in all patients after adequate THW for 4-5 weeks. We 
also recommended a low-iodine diet 10 day before RRA 
for all patients. The initial clinical follow-up evaluation 
was performed at the 2nd and 6th months after RRA in all 
patients. Clinical follow-up included; physical examination, 
neck ultrasound, and serum Tg, TgAb, TSH, freeT4 
measurements. Diagnostic Whole Body Scan (DxWBS) 
with approximately 185 MBq of I-131, neck ultrasound 
and chest X-ray, or if required neck and/or chest computed 
tomography examinations were performed, and serum Tg, 
TgAb and TSH levels were measured 8-12 months after 
RRA. Diagnostic WBS was performed 24 and 48 hours after 
administration of diagnostic dose I-131. TSH-stimulated 
serum Tg level measurements were obtained at the time of 
DxWBS performed 8-12 months after ablation in all patients. 
For stimulated TSH level, the LT4 preparation was stopped 
4 weeks before I-131 administration, or recombinant TSH 
was administered (0.9 mg) by intramuscular injections on 
two successive days with the I-131 being given on the third 
day during DxWBS. Scintigraphic images were obtained with 
the use of a single-headed gamma camera (Toshiba GCA-
7100A) that was equipped with a “high-energy parallel 
hole” collimator and interfaced to a dedicated computer. 
For image acquisition, a peak energy setting at 364 keV 
with a 20% window was used. The scan speed was 7 cm/
min for all WBS. WBS with anterior and posterior views was 
acquired, and local static images were obtained. Patients 
with undetectable thyroid-stimulating hormone-stimulated 
serum Tg concentrations, normal physical examination, 
negative results on WBS, and no evidence of neck lymph 
node metastases on ultrasound were defined as disease-
free. The correlation between TSH level at the time of 
ablation and the success of ablation was evaluated. 

Statistical Analysis

SPSS 14.0 software was used for statistical analysis. 
Descriptive quantitative data are expressed as mean 
values and standard deviation, and qualitative data 
are expressed as percentages. Correlations between 
serum TSH and serum Tg levels were examined by the 
Spearman’s rank correlation test. It was assumed that the 
observed differences were statistically significant at the 
p≤0.05 levels. Two-independent samples t-test was used 
to assess the relationship between success of ablation and 
levels of serum Tg and serum TSH. We also evaluated the 
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mIU/L idi. TSH <30 mIU/L olan bu hastaların yalnızca birinde ablasyon başarısızdı ve bu hastada akciğer metastazı vardı. TSH 
düzeyi ≥30 mIU/L olan hastaların ise %5,1’inde ablasyon başarısızdı. TSH düzeyinin ablasyon başarısına etkisi anlamlı değildi 
(p=0,472).
Sonuç: Sonuç olarak, biz ablasyon başarısı için yalnızca yüksek serum TSH seviyesinin yeterli bir faktör olmayacağını 
düşünüyoruz. Yaş, metastaz varlığı, rezidü tiroid dokusunun büyüklüğü de dikkate alınması gereken faktörlerdir. Özellikle 
metastatik doku varlığında TSH seviyesini yeterli derecede yükseltmek mümkün olmaz. Ablasyon başarısında hastalarda daha 
düşük düzeyde TSH yükseklikleri yeterli olup, uzun süre hipotiroid dönemde kalınması gerekli olmayabilir.
Anahtar kelimeler: Tiroid kanseri, tiroid simüle edici hormon, radyoiyot tedavi
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relationship between gender, type of tumor, the number of 
lesions, age, tumor size, lymph node metastasis at the time 
of diagnosis and success of ablation.

Results 

Two hundred sixty one consecutive patients were included 
in the present study. There was 222 (85.1%) female and 39 
(14.9%) male patients with a mean age of 45.96±12 years 
(range; 16-80 years). Hundred and twenty three patients 
(47.1%) were under the age of 45 and 138 patients 
(52.9%) were over 45. Thyroid carcinomas were classified 
as papillary in 205 (78.5%) patients, as follicular in 34 
(13%), as thyroid tumors of uncertain malignant potential 
15 (5.7%), as poorly differentiated in 4 (1.5%), as aggressive 
histology (tall cell and insular variant) in 2 (0.8%), and as 
anaplastic cancer in 1 (0.4%). Mean serum TSH level was 
19.47±6 mIU/L in 34 patients with serum TSH level <30 
mIU/L, and mean serum TSH level was 73.65±27 mIU/L in 
227 patients with serum TSH level ≥30 mIU/L at the time of 
RRA. In 20.6% of patients with serum TSH level <30 mIU/L, 
serum Tg level was <2 ng/mL and in 79.4%, serum Tg level 
was ≥2 ng/mL at the time of RRA. However, in 37.4% of 
patients with ≥30 mIU/L serum TSH level, serum Tg level 
was <2 ng/mL and in 62.6% serum Tg level was ≥2 ng/
mL (p=0.054) (Table 1). Mean serum Tg level was 43.1 ng/
mL (range: 0.10-914 ng/mL) in 34 patients with serum TSH 
level <30 mIU/L, mean serum Tg level was 19.69 ng/mL 
(range: 0.08-458 ng/mL) in 227 patients with serum TSH 
level ≥30 mIU/L (p=0.003). Postoperative stimulated serum 
Tg levels at the time of ablation therapy were ≤2 ng/mL 
in 90 patients (34.5%), 2-10 ng/mL in 81 patients (31%) 
and ≥10 ng/mL in 90 patients (34.5%). Mean stimulated 
serum Tg level was 7.15 ng/mL (range: 0.10-1000 ng/mL) 
and mean stimulated-TSH level was 86.11 mIU/mL (range: 

12.4-226.5 mIU/mL) at the time of DxWBS. There was 
a negative correlation between serum TSH level and Tg 
levels (p=0.007, r=-0.167). Patients with radioactive iodine 
accumulation outside the thyroid bed (the cervical area or 
in other areas of the body) or in the thyroid bed region, 
and with high serum TSH levels (>10 ng/mL or 2-10 ng/mL) 
were considered as unsuccessful ablation at the time of 
DxWBS. If there was no significant pathologic radioactive 
iodine accumulation or minimal local accumulation in the 
thyroid bed region and if the serum TSH level was low (<2 
ng/mL), this was regarded as successful ablation at the time 
of DxWBS. When all patients were considered, ablation was 
not successful in 12 patients after the first RRA. Findings of 
those patients are presented in Table 2. Serum TSH levels 
were <30 mIU/L in 34 patients (13%) at the time of RRA. 
Ablation was unsuccessful in only one patient with serum 
TSH level <30 mIU/L. This patient had lung metastasis, and 
the serum Tg level was 914 ng/mL at the time of RRA. 
Reablation was also unsuccessful in the same patient 
although the serum TSH level was >100 mIU/L at the time 
of treatment. Ablation was unsuccessful in 5.1% of patients 
with serum TSH level ≥30 mIU/L. The effect of serum TSH 
level was not significant on ablation success (p=0.472). 
There was no significant difference in terms of mean 
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Table 1. Comparison of serum thyroid stimulating 
hormone and thyroglobulin level

TSH level Tg level

<2 ng/mL ≥2 ng/mL

<30 mIU/L 7 (20.6%) 27 (79.4%)

≥30 mIU/L 85 (37.4%) 142 (62.6%)

TSH: Thyroid stimulating hormone, Tg: Thyroglobulin

Table 2. Clinicopathologic findings of 12 patients in whom ablation was unsuccessful after the first radioiodine remnant 
ablation

Patient Age/sex TSH level Histopathology Tumor size Clinical finding

1-F.O. 63/F <30 mIU/L Papillary cancer (Poorly differentiated) 55 mm Lung+lymph node metastasis

2-H.D. 67/M ≥30 mIU/L Papillary cancer (Classic variant) 35 mm Bone metastasis

3-F.K 57/F ≥30 mIU/L Papillary cancer (Classic variant) 40 mm Lymph node metastasis

4-AO.M 55/M ≥30 mIU/L Papillary cancer (Classic variant) 30 mm Lymph node metastasis

5-D.S. 47/F ≥30 mIU/L Papillary cancer (Follicular variant) 25 mm Bone metastasis

6.N.K. 53/F ≥30 mIU/L Papillary cancer (Classic variant) 20 mm Lymph node metastasis

7-K.A. 52/M ≥30 mIU/L Papillary cancer (Follicular variant) 45 mm Bone metastasis

8-Z.E. 72/F ≥30 mIU/L Papillary cancer (Follicular variant) 15 mm Lymph node metastasis

9-S.B. 53/F ≥30 mIU/L Papillary cancer (Oncocytic variant) 90 mm Lung+lymph node metastasis

10-M.K. 72/M ≥30 mIU/L Papillary cancer (Oncocytic variant) 25 mm Lung+lymph node metastasis

11-H.K. 50/F ≥30 mIU/L Papillary cancer (Classic variant) 25 mm Metastasis absent/residue tissue exist

12-M.G. 51/F ≥30 mIU/L Papillary cancer (Classic variant) 15 mm Lymph node metastasis

TSH: Thyroid stimulating hormone, F: Female, M: Male
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serum TSH levels in patients with and without successful 
ablation (p=0.472). However, a significant difference was 
determined in mean serum Tg values (p=0.001) (Table 
3). One patient had a serum TSH level <30 mIU/L at the 
time of both RRA administration and DxWBS obtained 
10 months later. No residual tissue or metastatic foci was 
detected at the latest DxWBS performed. Serum Tg level 
was <0.20 ng/mL both at the time of low dose scanning 
scintigraphy and during follow-ups. No abnormal finding 
was detected clinically and radiologically. Gender, type of 
tumor, the number of lesions (multifocal or single) were 
not found to be significantly associated with RRA outcome 
(p=0.086, p=0.848, p=0.524, respectively). Tumor size 
and lymph node metastasis at the time of diagnosis were 
found to be significantly associated with RRA (p=0.002, 
p=0.0001, respectively). Also, age at the time of diagnosis 
was significantly associated with RRA (p=0.0001). While 
ablation was successful in all patients younger than 45 
years, ablation was unsuccessful in 8.7% of patients older 
than 45 years.

Discussion

RRA is a safe and effective method which has been used 
for a long time in the treatment of DTC patients with 
total thyroidectomy. There are no controlled studies that 
assess the adequate level of endogenous TSH for optimal 
ablation therapy. However, when treating a patient with 
radioactive iodine, it is important to stimulate iodine 
uptake by elevating serum TSH levels prior to radioactive 
iodine administration. The recommended TSH level is ≥30 
mIU/L (1). Because, the clearance of radioactive iodine is 
approximately 50% greater in euthyroid patients than in 
hypothyroid patients (4), a high serum TSH concentration 
enhances I-131 uptake by cancer cells. TSH stimulates the 
production and release of thyroid hormones as well as 
stimulating Tg production (5). Prolonged hypothyroidism 
is undesirable both due to hypothyroidism symptoms and 
the risk of stimulating tumor growth. Tg is a significant 
tumor marker for DTC patients. Prior to I-131 therapy, LT4 
replacement must be discontinued for approximately 4-5 
weeks to achieve an adequate TSH level, or TSH can be 
stimulated by recombinant human TSH (rhTSH) without 
discontinuing thyroid hormone therapy. A higher level of 
TSH can be obtained with rhTSH application as compared 
to THW protocol (6). Nevertheless, rhTSH is not yet 
recommended as the standard therapeutic for the purpose 

of RRA in metastatic thyroid cancer. TSH stimulated Tg 
measurement is compulsory to achieve sufficient clinical 
sensitivity for the detection of persistent and/or recurrent 
disease for current clinical guidelines. There are studies 
in the literature analyzing both the required period 
for ensuring adequate TSH levels and the optimal TSH 
level in order to reach a sufficient Tg level. Sánchez et 
al. (7) showed that TSH increases to >30 mIU/L in 90% 
of patients 3 weeks after discontinuing LT4 suppressive 
therapy. Luna et al. (8) also claimed that discontinuation 
of thyroxine treatment for four weeks was not required. 
According to them, a fourteen day period was adequate 
in most patients, and 21 days were sufficient in almost 
all. Similarly, Serhal et al. (5) stated that discontinuing 
thyroid hormone preparations for 2-3 weeks provided 
adequate iodine uptake. Goldman et al. (9) reported that 
in patients using LT3, withdrawal for 2 weeks produced 
the same effect as 4 week drug interruption even in 
metastatic patients. Valle et al. (10) determined that TSH 
cutoff of ≥30 mIU/L was inadequate to detect patients 
with thyroid-stimulating hormone-stimulated serum Tg ≥2 
ng/mL, while TSH >80-100 mIU/L was a better cut off. 
However, there is still no consensus on the TSH value to 
obtain the highest Tg level. Low serum Tg level at the time 
of ablation has a negative predictive value for the absence 
of residual disease, and the risk of persistent disease 
increases with stimulated Tg levels (11). Postoperative 
stimulated Tg level is primarily related to surgeon 
success, and the presence of refractory disease or normal 
thyroid remnant. Absence of residual thyroid tissue is 
extremely rare even after successful total thyroidectomy 
applied by experienced surgeons. In patients with total 
thyroidectomy followed by I-131 ablation for DTC, 
the baseline stimulated-Tg level is a good predictor of 
successful ablation (12). In the literature, some studies 
have reported that the serum Tg/serum TSH ratio was 
an important predictor of ablation success that correlated 
well with patient outcomes. Moreover, they suggested 
that this rate and similar laboratory parameters might be 
considered while determining risk stratifications of DTC 
patients (13,14). Although a high TSH level (≥30 mIU /L) 
is recommended for ablation success in all textbooks, to 
the best of our knowledge there is only one study that 
assesses the correlation between ablation success and 
low TSH level (<30 mIU/L) in the literature. Vrachimis et 
al. (15), reported in their study on 1.873 patients without 
distant metastases that endogenous TSH levels at the 
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Table 3. Comparison of serum thyroid stimulating hormone and thyroglobulin levels at the time of ablation according 
to ablation success

Success of ablation n (%) Mean TSH level (mIU/L) Mean Tg level (ng/mL)

Successful ablation 249 (95.4%) 66.45±31 15.45±39

Unsuccessful ablation 12 (4.6%) 69.49±28 174.01±28

TSH: Thyroid stimulating hormone, Tg: Thyroglobulin
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time of I-131 ablation were not correlated with ablation 
success rates, recurrence free survival or DTC related 
mortality. TSH level was <30 mIU/L in 275 of patients 
in that study. It is known that, TSH elevation is slow or 
minimal in the presence of large residual tissue after total 
thyroidectomy, or in the presence of metastatic disease. 
If Tg level is low (<2 ng/mL) then TSH levels are known 
to rise easily. A high Tg level indicates presence of large 
residual tissue or metastasis. Therefore, the adequate 
TSH levels may not be reached especially in metastatic 
patients and in patients with large residual tissue even 
if the T4 preparation is discontinued for longer periods. 
Besides, if patients have malignant struma ovarii or 
hypopituitarism, TSH level will not elevate (16). Sawicka-
Gutaj et al. (17) reported that the preablative TSH level 
in DTC patients with pyramidal lobe was statistically 
lower than the control group. However, TSH level was 
not different between DTC patients with and without 
pyramidal lobe 1 year after RRA. Moreover, although 
high TSH levels with recombinant TSH can be obtained 
quickly there are doubts about sufficient iodine uptake. 
Due to the retrospective nature of our study, weekly TSH 
levels were unfortunately not measured. In this study, 
patients for whom thyroid hormone preparations were 
discontinued for 4-5 weeks and were treated even though 
having TSH levels <30 mIU/L at the day of RRA were 
evaluated. In our study, the ablation was unsuccessful in 
one out of 34 patients with TSH level <30 mlU/L. But 
serum Tg level was 914 ng/mL despite the low TSH 
level. The treatment was unsuccessful although TSH level 
was >100 mIU/L during reablation in the same patient. 
Ablation was unsuccessful in 5.1% of patients with TSH 
≥30 mIU/L. TSH level did not show a significant effect 
on ablation success. Presence of I-131 uptake by tumor, 
younger age, well differentiated histopathologic subtype, 
and presence of metastases are predictive factors for 
tumor response to radioiodine treatment (1). Serum 
TSH level gradually decreases with age (18). In our study, 
all patients who had unsuccessful ablation were above 
the age of 45. Age may be one of the reasons for not 
obtaining a desired TSH level. Interestingly, Montesano 
et al. (19) have determined that higher TSH levels can 
be achieved after rhTSH application in patients with 
advanced age. Besides, when considered together with Tg 
levels, the reason for the low TSH level may be related to 
the presence of residual tissue and/or metastatic disease. 
In such situations, extension of hypothyroid period does 
not contribute in terms of iodine uptake. In our study, 
the ablation was not successful in almost all patients who 
had metastatic disease. In one of these patients, ablation 
was unsuccessful due to large residual tissue. The level of 
cell differentiation is as much important as the volume of 
residual tissue in iodine efficiency. Additionally, there is no 
significant evidence that rapid tumor growth is stimulated 
by a brief rise in TSH concentration (4). Individual iodine 
supply is also important. When all these factors are 

considered in combination, it may be concluded that the 
TSH level may not necessarily point out RRA activity. 

Conclusion 

In conclusion, we think that a high serum TSH level is not 
enough for the success of ablation by itself. The success 
of ablation at lower levels of TSH elevations may be 
sufficient for patients and long-term hypothyroidism may 
not be required. Instead of assessing TSH or Tg level alone 
before RRA; age, presence of metastasis, extent of residual 
thyroid mass should also be considered. RRA may still be 
performed even if TSH remains low despite a sufficient 
period of THW. 
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Abstract
Objective: Differentiated thyroid cancers (DTC) are tumors with good prognosis. However, local recurrence or distant 
metastasis can be observed. In our study, we aimed to investigate the incidence of recurrence and the importance of 
diagnostic iodine-131 whole body scan (WBS) in clinical follow-up in patients with DTC. 
Methods: The clinical data of 217 patients with DTC who were followed-up more than 3 years were reviewed retrospectively. 
The incidence of recurrence was investigated in a group of patients who had radioactive iodine (RAI) treatment and showed 
no sign of residual thyroid tissue or metastasis with diagnostic WBS that was performed at 6-12 months after therapy and 
had a thyroglobulin (Tg) level lower than 2 ng/dl. 
Results: At the time of diagnosis, ten cases had thyroid capsule invasion, 25 cases had extra-thyroid soft tissue invasion, 11 
patients showed lymph node metastasis and four patients had distant organ metastasis. One hundred forty-five patients had 
RAI treatment at ablation dose (75-100 mCi), whereas 35 patients had RAI treatment at metastasis dose (150-200 mCi). 
Thirty-seven patients with papillary microcarcinoma did not receive RAI treatment. In 12 (%7.5) of the 160 patients who were 
considered as “successful ablation”, a recurrence was identified. Recurrence was detected by diagnostic WBS in all cases and 
stimulated Tg level was <2 ng/dL with the exception of the two cases who had distant metastasis. 
Conclusion: Identification of pathological findings with WBS in patients who developed local recurrence in the absence of 
elevated Tg highlights the importance of diagnostic WBS in clinical follow-up. 
Keywords: Differentiated thyroid cancer, recurrence, iodine-131 scintigraphy

Öz
Amaç: Diferansiye tiroit karsinomları (DTK) iyi prognoza sahip tümörlerdir. Ancak lokal rekürrens ve uzak metastaz 
izlenebilmektedir. Çalışmamızda DTK’lı olgularda rekürrens sıklığının ve tanısal iyot-131 (I-131) tüm vücut tarama sintigrafisinin 
klinik izlemdeki öneminin araştırılması amaçlandı.
Yöntem: İzlem süresi 3 yılın üzerinde olan iki yüz on yedi DTK’lı olgunun klinik verileri retrospektif olarak incelendi. Radyoiyot 
(RAI) tedavisi alan hastalardan tedavi sonrası 6. ay-1. yıl tanısal I-131 tarama sintigrafisinde rezidüel tiroit dokusu ve metastaza 
ait bulgu saptanmayan, tiroglobulin (Tg) düzeyi 2 ng/dl’nin altında olan grupta rekürrens sıklığı araştırıldı. 
Bulgular: Tanı anında on olguda tiroit kapsülü, 25 olguda ekstratiroidal yumuşak doku invazyonu, 11 hastada lenf nodu 
metastazı ve dört hastada uzak metastaz mevcuttu. Yüz kırk beş olgu ablasyon dozunda (75-100 mCi), 35 olgu metastaz 
dozunda (150-200 mCi) RAI tedavisi almıştı. Papiller mikrokarsinom tanılı 37 hasta ise RAI tedavisi almamıştı. Tedavi başarısına 
karar verilen 160 hastanın 12’sinde rekürren hastalık saptandı (%7,5). Olguların tümünde rekürrens I-131 tarama sintigrafisi 
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Introduction

Differentiated thyroid cancers (DTC) is a group of tumors 
with slow growth potential (1); long survival and a good 
clinical outcome is common, even in a patient with 
metastasis, when they are adequately treated with effective 
therapeutic approaches such as surgery, radioactive iodine 
(RAI) and thyroid hormone suppression (2). The 10-year 
survival rate in these tumors with good prognosis is above 
90%. Nevertheless, local-regional recurrence or distant 
metastasis, especially in the first year of diagnosis, can 
be observed in 20% and 5-10% of the cases, respectively 
(3). Even though indicators of treatable recurrences and 
detrimental progress usually manifest within the first 5-10 
years, life-long follow-up is critical since late mortality and 
recurrence is not uncommon (4). Traditionally, patients 
are followed-up according to prognostic factors, serum 
thyroglobulin (Tg) level and ultrasound (US) findings, anti-
Tg antibody (anti-T) measurements along with concurrent 
whole body scintigraphy with I-131 (I-131 WBS) following 
thyroid stimulating hormone (TSH) stimulation at 6-12 
months after surgery and ablation (5). The cervical US, 
serum Tg, and I-131 WBS are powerful tools to detect 
recurrence. Additional information can be achieved by 
computed tomography (CT) and magnetic resonance 
imaging (MRI) (6). Although I-131 scanning has a very 
high specificity of 99-100%, the rate of I-131-positive 
recurrences is about 50-60% in papillary and 64-67% in 
follicular thyroid cancer. In patients with I-131 negative 
recurrence, in addition to conventional radiologic imaging 
modalities, F-18 fluorodeoxyglucose (FDG) positron 
emission tomography (PET) and somatostatin receptor 
scintigraphy may yield significant information in detecting 
recurrence and metastasis (7). The aim of this study was 
to calculate the incidence of recurrence and explore which 
diagnostic tool was more reliable in detecting recurrence in 
patients with DTC.

Materials and Methods

Patients

We retrospectively reviewed clinical data pertaining to 217 
patients [35 males (16%) and 182 females (84%)] who 
presented to the Department of Nuclear Medicine, Faculty 
of Medicine, Ege University with post-surgery DTC between 
1991 and 2006, and regularly attended follow-up control 
visits for a period of 3 to 22 years. Ablation was deemed 
successful in patients who received RAI therapy after 

surgery, did not show any sign of residual thyroid tissue or 
metastasis on diagnostic I-131 WBS performed 6-12 months 
after RAI therapy, and had serum Tg level <2 ng/dL in the 
stimulated period. Recurrence was defined as detection 
of a tumor in the thyroid bed, cervical lymph nodes or in 
distant organs. When recurrence was identified, diagnostic 
I-131 WBS, serum Tg level, and US findings were assessed 
and compared, while all clinical data of the patients were 
reviewed. A detailed information was given to all patients 
before the procedure to be applied and all patients signed 
informed consent forms. Ethics committee approval was 
not received due to the retrospective design of the study. 

Radioactive Iodine Treatment and Follow-Up Protocol

For RAI treatment, TSH stimulation was induced after 
all patients were instructed not to use thyroid hormone 
replacement after thyroid surgery or to stop using the 
medication at least 4 weeks before therapy if thyroid 
hormone replacement had already been started. Before 
RAI treatment, patients were given a low-iodine diet for 
at least 2 weeks and asked not to use any medication 
or radiographic contrast agent that would decrease 
radioiodine uptake. Once TSH level was above 30 µIU/mL, 
75-100 mCi I-131 was given per-orally for ablation, 150-175 
mCi for extra-thyroid soft tissue invasion and lymph node 
metastasis, and 175-200 mCi for distant metastasis. I-131 
WBS was performed on day 10 after RAI treatment, and 
diagnostic I-131 WBS was carried out under TSH stimulation 
with concurrent serum Tg, anti-T and TSH measurements 
by immunoradiometric assay method at approximately 6, 
12, 18, 60 (5 years), 120 (10 years) and 180 months (15 
years). Prior to diagnostic I-131 WBS, all patients were 
given a low-iodine diet for 2 weeks and asked to refrain 
using any medication or radiographic contrast agent that 
would decrease radioiodine uptake. Patients stopped using 
L-thyroxine hormone 6 weeks before the scan and used 
T3 in the first 4 weeks instead. In the last 2 weeks, TSH 
stimulation was induced by terminating T3, rendering 
endogenous TSH level to exceed 30 µIU/mL. For diagnostic 
I-131 WBS, 5 mCi I-131 was given orally following TSH 
stimulation, and anterior and posterior projection images 
were acquired after 48 hours. The post-treatment and 
diagnostic I-131 scans were carried out using dual-head 
gamma camera (Infinia, General Electric Medical Systems) 
equipped with high-energy parallel-hole collimators. 
Patients were imaged in the supine position. A 10% energy 
window around the 364 keV energy peak of I-131 was 
used. In addition, annual US was carried out throughout 
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ile saptanmış olup uzak metastazı olan iki hasta dışında stimüle Tg değerleri <2 ng/dL idi. 
Sonuç: Lokal rekürrens gelişen tüm olgularda stimüle Tg yüksekliği olmaksızın I-131 tarama sintigrafisi ile patolojik bulguların 
saptanması klinik izlemde tanısal I-131 taramanın önemini vurgulamaktadır.
Anahtar kelimeler: Diferansiye tiroit karsinomu, rekürrens, iyot-131 sintigrafi
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the follow-up period and patients were assessed by other 
imaging modalities when necessary.

Statistical Analysis

All statistical analyzes were carried out using “SPSS 13.0 
for Windows” (SPSS, Inc., Chicago, IL., USA) statistical 
software. Descriptive statistics of the patients are presented 
as mean±standard deviation and/or median (minimum-
maximum).

Results

The mean age of the 217 patients, 182 females (84%) and 35 
males (16%), was 52.17±13.18 years, and the mean follow-
up period was 6.26±3.0 years. All patients had either total 
or near-total thyroidectomy. Postoperative histopathologic 
examination showed follicular cancer in 32 (14.7%) and 
papillary cancer in 185 (85.3%) cases. The mean tumor 
diameter was 1.84±1.47 cm. At the time of diagnosis; 10 
cases had thyroid capsule invasion (4.6%), 25 had extra-
thyroid soft tissue invasion (11.5%), 11 had lymph node 
metastasis (5.1%), and 4 had distant metastasis (1.8%). 
One hundred forty-five cases (66.8%) received RAI therapy 
at ablation dose (75-100 mCi) while 35 cases (16.1%) had 
RAI therapy at metastasis dose (150-200 mCi). Thirty-seven 
cases (17.1%) diagnosed with papillary microcarcinoma 
with a tumor size smaller than 1 cm did not receive RAI 
therapy. Treatment was considered successful in 160 cases 
when diagnostic I-131 WBS performed at 6-12 month post-
therapy did not show abnormal I-131 uptake in the thyroid 
bed or any other region, and the stimulated serum Tg level 
was lower than 2 ng/dl. During follow-up of these patients 
who were considered as “successful ablation”, I-131 WBS 
revealed local recurrence in 10 and distant metastasis in 
two patients. Recurrence was detected at years 12 and 
16 in patients who had distant metastasis, and within the 
first 5 years in the ten patients who had a local recurrence 
(earliest 3rd year). Of these 12 patients, nine were female 
(75%) and three were male (25%), with a mean age of 
53.33±13.46 years and a mean tumor size of 1.62±0.83 
cm at the time of diagnosis. Of these twelve patients, 
one patient (8.3%) was followed-up for follicular and 11 
patients (91.7%) for papillary thyroid cancer. One patient 
had extra-thyroid soft tissue invasion, and two patients had 
thyroid capsule invasion. During the 6-12 months follow-up 
period of these patients, Anti T was negative and with the 
exception of the two patients who had distant metastasis 
the stimulated Tg was <2 ng/dl. The median value of 
stimulated Tg was 0.2 ng/dL (minimum 0.01 ng/dL and 
maximum 1.1 ng/dl). I-131 WBS identified a recurrence 
in all these patients (Figure 1). At year 16, stable nodules 
found in thoracic CT images of a patient who had high 
Tg level (56 ng/dL) and right-sided pathologic pulmonary 
uptake on I-131 WBS were not interpreted as recurrence, 
but F-18 FDG-PET scan performed in the same year reported 
metastasis to the right lung. In another patient, increased 

activity in the right upper thoracic region was found on 
I-131 WBS at year 12 as a result of newly developed bone 
metastasis to the scapula (Figure 2). The bone metastasis 
was confirmed by MRI. Both cervical US and I-131 WBS 
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Table 1. Clinical data in patients with differentiated 
thyroid cancers (n=217)

Clinical data n=217

Age (year, mean±SD) 52.17±13.18

Gender (F/M) 182/35

Mean follow-up period (year, mean±SD) 6.26±3.0

Postoperative histopathologic examination 
(follicular/papillary, n, %)

32 (14.7)/185 (85.3)

Mean tumor diameter (cm, mean±SD) 1.84±1.47 

Thyroid capsule invasion (n, %) 10 (4.6%)

Extra-thyroid soft tissue invasion (n, %) 25 (11.5%)

Lymph node metastasis (n, %) 11 (5.1%)

Distant metastasis (n, %) 4 (1.8%)

RAI therapy protocol (n, %)  

Ablation dose (75-100 mCi) 145 (66.8%)

Metastasis dose (150-200 mCi) 35 (16.1%)

Recurrence (n, %) 12 (7.5%)

Local recurrence 10

Distant metastasis 2

Descriptive statistics of the patients are presented as mean±standard deviation, 
DTC: Differentiated thyroid cancers, RAI: Radioactive iodine, SD: Standard deviation, 
F: Female, M: Male

Figure 1. Depicted post-therapeutic and follow up I-131 whole-body 
scintigraphy images of a 41-year old female patient operated for papillary 
thyroid cancer and received 150 mCi radioactive iodine treatment. A) I-131 
whole-body scintigraphy performed at 6 months post-radioactive iodine 
treatment showing no activity in the cervical region consistent with ablation,
B) I-131 whole-body scintigraphy of the same patient performed 5 years 
after radioactive iodine treatment revealing increased focal activity in the 
right lobe of thyroid consistent with recurrent malignancy (stimulated serum 
thyroglobulin level of the patient during this period was 1.02 ng/dl)
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revealed residual thyroid tissue in five patients with 
local recurrence, otherwise cervical US did not show any 
significant sign of recurrence while I-131 WBS revealed 
residual thyroid tissue in the other five patients with local 
recurrence. The frequency of recurrence in DTC patients 
was calculated as 7.5%. The clinical data of the patients 
with DTC are summarized in Table 1.

Discussion

DTC comprise more than 90% of all primary thyroid 
cancers. The ten-year survival rate in DTC is reported as 
80-95% (8); this rate is determined as 57% even in patients 
with pulmonary metastasis (9). However, a persistent or 
recurrent disease can be found in 5-24% of patients despite 
slow-growth and good prognosis (8). In the present study, 
the frequency of recurrence was calculated as 7.5%. The 
frequency of recurrence in low-risk DTC patients in the 
literature is stated as 0.5-0.6% (10). In a study, the most 
common type of recurrence was regional recurrence (53%), 
followed by local (28%), distant (13%) and combined 
(6%) recurrences (11). In the present study, the number of 
patients with local recurrence was higher than those with 
distant metastasis.

In tumor node metastasis classification, the presence of a 
positive lymph node in a DTC patient aged 45 years and 
above is an independent risk factor for recurrence though it 
has been reported that mortality rate is not affected by this 
parameter. Numerous researchers argued that recurrence 
rate was related to the number and localization of positive 
lymph nodes (12,13). For instance, a positive lymph node 
in the lateral compartment is associated with a significantly 
higher recurrence rate and shorter recurrence time as 
compared to a node in the central compartment (14). 

Even though lymph node metastasis was present in 5.1% 
of patients in our study group, none of the patients who 
developed recurrence had lymph node metastasis at the 
time of diagnosis. Due to the limited number of subjects 
in the research group, we were unable to compare the 
recurrence rates between patients with and without lymph 
node metastasis. Palme et al. (15) argued that male sex, 
advanced stage at diagnosis and extra-thyroid dissemination 
were independent determinants of DTC recurrence. 
Mazzaferri and Kloos (16) reported that the frequency of 
recurrence of papillary thyroid cancer was higher when 
patients were 20 years old or younger in comparison to 
20-59-year-old patients. The effects of histologic type, 
tumor size, age and sex on persistent or recurrent disease 
in well-DTC have been investigated in a retrospective study 
covering the period 1979-2007. In contrast to previous 
studies, authors of this study argued that tumor size or 
sex was not a determinant of recurrence while age had 
a prognostic value in patients with radio-iodine treatment 
following total or near-total thyroidectomy (17). We 
were unable to establish whether a statistically significant 
difference existed between the patients who developed 
recurrence and the general group in terms of age, sex, 
tumor size, extra-thyroid involvement since the number of 
subjects was limited. However, the male/female ratio was 
higher in our patient group who developed recurrence.

Treatment of DTC includes total thyroidectomy, ablation 
with RAI, and suppression with L-thyroxine (18). Even 
after a successful initial treatment, the manifestation of 
clinical recurrence in as many as 20% of patients, and 
the disease-related mortality rate of 50-60% in patients 
with recurrence following curative treatment highlight 
the importance of life-long follow-up (19). I-131 WBS and 
serum Tg measurements with or without TSH stimulation 
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Figure 2. Shows post-therapeutic and follow up I-131 whole-body scintigraphy images of a 55-year old male patient operated for follicular thyroid cancer 
and received 100 mCi radioactive iodine treatment. A) I-131 whole-body scintigraphy performed 10 days after radioactive iodine therapy displayed high 
activity in the cervical region by residual tissue, B) I-131 whole-body scintigraphy of the same patient performed at 6 months after radioactive iodine 
therapy showed no activity consistent with ablation of residual tissue, C) I-131 whole-body scintigraphy of the same patient performed about 12 years after 
radioactive iodine treatment revealed increased focal activity in the thyroid bed consistent with recurrent malignancy, as well as intense uptake in the right 
upper thoracic region as a result of newly developed bone metastasis to the scapula (stimulated serum thyroglobulin level of the patient during this period 
was 187 ng/dl)



89

are the most commonly used methods to follow-up DTC 
patients after surgery and ablation treatment. Furthermore, 
at follow-up visits, US of the central compartment and 
regional lymph nodes along the cervical chain need to 
be carried out periodically, at postoperative 6 and 12 
months and afterward, depending on the individual risk 
of recurrent disease (5). Tg is a glycoprotein specific to 
differentiated thyroid tissue. Stimulated serum Tg level 
≥2.5 ng/dL after thyroidectomy and radioiodine ablation 
in anti-T negative patients indicates the persistence of 
thyroid tissue or recurrence (20). However, a recurrent 
and metastatic disease cannot be detected by serum Tg 
measurement alone in 10% of the cases (21). Another 
method to detect recurrent or metastatic disease is I-131 
WBS (4). Metastatic or recurrent cancers can concentrate 
as much as 80% iodine. I-131 WBS enables detection of 
recurrence before clinical signs are evident (22). In the 
present study, with the exception of two patients with 
distant metastasis, stimulated Tg values of all patients who 
had recurrence were lower than 2 ng/dl, and recurrence 
was identified by I-131 WBS during standard follow-up 
evaluation. However, since the negative predictive value of 
undetected stimulated serum Tg measurement is 100%, 
some authors suggested that I-131 WBS did not yield 
further information in addition to Tg measured under 
stimulation in high-risk patients while some authors did not 
recommend I-131 WBS in low-risk patients at all (5,23). 
In routine practice, I-131 WBS is recommended in anti-T 
positive patients (23). I-131 WBS has a high specificity rate 
in demonstrating recurrences though a third of the patients 
with recurrence lose iodine avidity (24). In such patients, 
US is especially preferred to assess lateral and central 
cervical compartments. The sonographic examination is 
helpful in terms of local-regional recurrence observed in 
as many as 20% of patients with thyroid cancer. Studying 
a series of patients with recurrence in the thyroid bed, 
Frasoldati et al. (25) reported that US was more sensitive in 
detecting recurrence than serum Tg level and I-131 WBS. 
In this study, Tg level measurement after cessation of T4 
by immunoradiometric assay, I-131 WBS, and US have 
been carried out in an attempt to compare their results 
with histologic findings of fine needle aspiration biopsy, 
and the sensitivity of US has been calculated as 94.1%. 
Even though cervical US is one of the preferred methods 
in patients suspected of having a local recurrence, small 
lymph nodes may be overlooked due to post-operative 
granulomatous tissue, resulting in an inaccurate diagnosis. 
Lending support to this view, in our study, cervical US did 
not reveal any pathologic signs in 5 of the patients with 
local recurrence, as detected by I-131 WBS. For recurrent 
tumors that loose their iodine avidity, MRI, with very high 
soft tissue contrast capability, can be used to depict deep 
cervical and mediastinal lymph nodes since US may be 
insufficient due to limitations in the mediastinum and 
bony structures. MRI cannot replace I-131 WBS, which 
is the standard procedure, but it has high specificity and 

accuracy, especially in the mediastinum, in detecting nodal 
recurrence of tumors that loose their iodine avidity (26). In 
conclusion, it should be kept in mind that reactive changes 
that develop in the cervical region after thyroidectomy and 
RAI may hinder assessment and that the diagnostic method 
should be chosen according to the clinical condition of the 
patient. Even though the specificity of I-131 WBS is high, 
radioiodine positive recurrence rate is 50-60% in papillary 
and 64-67% in follicular thyroid cancer. In addition to 
MRI and cervical US, other imaging modalities such as 
abdominal US, bone scintigraphy, CT, and F-18 FDG PET 
should be employed in DTC patients with negative I-131 
WBS and high serum Tg levels. F-18 FDG PET is capable 
of showing local recurrences as well as distant metastasis 
(27). Other nuclear medicine techniques that can be 
used to examine recurrence or metastatic focus in high-
risk patients include WBS with Tl-201, Tc-99m sestamibi, 
and Tc-99m tetrofosmin, but the low spatial resolution 
associated with these techniques reduce detection of 
recurrence or metastasis by 25%. With a capacity of 
producing high-resolution images and depicting anatomic 
localization, F-18 FDG PET/CT stand at the forefront 
of these techniques. In a study on DTC patients with 
known or suspected recurrent disease, Middendorp and 
coworkers (7) examined the efficacies of F-18 FDG PET and 
Ga-68 DOTATOC under TSH suppression and I-131 WBS 
with TSH stimulation. They found that the performances of 
Ga-68 DOTATOC and F-18 FDG PET in radioiodine positive 
patients were comparable, while detection efficacy of 
F-18 FDG PET in radioiodine-negative patients was much 
higher. The authors concluded that their results needed 
to be supported by studies with larger series of patients 
and that, when recurrence is suspected, in the absence of 
a pathologic sign with I-131 WBS or F-18 FDG PET, Ga-68 
DOTATOC PET could yield valuable information. 

Conclusion

We conclude that in patients with suspicion of DTC 
recurrence I-131 WBS is an important imaging modality 
that should be used, but that it can be complemented 
by other imaging modalities depending on the clinical 
condition of the patient. Even though F-18-FDG PET/CT can 
be used in patients with high Tg but negative I-131 WBS, 
we recommend obtaining I-131 WBS in conjunction with 
F-18 FDG PET/CT to detect recurrence when foci with or 
without iodine avidity co-exist.
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Hypermetabolic Calcified Lymph Nodes on 18Fludeoxyglucose-Positron 
Emission Tomography/Computed Tomography in a Case of Treated 
Ovarian Cancer Recurrence: Residual Disease or Benign Formation?
Tedavi Edilmiş Over Kanseri Nüksünde 18Florodeoksiglikoz-Pozitron Emisyon Tomografisi/
Bilgisayarlı Tomografi ile Saptanan Hipermetabolik Kalsifiye Lenf Nodları: Rezidüel Hastalık 
mı? Benign Oluşum mu?

Abstract
The contribution of positron emission tomography/computed tomography (PET/CT) with 18F-fludeoxyglucose (FDG) in 
evaluating ovarian cancer recurrence even after a prolonged disease-free interval, and in therapy response is well-described. 
Calcifications observed in CT, although usually attributed to benign conditions, may actually represent active disease. Such 
an example of calcified formations is psammoma bodies. We present a case of 56-y. o. patient with ovarian cancer relapse 
at the supraclavicular area 18 years after complete response and disease-free interval. The patient received chemotherapy 
and underwent 18F-FDG-PET/CT for the evaluation of treatment response. Both CT corrected and uncorrected PET images 
showed hypermetabolism in the massively calcified lymph nodes in the neck, mediastinum, axilla and abdomen, indicative of 
active residual disease.
Keywords: 18F-fludeoxyglucose, ovarian cancer, lymph nodes

Öz
18Florodeoksiglikoz-pozitron emisyon tomografisi/bilgisayarlı tomografinin (18F-FDG PET/BT) over kanserinde tedavi yanıtını 
ve uzun bir hastalıksız aradan sonra nüksü değerlendirmede katkısı ortaya konulmuştur. Genellikle benign durumlara 
atfedilmesine rağmen BT’de gözlenen kalsifikasyonları aslında aktif hastalık bulgusu olabilir. Buna benzer kalsifiye oluşumlara 
bir örnek psammoma cisimleridir. Biz 56 yaşında, tedaviye tam yanıt ve 18 yıllık hastalıksız sağkalım sonrası supraklaviküler 
alanda nüks ile saptanan bir nüks over kanseri hastasını sunduk. Hasta kemoterapi aldı ve tedaviye cevabın değerlendirilmesi 
için 18F-FDG-PET/BT uygulandı. Hem düzeltilmiş hem düzeltilmemiş PET-BT görüntülerinde aktif rezidüel hastalığın göstergesi 
olarak boyun, mediastinum, koltuk altı ve karında kitlesel kalsifiye lenf düğümlerinde hipermetabolizma saptandı.
Anahtar kelimeler: 18F-florodeoksiglikoz, over kanseri, lenf düğümleri



92

Introduction

About 30-50/100.000 women per year are diagnosed with 
ovarian cancer and half of the deaths related to female 
genital system malignancies are attributed to ovarian cancer 
(1). The most common histologic type of ovarian cancer 
is epithelial, and the most common subtype of epithelial 
cancer is serous adenocarcinoma. More indolent forms also 
exist that are no longer considered as malignant (2). The 
presence of microcalcifications in the primary tumor and 
although less common, in metastatic lesions, have been 
described in the literature (3,4). In cases of serous papillary 
cancer, the calcifications can be related to psammoma 
bodies’ deposits (3,4). Calcification deposits depicted at 
computed tomography (CT) are more often attributed to 
benign conditions. Moreover, calcifications in the already 
identified malignant lymph nodes are considered as 
response to chemo and/or radiotherapy (5,6,7). However, 
calcified lymph nodes, even in the presence of extensive 
calcification, may be active and should not be ignored (3). 
The role of fludeoxyglucose-positron emission tomography/
computed tomography (FDG-PET/CT) in restaging, 
evaluating therapy response in ovarian cancer, as well as 
its impact on management decisions for the patients is 
well-described and has been reviewed (1,8). Attenuation 
uncorrected images should be reviewed in order to avoid 
misinterpretation of calcifications. This case presentation 
demonstrates the utility of FDG-PET/CT in the evaluation 
of residual disease in large calcified lymph nodes in a 
patient who underwent chemotherapy for recurrent serous 
adenocarcinoma of the ovaries, 18 years after the initial 
diagnosis. 

Case Report

A 56 year-old woman had been treated 18 years ago for 
ovarian cancer. The patient underwent hysterectomy along 
with surgical removal of the fallopian tube and ovaries 
due to cancer of the right ovary. Histologic examination 
was consistent with well-differentiated serous papillary 
cystadenocarcinoma of the right ovary with scattered 
moderate differentiation, and metastatic invasion of the 
left ovary. Eighteen years later, the patient presented with 
a mass at the left supraclavicular space, corresponding 
to an enlarged lymph node. The fine needle aspiration 
biopsy (FNAB) of the enlarged supraclavicular lymph 
node revealed recurrence of the previously treated serous 
adenocarcinoma. Epithelial cells of cylindrical shape in 
papillary clusters, psammoma bodies and foamy histiocytes 
were observed. The patient underwent CT of the neck, 
thorax, upper and lower abdomen for evaluation of disease 
extent. Lymph nodes were detected at the neck, including 
the left supraclavicular area, the mediastinum, the left 
axilla, the right paraaortic region, the right common iliac 
and external iliac vessels, as well as the right retrocrural 
space. The lymph nodes were enlarged and displayed 

large amount of calcifications, while some of them were 
completely replaced by calcium depositions (Figure 1). The 
patient underwent chemotherapy with Taxol and Cisplatin 
(every 21 days) for three cycles, and Taxol and Carboplatin 
for the remaining three cycles, and was referred for 
evaluation of response to treatment. The CT revealed 
size reduction in the lymph nodes with progression of 
calcification at the previously described sites, with a density 
reaching up to ~900 HU in the calcified lymph nodes (Figure 
2). The patient was referred for PET/CT examination for 
investigation of residual disease at the described lymph 
nodes and evaluation of treatment response six weeks 
after the last chemotherapy session. 50 minutes after 
intravenous administration of 362 MBq 18F-FDG, the PET/
CT examination was performed by a Siemens Biograph 
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Figure 1. Enlarged calcified lymph nodes at the neck and the left 
supraclavicular region (A), the left axilla (B), the mediastinum (B), the 
retrocrural space on the right (C) and the paraaortic area (D) (arrows)

Figure 2. After 2 cycles of chemotherapy, the patient underwent computed 
tomography for evaluation of treatment response. Size reduction and 
presence of further calcification in the described lymph nodes were noted. 
Some of the lymph nodes were completely replaced by calcium deposits (A, 
B, C, D) (arrows)
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LSO 16 sections device. Images were reconstructed at 
three levels, were corrected for attenuation and finally 
fused. Interpretation of PET/CT images was carried out 
by two experts (one nuclear medicine physician and one 
radiologist). Both corrected and uncorrected images were 
reviewed. Attenuation corrected FDG-PET/CT revealed 
hypermetabolism in all the described calcified lymph nodes, 
with a SUVmax ranging from 4.6 to 12.7, average SUVmax 
8.78 (Figure 3). Uncorrected images also revealed active 
metabolic sites at all the described lymph nodes (Figure 
4). The patient was referred for radiation treatment of 
the supraclavicular lymph node and was planned for close 
surveillance. On follow-up CT scans, additional calcifications 
were recognized in both the supraclavicular and the other 
lymph nodes. Follow-up fine needle aspiration of the still 
enlarged supraclavicular lymph node revealed metastasis 
from the known primary ovarian cancer, and the Magnetic 
Resonance Imaging revealed presence of another mass 
lesion of 5x3.5x3 cm size, which extended to the left 
axillary cavity. The patient underwent surgical removal 
of the supraclavicular lymph node and biopsy confirmed 
the diagnosis of metastasis and underlying multiple 
psammoma body deposits. After six months, the whole 
body CT revealed disease progression with multiple calcified 
lymph nodes as well as peritoneal implantation. A biopsy 
of the recently detected intra-tracheal mass confirmed 
the presence of new metastatic sites and moreover the 
presence of psammoma bodies. Based on the retrospective 
evaluation of patient’s medical history, these calcifications 
were interpreted as psammoma bodies formations, which 
was also consistent with the more indolent course of the 
patient’s disease. 

Literature Review and Discussion

Although not the leading female genital cancer, half of the 
deaths related to female genital system malignancies are 
attributed to ovarian cancer (1,2). Risk factors associated 
with ovarian cancer include menstrual and hormonal 
exposure events, expression of oncogenes and tumor 
suppressor genes, gonadotropins and steroid hormones, 
growth factors, age, demographic and environmental 
factors (2,8). Necrosis is usually detected in more aggressive 
forms of serous ovarian carcinoma. Calcification in these 
regions can be related to either necrosis or hemorrhage (3), 
and therefore it can be mistaken for necrotic tissue. 
Evaluation of those lymph nodes by PET may reveal potential 
hypermetabolism, indicative of active disease rather than 
necrosis. A suspicion of recurrence is usually raised based 
on serum tumor marker CA-125 elevation, although any 
radiologic lesion may not be apparent at that given time. 
However, its accuracy of predicting cancer is quite limited, 
as in 36-73% of ovarian cancer cases the serum CA-125 
levels remain within normal values (1). Relapse becomes 
less likely as disease-free interval increases, especially after 
5-year disease-free surveillance (9). Our case presented with 
recurrence after an 18-year disease-free period. Excluding 
second-look laparotomy, CT is usually the initial imaging 
procedure once recurrence is suspected. CT is also the first 
imaging procedure performed for evaluation of therapy 
response. However, its diagnostic accuracy is limited both 
for the differentiation of residual fibrous tissue from active 
disease and for the evaluation of lymph nodes with benign 
characteristics, such as those with normal size (1). The role 
of FDG-PET/CT in re-staging, in assessing therapy response, 
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Figure 3. Calcified lymph nodes in the mediastinum and abdomen demonstrate high fludeoxyglucose uptake (arrows). Average SUVmax=8.78, highest 
SUVmax=12.7. Upper row: Calcifications as displayed by computed tomography (bone window). Lower row: Corresponding positron emission tomography/
computed tomography images (soft tissue window)
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as well as in altering the patient’s management in suspicion 
of disease recurrence in ovarian cancer patients has been 
evaluated. The reported sensitivity, specificity, and accuracy 
rates in detecting suspected disease recurrence were 
reported as 74.2%, 90.9% and 82.6% for non-contrast 
enhanced CT (10). In another study, the accuracy of FDG-
PET/CT for depicting recurrent tumor lesions according to 
anatomic localization was reported as 92% for the body, 
96% for the chest, and 91% for the abdomen (11). Studies 
agree that PET/CT is more accurate than CT in detecting 
disease recurrence and reveal that it altered management 
decisions in over one third of patients (8,12). Lymph nodes 
with calcifications at CT are generally considered to be 
benign, with prior granulomatous disease being the most 
common etiology. It has been suggested that calcified 
mediastinal lymph nodes with high metabolic activity 
detected in NSCLC evaluation by PET/CT should not be 
necessarily considered as malignant, especially in countries 
where granulomatous diseases are endemic (5,13). Patterns 
of calcifications include amorphous, punctuate and linear 
types, and they can be detected either in the pre or post- 
therapy assessment, in primary and in metastatic lesions, 
either intra- or extra-abdominally (3,4,14,15). Calcification 
in ovaries is well described and is attributed to both 
neoplastic and non-neoplastic reasons (3,16). A few 
mechanisms have been proposed for the formation of 
calcifications such as hemorrhage, necrosis, mucinous 
degeneration, para-neoplastic syndrome and, most 
commonly in serous ovarian cancer, the formation of 
psammoma bodies. It is also suggested that tumor 
calcification in ovarian metastases is a dynamic process, 
independent of treatment effects, and therefore changes in 
calcification recognized on CT cannot be used as a marker 
of disease status (3). In our case, the calcified lymph nodes 
in the abdomen in the first pre-therapeutic CT examination 

were interpreted as probably benign, and attention was 
only paid to the supraclavicular enlarged lymph node. The 
CT performed after treatment revealed reduction in lymph 
node size and increase of calcified deposits with alterations 
of their deposition pattern from punctuate to complete 
replacement, which were interpreted as response to therapy 
and raised the question whether these axillary, mediastinal 
and abdominal calcified lymph nodes were also malignant. 
A FDG-PET was performed in order to differentiate active 
and inactive lesions, which revealed hypermetabolic activity 
in all calcified lesions with an average SUVmax of 8.78, 
evidence of active tissue. However, the mechanism of FDG 
uptake in calcified lymph nodes containing psammomas is 
yet unclear. Calcification, as occurs with a metallic and 
opaque material, may cause false positive findings in FDG-
PET/CT. Artifacts provoked by i.v. contrast agents, 
chemotherapy catheters, and other dense and opaque 
materials when using CT-based attenuation correction 
protocols have been described in the literature (5). On the 
other hand, such findings may obscure active nearby 
disease. In order to avoid misinterpretation, both CT 
corrected and uncorrected images were reviewed, and 
hypermetabolism was detected by both methods at all 
calcified sites. Increase in FDG uptake after treatment due 
to flare phenomenon, causing false positive results, has also 
been described after Tamoxifen or Bevacizumab therapy 
(17,18). To our knowledge, such an effect has not been 
described for lymph node calcifications. Furthermore, our 
patient was treated with Taxane and Platinum and PET/CT 
examination took place six weeks after the last chemotherapy 
treatment. Psammoma bodies are composed of lamellated 
calcified structures organized in a concentric manner, and 
can be detected both in neoplastic and non-neoplastic 
conditions (3,14,19,20). They are reported to be present in 
15-30% of patients with ovarian serous cystadenocarcinoma 
(14). They are more common in primary tumors, and rare in 
metastatic lesions. The mechanism by which psammoma 
bodies are formed remains unclear. They are reported to 
result from dystrophic calcification, from calcium 
accumulation in degenerated or necrotic cells, or from 
collagen calcification. They are also likely to represent a 
biologic process which leads to degeneration of cancer cells, 
with consequent death and delay of tumor growth 
(14,19,21,22). This last proposition suggests that their 
formation is the cause of the indolent character they provide 
to neoplastic cells. More investigation is required to elucidate 
their exact nature, their formation mechanism, and whether 
they are the result or the cause of retardation of tumor 
growth in ovarian cancer. Although the exact mechanism of 
psammoma body formation is yet unclear, they are known 
to be associated with increased apoptotic cell death, BRAF 
mutation, and normal TP53 function, all of which are more 
profound in low-grade ovarian serous adenocarcinoma 
(22,23,24). FDG uptake can occur through inflammatory 
processes secondary to these mechanisms. However, cases 
of psammocarcinomas with a more aggressive course have 
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Figure 4. Both corrected (A) and uncorrected (B) images revealed high 
fludeoxyglucose uptake at the calcified lymph nodes, indicative of active 
disease
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been described. Pyo et al. (25) demonstrated that 
psammoma deposits in papillary thyroid cancer are 
associated with multifocality and more extended disease. 
There are two distinct entities with regard to the deposition 
of psammomas in different carcinomas, carcinomas with 
psammoma bodies and psammocarcinomas. The later arise 
from the ovaries or peritoneum, and certain criteria must be 
fulfilled in order to characterize a carcinoma with psammoma 
bodies as psammocarcinomas (22). Cases reported in the 
literature include primary psammocarcinomas of the ovary 
or peritoneum, or psammoma deposits in benign and 
malignant conditions such as serous adenocarcinoma of the 
ovaries, thyroid, meningioma, pancreas and calcifications in 
metastatic lesions (3,6,14,15,16,20,21,22,25,26). Our case 
displays the presence of psammoma bodies in metastatic 
lymph nodes diagnosed during ovarian cancer relapse after 
18 years. Apart from CT imaging, calcified axillary lymph 
nodes due to psammoma body deposition have been 
described in other imaging modalities, such as mammography 
(27) and Tc-99m-methyl diphosphonate bone scan (15).

Conclusion

In conclusion, our case presentation has several remarkable 
characteristics. First, this case represents an ovarian serous 
carcinoma relapse after an 18-year disease-free interval. 
Second, it displays large calcified lymph nodes with 
increased density on CT images, which exhibit high FDG 
uptake in both attenuation corrected and uncorrected 
images, the last being evidence that increased FDG uptake 
is not an artifact. The formation of psammoma bodies 
could be suggested as a probable cause of calcification in 
this presented case. Similar to a previously described case, 
all sites of increased metabolic activity were considered as 
active tumor sites in the end.
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Sentinel Lymph Node Detection by 3D Freehand Single-Photon 
Emission Computed Tomography in Early Stage Breast Cancer
Erken Evre Meme Kanserinde 3D Freehand Tek Foton Emisyon Bilgisayarlı Tomografi ile 
Sentinel Lenf Nodu Tespiti

Abstract
We herein present our first experience obtained by 3D freehand single-photon emission computed tomography (SPECT) 
(F-SPECT) guidance for sentinel lymph node detection (SLND) in two patients with early stage breast cancer. F-SPECT guidance 
was carried out using one-day protocol in one case and by the two-day protocol in the other one. SLND was performed 
successfully in both patients. Histopathologic evaluation showed that the excised nodes were tumor negative. Thus, patients 
underwent breast-conserving surgery alone.
Keywords: Breast cancer, sentinel lymph node biopsy, radionuclide tomography, single photon emission computed 
tomography, computer assisted three dimensional imaging, image guided surgery

Öz
Bu yazıda erken evre meme kanserli iki hastada sentinel lenf nodu tespiti (SLNT) için bilgisayarlı tek foton emisyonlu 
tomografisi (SPECT) 3D freehand SPECT (F-SPECT) rehberliği yoluyla edinilen ilk deneyimimizi sunuyoruz. F-SPECT rehberliği 
bu olguların birisinde tek gün protokolü diğerinde iki gün protokolü kullanılarak gerçekleştirildi. SLNT her iki hastada başarı ile 
gerçekleştirildi. Histopatolojik inceleme çıkarılan nodların tümör negatif olduğunu gösterdi. Hastalar bu sayede sadece meme 
koruyucu cerrahi geçirdiler.
Anahtar kelimeler: Meme kanseri, sentinel lenf nod biyopsisi, radyonüklid tomografi, bilgisayarlı tek foton emisyonlu 
tomografisi, bilgisayar destekli üç boyutlu görüntüleme, görüntü kılavuzluğunda cerrahi

Introduction

Breast surgery has evolved from radical mastectomy to 
minimally invasive procedures in time. Axillary node status 
is the main prognostic factor in the management of breast 
cancer patients. Nodal axillary involvement is shown in 
10-30% of the cases with a T1 tumor, and in 45% of T2 

tumors (1). Routine axillary lymph node dissection may 
cause additional risks such as lymphedema, persistent 
pain, and sensory impairment. Sentinel lymph node 
detection (SLND) allows information about the first nodal 
basin of lymphatic flow, and to decide whether axillary 
dissection by a minimally invasive approach is required or 
not. Currently, SLND is more favorable than routine axillary 
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node dissection in accordance with recent expert views 
(1,2,3). With the introduction of SLND concept, radio-
guided surgery has become a popular technique in breast 
cancer patients (1,2,3). Preoperative lymphoscintigraphy 
and intraoperative detection methods (hand-held gamma 
probe or blue dye) with one-day or two-day protocols 
(4) have become widely used methods despite some 
limitations. Single photon emission computed tomography 
(SPECT)/computed tomography (CT) hybrid imaging 
could yield better results in certain cases (5). Today, 
research&development studies have recently focused on 
new imaging probes that contain an intraoperative counting 
probe integrated with a small-field-of-view gamma camera 
(5,6,7,8,9). In this paper, we present our first experiences 
for SLND in two early-stage breast cancer patients by using 
a three-dimensional (3D) freehand SPECT (F-SPECT) device 
(declipse SPECT®, SurgicEye, Munich, Germany).

Case Reports

Case 1

A 54-year-old postmenopausal woman was evaluated 
for a left-sided breast mass. A 14x11 mm mass located 
in the upper-middle part of the left breast with a breast 
imaging-reporting and data system (BI-RADS) 5 score was 
determined at breast ultrasound and mammography. The 
patient’s cancer was staged as IA (T1N0M0). Preoperative 
lymphoscintigraphic images were obtained using a large 
field of view gamma camera (ECAM, Siemens, Illinois, 
USA) on anterior and oblique positions at 5, 30 and 60 
min. following the periareolar-subdermal injection of 
99mTc-labeled nano-colloid in a dose of 74 MBq/0.2 mL 
to the left breast. In the scintigraphic image, the two 
focal uptakes in nodal basin (Figure 1a) were considered 
as sentinel lymph nodes (SLNs). These foci were marked 
on skin in the left axillary region (Figure 1b). The patient 

underwent 3D F-SPECT guided breast surgery with a 
two-day protocol. 24h after tracer injection, we scanned 
the breast and the axilla for a 2-4 min period in different 
directions (1 min each in the medial, dorsal and medial-
dorsal directions) according to the procedure described by 
Wendler et al. (8). A sufficient count rate was determined 
by using a color code in green. The number and position 
of the sentinel nodes were observed on a computer 
screen and the completion of the surgical procedure was 
confirmed by repeat screenshots. 3D F-SPECT revealed 
two main radiotracer uptakes on the injection site (83%) 
and in the left level I axillary lymph nodes (17%) (Figure 
1c). The lymphatic hot spot (mean count rate: 165 cps/s) 
was reached through a skin incision under the guidance 
of realtime 3D navigation definitions (Figure 2).  After 
histological frozen section examination of the excised 
SLNs was reported as tumor negative, the procedure 
was completed with breast-conserving surgery with safe 
surgical margins (Figure 3). Final histopathology of the 
tumor revealed infiltrative ductal carcinoma. 

Case 2

A 40-year-old premenopausal woman had a 21x15 mm 
mass in the upper-outer quadrant of her right breast 
compatible with BI-RADS 4c score on breast ultrasound 
and mammography. The patient was classified as Stage 
IIA (T2N0M0) breast cancer according to the imaging 
studies. A tru-cut biopsy was reported as infiltrative ductal 
carcinoma. Preoperative lymphoscintigraphy and F-SPECT 
guided surgery was performed using same radiotracer, 
injection and imaging techniques with the one-day protocol. 
Scintigraphic examination showed high nodal uptake in the 
right axillary region and this area was marked on the skin. 4 
hours after radiotracer injection, breast surgery was started 
with the guidance of 3D F-SPECT imaging. The real-time 
image from 3D F-SPECT detected meaningful radiotracer 
uptakes in two hot spots on the injection site and the right 
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Figure 1. a) The lymphoscintigraphic image of the left breast on the left anterior oblique projection 30 min after radiotracer injection shows tracer 
accumulation in the injection site (long white arrow) and two adjacent axillary sentinel lymph nodes (short white arrow), b) The view of the operation 
theatre. Skin mark belonging to the sentinel lymph node is seen in the left axillary region, c) In the operating room, live video image shows two distinct 
radiotracer uptake foci in the injection site (rate: 83%, depth: 128 mm) and axillary region (rate: 17%, depth: 27 mm)
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axilla. The hot spot which was located within the right level 
II axillary lymph nodes was accessed (mean count rate: 322 
cps/s) and removed surgically. Frozen section evaluation 
revealed reactive lymph nodes that were tumor negative. 

The surgeon completed the operation with breast-
conserving surgery with safe surgical margins. 

Literature Review and Discussion

Conventional nuclear medicine procedures have been 
reported to be useful for sentinel node detection (1,2). 
However, performance of the classical test for breast cancer 
showed a wide variation with a false-negative rate ranging 
from 0% to 29% as stated in a meta-analysis of 69 trials 
(10). The median false-negative rate was higher than 5% in 
all landmark studies with some inadequate results in special 
patient sub-groups (1,2,10,11). Therefore, researchers are 
trying to develop novel imaging tools and technology 
to improve these results. The introduction of portable 
gamma camera technology to clinical and experimental 
field enabled a rapid development. Mini gamma cameras, 
F-SPECT, and fluorescence imaging systems have been 
suggested for image-guided SLND. Mini gamma camera 
systems serve as a two-dimensional imaging modality. They 
were reported to contribute to the recognition of sentinel 
nodes settled in difficult anatomical areas or occult lesions 
(6,7). Others defended that these type of imaging systems 
had important limitations due to semi-flexibility, missing 
anatomical information, and undesirable effects such as 
shadowing and shine-through. Unlike the typical fixed 
gamma camera systems, 3D F-SPECT system is equipped 
with a hand-held gamma probe and an imaging camera 
that use a specialized software to provide a reconstructed 
3D image of the sentinel node. The system provides 
additional in depth information and image fusion over a 
live video of the operation area, and allows both mobile 
data acquisition and real-time navigation tracking (8,9). The 
recent road map of intraoperative SLND was stated as real-
time and 3D intraoperative imaging by two consecutive 
editorial comments (5,9). In the pivotal study (8), F-SPECT 
provided similar results when compared with SPECT/CT as 
a reference method. The accuracy, sensitivity, and positive 
predictive values were found to be 80%, 83% and 95% in 
the validation study, respectively. F-SPECT revealed at least 
one sentinel node in 87.5% of the patients. In the clinical 
study by Bluemel et al. (12), preoperative planar scintigraphy 
was used as the reference method while conventional 
intraoperative gamma probe was the standard alternative 
method. They (12) found that F-SPECT and conventional 
gamma probe had a detection rate of 92.3% (36/39) and 
89.7% (35/39) in the evaluation on a per-patient basis and 
a detection rate of 92.7% (51/55) and 69.1% (38/55) in 
the evaluation on a per-lesion basis, respectively. There 
was a statistically significant difference (p<0.001) between 
the two methods for sentinel node detection on a per-
lesion basis. Finally, although the cost of buying a F-SPECT 
system was reported to be approximately £92,000, the 
real cost-effectiveness could not be evaluated because of 
its potential use in numerous surgical specialties (13). The 
success of SLND is closely related to selected protocols and 
parameters. Despite all efforts to achieve a standard SLND 
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Figure 2. Three-dimensional navigation. The figure depicts the distance 
from the tip of the gamma navigation probe to the hot spot (respectively, 
top-down; 100 mm, 15 mm, 2 mm). Target sign defines the probe direction 
and optimal access path to the radioactive area
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protocol, there is still no consensus on the procedure of 
choice. The main limitations in creating a standard protocol 
are as follows: the diversity in imaging methods and in 
radioactive agents and injection types, rapid technological 
improvement, accessibility and pricing policies (1,2,4,10). 
99mTc-sulfur colloid, 99mTc-nanocolloid, and 99mTc-
antimony trisulfide have different particle sizes that may 
be a factor in SLN detection rates. However, as in our 
case, selection of the radiotracer is usually dependent on 
its local accessibility rather than other factors. Subareolar, 
periareolar or peritumoral injection techniques with deep 
(parenchymal or subcutaneous) or superficial (epidermal, 
subdermal or intradermal) administrations can be preferred 
(1,2). However, better results can be achieved with a 
superficial administration in subareolar or periareolar 
regions to visualize the axillary node, or with a deep 
administration in the peritumoral region to visualize the 
internal mammary node (14,15). In both of the major 
studies (8,12) the technique was based on the two-day 
protocol using different injection types and there was no 
comparison between different protocols. 

Conclusion

In conclusion, the concept of SLND is currently one 
of the standard procedures for patients with breast 
cancer. Application of extensive axillary dissection for the 
identification and removal of a SLN can cause lymphedema 
both in the patient’s arm and the conserved breast. The 
exact 3D definition is one of the new options to avoid the 
morbidity related to unnecessary lymphatic dissection. We 
tested this new method with two main protocols under 
stable conditions via usage of same radiotracer and injection 
technique and combined imaging method. In our cases, 
with the help of 3D F-SPECT system, we detected the SLN 
precisely with an error of only a few millimeters (Figure 2). 

In our opinion, radio-guided breast surgery may be favorable 
because it allows lower postoperative morbidity with shorter 
operation time and a quite limited dissection area. We think 
that 3D F-SPECT technology is a promising method that 
could meet expectations. The simultaneous combination of 
SPECT and CT or optical images in the operative area may 
further increase the value of the current system. However, 
the number of articles published so far is small, and there is 
no comment about the impact of this method on morbidity 
in the literature. Further studies in the field of radio-guided 
surgery and intraoperative imaging seem to be required to 
reveal the exact potential of these methods to gain wide 
clinical acceptance.
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Figure 3. a) The figure shows axillary lymph node dissection during surgery, b) Surgical specimen belonging to the excised lymph nodes due to high 
radiotracer uptake (165 cps/s), c) The postoperative status of the left breast at tenth day after the surgery
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Introduction

Kikuchi-Fujimoto disease (KFD) also known as Kikuchi 
disease or histiocytic necrotizing lymphadenitis is a rare 
idiopathic and self-limiting disorder that typically affects 
the regional cervical lymph nodes (1). Generalized 
lymphadenopathy with involvement of mediastinal, 

peritoneal, and retroperitoneal lymph nodes, and 
extra-nodal disease is a rare occurrence (2,3,4). Age at 
presentation is usually below 40 years with early reports 
showing female preponderance (female/male ratio, 4:1), 
while more recent data indicate that the actual male 
to female ratio is closer to 1:1 (5,6,7). Most cases have 
been reported from East Asia (8,9). In rare occasions, 
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Kikuchi Disease with Generalized Lymph Node, Spleen and Subcutaneous 
Involvement Detected by Fluorine-18-Fluorodeoxyglucose Positron 
Emission Tomography/Computed Tomography
Flor-18-Florodeoksiglukoz Pozitron Emisyon Tomografisi/Bilgisayarlı Tomografi ile Saptanan 
Yaygın Lenf Nodu, Dalak ve Deri Altı Tutulumu Olan Kikuchi Hastalığı

Abstract
Kikuchi-Fujimoto disease, known as Kikuchi disease, is a rare benign and self-limiting disorder that typically affects the regional 
cervical lymph nodes. Generalized lymphadenopathy and extranodal involvement are rare. We report a rare case of a 19-year-
old female with a history of persistent fever, nausea, and debilitating malaise. Fluorine-18-fluorodeoxyglucose positron 
emission tomography/computed tomography (18F-FDG PET/CT) revealed multiple hypermetabolic generalized lymph nodes 
in the cervical, mediastinum, axillary, abdomen and pelvic regions with diffuse spleen, diffuse thyroid gland, and focal parotid 
involvement, bilaterally. In addition, subcutaneous lesions were noted in the left upper paraspinal and occipital regions. An 
excisional lymph node biopsy guided by 18F-FDG PET/CT revealed the patient’s diagnosis as Kikuchi syndrome.
Keywords: Kikuchi-Fujimoto disease, histiocytic necrotizing lymphadenitis, fluorine-18-fluorodeoxyglucose

Öz
Kikuchi hastalığı olarak bilinen Kikuchi-Fujimoto hastalığı, genellikle bölgesel servikal lenf düğümlerini etkileyen, nadir görülen 
benign ve kendini sınırlayıcı bir hastalıktır. Yaygın lenfadenopati ve ekstranodal tutulum nadirdir. Bu yazıda sürekli ateş, bulantı 
ve halsizlik şikayetleri olan 19 yaşında bir kadın hasta sunulmaktadır. Flor-18-florodeoksiglukoz pozitron emisyon tomografisi/
bilgisayarlı tomografi (18F-FDG PET/BT) yaygın dalak, tiroid bezi ve fokal parotis katılımı ile bilateral servikal, mediastinal, 
aksiller, abdominal ve pelvik bölgelerde hipermetabolik multipl lenf nodları saptadı. Buna ek olarak, sol üst paraspinal ve 
oksipital bölgelerde subkutan lezyonlar mevcuttu. 18F-FDG PET/BT rehberliğinde yapılan eksizyonel lenf nodu biyopsisi ile 
Kikuchi sendromu tanısı kondu.
Anahtar kelimeler: Kikuchi-Fujimoto hastalığı, histiyositik nekrotizan lenfadenit, flor-18-florodeoksiglukoz
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the condition was reported in children (10). The exact 
pathogenesis is not completely understood, and viral and 
autoimmune pathogenesis have been speculated. Reports 
have suggested the combined immune response of T cells 
and histiocytes (particularly apoptotic CD8+ and CD123 
plasmacytoid monocytes) against infectious agents, as a 
possible cause (11). An article suggested an association 
between Mycobacterium szulgai lymphadenitis and KFD 
based on coexisting characteristic histologic features of KFD 
in lymph nodes and a positive culture for Mycobacterium 
szulgai (12). It has also been linked to other autoimmune 
conditions regarding pathogenesis, like systemic lupus 
erythematosus (SLE), anti-phospholipid syndrome, 
polymyositis, systemic juvenile idiopathic arthritis, bilateral 
uveitis, arthritis and cutaneous necrotizing vasculitis (13). 
KFD almost always has a benign course and resolves 
in several weeks to months (14). Its treatment is largely 
supportive, mainly with anti-inflammatory and antimicrobial 
drugs; hence differentiating it from other more serious 
conditions is important to guide management (15,16,17).

Case Report

A previously healthy 19-years-old young woman presented 
with a history of persistent fever, nausea, debilitating malaise 
and bone pain. The patient had normal values of urea, 
creatinine, and serum electrolytes. She was investigated 

for SLE, but her antinuclear factor, double-stranded DNA, 
and anti-neutrophil cytoplasmic antibody were all negative. 
Blood and urine cultures were unremarkable. Viral serology 
for hepatitis and Epstein-Barr virus and Mantoux test were 
also negative. The patient underwent imaging with fluorine-
18-fluorodeoxyglucose positron emission tomography/
computed tomography (18F-FDG PET/CT) to investigate 
the cause of fever. 18F-FDG PET/CT scan showed multiple 
hypermetabolic lymph nodes with generalized involvement: 
in the neck (Figure 1), mediastinum (Figure 2), axillary 
(Figure 2), abdomen and pelvic regions with diffuse spleen 
uptake (Figure 3). In addition, hypermetabolic subcutaneous 
lesions in the left upper para-spinal and occipital regions 
were noted (Figure 4). Standardized uptake value (SUV) 
maximum standardized value (SUVmax) of 18F-FDG uptake 
in the affected lymph nodes and subcutaneous lesions was 
6.3±2.4 (mean±SD), with lymph node size ranging from 
0.7-1.9 cm in the long-axis diameter. The spleen was not 
enlarged measuring 10.7 cm in cranio-caudal dimension 
with a SUVmax value of 5.8. An excisional cervical lymph 
node biopsy guided by 18F-FDG PET/CT was performed. 
The histopathologic examination was consistent with the 
diagnosis of Kikuchi syndrome. Symptomatic treatment 
with antipyretics, non-steroidal anti-inflammatory drugs 
and low dose corticosteroids was administered. In the 
clinical follow-up after 3 months, she was symptom-free. 
No follow-up PET/CT study was performed.
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Figure 1. Increased fluorodeoxyglucose uptake in the deep cervical lymph nodes bilaterally, the largest and most avid node is noted in the right retropharyngeal 
region measuring 1.1x1.4 cm with SUVmax: 4.2 (arrow)

Figure 2. Increased fluorodeoxyglucose uptake in the pretracheal, subcarinal and right hilar lymph nodes and axillary lymph nodes bilaterally, most intense 
on the right axilla measuring 1.9x1.0 cm with SUVmax: 6.9 (arrow)
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Literature Review and Discussion

KFD was first described in young Japanese females in 
1972 (18). The patient’s usual presentation is tender 
regional cervical lymphadenopathy, sometimes associated 
with mild-grade fever (1). Only a few patients develop 
generalized lymphadenopathy and hepatosplenomegaly 
as the initial manifestations of KFD and even fewer cases 
are reported to have bone marrow and cutaneous, usually 
facial, involvement (3). The differential diagnoses of the 
condition include tuberculosis, and SLE. It can also mimic 
more serious conditions such as non-Hodgkin lymphoma 
(NHL), plasmacytoid T-cell leukemia, Kawasaki disease, 
nodal colonization by acute myeloid leukemia, and even 
metastatic adenocarcinoma (19). Multiple pathogens have 
been reported in isolated case reports such as Yersinia 
enterocolitica, Brucellosis, Bartonella henselae, Entamoeba 
histolytica, Mycobacterium szulgai, and Toxoplasma 
gondii, however, the fact that most patients with KFD are 
unresponsive to antibiotics suggests that these microbiologic 
organisms were incidental findings (12,17). The results of a 
wide range of laboratory studies are usually either normal or 
non-specific, such as anemia and slightly raised erythrocyte 
sedimentation rate (11). Recognition of KFD is crucial, 
especially since it can be mistaken for malignant lymphoma. 
A patient who has been misdiagnosed as having large-cell 
lymphoma and has been subjected to a course of cytotoxic 
therapy before submitting histologic sections to an expert 

pathologist has been previously reported (1). In fact, later 
studies suggested that up to 30% of patients with KFD have 
been reported to be initially misdiagnosed as malignant 
lymphoma and that some of them received unnecessary 
chemotherapy (20). KFD has been reported as one of the 
causes of prolonged fever of unknown origin (FUO). The 
utilization of 18F-FDG PET/CT in numerous clinical centers 
for finding the cause of fever in the diagnostic work-up 
of FUO is increasing. In general, causes of fever include 
malignant, infectious and non-infectious diseases (21). In 
their review article on the value of 18F-FDG PET and PET/
CT in the diagnostic evaluation of patients with FUO, Meller 
et al. (22) found that FDG aided in reaching the final 
diagnosis with a frequency which varied between 25% 
and 69%. This article also demonstrated the wide range of 
possible causes of fever. In these studies, common causes 
of FUO detected by PET included various malignancies, 
several infectious diseases such as atypical pneumonia, 
spondylitis, tuberculosis, infected prostheses, and occult 
abscesses and non-infectious inflammatory diseases such 
as vasculitis, aortitis, and autoimmune diseases (22). PET 
imaging findings in KFD were first reported by Liao et al 
in 2003 (23). This was followed by multiple case reports 
and a few recent studies on 18F-FDG PET/CT trying to 
find distinguishing features between KFD and malignant 
lymph nodes (20). Ito and his group studied seven patients 
with KFD and found that the SUVmax values of 18F-FDG 
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Figure 3. Increased fluorodeoxyglucose uptake in portocaval and external iliac chains bilaterally, most avid being the left external iliac lymph node measuring 
1.7x1.5 with SUVmax: 7.5 (arrow), with associated diffuse splenic uptake

Figure 4. Subcutaneous mildly fluorodeoxyglucose avid lesions are seen in the occipital and upper para-spinal regions, SUVmax: 2.5 (arrow)
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uptake in the affected lymph nodes were not beneficial 
for differentiating between benign and malignant tumors 
and that the values in the affected lymph nodes of patients 
with KFD were as high as the values found in malignancies 
(24). They suggested that the value of 18F-FDG PET/CT is 
that it can aid in excluding the metastatic involvement of 
extra-nodal sites in malignant lymphoma and help guiding 
decisions regarding appropriate biopsy sites (24). Similarly, 
in another study comparing clinical manifestations and 
PET/CT findings between KFD and lymphoma patients, 
Kim and his colleagues (25) found that there were no 
significant differences in SUVmax values between KFD and 
malignant lymphoma. They also concluded that increased 
uptakes in extra-nodal organs, such as bone marrow, small 
bowel, thymus, kidney, orbit, and pleura was the only 
distinguishing factor between lymphoma and KFD, but that 
only KFD with nodal involvement was indistinguishable from 
lymphoma. Another study suggested that in cases with a 
generalized distribution of small to medium-sized lymph 
nodes in 18F-FDG PET/CT with high 18F-FDG uptake, KFD 
should be considered as part of differential diagnosis (26). 
In another article concerning the value of 18F-FDG PET/CT 
in distinguishing KFD from NHL in patients with cervical 
lymphadenopathy, it was concluded that 18F-FDG PET/CT 
can be useful for distinguishing this disease from NHLs by 
using SUV and partial volume corrected SUV (cor SUV) (27). 

Conclusion

In conclusion, KFD is a rare, self-limited, and perhaps 
under-diagnosed condition. Recognition of this condition is 
crucial, especially because it can be mistaken for malignant 
lymphoma or adenocarcinoma. The awareness on this 
disease as a cause of fever and local lymphadenopathy, 
or rarely, as demonstrated in this case, generalized 
lymphadenopathy, might prevent misdiagnosis and 
inappropriate management. 18F-FDG PET/CT imaging may 
suggest the diagnosis of KFD, may depict the distribution 
and size of the affected lymph nodes, and guide an optimal 
lymph node biopsy. 
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