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Editorial

I would like to announce the first issue of “Nuclear Medicine 
Review” in 2022, the period when Omikron variant of SARS-CoV-2 
dominates in the world’s population. It seems that there is the end 
of horrible pandemia hopefully. The chapter “Original articles” con-
sists of nine interesting papers. It opens two articles written by Turk-
ish colleagues who concluded that PET/CT should be the first-line 
diagnostic tool for carcinoma of unknown primary. In the second 
one: primary tumor grade is correlated with the nuclear grade of 
the coexisting ductal carcinoma in-situ (DCIS). It seems that SUV 
of primary tumor does not correlate with the histopathological 
features of coexisting DCIS.

The next paper from Indonesia shows that both dacryocys-
tography and dacryoscintigraphy has high convenience level for 
patients. These methods has a good agreement in detecting and 
locating in primary acquired nasolacrimal duct obstruction.

Japanese scientists concluded in their paper that the cerebral 
blood flow is reduced in several areas of the cerebral cortex and 
suggest an association between reduced blood flow in the frontal 
lobe and the appearance of visual hallucinations in patients with 
new-onset dementia with Lewy bodies.

An article considering prostate cancer patiens by Polish au-
thors shows that incidental detection of a second primary cancer 
using [18F]FCH PET/CT is not very common and that lung cancer 
and hematologic malignancies are most frequently detected. 
In the next paper Iranian colleagues conclude that melatonin 
has a non-significant positive impact on reducing the rate of chro-
mosomal damages in hyperthyroid patients treated with iodine-131 
but the outcome of treatment was significantly higher by melatonin 
compared to the placebo group. Three articles — again — by 
Polish scientists: 1. Shows how to optimise the method and esti-
mate normal ranges for standardized uptake values of Tektrotyd 
in healthy livers. 2. Proves that [18F]FDG activity can be reduced 
by up to 25% when using a camera with bismuth germanate crys-
tals in patiens with Hodgkin lymphoma. 3. It seems that there is no 
liver damage after Radionuclid Therapy with [177Lu]Lu-DOTATATE 
with an activity of 7.4 GBq or tandem [90Y]Y-DOTATATE + [177Lu]
Lu-DOTATATE with equal activity of 3.7 GBq in patients with neu-
roendocrine neoplasms.

Clinical Vignette consists of five very interesting cases from 
Croatia, Italy, Germany and Greece.

Dear colleagues, I wish you to be strong and healthy. Enjoy 
your reading!

Grzegorz Kamiński

Editor-in-Chief 
Nuclear Medicine Review

Yours,

Dear Sirs and Madams,
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Sensitivity of [18F]FDG PET/CT and 
classification of the primary tumor site 
in patients with carcinoma of unknown 
primary
Hasan Ikbal Atilgan , Hulya Yalcin
Hatay Mustafa Kemal University, Faculty of Medicine, Department of Nuclear Medicine, Hatay, Turkey

[Received 17 VII 2020; Accepted 27 X 2021]

Abstract

Background: The aim of this study is to find the sensitivity of the [18F]FDG PET/CT and the classification of the primary sites 
of carcinoma of unknown primary (CUP) as a single-center experience.

Material and methods: Sixty-eight patients with a mean age of 62.43 ± 12.78 years were included in this study retrospectively. 
Sixty-five patients had biopsy or surgery after PET/CT, which revealed pathological diagnoses of malign primary tumors, while 
primary tumor site could not be detected in three patients with histopathological examination. We evaluated the primary site 
of CUP with [18F]FDG PET/CT.

Results: Primary sites of three patients were not determined by histopathological examination. Malign lesions indicating the 
primary site of tumor were identified in 52 of 68 patients with PET/CT correctly. The primary tumor was lung cancer in 14 patients, 
cholangiocellular cancer in 9 patients, lymphoma in 9 patients, pancreas cancer in 6 patients, gastric cancer in 4 patients, ovary 
cancer in 4 patients, colon cancer in 4 patients, breast cancer in 3 patients, hepatocellular cancer in 2 patients, rectal cancer 
in 2 patients, sarcoma in 2 patients, esophagus, renal cell cancer, squamous cell cancer, endometrium cancer, malign mela-
noma, and multiple myeloma in 1 patient with histopathological examination. PET/CT was false positive in one patient. There 
were 13 patients in whom primary tumor could not be localized by PET/CT, but was diagnosed by histopathological evaluation.

Conclusions: PET/CT should be the first-line diagnostic tool for CUP, other diagnostic imaging tools should be applied after 
a negative whole-body PET/CT.

KEY words: positron emission tomography-computed tomography; unknown primary tumors; 18F-fluorodeoxyglucose
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Introduction

Cancer of unknown primary (CUP) presents with metastasis and 
the original site of malignancy cannot be identified with a properly 
standardized diagnostic work-up. CUP is a separate entity because 

of its different biological properties from other known primary 
tumors [1]. CUP is one of the ten most frequent cancers and the 
fourth most common cancer-related death cause [2]. Identification 
of the primary tumor influences the patient management positively 
because specific chemotherapy regimens and targeted therapy 
develop continuously [3]. 

Detection of the primary tumor in CUP is a diagnostic chal-
lenge. Despite many investigations, the primary tumor cannot 
be identified. The detection rate of the primary tumor varies in 
a range of 22–73% [2, 4]. Whole-body scanning with fluorode-
oxyglucose (FDG) positron emission tomography/computed to-
mography (PET/CT) may detect the primary tumor. FDG PET/CT 
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provides functional and anatomical imaging [4]. The therapeutic 
impact of PET/CT is not only the localization of the primary tumor 
but also the result of the identification of additional metasta-
ses [5, 6]. FDG PET/CT contributes to patient management by 
determining the extent of the disease [7]. Despite the identification 
of the primary tumor, optimal staging, and an opportunity for prog-
nosis, monitoring of chemotherapy response can be evaluated by 
FDG PET/CT [8].

In this study, we aimed to find the sensitivity of the [18F]FDG 
PET/CT and the classification of the primary sites of CUP as a sin-
gle-center experience.

Material and methods

Sixty-eight patients (31 female and 37 male) with a mean age of 
62.43 ± 12.78 years (min.: 29, max.: 88) were enrolled in this study 
retrospectively. Sixty-five patients had biopsy or surgery after 
PET/CT, which revealed malign pathological diagnoses of the pri-
mary tumor, while primary tumor sites of three patients could not be 
found with histopathological examination. We evaluated the primary 
site of CUP with [18F]FDG PET/CT. An ethical approval was ob-
tained from Mustafa Kemal University Local Ethics Committee. 

[18F]FDG PET/CT imaging
All patients underwent [18F]FDG PET/CT imaging after 6 hours of 

fasting. Before [18F]FDG injection, the blood glucose of all pa-
tients was evaluated and a blood sugar level less than 180 mg/dL 
was accepted. Oral contrast was given to all patients without 
intravenous (iv) contrast. After iv injection of F-18 FDG in a dose 
of ~300–450 mBq according to body weight. Approximately 
60 minutes after injection, whole-body scan from vertex to feet 
was acquired by a PET/CT scanner (Siemens, BioGraph mCT, 
Germany) with 1–2 minute acquisition for each 6–8 bed positions. 
The CT scan was used for attenuation correction and anatomical 
localization. The images were evaluated by two experienced nuclear 
medicine specialists both visually and semiquantitatively. A lesion 
with a SUVmax value equal to or greater than 2.5 other than met-
astatic lesions was considered as the primary site of the tumor. 

Data analysis
Age which is a quantitative parameter was represented 

as mean±standard deviation. Qualitative parameters such as gen-
der and primary sites of CUP were expressed as frequency. Sen-
sitivity, specificity, and accuracy of PET/CT were calculated as the 
histopathological results accepted as gold standard.

Results

Locations of the metastatic foci were as liver in 29, bone in 13, 
lymphadenopathy in 10, peritoneal carcinomatosis or omental cake 
in 5, brain in 6, adrenal in 2, lung in 1, ascites in 1, and pelvic mass in 
1 patient. Sixty-five patients had malignancy with histopathological 
evaluation. The primary sites of three patients were not determined 
by histopathological examination. Malign lesions indicating the pri-
mary site of tumor were identified in 52 of 68 patients with PET/CT 
correctly. Fifty-two patients detected with PET/CT had malign 
histopathological results. The primary tumor was lung cancer in 
14 patients, cholangiocellular cancer in 9 patients, lymphoma in 

9 patients, pancreas cancer in 6 patients, gastric cancer in 4 pa-
tients, ovarian cancer in 4 patients, colon cancer in 4 patients, 
breast cancer in 3 patients, hepatocellular cancer in 2 patients, 
rectal cancer in 2 patients, sarcoma in 2 patients, esophagus, renal 
cell cancer, squamous cell cancer, endometrium cancer, malign 
melanoma and multiple myeloma in 1 patient with histopatholog-
ical examination. PET/CT could not detect the primary tumor site 
in 16 patients correctly. PET/CT was false positive in one patient. 
There were 13 patients that primary tumor could not be localized 
by PET/CT, but was diagnosed by histopathological evaluation. 
The diagnosis was lymphoma in four patients, ovary cancer in 
three patients, lung cancer in three patients, malign melanoma 
in one patient, sarcoma in one patient, squamous cell cancer in 
one patient. Sensitivity, specificity, and accuracy values were 80%, 
66.7%, and 79.4% respectively (Fig. 1 and 2). 

Discussion

CUP is an aggressive disease with early dissemination, ac-
counting for 3–5% of all malignant epithelial tumors [9]. Accurate 
localization of the primary tumor provides the targeted therapy 
and maintains better locoregional treatment and survival [10]. The 
primary site of cancer can be identified as antemortem in less than 
20% of patients with CUP despite extensive workup and 70% of 
cases remained undiagnosed in autopsy series. Half of the pa-
tients with CUP are diagnosed as well to moderately differentiated 
adenocarcinoma, 30% with poorly differentiated or undifferentiated 
carcinomas, 15% with squamous cell carcinomas, and 5% with 
undifferentiated carcinomas [11].

FDG PET/CT is a noninvasive and sensitive whole-body imaging 
modality both allowing for the detection of the primary tumor and 
tumor staging. FDG PET/CT should be used as a first-line imaging 
modality rather than using after other imaging procedures that 
failed to detect primary tumors [12]. If PET/CT is used as an initial 
workup, it may reduce the cost, save time and guide the other 
examinations and biopsies [13]. PET/CT-directed biopsy is also 
more accurate than random biopsies for the detection of the occult 
primary tumor [14]. High glucose metabolism in cancer cells is ex-
ploited in PET/CT scans [15]. FDG PET/CT is not a specific for 
malign tumors. [18F]FDG is also accumulated in inflammatory or 
benign tumors and causes false-positive results [7]. Tumors with 
low or no FDG uptake may be missed with PET/CT [2]. FDG PET/CT 
also guides biopsy of probable sites of the primary tumor. Intrave-
nous contrast enhancement improves the detection of non-FDG 
avid tumors like hepatocellular carcinoma, neuroendocrine tumors, 
and bronchoalveolar carcinoma [16].

Kaya et al. [17] evaluated the primary tumor site with metastatic 
carcinoma of unknown origin. FDG PET/CT detected the primary 
tumor in 24 of 43 patients (55.8%), with one false positive benign 
inflammatory lung lesion. Positive predictive value (PPV) of PET/CT 
was 96%, whereas in 18 patients (41.8%) scan was negative. Most 
of the primary (54.2%) tumors were in the lung. In our study, there 
was only one false-positive result too. In this false positive patient, 
the primary site was taught ovary with PET/CT, but hypermetabolism 
in the ovary was physiological as seen in other imaging methods. 
In another study, the primary tumor was correctly identified in 24% 
of patients. 31% of patients had metastatic spread without clear 
identification of a primary tumor. In 4% of patients had a potential 
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Figure 1. Multiple metastatic lesions on pelvic bones were incidentally detected with bone scintigraphy in a 55-year-old male patient. A lung 
lesion compatible with the primary tumor was detected in the superior segment of the inferior lobe of the right lung with positron emission 
tomography/computed tomography 

Figure 2. Positron emission tomography/computed tomography was performed for the metastatic lesion in the cerebellum in 62-year-old male 
patients. The primary tumor was detected in the hepatic flexure of the colon
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primary tumor identified turned out to be false positive. The sen-
sitivity, specificity, PPV, and negative predictive value (NPV) were 
found at 96%, 80%, 95% and 86% when the presence or absence 
of malignant lesions anywhere in the body were considered [18]. In 
a study of Deonarine et al. [19], the overall detection rate of primary 
tumor locations with FDG PET/CT and additional investigations and 
procedures was 49% with the detection rate of FDG PET/CT being 
37.3% and the sensitivity was 79.2%. Lung was the most common 
primary tumor site and they mentioned that FDG PET/CT should be 
an early method to improve the accuracy of tumor staging. As in 
these studies, the most common primary tumor was in the lung. 
Fencl et al. [20] found the sensitivity and specificity 62.0% and 
81.9% for the primary search, 93.6%, and 85.7% for the presence of 
malignancy search. In our study, the most common primary tumor 
site was the lung as in these previous studies. In a study of Tamam 
et al. [21] FDG PET/CT findings correctly diagnosed lesions as the 
site of the primary true positive in 75% (238 of 316 patients) with the 
most common was lung cancer (42.4%). Fifty-six cases were false 
negative with PET/CT. The sensitivity, specificity, accuracy, PPV and 
NPV of PET/CT were 81%, 45%, 78%, 95% and 15%, respectively 
[21]. In our study, the sensitivity (80%) and accuracy (79.4%) were 
similar to the study of Tamam et al. [21].

In some studies identification of the primary tumor was studied 
in specific metastatic locations. Koç et al. [22] studied the primary 
tumor which has been admitted with brain metastases. Twenty of 
26 patients had positive PET/CT for the primary tumor, 6 lung cancer, 
9 primary brain tumor, 2 renal cell carcinoma, 1 skin, 1 breast, and 
1 neuroendocrine tumor. They mentioned that PET/CT must be per-
formed in patients with brain metastases to find the primary tumor. 
Dandekar et al. [23] studied the utility of PET in an unknown primary 
with cervical metastases. They found the sensitivity and specificity 
of conventional imaging 92.3% and 50% whereas FDG PET showed 
92.8% and 71.4%, respectively. PET had an additional benefit over 
CT because PET aids in screening infraclavicular primaries and 
distant metastases. Fan et al. [24] observed patients with malig-
nant ascites of unknown primary sites after conventional imaging 
methods. 23 of 28 cases had elevated FDG with 20 patients were 
confirmed by pathology, but 3 were found to be falsely positive 
due to tuberculosis. In patients with bone metastasis of unknown 
origin, the primary tumor was identified in 92% of patients, with the 
most common cause being adenocarcinoma. The most common 
primary tumor was lung carcinoma (52%) [25].

In a study, the performance of FDG PET/CT was compared with 
conventional imaging methods, including CT, magnetic resonance 
imaging, and mammography in cancer of unknown primary. FDG 
PET/CT detected the primary tumor more than conventional im-
aging, but not statistically significant. It was considered that FDG 
PET/CT can be performed as a first-line imaging tool and then 
adding radiodiagnostic imaging in selective cases [5]. Jain et al. 
[16] mentioned that tumors that cannot be identified with PET/CT 
should be subjected to further extensive workup. All patients do 
not require PET/CT to identify the primary tumor. The decision of 
PET/CT scan should be made multidisciplinary [14]. But in a few 
studies, it was found that FDG PET/CT did not have or might be 
less diagnostic advantage than expected over CT or extensive 
conventional diagnostic workups for the detection of primary tumor 
site in CUP patients [26, 27]. Invasive diagnostic procedures or 

additional imaging were reduced after PET/CT. Additional imaging 
of selected organs was needed in individual cases after PET/CT 
[28]. As a limitation, FDG PET/CT had a very low detection rate in 
locating the primary site in metastatic melanoma and metastatic 
location in the axilla [29]. We have only one patient diagnosed with 
malign melanoma, and in this patient PET/CT could not detect the 
primary tumor site. 

As in our study, PET/CT should be the first-line diagnostic tool for 
CUP, because almost four of five patients’ primary tumor sites can 
be determined with PET/CT. Other diagnostic imaging tools should 
be applied after a negative whole-body PET/CT. 
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Abstract 

Background: Ductal carcinoma in-situ (DCIS) often coexists with invasive ductal carcinoma (IDC) of the breast. DCIS is consid-
ered as a non-obligate precursor of IDC when both coexist. 18F-fluorodeoxyglucose positron emission tomography/computed 
tomography ([18F]FDG PET/CT) imaging is commonly used in the staging and follow-up assessment of breast cancer. In this 
study, we aimed to assess if there is any correlation between primary tumor PET and histopathology findings and histopatho-
logical features of the coexisting DCIS. 

Material and methods: FDG PET/CT images and histopathology results of the patients with newly diagnosed breast cancer (IDC) 
with coexisting DCIS were analyzed in this retrospective study. The grade and size of the primary tumor and histopathological 
features of the coexisting DCIS (nuclear grade and architectural pattern) were obtained from the postoperative histopathology 
results. Maximum standardized uptake values (SUV: SUVmax and SULmax) of the primary tumor normalized by weight and lean 
body mass were measured. Statistical analysis was performed to assess the correlation between various parameters of IDC 
and DCIS. 

Results: This study included sixty-two (62) patients with IDC-DCIS. Primary tumor grade was significantly correlated and 
associated with the nuclear grade of the coexisting DCIS (polychoric correlation r = 0.736, and Fisher exact test, PV < 0.001, 
respectively). Primary tumor SUV was not correlated with the nuclear grade and architectural pattern of the coexisting DCIS 
(polyserial correlation r = 0.172, PV = 0.155, and Point Bi-Serial correlation r = –0.009, PV = 0.955, respectively). Median 
primary tumor size was marginally significantly different among DCIS nuclear grades but it was not significantly different in 
comedo and non-comedo cases (Kruskal-Wallis test PV = 0.053, and Mann-Whitney U test PV = 0.890, respectively).

Conclusions: Primary tumor grade is correlated with the nuclear grade of the coexisting DCIS. SUV of primary tumor does not 
seem to be correlated with the histopathological features of coexisting DCIS (nuclear grade and architectural pattern) but this 
may be further studied in a larger number of patients. 

KEY words: breast carcinoma; invasive ductal carcinoma; coexisting DCIS; FDG PET; nuclear grade; architectural pattern
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Introduction

Ductal carcinoma in situ (DCIS) is a pre-invasive (non-invasive) 
type of breast cancer. In DCIS, malignant ductal epithelial cell pro-
liferations remain confined within the intact breast ducts [1]. DCIS 
often coexists with invasive ductal carcinoma (IDC) of the breast 
[2, 3]. DCIS is recognized as the non-obligate precursor of IDC 
when both of them coexist [4, 5]. In tumors with no coexisting DCIS 
(pure IDC), it is assumed that IDC arises de novo [6, 7]. 

18F-fluorodeoxyglucose ([18F]FDG) positron emission tomog-
raphy/computed tomography (PET/CT) is widely used for initial 
staging/detecting distant metastases of high-risk locally advanced 
invasive and inflammatory breast cancers, particularly where stand-
ard staging studies show equivocal or suspicious results [8–10]. 
FDG uptake is usually higher in IDC and inflammatory breast can-
cer and lower in invasive lobular carcinoma of the breast [8, 11]. 
DCIS lesions usually show a low degree of FDG uptake [12]. FDG 
uptake (metabolic activity of the tumor) is positively correlated with 
the tumor grade and proliferation (Ki-67 expression) and negatively 
correlated with the hormonal receptor status of breast cancer [8, 13]. 
Estrogen and progesterone receptor (ER and PR) negative tum-
ors demonstrate higher metabolic activity than receptor-positive 
tumors [11, 14]. Triple-negative breast cancer (negative for ER, 
PR, and HER2) usually shows high FDG uptake (high metabolic 
activity) and is associated with poor prognosis [14, 15]. 

In a recently published study, we have compared FDG PET/CT 
findings of IDC-DCIS and pure IDC cases [16]. In the current study, 
our aim was to assess if there is any correlation between primary tu-
mor’s (IDC) PET and histopathology findings and histopathological 
features of the coexisting DCIS. We wanted to understand if FDG 
PET findings can support the hypothesis of DCIS as the precursor 
of IDC when they coexist.

Material and methods

Histopathology results of the newly diagnosed breast cancer 
patients who had FDG PET/CT imaging for initial staging and prior 
to any treatment were reviewed. Patients with IDC and coexisting 
DCIS (IDC-DCIS) were selected for further analysis.

This retrospective study was approved by two institutes (Kuwait 
Ministry of Health and Trakya University Faculty of Medicine Health 
and Ethics Committee). 

FDG PET/CT images were obtained approximately 60 min fol-
lowing intravenous injection of 222-296 MBq (6–8 mCi) of [18F]FDG 
using Philips Gemini Time of Flight (Philips Medical Systems, Best, 
Netherlands) and GE discovery 8 (General Electric Medical Sys-
tems, Milwaukee, WI, USA) PET/CT cameras. First, a low-dose CT 
was obtained (for attenuation correction and anatomic localization). 
PET image acquisition was 2–3 min/bed from vertex to mid-thigh 
levels. PET images were corrected for attenuation using the CT 
data. PET images were reconstructed using a standard iterative 
algorithm and reformatted into transaxial, coronal, and sagittal 
planes. A maximum intensity projection image was generated. 

FDG PET/CT images were evaluated by 2 board-certified Nu-
clear Medicine physicians with over 30 years of experience. Weight 
and lean body mass normalized maximum standardized uptake 
values (SUVmax and SULmax) of the primary tumors were measured. 
PET/CT images were reviewed to assess the primary tumor, regional 

and distant metastases, and additional findings but those were not 
included in the analysis. 

Histopathology results were reviewed to collect information for 
the features of the primary tumor (grade and size) and coexisting 
DCIS (nuclear grade and architectural subtype). 

Statistical analysis

The statistical analysis was conducted using the SPSS statisti-
cal software (Version 24) and R statistical software. Counts and per-
centages were reported for categorical variables and means (SD) 
were reported for continuous variables. Two sample t-test or 
Mann-Whitney U tests were used to compare two continuous varia-
bles depending on the data normality condition. Analysis of variance 
(ANOVA) or Kruska-Wallis test was used to compare a continu-
ous outcome and a three or more levels categorical covariate. The 
strength of the associations was measured by correlation coeffi-
cients of either Spearman rank correlation, point biserial correlation, 
polyserial correlation, or polychoric correlations depending on the 
type of variables under investigation. All tests were two-tailed, and 
p-values < 0.05 were considered statistically significant. 

Results

Sixty-two (62) female patients with newly diagnosed IDC-DCIS 
from 2 institutes (Mubarak Al-Kabeer hospital: 26 patients and 
Trakya University hospital: 36 patients) were included in this study 
(mean age 55.2 ± 9.5 years).

Patients underwent various surgeries such as mastectomy, 
wide local excision, or breast preservation surgery (lumpectomy or 
segmental mastectomy). All of the patients also had sentinel lymph 
node biopsy and/or axillary dissection. Some of the patients re-
ceived neoadjuvant chemotherapy before the surgery (after PET 
imaging). TNM staging of the tumors is available in our data but 
not provided in this article. 

 Primary tumor grade was grade-3 in 28 patients, grade-2 in 
27, and grade-1 in 7 patients. The nuclear grade of the coexisting 
DCIS was grade-3 in 38 patients, grade-2 in 13, and grade-1 in 
8 patients. Nuclear grade of the DCIS in 3 patients and the size of 
the primary tumor in 5 patients were not available in the pathology 
report. The architectural pattern of the coexisting DCIS was mainly 
mixed (combination of at least 2 of the following patterns; solid, pap-
illary, micropapillary, cribriform, and comedo, 49 patients) andthe 
rest of the patients showed only solid pattern (13 patients). For 
statistical comparison, we further classified the architectural pattern 
as comedo (37 patients) and non-comedo (25 patients) based on 
the presence of comedo necrosis. Figure 1 and 2 shows primary 
tumor grade versus a nuclear grade of coexisting DCIS and nuclear 
grade versus architectural subtype of DCIS, respectively. 

Statistical results

 Primary tumor SUVs (SUVmax and SULmax ) were not signifi-
cantly correlated with the nuclear grade of the coexisting DCIS 
(Polyserial correlation, r = 0.172; PV = 0.155 and r = 0.158, and 
PV = 0.211, respectively). Median primary tumor SUVs (SUVmax 
and SULmax ) were higher in nuclear grade-3 than nuclear grade-2 
and -1 cases but according to the Kruskal-Wallis test, they were 
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not significantly different (PV = 0.288, and 0.340, respectively) 
(Fig. 3, Tab. 1). 

 Primary tumor SUVs (SUVmax and SULmax ) were not correlated 
with the architectural pattern of the coexisting DCIS (Point Bi-Serial 
correlation, r = –0.009, PV = 0.955 and r = –0.017, PV = 0.919, 
respectively). Median primary tumor SUVs (SUVmax and SULmax ) 
were higher in comedo than non-comedo coexisting DCIS, but 
according to the Mann-Whitney U test, they were not significantly 
different (PV = 0.966, and 0.886, respectively) (Fig. 3, Tab. 2). 

 Primary tumor grade was correlated with the nuclear grade 
(Polychoric correlation, r = 0.736, PV < 0.001) but not with the 
architectural pattern (Polychoric correlation, r = 0.265, PV = 0.157) 

of the coexisting DCIS. There was a significant association between 
the primary tumor grade and nuclear grade of the coexisting DCIS 
(Fisher exact test, PV < 0.001), but no significant association 
between primary tumor grade and architectural pattern of the 
coexisting DCIS (comedo versus non-comedo) (Fisher exact test, 
PV = 0.233). 

 According to the Kruskal-Wallis test, there was marginally 
significant evidence that the median primary tumor size among 
DCIS nuclear grade was different (PV = 0.053) but according to 
the Mann-Whitney U test, the median primary tumor size in comedo 
and non-comedo cases were not significantly different (PV = 0.890) 
(Tab. 1 and 2, Fig. 4).

Figure 1. Primary tumor grade versus nuclear grade of the coexisting 
DCIS; count — number of patients)

Figure 2. Nuclear grade versus the architectural pattern of coexisting 
ductal carcinoma in-situ (DCIS); Count — number of patients)

Figure 3. Graphs of median primary tumor SUV versus nuclear grade and architectural pattern (comedo and non-comedo) of coexisting ductal 
carcinoma in-situ (DCIS). Median SUVs are shown in boxes
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 As expected, primary tumor grade was significantly correlated 
with the primary tumor SUVs (SUVmax and SULmax) (Polyserial correla-
tion, r = 0.312, PV 0.023, and r = 0.303, PV = 0.024, respectively). 
According to the Kruskal-Wallis test, there was evidence of a signifi-
cant difference in median primary tumor SUVs (SUVmax and SULmax ) 
across primary tumor grades (PV = 0.013, and 0.010, respectively) 
(Tab. 1). Primary tumor grade was significantly correlated with the 
primary tumor size (Polyserial correlation, r = 0.545, PV < 0.001) 
(Tab. 1). Also, the nuclear grade of the DCIS was significantly 
correlated with the architectural pattern of the DCIS (Polychoric 
correlation, r = 0.614, PV < 0.001). 

Discussion

DCIS often coexists with IDC (32% and 63.1% of the cases) [2, 3]. 
DCIS is recognized as the non-obligate precursor of IDC when they 
coexist [4, 5]. It was suggested that up to 50% of patients with 

microscopic foci of DCIS develop invasive carcinomas of the breast 
[4]. The invasive lesion occurs in the same region as the original 
DCIS lesion which indicates a precursor process [4, 17]. Other stud-
ies have also supported the hypothesis of transition from DCIS to 
IDC based on the concordant expression of immunohistochemical 
markers, biomarkers, and genomic data [18–26]. Progression from 
DCIS to invasive breast cancer may follow a Darwinian evolutionary 
model [5]. 

Histologic parameters of the clinical significance of DCIS include 
architectural subtypes/patterns, nuclear grade, size and extent of 
the lesion, status of microcalcifications, necrosis, and margins [27]. 
The nuclear grade of the DCIS lesions is classified as low grade 
(grade-1), intermediate grade (grade-2), and high grade (grade-3). 
Grade-3 DCIS is composed of pleomorphic large cells and abun-
dant mitoses. High nuclear grade DCIS is an aggressive subtype 
of DCIS with an overall poorer prognosis as compared to low and 
intermediate nuclear grade DCIS [28]. DCIS with low-nuclear grade 

Table 1. Tests of differences in primary tumor (IDC) size, primary tumor SUVmax, and primary tumor SULmax according to primary tumor grade and 
nuclear grade of coexisting ductal carcinoma in-situ (DCIS)

Covariate Primary Tumor Size (cm)   Primary Tumor SUVmax   Primary Tumor SULmax  

median p-value median p-value (n)(median) p-value

Primary Tumor Grade   0.001†   0.013†   0.010†

Grade 1 1.05 3.8 2.75

Grade 2 2.40 6.25 3.40

Grade 3 3.10 8.70 5.60

Nuclear Grade of 

Coexisting DCIS

  0.053†   0.288†   0.340†

Grade 1 1.6 4.35 2.70

Grade 2 3.15 5.75 3.40

Grade 3 2.75 8.5 4.70
†p-value calculated using Kruskal-Wallis test

Figure 4. Graphs of median primary tumor size versus nuclear grade and architectural pattern (comedo and non-comedo) of coexisting ductal 
carcinoma in-situ (DCIS). Median sizes are shown in boxes
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is composed of uniform cells with small size and low-mitotic rate. 
In intermediate nuclear grade DCIS, neoplastic nuclei show pleo-
morphism (between high- and low- nuclear grade DCIS). 

The architectural patterns of DCIS are classified as solid, come-
do necrosis (comedo), cribriform, micropapillary, and papillary. 
DCIS commonly demonstrates a mixed pattern. DCIS is usually 
categorized as comedo and non-comedo. The comedo subtype 
of DCIS is defined by high-grade cells, prominent necrosis in the 
center of the ducts, and a high proliferation rate [29, 30]. Non-come-
do subtypes of DCIS are composed of low-grade cells, and a low 
proliferation rate [27]. Angiogenesis and foci of microinvasion 
are common around comedo lesions and low in non-comedo 
lesions [31–33]. Ketcham et al. have indicated there is more often 
and more rapid progression into invasive carcinoma from high-
grade DCIS as compared to low-grade [34]. 

In the current study, there was a significant correlation and as-
sociation between the grade of the primary tumor and the nuclear 
grade of the coexisting DCIS. Median primary tumor SUV was higher 
in nuclear grade-3 cases and comedo pattern as compared to 
cases with nuclear grade-1 and-2 and non-comedo pattern but it 
was not statistically significant. This result may be affected by the 
relatively small number of nuclear grade-1 (n = 8) and -2 (n = 12) 
cases in our study. In a recently published study, we did not find 
a significant difference in primary tumor SUV in IDC-DCIS and 
pure IDC cases but multifocal tumor and multifocal uptake were 
more common in IDC-DCIS cases [16]. As expected, in the current 
study primary tumor grade was significantly correlated with the 
primary tumor’s metabolic activity and nuclear grade of the DCIS 
was significantly correlated with the architectural pattern of the 
DCIS [8, 13, 29, 30]. 

Studies have also reported that IDC-DCIS show lower metastat-
ic potential and recurrence and better overall survival as compared 
to pure IDC but some other studies show controversial results [6, 
7, 23, 35, 36]. In our recent study, axillary metastases appeared to 
be more common in pure IDC than IDC-DCIS cases [16].

A limitation of this study could be the relatively small number 
of patients, particularly patients with nuclear grade-1 and -2 co-
existing DCIS. Assessing primary tumor metabolic activity alone 
is not adequate to understand if DCIS could be the precursor 
of IDC in IDC-DCIS cases but it may be supportive if primary 
tumor SUV correlates with the nuclear grade of coexisting DCIS. 
This preliminary study also serves as the only available data in 

the literature investigating the correlation between PET findings of 
the primary tumor (IDC) with the histopathological findings of the 
coexisting DCIS. 

Conclusions

Primary tumor grade is significantly correlated with the nuclear 
grade of the coexisting DCIS. SUV of primary tumor does not seem 
to be significantly correlated with the histopathological features of 
the coexisting DCIS (nuclear grade and architectural pattern) but 
this may be studied in a larger number of patients. 
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Abstract

Background: This diagnostic study aimed to assess degree of agreement between dacryoscintigraphy and dacryocystography 
as supporting examinations in patients with primary acquired nasolacrimal duct obstruction (PANDO). Patients with PANDO 
who complained of epiphora and visited our outpatient clinic were subsequently sent for dacryoscintigraphy and dacryocys-
tography examinations. Side effects and convenience of both examinations were assessed by observation and questionnaire.

Material and methods: Through irrigation and probing, there were 47 out of 62 eyes were found with PANDO. As much as 
87.1% subjects were female, with mostly (74.2%) aged > 40 years old. With dacryoscintigraphy, time needed to reach sac was 
0 minutes, 5 minutes (duct), and 12.5 minutes (nasal cavity).

Results: Degree of agreement between both examinations was 83.8% to determine obstruction and 70.9% to locate obstruction. 
There were 22 subjects complained about pain in dacryocystography examination while none with dacryoscintigraphy (p < 
0.005). Sixteen subjects feel dacryoscintigraphy examination was more convenient, eleven subjects feel dacryocystohraphy 
was more convenient, while 4 subjects feel the two examinations were similar.

Conclusions: Even though dacryocystography examination was considered more painful than dacryoscintigraphy, both ex-
aminations had high convenience level for patients. Dacryoscintigraphy and dacryocystography also had a good agreement 
in detecting and locating obstruction in PANDO.
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Introduction

Epiphora is an abnormal condition when patients experience 
watery eyes due to chronic tears overflow. Epiphora induced by 
nasolacrimal duct obstruction (NLDO) was considered often and 
accounted for one-third of the total number of epiphora cases [1]. 
Dacryocystography (DCG) is a form of radiology modality most 
commonly used to assess the lacrimal drainage system [1]. DCG 
is a very useful anatomy examination to determine the location of 
obstruction and stenosis by administering contrast using irrigation 
cannula through the lacrimal punctum. However, this modality also 
has some disadvantages. Examination by DCG is invasive because 
we put instruments into the canaliculus. Moreover, this examination 
can raise a false positive result in partial obstruction cases [2,3].

Besides DCG, dacryoscintigraphy is another radiology mo-
dality used to assess tear drainage systems more physiologically. 
It uses radioactive (99mTc) to mark off the tear and record the flow 
with a gamma camera [1]. Generally, dacryoscintigraphy is used to 
assess tear flow in patients with lacrimal pump dysfunction [1]. In 
mechanical obstruction cases, the obstructed parts of the lacrimal 
drainage system will be visualized by the contrast [4].

Even though dacryoscintigraphy is a good lacrimal drainage 
system obstruction examination modality, this examination is still 
rarely used by ophthalmologists [1].. This may be due to a lack of 
tools or facilities to do dacryoscintigraphy [5]. Therefore, this study 
aimed to determine the degree of agreement of dacryoscintigra-
phy and DCG as additional examination in patients with primary 
acquired nasolacrimal duct obstruction (PANDO). Additionally, we 
also assessed side effects and patient convenience of both dacry-
oscintigraphy and DCG examination that have not been published 
in the previous studies.

Material and methods

Our study was classified as a diagnostic test study. We included 
patients with PANDO aged ≥ 18 years old with epiphora and nega-
tive irrigation test (Anel test). The exclusion criteria were patients with 
the acute inflammatory process, NLDO caused by tumor/abscess, 
history of allergy to radioactive contrast, and patients who were 
in pregnancy or breastfeeding. The participants were selected 
by the consecutive sampling method. Thirty-one subjects were 
included in this study. The study protocol was approved by the 
Ethics Committee of Faculty of Medicine Universitas Indonesia, 
number KET.142/UN2.F1/ETIK/PPM.00.02/2019.

In the outpatient settings, we conducted an irrigation test on 
both eyes by injecting saline solution into the lacrimal punctum 
followed by probe insertion to the canaliculus through the punctum 
to determine whether there was a hard stop or soft stop. A hard 
stop was originated from the lower system (nasolacrimal duct) while 
the latter was originated from the upper system (canaliculus). Sub-
jects with obstruction located in the canaliculus would be excluded.

Dacryoscintigraphy was performed by dripping 99mTc-Pertechn-
etate solution into both eyes. Afterward, the picture was taken with 
a gamma camera at the dynamic phase (first 5 minutes), and then 
at 10, 15, 20, 25, and 30 minutes. DCG examination was performed 
by positioning the patient in a supine position. Topical anesthesia 
was instilled into both eyes. Each punctum was injected with con-
trast using a blunt needle and a 3 cc syringe. Fluoroscopy was used 

to observe contrast flow dynamically. Dacryoscintigraphgy and DCG 
results were analyzed without knowing previous ophthalmology 
conditions. Side effects and the convenience level of DCG and 
dacryoscintigraphy examinations were assessed with observation 
and questionnaires.

We measured both primary and secondary outcomes. The 
primary outcome was defined as the degree of agreement in de-
ciding the presence and the location of the obstruction, analyzed 
by concordance rate and Kohens Kappa through SPSS Statis-
tics 20.0. Secondary outcome in this study was the tracer transit 
time of unobstructed eye in dacryoscintigraphy examination that 
would be described in minutes when the tracer reaches lacrimal 
sac, nasolacrimal duct, and nasal cavum.

Results

We recruited 62 eyes from 31 subjects whose characteris-
tics were described in Table 1. Forty-seven out of 62 eyes tested 
negative in the irrigation test, hence, fulfilled the inclusion criteria 
as patients with PANDO.

Table 2 showed the degree of agreement between dacry-
oscintigraphy and DCG in the determination of obstruction in the 
lacrimal drainage system. There were 45 obstructed eyes (72%) 
found with a DCG examination whereas a higher percentage (85%) 
was found in a dacryoscintigraphy examination. Dacryoscintigraphy 
examination revealed nine eyes without obstruction in the lacrimal 
drainage system but there was one eye with an obstruction found 
with irrigation test and DCG examination. The degree of agreement 
between the two examinations was 83.8%. The concordance rate 
value was 83.8% showing a strong agreement between the two 
examinations.

Table 1. Subject characteristics

Subject Characteristics n Percentage (%)

Gender

Male

Female

4

27

12.9

87.1

Age group

18–40 years

> 40 years

8

23

25.8

74.2

Mean ± SD age (years) 50.8 15.2

Negative irrigation test

Unilateral

Bilateral

15

16

48.4

51.6

Table 2. Dacryoscintigraphy and dacryocystography conformity of 
obstruction presence results (n = 62 eyes)

Dacryocystography (n)

Obstruction No obstruction Total

Dacryoscintigraphy

Obstruction 44 9 53

No obstruction 1 8 9

Total 45 17 62

Mc Nemar p = 0.021; degree of agreement = 52/62 (83.8%); p value < 0.005



Nuclear Medicine Review 2022, Vol. 25, No. 1

www.journals.viamedica.pl/nuclear_medicine_review14

Original

Table 3 demonstrated the degree of agreement between 
dacryoscintigraphy and DCG in determining the location of the 
obstruction. The degree of agreement between the two examina-
tions was 70.9% (44/62). A percentage of 70% to 79% was consid-
ered an agreement. In sac-duct (S/D) junction, dacryoscintigraphy 
could detect more eyes with obstruction (11 eyes, 17.7%). On the 
other hand, DCG was able to detect more eyes with obstruction 
located in the nasolacrimal duct (3 eyes, 4.8%).

Figures 1 and 2 showed dacryoscintigraphy examination re-
sults of obstruction in the left S/D junction. Figure 1 depicted the 
examination at the dynamic phase (first 5 minutes). The contrast 
reached the lacrimal sac right after the recording started. Figure 
2 showed dacryoscintigraphy examination from minute 10 to 30. 

At minute 20, contrast reached the right nasolacrimal duct but on 
the fellow eye, the contrast was still in the lacrimal sac (S/D junction). 
At minute 30, contrast reached the right nasal cavum but on the 
right eye, contrast stayed in the left S/D junction suggesting an ob-
struction. Figure 3 showed the DCG result of obstruction at the left 
lacrimal sac (S/D junction) level. The black arrow points out contrast 
flow to the right inferior meatus of the nasal cavum. The white arrow 
indicates that contrast flow stayed in the left S/D junction suggesting 
an obstruction in the left lacrimal drainage system at the left S/D 
junction level. However, obstruction in both systems was shown 
through dacryoscintigraphy (Fig. 4).

Out of 62 eyes, eight asymptomatic eyes with no lacrimal 
drainage obstruction were found by irrigation test and dacryoscin-
tigraphy. In these eight eyes, not only positive results were found on 
irrigation test and dacryoscintigraphy but also no contrast blockage 
seen on dacryoscintigraphy and contrast reached nasal cavum. 
Tracer transit time of these 8 eyes was determined as the normal 
value of eyes without lacrimal drainage system obstruction. Table 4 
evaluates the tracer transit time needed to reach the lacrimal sac 
(0 minutes), nasolacrimal duct (median 5 minutes), and nasal 
cavum (median 12.5 minutes).

According to the side effect and convenience level checklist 
in the observation section, there were no side effects found on the 
dacryoscintigraphy examination. However, there were two sub-
jects who experienced hyperemic conjunctiva immediately after 
DCG and it quickly disappeared in 15 minutes after the procedure 
(Tab. 5).

On DCG examination, there was one subject who felt incon-
venient when being examined due to pain. There was a significant 
difference (p < 0.005) of painful feeling between dacryoscintigraphy 
and DCG examination.

We included one additional question about which examination 
the subject would prefer since all of them underwent both exam-
inations. Sixteen patients felt that dacryoscintigraphy was more 
comfortable than DCG because the procedure did not use any 
instrumentation into the punctum. Other 11 patients felt more com-
fortable with DCG in comparison to dacryoscintigraphy because of 
the shorter examination time and the other four patients said both 
examinations were similarly convenient.

In this study, the selected subjects were all adults because 
irrigation tests would be more difficult to be performed in 

Figure 1. The dynamic phase of dacryoscintigraphy (first 5 minutes). 
The contrast reached both lacrimal sacs (black arrows)

Figure 2. Dacryoscintigraphy in obstruction at left sac-duct (S/D) 
junction level at dynamic phase, minute 10–30

Table 3. Dacryoscintigraphy and dacryocystography conformity of 
obstruction height (n = 62 eyes)

Dacryocystography (n)

Sac-duct junction Duct No obstruction Total

Dacryoscintigraphy

Sac-duct junction 35 7 6 48

Duct 1 1 3 5

No obstruction 1 0 8 9

Total 37 8 17 62

Mc Nemar p = 0.011; degree of agreement = 44/62 (70.9%); p value < 0.005

Figure 3. Dacryocystography examination result of obstruction at the 
left lacrimal sac-duct (S/D) junction level
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61.9 years old [6]. The possible reason is that female nasolacrimal 
duct anatomy is longer and tighter than male so obstruction is more 
prone to occur.

The grade of agreement between dacryoscintigraphy and DCG 
in deciding the presence of obstruction was 83.8%. Both examina-
tions had a strong agreement in determining an obstruction. This re-
sult was in accordance with Al-Ghamdi et al. that stated the degree 
of agreement between dacryoscintigraphy and DCG in epiphora 
patients with lacrimal drainage system obstruction was 77.9% [7].

Dacryoscintigraphy was carried out in a more physiological 
process using contrast dripped into the eye. When the eyes blink, 
eyelids were closed, hence, preseptal orbicularis muscle would 
be contracted and pulled lacrimal sac to make negative pressure 
which then pulled the contrast into the lacrimal sac. When the 
eyes open, orbicularis muscles would be relaxed and elastic force 
would create positive pressure inside the lacrimal sac and pull 
contrast down to the nasolacrimal duct [8]. Dacryoscintigraphy 
has the ability to detect more abnormalities than DCG because 
dacryoscintigraphy was done with a more physiological process. 
Through DCG examination in our study, there were 45 (72%) lacri-
mal drainage system obstructions found while dacryoscintigraphy 

Figure 4. a) Dacryoscintigraphy showed obstruction in both systems; b) dacryocystography showed obstruction only in the right lacrimal drainage 
system (black arrow). The contrast flowed through the inferior meatus of the left lacrimal drainage system (white arrow)

Table 4. Tracer transit time of dacryoscintigraphy examination (n = 8 
eyes)

n %

Duration to reach sac

Immediate (0 min) 8 100.0

Duration to reach duct

Immediate (0 min)

5 min

10 min

20 min

2

4

1

1

25.0

50.0

12.5

12.5

Duration to reach nasal cavum

Immediate (0 min)

10 min

15 min

30 min

1

3

3

1

12.5

37.5

37.5

12.5

Table 5. Percentage of patients who answered yes in the questionnaire section (n = 31 subjects)

Questions Dacryoscintigraphy Dacryocystography p value

Comfortable eye 31 (100%) 31 (100%) No value

Dry eye 2 (6.5%) 2 (65%) 1.000

Gritty sensation 0 (0.0%) 1 (3.2%) 0.313

Burning sensation 8 (25.8%) 6 (19.4) 0.544

Fatigue eye 4 (12.9%) 3 (9.7%) 0.688

Painful eye 0 (0.0%) 22 (71.0%) < 0.005*

Scratchy sensation 0 (0.0%) 2 (6.5%) 0.492

Blurred vision

Convenient examination

0 (0.0%)

31 (100%)

0 (0.0%)

30 (96.8%)

No value

0.313

non-sedated pediatric patients. About 74.2% of subjects aged more 
than 40 years old with a mean value of 50.8 years old. Subjects were 
mostly female (87.1%). Kashkouli et al. reported that patients with 
PANDO were mostly female (78.2%) with a mean age value of 
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found 53 obstructions (85%). This data is in accordance with a study 
by Wearne et al. [9] that found dacryoscintigraphy could detect 
more abnormality (95%) compared to DCG (93%) in patients with 
functional nasolacrimal duct obstruction. A study by Rose et al. 
[10] performed dacryoscintigraphy and DCG in patients with epi-
phora. In this study, dacryoscintigraphy detected more obstruction 
(77%) than DCG (51%). Amanat et al. [11] also reported irrigation 
tests could detect obstruction as much as 44% while DCG detected 
55.7% and dacryoscintigraphy detected 76.6%. This might be due 
to the DCG examination that created positive pressure into the 
lacrimal drainage system that could lead to false-positive results in 
partial obstruction [12]. In addition, dacryoscintigraphy could detect 
abnormality in patients with lacrimal pump dysfunction or func-
tional epiphora [13]. On DCG examination, patients with lacrimal 
pump dysfunction and functional epiphora showed a normal result 
because these conditions were not caused by lacrimal drainage 
system obstruction.

Our study included one subject with facial nerve paresis ab-
normality in the unobstructed eye group that caused contrast flow 
disturbance. Even though we performed a DCG examination, there 
was no obstruction found. In patients with facial nerve paresis, 
orbicularis muscles weakness would create lacrimal pump dys-
function [13]. Therefore, tear flow would be obstructed and demon-
strate an abnormality on dacryoscintigraphy but no obstruction on 
irrigation test and DCG (Fig. 4).

The degree of agreement between dacryoscintigraphy and 
DCG in detecting location or the level of obstruction was 70.9%. 
The degree of agreement found in this study was higher than the 
study by Al-Ghamdi et al. [7] and Wearne et al. [9] that found 
a degree of agreement in detecting obstruction location between 
dacryoscintigraphy and DCG of 58.3% and 59%. This difference 
might be affected due to the division of obstruction location. 
Previous studies divided the location of obstruction into 3 cat-
egories (pre sac delay, sac delay, dan duct delay). However, 
our study divided the location into the sac or sac-duct junction; 
and duct due to the limited resolution of the imaging modality. 
Dacryoscintigraphy in our hospital did not have a pinhole colli-
mator to increase resolution. Based on this division, the chance 
of agreement became greater. Therefore, this study has a higher 
degree of agreement than previous studies. On S/D junction, da-
cryoscintigraphy could detect more obstruction than DCG. On the 
other hand, DCG is superior for the detection in the nasolacrimal 
duct. These results were in accordance with a study by Wearne 
et al. [9] that found dacryoscintigraphy detected more proximal 
locations of obstruction (33%) than DCG. A study by Denffer et 
al. [14] showed a degree of agreement between DCG and dacry-
oscintigraphy in detecting the location of obstruction was 85%, and 
in 15% dacryoscintigraphy, locations of obstruction were found 
more proximal than in DCG. This may be due to positive pressure 
that DCG created using contrast into the lacrimal system so that 
it dilates proximal obstruction and creates it more distal.

In this study, only 8 asymptomatic eyes were assessed normal 
with irrigation test and dacryoscintigraphy. Table 4 described the 
contrast transit time needed to reach the lacrimal sac, nasolacri-
mal sac, nasolacrimal duct, and nasal cavum in minutes. These 
8 eyes had contrast transit time to reach the lacrimal sac within 

0 minutes (immediate). This result is in accordance to a study by 
Brizel et al. [15] that found transit time to reach lacrimal sac within 
0–120 seconds. This study, however, might have a biased result due 
to the variety of duration between the start of contrast administration 
and the start of recording.

In this study, from the 8 lacrimal systems that were assessed 
normal with irrigation test and dacryoscintigraphy, median val-
ues for tracer transit time in nasolacrimal duct were 5 minutes and 
12.5 minutes to reach nasal cavum. These results were in accord-
ance with a study by MacDonald et al. [4] that stated that in normal 
dacryoscintigraphy, there would be contrast visualization through 
a nasolacrimal duct to nasal cavum in 5 minutes [4]. This result may 
be various. Consequently, contrast visualization in nasal cavum at 
minute — 10 to 15 was still considered as a normal variation [4]. 
There was a great variety of tracer transit time in dacryoscintigraphy 
in previous studies. Variety was affected by frequency and intensity 
of blinking, gravitation, tear volume production changes, tear flow 
variation, lacrimal drainage valve resistance, and other factors, such 
as emotion, conjunctiva irritation, and contrast volume.

According to the checklist of side effects and convenience level 
in the observation section, there were no side effects found in da-
cryoscintigraphy. Meanwhile, in DCG, there were 2 subjects (6.2%) 
showing conjunctival hyperemia immediately after the procedure. 
Conjunctival hyperemia might present due to the contrast cleaning 
process at the end of the DCG procedure using the saline solution 
on the eyes. This result was similar to a study by Shweel et al. [16] 
that found only 1 patient (4.7%) experiencing minimal irritation on 
the eye after DCG.

There was a significant difference between pain during dacry-
oscintigraphy and DCG (p < 0.005). Twenty-two subjects com-
plained of painful sensations during DCG due to instrumentation 
into the lacrimal punctum. However, 11 subjects felt DCG was more 
comfortable than dacryoscintigraphy due to shorter examination 
time while 16 subjects felt both examinations were convenient. 
This result is similar to a study by Reddy et al. [12] that claimed no 
uncomfortable complaint found in dacryoscintigraphy examination 
due to its more invasive procedure.

Conclusions

Dacryoscintigraphy had a good agreement grade with DCG in 
assessing the presence of obstruction and detecting its location 
or level in patients with PANDO. There was no side effect found 
on the dacryoscintigraphy examination. Dacryoscintigraphy and 
DCG examinations had a similar convenience level although DCG 
was considered more painful during the examination.
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Abstract

Background: This study aimed to investigate the relationship between patterns of reduced cerebral blood flow (CBF) evaluated 
by means of 123I-N-isopropyl-p-iodoamphetamine ([123I]IMP) scintigraphy and nonmotor symptoms in new-onset Lewy body 
disease (Parkinson’s disease and dementia with Lewy bodies [DLB]).

Material and methods: Twenty-four patients diagnosed with new-onset Parkinson’s disease or DLB underwent [123I]IMP CBF 
scintigraphy at St. Marianna Medical University Hospital between January 1, 2010, and March 30, 2018. The reductions in CBF 
in various brain regions were analyzed using the three-dimensional stereotactic surface projection method and were compared 
to standard database values, yielding extent values (%). The extent values were evaluated in relation to the presence/absence 
of motor or nonmotor symptoms such as visual hallucinations, auditory hallucinations, delirium, depression, delusions, and 
dementia.

Results: The extent value was 100% in the angular, supramarginal, and lingual gyri; 95% in the orbital gyri; and 92.6% in the 
fusiform gyri. The extent value in patients without hallucinations and those with visual hallucinations was 41.2% and 54.3%, 
respectively, in the frontal lobe (p = 0.02) and 33.3% and 51.0%, respectively, in the medial prefrontal gyri (p = 0.02). Age-ad-
justed multivariate analysis showed that extent values in the frontal lobe were associated with visual hallucinations (odds ratio: 
1.09, 95% confidence interval 1.00–1.18, p = 0.04).

Conclusions: The above results show that the CBF is reduced in several areas of the cerebral cortex and suggest an association 
between reduced blood flow in the frontal lobe and the appearance of visual hallucinations in patients with new-onset DLB.

KEY words: hallucinations; dementia with Lewy bodies; radionuclide imaging
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Introduction

Lewy body disease, an umbrella term encompassing Par-
kinson’s disease (PD) and dementia with Lewy bodies (DLB), 
is reported to occur in about 1 in 1000 adults [1]. This disease 

develops owing to the deposition of alpha-synuclein aggregates, 
called Lewy bodies, in the brain, resulting in neuronal damage. In 
PD, Lewy body deposits are limited to the brain stem, whereas in 
DLB, the deposits extend to the cerebral cortex, subcortex, and 
peripheral neurons [2,3]. Between 8% and 40% of patients with PD 
experience visual hallucinations during the course of the disease [4].

18Fluorine-labeled fluorodeoxyglucose positron emission to-
mography ([18F]FDG PET) is widely used to diagnose functional 
cognitive impairment and has been reported to be useful for the 
diagnosis of visual hallucinations associated with DLB [5]. However, 
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in Japan, [18F]FDG PET is not routinely used to diagnose Lewy 
body disease or Alzheimer’s disease. Instead, these are commonly 
diagnosed by means of cerebral blood flow (CBF) scintigraphy [6]. 
The extent of CBF reduction associated with PD has been shown 
to differ between Hoehn and Yahr (H&Y) stages [7]. In addition, 
both patients with Alzheimer’s disease and those with DLB exhibit 
reduced [18F]FDG metabolism in the temporoparietal junction, 
posterior cingulate gyri, precuneus, and medial occipital lobe [8]. 
The cingulate island sign is useful for distinguishing DLB from 
Alzheimer’s disease on [18F]FDG PET [6] and has been shown to 
be an excellent discriminator between Alzheimer’s disease and DLB 
when assessed using 99mTc-L-ethyl cysteinate dimer CBF scintigra-
phy and the easy Z-score imaging system (eZIS; FUJIFILM Toyama 
Chemical Co., Ltd, Tokyo) analysis software [9].

[123I]IMP scintigraphy is used for CBF evaluation. Three-dimen-
sional stereotactic surface projection (3D-SSP) is commonly used to 
improve the diagnostic accuracy of PET and single-photon emission 
computed tomography (SPECT) [10]. In a previous study incorpo-
rating 3D-SSP, CBF values obtained from [123I]IMP scintigraphy were 
compared statistically to those from a normal database and those 
from a CT-based attenuation correction normal database [11]. The 
cerebral metabolic changes associated with PD and those asso-
ciated with Alzheimer’s disease can be distinguished by means of 
3D-SSP [12]. However, few studies have examined the relationship 
between nonmotor symptoms and CBF in patients with new-onset 
Lewy body disease. In addition, reports on CBF reductions related 
to dementia associated with PD and DLB are scarce. Moreover, 
there have been few attempts to quantify CBF in patients with PD 
dementia and in those with DLB.

In this study, we examined the patterns of CBF reduction in 
patients with new-onset Lewy body disease by using [123I]IMP 
scintigraphy and compared the findings based on the presence 
or absence of motor and nonmotor symptoms.

Material and methods

Ethical considerations
This retrospective study was approved by the Ethics Commit-

tee of St. Marianna Medical University Hospital, Kawasaki, Japan 
(approval no. 4019). Patients were given the opportunity to opt out 
through the hospital website and in the hospital.

Patients
Image interpretation terminals and electronic medical re-

cords were searched for patients diagnosed with new-onset PD 
or new-onset DLB who underwent [123I]IMP CBF scintigraphy at St. 
Marianna Medical University Hospital between January 1, 2010, 
and March 30, 2018.

All patients were evaluated by neurologists and psychiatrists. 
PD was diagnosed on the basis of the UK Parkinson’s Disease So-
ciety’s Brain Bank diagnostic criteria [13], and DLB was diagnosed 
according to the clinical diagnostic criteria proposed by McKeith et 
al. [14]. Nonmotor symptoms were diagnosed on the basis of the 
Unified Parkinson’s Disease Rating Scale, Part 1, items 1, 2, and 3 
(with a score above 1 indicating the presence of symptoms) [15].

At the time of [123I]IMP CBF scintigraphy, 16 of the 24 pa-
tients included in the study were being treated with levodopa 

and carbidopa hydrate in combination (n = 9), levodopa (n = 2), 
ropinirole hydrochloride (n = 2), selegiline (n = 1), or donepezil 
hydrochloride (n = 2).

CBF scintigraphy and 3D-SSP imaging
Immediately after injection of 111 MBq [123I]IMP (Nihon Me-

di-Physics Co., Tokyo, Japan), SPECT was performed with a triple 
detector system (GCA-9300, Canon Medical Systems, Ohtawara, 
Japan) equipped with a fan-beam collimator. Image reconstruc-
tion was performed with a ramp filter and Fourier back projection. 
The [123I]IMP scintigraphy CBF values were compared to normal 
CBF values derived from 3D-SSP images. The 3D-SSP database 
was derived from 34 volunteers (17 men and 17 women, aged 
61.7 ± 8.0 years).

We calculated the CBF reductions in various brain regions by 
comparing CBF values obtained in our patients against normal 
reference values. The CBF reduction was calculated as follows: 
number of pixels exceeding the threshold number in a region/num-
ber of pixels in that region. The threshold values were considered 
abnormal when the Z-score (Z-score = [normal group mean voxel 
— case voxel]/[normal group standard deviation]) was greater than 
2, which is quite close to the commonly used threshold value of 1.96 
[16]. When differences were observed between the left and right 
cerebral hemispheres, the larger value was selected for analysis.

Data and statistical analyses
For the purpose of the study, we compared the extent values of 

each brain region between patients with PD and those with DLB. We 
also compared the extent values within each brain region in relation 
to the presence vs absence of nonmotor symptoms, such as visual 
hallucinations, auditory hallucinations, delirium, depression, delu-
sions, and dementia, and in relation to the presence vs absence 
of motor symptoms, such as rigidity, tremors, abnormal postural 
reflex, hypokinesia, mask-like facies, and short-stepped gait.

Median values were calculated, and between-group differenc-
es were analyzed by means of a Mann–Whitney U test. Univariate 
and multivariate analyses were conducted to identify factors as-
sociated with visual hallucinations. All analyses were performed 
with EZR, a statistical analysis software program developed at 
Jichi Medical University’s Saitama Medical Center (Jichi Medical 
University’s Omiya Hospital). P-values < 0.05 were considered 
statistically significant.

Results

Clinical characteristics of the study patients are summarized in 
Table 1. The total group comprised 14 men and 10 women, aged 
41–86 years (median, 75 years), with new-onset PD (n = 15) or 
new-onset DLB (n = 9). Patient distribution according to the H&Y 
stages was as follows: stage I, n = 3; stage II, n = 6; stage III, 
n = 11; and stage IV, n = 4. Motor symptoms were noted in the 
following proportions of the study cohort: rigidity, 58.8%; tremors, 
50.0%; abnormal postural reflex, 12.5%; hypokinesia, 8.3%; mask-
like facies, 54.1%; and short-stepped gait, 45.8%. Nonmotor symp-
toms were noted in the following proportions of the study cohort: 
visual hallucination, 25%; auditory hallucinations, 4.1%; delirium, 
12.3%; depression, 16.4% 1 patient had a past history and received 
therapy; delusions, 8.2%; and dementia, 71%.
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The extent values per lobe and per respective gyri for the total 
patient group are summarized in Table 2. Of the four cerebral 
lobes, the occipital lobe showed the greatest CBF reduction (at 
89.6 ± 18.1%). Among the cerebral gyri, the angular (98.9 ± 4.23%), 
supramarginal (98.8 ± 4.00%), and lingual gyri (91.9 ± 15%) 
showed the greatest extent values, with all three values reflective 
of a mean decrease in the extent values of 90% or more. The distri-
bution of notable extent values in the occipital lobe in patients with 
PD and those with DLB is shown in Figure 1. The extent value in 
the occipital lobe was significantly greater in patients with DLB 
than in those with PD (99.9% vs 91.5%; p = 0.01; Figure 1 — left 
panel). Additionally, compared to patients with PD, patients with 
DLB had significantly greater extent values in the posterior cingulate 
cortex (77.3% vs 32.7%; p < 0.01; Figure 1 — middle panel) and 
precuneus (74.8% vs 59.5%; p = 0.03; Figure 1 — right panel). 

There were no significant differences in the extent values in other 
brain regions according to the presence or absence of the following 
nonmotor symptoms: auditory hallucinations, delirium, depression, 
delusions, and dementia.

The distribution of notable extent values in patients with and 
without visual hallucinations is shown in Figure 2. The prevalence 
of visual hallucinations was 0% among patients with PD (0/15) and 
66.7% among those with DLB (6/9). In the frontal lobe, the extent 
value was 41.2% in patients without visual hallucinations and 54.3% 
in patients with visual hallucinations (p = 0.02; Figure 2 — left 
panel). In the medial frontal gyrus, the extent value was 33.3% in 
patients without visual hallucinations and 51.0% in patients with 
visual hallucinations (p = 0.02; Figure 2 — right panel). More spe-
cifically, in the right medial frontal gyrus, the extent value was 27.2% 
and 48.4% in patients without and with visual hallucinations, 
respectively (p = 0.01); in the left medial frontal gyrus, the extent 
value was 28.1% and 51.0% in patients without and with visual 
hallucinations, respectively (p = 0.01). No significant difference 
in the extent values in any other brain region was found between 
patients without and with visual hallucinations.

In quantifying the relationship between extent values and 
visual hallucinations, both univariate and age-adjusted multivariate 
analyses (stepwise regression) showed reduced CBF in the fron-
tal lobe to be statistically significant (odds ratio [OR]: 1.09, 95% 
confidence interval [CI] 1.00–1.18; p = 0.04; Table 3). Age, sex, 
H&Y stage, presence of PD vs that of DLB, and use of cholinest-
erase inhibitors or anti-Parkinson agents were not associated with 
visual hallucinations. Moreover, both univariate and age-adjusted 
multivariate analyses (stepwise regression) showed reduced CBF 
in the right, left, or both frontal lobes specifically and in the medial 
frontal gyri (right, left, or both specifically), with that in the right frontal 
lobe being statistically significant (OR: 1.09, 95% CI 1.01–1.18, 
p = 0.04; Table 4).

Discussion

In this study, we examined the patterns of CBF reduction in 
patients with new-onset Lewy body disease and compared the 
findings based on the presence or absence of motor and nonmotor 

Table 1. Patient clinical characteristics (n = 24)

Age (median [range]; years) 75 [41–86]

Sex ratio (male/female) 14/10

Parkinson disease/Lewy body dementia 15/9

Hoehn and Yahr stage I/II//III/IV 3/6/11/4

Motor symptoms

Rigidity (%) 58.8

Tremors (%) 50.0

Abnormal postural reflex (%) 12.5

Hypokinesia (%) 8.3

Mask-like facies (%) 54.1

Short-stepped gait (%) 45.8

Nonmotor symptoms

Visual hallucinations (%) 25

Auditory hallucinations (%) 4.1

Delirium (%) 12.3

Depression (%) (1 patient had a history of 

depression)

16.4

Delusions (%) 8.2

Dementia (%) 71
Data are presented as numbers or percentages, unless otherwise indicated

Figure 1. Box and whisker plots of the extent values for patients with Parkinson disease and patients with Lewy body disease
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symptoms. Our results showed that the CBF is reduced in several 
areas of the cerebral cortex in these patients. Furthermore, our 
findings suggest an association between reduced blood flow in 
the frontal lobe and the appearance of visual hallucinations in 
patients with new-onset Lewy body disease.

There have been several reports on CBF scintigraphy in pa-
tients with PD and those with DLB. Patients with H&Y stages I–II 
disease were found to exhibit reduced CBF in the gray matter 
(reduced diffusion), hippocampus, and right temporal lobe inferior 
horn, whereas those with H&Y stages III–IV disease were found to 
exhibit reduced CBF in the cerebrum overall and relatively increased 
CBF in the left and right thalamus, globus pallidus, hippocam-
pus, dentate nucleus, and right insular cortex [7]. DLB has been 
shown to be characterized by reduced [18F]FDG metabolism in the 
temporoparietooccipital lobe [8]. Patients with DLB, compared to 
patients with Alzheimer’s disease, exhibit more prominently reduced 
CBF in the two occipital lobes and in the left temporal lobe [17]. 
Patients with DLB exhibit what appears to be decreased CBF in the 

Figure 2. Box and whisker plots of the extent values in the frontal lobe and medial frontal lobe for patients with and without visual hallucinations

Table 2. Extent values per lobe and respective gyri

Extent Value (%)

Frontal lobe 45.4 ± 18.1

Orbital gyri 71.8 ± 39.1

Gyri recti 51.9 ± 33.3

Parietal lobe 64.3 ± 17.4

Angular gyri 98.9 ± 4.23

Precuneus 58.6 ± 25.6

Supramarginal gyri 98.8 ± 4.00

Temporal lobe 80.2 ± 18.0

Fusiform gyri 84.5 ± 16.0

Occipital lobe 89.6 ± 18.1

Lingual gyri 91.9 ± 15.1

Anterior cingulate gyri 35.2 ± 29.6

Posterior cingulate gyri 47.1 ± 26.8
Data are presented as mean ± standard deviation

Table 3. Results of univariate and multivariate analyses (stepwise regression) for identification of factors associated with visual hallucinations

Univariate Analysis Multivariate Analysis

Factor OR 95% CI p value OR 95% CI p value

Age 1.32 1.02–1.72 0.03 1.47 0.99–2.19 0.06

Sex 1.57 0.25–10.1 0.63

H&Y stage (0–II vs III–IV) 0.50 0.08–3.27 0.47

Use of a cholinesterase inhibitor or anti-Parkinson agent 0.14 0.02–1.09 0.06

PD or DLB NA NA NA

Frontal lobe 1.07 0.99–1.15 0.06 1.09 1.00–1.18 0.04

Parietal lobe 1.07 0.99–1.16 0.08

Temporal lobe 0.97 0.93–1.02 0.27

Occipital lobe 1.68 0.68–4.13 0.26      
CI — confidence interval; H&Y— Hoehn and Yahr; LBD — Lewy body disease; NA — not available; OR — odds ratio; PD — Parkinson’s disease
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occipital lobe [18] and reduced CBF in the occipital lobe, along with 
a relative increase in CBF in the deep white matter [19]. However, 
the actual CBF varies from reduced to normal in the frontal, pari-
etal, temporal, and occipital lobes and in the basal ganglia [20]. In 
this study, we found reduced CBF in the orbital gyri, an area where 
reduced CBF has been found to correlate with the severity of Alzheim-
er’s disease [21], which is thought to be related to Yakovlev’s circuit 
involving the amygdala-thalamus-orbital gyri-anterior temporal 
lobe areas [21, 22]. In addition, there is some supporting evidence 
that the volume of the medial temporal lobe is better maintained in 
patients with Lewy body disease than in those with Alzheimer’s dis-
ease [14]. A statistical parametric mapping analysis found reduced 
CBF in the supplementary motor area and showed that the CBF in 
the dorsolateral premotor cortex decreases as the severity of the 
disease [20]. The differences between these studies are thought to 
be due to non-uniform areas of functional decline, owing to differing 
assessment methods and differing disease-progression patterns in 
the selected cases. Although various tracers have been developed for 
PD and DLB, tracers that specifically bind to alpha-synuclein protein 
aggregates could help clarify the pathologies of these conditions and 
provide data for assessing treatments and prognosis.

A greater distribution of Lewy bodies in the temporal lobes is as-
sociated with a higher frequency of visual hallucinations [23]. Patho-
logical examination of the brains of deceased patients with PD or 
DLB and of those who experienced visual hallucinations has shown 
the presence of large numbers of Lewy bodies in areas of the tem-
poral lobe, such as the amygdala and parahippocampal gyri [23]. 
Furthermore, the presence of many Lewy bodies has been noted 
in the middle frontal, middle temporal gyri, transentorhinal, and 
anterior cingulate cortices of patients with visual hallucinations [24].

Moreover, visual hallucinations in patients with DLB have been 
linked to reduced CBF in the left ventral occipital gyrus and bilateral 
parietal areas [25]. In our study, compared to patients who did not 
experience visual hallucinations, patients with new-onset Lewy body 
disease who experienced visual hallucinations exhibited significant-
ly lower CBF in the frontal lobe. In addition, the frontal lobe CBF 
was significantly lower in the medial prefrontal gyri in patients with 
visual hallucinations than in those without visual hallucinations, for 
reasons that are yet unclear. Reduced CBF affected the occipital 
lobe, temporal lobe, parietal lobe, and frontal lobe, in that order. 
These findings together with the link between Lewy bodies and 

visual hallucinations suggest that the presence of a large number 
of Lewy bodies in the frontal lobes may indirectly reflect the re-
duced frontal lobe CBF in patients with visual hallucinations. The 
appearance of visual hallucinations may be affected by reduced 
nerve function, not only in the occipital lobe but also in a wide area 
extending to the medial frontal area. The relationship between the 
reduced CBF in anterior brain regions and the higher brain dysfunc-
tion associated with these anterior regions needs to be clarified and 
the pathology of nerve fiber routes should be explored.

Z-scores used in this study were based on normal database 
values. The utility of Z-scores for 23I-IMP SPECT imaging in the dif-
ferentiation between Alzheimer’s disease (AD) and DLB and other 
dementia and degenerative changes has been reported [26]. Fur-
thermore, in cases of Alzheimer’s dementia, Z-scores were shown 
to correlate inversely with the Mini-Mental State Examination and the 
Clinical Global Impression-Severity Illness scores [27]. Therefore, 
we believe our data are clinically meaningful.

Visual hallucinations are present in a substantial proportion 
of patients with PD, reportedly affecting 15.8% to 74% of patients, 
including some with recent-onset PD [28–30]. Notably, the fre-
quency of visual hallucinations was reported to be 44.4% in DLB 
[31]. The occurrence of visual hallucinations among patients with 
DLB is marked and outweighs that among patients with PD (62.5% 
vs 20.0%) [32]. In a recent meta-analysis, the pooled prevalence 
of visual hallucinations was shown to be 28.2% and 61.8% among 
patients with PD and those with DLB, respectively [33]. Thus, the 
extreme difference in the prevalence of visual hallucinations be-
tween our study patients with PD and those with DLB is not unusual. 
As visual hallucinations can appear early in patients with PD, the 
occurrence of visual hallucinations is not relied upon for a differential 
diagnosis of DLB (vs PD). Nuclear imaging, however, appears to 
be reliable for distinguishing between the two diseases.

Our study was limited in that it was a single-center study that includ-
ed a small number of patients. In addition, the disease had reached 
H&Y stage III or IV in some patients by the time of the scintigraphic 
examination, despite the study only including patients with new-onset 
Lewy body disease. Some of the patients were older adults, and the 
ability of these patients to perform activities of daily living was indeed 
impaired. Despite the mixed study group, our study showed that 
reduced CBF is observed in cases of DLB and in patients suffering 
hallucinations, regardless of the H&Y stage. The manifestations of 

Table 4. Results of the univariate and multivariate analyses (stepwise regression) for visual hallucinations related to the frontal lobe (right, left, both) 
and medial frontal gyri (right, left, both)

  Univariate analysis Multivariate analysis

Factor OR 95% CI p value OR 95% CI p value

Age 1.52 0.98–2.32 0.05

Frontal lobe (right) 1.06 1.00–1.13 0.07 1.09 1.01–1.18 0.04

Age 1.41 0.95–2.05 0.08

Frontal lobe (left) 1.11 1.00–1.22 0.05 1.11 0.99–1.26 0.07

Age 1.48 1.01–2.15 0.04

Medial frontal gyri 1.05 1.00–1.09 0.05 1.07 0.99–1.15 0.06
CI — confidence interval; OR — odds ratio
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Lewy body disease vary depending on the version of the disease. 
There is the presence of heterogeneity and some subgroup variation 
in early-stage PD [34]. Multicenter prospective studies with larger 
numbers of patients are needed to confirm our findings.

Conclusions

In conclusion, the results of our study showed that the CBF 
is reduced in several areas of the cerebral cortex and suggest 
an association between reduced blood flow in the frontal lobe and 
the appearance of visual hallucinations in patients with new-onset 
Lewy body disease.
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Abstract

Background: Aim of this study was to evaluate the rate of incidental detection of second primary cancer (SPC) at 18F-fluoro-
choline ([18F]FCH) positron emission tomography/computed tomography (PET/CT) performed in prostate cancer patients.

Material and methods: A retrospective analysis was performed on a group of 1345 prostate cancer patients, who underwent 
[18F]FCH PET/CT study because of suspicion of recurrence (n = 937) or for initial staging (n = 408). Images were acquired 
after intravenous injection [18F]FCH with a mean activity of 200 ± 75 MBq (5.4 ± 2 mCi), from the top of the head to the half of 
the thigh. The confirmation of second primary cancer was obtained from the cancer registry.

Results: Based on the [18F]FCH PET/CT scans, a second primary cancer was suspected in 89 patients (6.6%). Of these, a ma-
lignancy was histologically confirmed in 26 patients (29% of all suspected findings and 1.9% of the complete cohort). Lung 
cancer (including adenocarcinoma, neuroendocrine cancer) was diagnosed in 13 patients (50%) and hematologic neoplasm 
(including chronic lymphocytic leukemia, Hodgkin lymphoma, follicular lymphoma, and multiple myeloma) in 5 patients (19%). 
18F-fluorocholine PET/CT also revealed esophageal cancer, mesothelioma, testicular, renal, bladder, and colorectal cancer in 
individual patients, non-keratinizing squamous cell carcinoma (SCC) of the skin as well as head and neck SCC with unknown 
primary.

Conclusion: We conclude that incidental detection of a second primary cancer in prostate cancer patients using [18F]FCH 
PET/CT is not very common and that lung cancer and hematologic malignancies are most frequently detected.
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Introduction

Prostate cancer (PCa) ranks 2nd in incidence and 5th in mortality 
in men worldwide, accounting for 1.3 million newly diagnosed cas-
es and 359.00 deaths per annum [1]. The term ‘second primary can-
cer’ (SPC) is used to describe a malignancy that appears unrelated 
to treated or untreated primary malignancy and that might occur 
months or years after primary diagnosis. In general, SPC is seen 
in ca. 15% of cancer patients, leading to increased morbidity and 
mortality. When suspicion of an SPC is raised, the metastasis of the 
first primary malignancy should be excluded at first [2, 3].

Standard positron emission tomography/computed tomog-
raphy (PET/CT) examination with 18F-Fluorodeoxyglucose ([18F]
FDG) has a limited value in the diagnosis of prostate cancer and, 
for this reason, some other radiopharmaceuticals, including trac-
ers based on the metabolism of choline are used, e.g. 11C-choline 
or 18F-fluorocholine [4–6]. Radiolabelled choline accumulation in 
prostate cancer can be observed because of its integration into 
membranes of the proliferating tumor cells [7]. PET/CT with the 
radiolabeled choline plays an important role in the initial staging, 
evaluation of recurrence, and dissemination of prostate cancer 
[8–11]. The detection of SPC is clinically relevant since comor-
bidities, including concomitant malignancies, may pose a clinical 
problem in men with prostate cancer.

The aim of this study was to evaluate the rate of incidental 
detection of a second primary cancer at [18F]FCH PET/CT in pa-
tients with prostate cancer.

Material and methods

The retrospective, multicenter analysis was performed in 1345 
prostate cancer patients, who underwent standard [18F]FCH PET/CT 
examination in three nuclear medicine departments between May 
2009 and October 2019 because of the suspicion of recurrence 
(n = 937) or for the initial staging (n = 408). The images were ac-
quired from skull vertex to mid-thigh 45–60 min after IV injection of 
200 ± 75 MBq (5.4 ± 2 mCi) of [18F]FCH. All patients fasted for 6 h 
before examination and they gave their written informed consent. 
The images were acquired with different scanners depending on 
the study site: Gemini TF 16 (Philips), Discovery ST or Discovery 
IQ (GE Healthcare), Biograph mCT S(64)-4R (Siemens). All PET/CT 
images were fused and viewed using a dedicated workstation in 
sagittal, coronal, and transverse planes.

The inclusion criteria for SPC included unspecific [18F]FCH 
uptake, not related to patients’ previous clinical history. From the 
selected group of suspected SPC, [18F]FCH PET images, as well 
as reports, were re-reviewed for the independent nuclear medicine 
specialists, and the confirmation of SPC was obtained from the 
histopathological examination of the suspected lesions. The final 
SPC diagnosis was retrieved from the local and national cancer 
registries and was defined using the Warren and Gates’ criteria [12].

Results

Based on the [18F]FCH PET/CT scans, an SPC was suspected 
in 89 patients (6.6%) from the whole analyzed group. Of these, 
a malignancy was confirmed in 26 patients (29.2% of all suspected 
findings and 1.9% of the complete cohort). Most of the patients were 

referred to [18F]FCH PET/CT examination for suspicion of recur-
rence (n = 21 patients) and only 5 of them for initial staging. The 
characteristics of patients with confirmed SPC are shown in Table 1.

The most common SPC was lung cancer (including adeno-
carcinoma, neuroendocrine cancer), which was diagnosed in 
13 patients (50%), and hematologic malignancy (including chronic 
lymphocytic leukemia, Hodgkin lymphoma, follicular lymphoma, 
and multiple myeloma diagnosed in 5 patients (19.2%) (Fig. 1). 
18F-fluorocholine PET/CT also revealed a low-differentiated adeno-
carcinoma of the esophagus, mesothelioma, a testicular seminoma 
(Fig. 2), renal cancer, a bladder and colorectal cancer in individual 
patients. Furthermore, a non-keratinizing squamous cell carcinoma 
(SCC) of the skin was diagnosed in one patient. In another patient, 
[18F]FCH PET/CT showed increased uptake in cervical lymph 
nodes that were histologically verified as SCC metastases and 
the primary malignancy remained undetected (cancer of unknown 
primary syndrome). All patients with confirmed SPC underwent 
treatment first for SPC (because in most cases it was more ag-
gressive) and only in a patient with chronic lymphocytic leukemia, 
first, the progression of PCa was treated.

Discussion

Second primary cancers are relatively rare, reported in a wide 
range of 0.4–17% of PET/CT scans [13–20]. The detection of SPC 
has been more frequently reported for PET/CT scans using [18F]
FDG than using [18F]FCH. A quite high number of SPC is found in 
patients with head and neck cancer, lymphoma, and gynecological 
malignancies [13–20]. The risk of development of any SPC increas-
es with time from initial cancer diagnosis [21]. Detection of SPC in 
prostate cancer patients using a tracer other than [18F]FDG is very 
rare, with a frequency of 1.54–13%, with the specificity of 47–90% 
and sensitivity of 84–100% [22, 23], however, several authors found 
an SPC in [18F]FCH PET/CT study (Tab. 2) with SUVmax value for SPC 
ranged from 2.7–15.

To our knowledge, this is the largest cohort of [18F]FCH PET/CT 
scans reviewed retrospectively for the detection of SPC. A confirmed 
synchronous malignancy was detected in 1.9% of patients, but 
potentially malignant findings were much more frequent, account-
ing for as much as 6.6% of all scans, suggesting a relatively low 
specificity of this imaging modality.

Other authors reported an incidental uptake of [18F]FCH in 
the head and neck of patients with prostate cancer. An incidental 
uptake of [18F]FCH in the head and neck region was found in 
8 patients examined for prostate cancer staging or restaging [27]. 
However, only in two cases, malignancy was proven histologically, 
in other cases the increased uptake was associated with a benign 
finding. In our study, one patient showed enlarged cervical lymph 
nodes with elevated uptake of [18F]FCH (SUVmax 1.8) and after further 
work-up, the SCC with unknown primary malignancy was diag-
nosed. Calabria et al. reported [18F]FCH-positive findings unrelated 
to PCa in 48 out of 300 patients (16%), but only a few of them were 
finally confirmed as malignant diseases (colorectal cancer, multiple 
myeloma, and bladder cancer) [28].

Pieterman et al. compared 11C-choline and [18F]FDG in the 
diagnosis of primary lung cancer and reported no significant dif-
ferences between these two tracers, however, [18F]FDG was more 
accurate in the detection of nodal involvement than 11C-choline [29]. 
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Table 1. Characteristics of patients with a second primary cancer detected in 18F-fluorocholine

N0 Age Indication to [18F]FCH 
PET/CT 

PSA (ng/mL) Second primary cancer SUVmax of the second 
primary cancer

1 56 PCa recurrence 0.426 Lung adenocarcinoma 2.3

2 75 PCa recurrence 4.23 Lung adenocarcinoma 8.2

3 61 PCa recurrence 6.37 Lung adenocarcinoma 2.5

4 63 PCa recurrence 0.54 Neuroendocrine lung cancer 2.4

5 80 PCa staging  n/a Lung adenocarcinoma 4.6

6 65 PCa staging 10.4 Chronic lymphocytic leukemia 3.8

7 56 PCa recurrence 0.01 Hodgkin lymphoma 4.7

8 75 PCa recurrence 2.6 Testicular seminoma 5.3

9 72 PCa recurrence 0.003 Colorectal cancer 5.7

10 63 PCa recurrence 3.76 Solid lung cancer 2.6

11 65 PCa recurrence 47.58 Adenocarcinoma of the esophagus 7.7

12 78 PCa recurrence 30.0 Multiple myeloma 3.4

13 71 PCa recurrence 11.68 Clear cell renal cancer 4.9

14 71 PCa staging 20.0 Follicular lymphoma 4.5

15 75 PCa recurrence 0.06 Lung adenocarcinoma 5.1

16 63 PCa staging 7.29 Lung adenocarcinoma 4.8

17 75 PCa recurrence  n/a Lung adenocarcinoma 1.2

18 59 PCa staging 3.65 Lung adenocarcinoma 3.2

19 74 PCa recurrence 0.3 Mesothelioma 5.4

20 79 PCa recurrence 5.74 Bladder cancer 11.0

21 67 PCa recurrence 10.78 Lung adenocarcinoma 2.2

22 69 PCa recurrence 0.08 Non-keratinizing cutaneous SCC 4.1

23 65 PCa recurrence 9.47 Chronic lymphocytic leukemia 3.3

24 75 PCa recurrence 0.57 Lung adenocarcinoma 6.0

25 86 PCa recurrence 2.53 Lung adenocarcinoma 1.8

26 73 PCa recurrence 1.06 SCC with unknown primary malignancy 1.8

n/a — not available; PCa — prostate cancer; SCC — squamous cell carcinoma; SUVmax —maximum standardized uptake value

Figure 1. 78-year-old man with PCa, PSA 30.0 [ng/ml] and synchronous multiple myeloma. A — PET/CT fusion without increased [18F]FCH uptake 
in the skull but with osteolytic lesions in CT. B — CT showing osteolytic lesions of the multiple myeloma in the skull. C — PET/CT fusion image with 
extensive prostate metastases in the right iliac bone. D — CT with bone remodeling as a result of metastatic changes 
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It is well-known that [18F]FCH PET/CT shows optimal diagnostic 
accuracy when used in patients with relatively high concentra-
tions of prostate-specific antigen (PSA), at least above 1.0 ng/mL 
[30]. As shown in Table 1, there were several patients who were 
reported to PET/CT despite PSA levels below that cut-off value. 
The retrospective analysis of these cases showed that clinical de-
terioration rather than PSA concentration was a major indication to 
PET/CT. The clinical symptoms, like loss of weight or dyspnea, had 
driven the diagnostic process to the exclusion of PCa progression 
before initiating further symptom-oriented diagnosis. In general, 
patients with low PSA concentrations would benefit more from [68Ga]
Ga-PSMA PET/CT — a radiopharmaceutical known for its higher 
sensitivity in the detection of PCa relapse in the presence of lower 

cancer burden [30], however, due to better local availability [18F]
FCH PET/CT was applied instead. Although, as expected, the scan 
was negative with respect to the PCa in all cases with PSA < 1.0 
ng/mL, the patients benefited from the earlier detection of the sec-
ond primary malignancies, so that an adequate treatment could 
be initiated immediately.

Our retrospective study has several drawbacks. The study 
group was not homogenous from the technical point of view, 
since images were obtained using four different PET/CT scan-
ners in three centers over a long period of 10 years. Although all 
the scanners were equipped with 16-slice CT and the imaging 
parameters were similar, the impact of differences in qualitative 
parameters on the diagnostic accuracy cannot be excluded. On the 

Table 2. Second primary cancers detected at 18F-fluorocholine positron emission tomography/computed tomography (PET/CT) in patients with 
biochemical prostate cancer recurrence — overview of the literature

Author PCa treatment (s) Age PSA  
(ng/mL)

Second primary cancer histology Second primary cancer treatment

Sollini M. et al. [24] RP (2004) + ADT

RP (1998) + salvage EBRT (2009)

EBRT (1996)

RP (2003)

EBRT (2003) + ADT

RP (2012)

RP (2012) + ADT

72

71

80

80

71

74

80

0.11

0.08

2.62

8.77

3.16

1.4

0.3

NSCLC — Adenocarcinoma

NSCLC — n/a

NSCLC — n/a

Melanoma — Melanoma metastases

NSCLC — n/a

NSCLC — n/a

Colorectal cancer — n/a

CHT + palliative EBRT

CHT

patient refused any treatment

excision of melanoma metastases

lung lobectomy + salvage EBRT

lung lobectomy + salvage EBRT

anterior resection of rectum + ADT

Buroni F. et al. [25] BRT 71 2.86 DLBCL CHT

Tuscano et al. [26] n/a 66 5.2 posterior wall of sigmoid colon 

— mucinous adenocarcinoma

surgical resection

RP — radical prostatectomy; BRT — brachytherapy; ADT — androgen deprivation therapy; EBRT — external beam radiation therapy; DLBCL — Diffuse Large B Cell 

Lymphoma; CHT — chemotherapy; NSCLC — non-small-cell lung cancer; n/a — not available

Figure 2. 75-year-old man with PCa, T-PSA 2.6 [ng/ml] and synchronous testicular seminoma. A — MIP image without typical metastatic changes 
of PCa. B — increased [18F]FCH uptake in the right testicle. C — hypoechogenic mass with increased vascularity in the ultrasound, typical for 
seminoma
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other hand, it would not be possible to collect such a large study 
cohort on the basis of experience gathered in one center only or 
a shorter interval. Our analysis was limited to the histopathologically 
confirmed malignancies, reported to the cancer registers. Positively 
verified lesions accounted for 29% of all suspected lesions, but we 
have to keep in mind that this number might be underestimated. 
It cannot be excluded that some cases were lost to analysis if the 
findings reported in [18F]FCH PET/CT were not subjected to further 
verification due to the patient’s refusal or poor clinical condition that 
led to disqualification from invasive diagnostic procedures. Con-
versely, we did not analyze benign findings (false-positive results), 
so that adequate statistical analysis of the diagnostic accuracy of 
this method could not be performed and this will be considered 
in our next paper.

Conclusions

The study showed that incidental detection of a second primary 
cancer in prostate cancer patients using [18F]FCH PET/CT is not 
very common and that lung cancer and hematologic malignan-
cies belong to the most frequent cancers detected. Therefore, 
each unusual radiotracer uptake that is unlikely to be related to 
prostate cancer should be verified with other methods, including 
histopathology.
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Abstract

Background: Since melatonin is a non-toxic compound with proven radioprotective effects, we aimed to investigate its efficacy 
in an in-vivo setting in hyperthyroid patients who are treated with iodine-131. This double-blind placebo-controlled study was 
conducted on hyperthyroid patients referred to nuclear medicine centers in Babol, Iran. We excluded patients suffering from 
hypertension treated with warfarin, autoimmune diseases, genetic diseases, cancers, smokers, chemical wounded, radiology 
and radiotherapy workers, and those who were treated with chemotherapy agents. Patients were randomly assigned to receive 
a capsule containing 300 mg of melatonin powder or a placebo. Just before receiving iodine-131, blood samples were taken 
from individuals. All 52 female patients received 10 to 20 mCi iodine-131 for treating hyperthyroidism. A second blood sample 
was taken one hour after the administration of iodine-131. 

Material and methods: To determine the chromosomal damages before and after receiving radioiodine, we performed the cy-
tokinesis-block micronucleus assay. Also, at phase 2, 6 months follow-up was performed, in which patients’ positive responses 
to treatment were compared.

Results: The findings of this study indicate that the difference in micronucleus formation between the placebo and melatonin 
groups is not significant. However, a significant difference in the 6 months follow-up revealed that 61.5% and 85.7% of patients 
had a positive response to treatment in the placebo and melatonin groups, respectively. 

Conclusions: As one of the first studies dealing with the human in-vivo assessment on the radioprotective effects of mela-
tonin, it was concluded that melatonin has a non-significant positive impact on reducing the rate of chromosomal damages 
in hyperthyroid patients treated with iodine-131. Nevertheless, the outcome of treatment was significantly higher by melatonin 
compared to the placebo group.
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Introduction

Iodine-131 therapy is widely used to treat hyperthyroidism, which 
has turned into the treatment of choice for reversible hyperthyroidism 
[1]. However, a recent increase has been reported in the overall 
incidence of cancer among patients with hyperthyroidism that had 
been treated with radioactive iodine [2]. Chromosomal damages in 
peripheral lymphocytes have also been reported in patients with 
Graves’ disease treated with iodine-131 [3]. Ionizing radiations inter-
act with biological systems and cause the formation of free radicals or 
production of reactive oxygen species (ROS), which attack different 
cellular components, including DNA, membrane proteins, and lipids, 
leading to severe cell damages [4]. The antioxidant defense system 
could control the influx of ROS, which involves enzymatic and non-en-
zymatic components. The antioxidant system consists of antioxidant 
molecules with low molecular weight, such as glutathione, melatonin, 
vitamin E, folic acid, and different antioxidant enzymes [5].

Since the cell damage caused by radiation has been primarily 
attributed to the harmful effects of free radicals, molecules with free 
radicals scavenging properties will be especially useful as a radi-
ation protector [6, 7]. Various radio-protectors have been made to 
increase the therapeutic index of ionizing radiation that selectively 
reduces the cytotoxic effects of normal tissues [8] However, most 
of them cause serious side effects, and some are toxic at doses re-
quired for radiation protector [9].

It has been shown that melatonin can be an immune-stimulant 
[10, 11] and an antioxidant [7, 12, 13]. Melatonin acts in a synergistic 
mechanism as a direct scavenger of free radicals (14) and an indi-
rect antioxidant through stimulating activities on the performance 
of antioxidant enzymes and by inhibitory activity on the function of 
pro-oxidant enzymes [6]. Also, due to its compact size and high 
lipophilic feature, melatonin easily passes through the membrane 
and reaches all cellular biological components [15]. The results of 
numerous studies suggest that acute and chronic toxicity due to 
melatonin is minimal [6, 7].

Chromosomal abnormalities can be assessed merely by exam-
ining the number of micronuclei [by Micronuclei (MN) method] in di-
viding cells that have been stopped in the cytokinesis phase, which 
is a numeric or structural index for chromosomal changes [16, 17]. 
Peripheral blood lymphocytes are circulating throughout the body, 
including the thyroid, which will experience in vivo chromosomal 
damages [18, 19]. Therefore, examining the micronuclei in the 
peripheral blood lymphocytes can be used as a real “biological 
dosimeter” for exposure to radiation of patients who receive radi-
ation therapy [20].

Although many in-vitro studies have shown that human blood 
lymphocytes treatment with melatonin can reduce the number of 
micronuclei induced by gamma radiation [6, 7], the effectiveness of 
this treatment as in-vivo is still being investigated.

Given the increasing use of radioactive iodine to treat hyperthy-
roidism, investigation to find a suitable radiation protector to reduce 
radiation-induced chromosomal damages in the body would be 
useful. Since melatonin is a non-toxic substance and has been prov-
en to have radioprotective effects, this study aimed to assess the 
radioprotective effect of melatonin against chromosomal damage 
caused by iodine therapy in peripheral blood lymphocytes using 
MN assay also a 6 months follow up was performed which patients’ 
response were compared.

Material and methods

Design
This double-blind placebo-controlled parallel study was con-

ducted on 60 women with equal randomization. We have used 
simple random allocation to distribute patients in groups to minimize 
selection bias, and the sequence generation or allocation conceal-
ment steps and the implementation step were done by different 
persons. Consent has been obtained from each patient after a full 
explanation of the purpose and nature of all procedures used. The 
mean age of participants was 46.01 ± 14.66 and diagnosed with 
hyperthyroidism who have been referred to 2 nuclear medicine 
centers (Beheshti and Alborz) in Babol, Iran, to be treated with 
iodine-131. The MN assay of samples was done in The Cellular and 
Molecular Biology Research Center, Babol University of Medical 
Sciences, Babol, Iran. The MN data of 8 participants were missed 
because their sample was destroyed and did not yield analysis. 
Finally, we had 52 patients, 24 in the placebo and 28 patients in 
the study groups for MN analysis. However, in 6 months follow 
up, the data of 54 patients have obtained which 26 of them 
were in placebo and 28 in the melatonin group. Individuals with 
hypertension and those treated with warfarin, those who have 
autoimmune diseases, genetic diseases and cancer, smokers, 
chemical wounded, radiology and radiotherapy workers, and those 
treated chemotherapy agents were excluded from the study. Before 
starting the study, informed consent was obtained from all partic-
ipants, which was set according to the guidelines by the National 
Committee for Ethics in biomedical research. This study has been 
registered in the Iranian Registry of Clinical Trials (IRCT); registry No: 
IRCT2014090419045N1, and we did not any important changes to 
methods after trial commencement. The investigation was approved 
by the Babol University of Medical Sciences ethical committee.

All patients using methimazole to control hyperthyroidism dis-
continued their medication seven days before radioiodine therapy. 
The initiation time for intervention in all patients was considered 
from 8 to 9 am.

Melatonin powder was prepared from Pure Bulk Company 
(USA) and was placed in a capsule under sterile conditions. A total 
of 30 capsules containing 300 mg of melatonin and 30 placebo 
capsules containing starch were prepared, and the capsules were 
blindly coded by an expert pharmacologist. One hour before the ad-
ministration of iodine-131, a capsule containing 300 mg of melatonin 
or placebo was administered orally to patients on a random basis. 
One hour later, immediately before administration of iodine-131, 
an initial blood sample as the T (1) was taken from patients, and the 
second blood sample as T (2) was taken one hour after receiving 
iodine-131. In this period, all patients were clinically monitored, and 
side effects known for melatonin such as a headache, dizziness, 
nausea, and lethargy were recorded, if occurred.

Outcomes
From each sample, 500 microliters of whole blood were added 

to 4.5 mL of the culture medium RPMI 1640 (Gibco, USA), which 
contained 10% fetal bovine serum, 0.1 mL/5 mL phytohemagglu-
tinin (Gibco, USA), antibiotics (penicillin 100 IU/mL, streptomycin 
100 μg/mL) and 2 mM glutamine (Sigma, USA). The cultures were 
placed in the incubator under 37 ± 1 °C and 5% CO2 condi-
tions. Cytochalasin B (Sigma, USA) at a concentration of 6 μg/mL 
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was added to the medium after 44 hours. After 72 hours of incu-
bation, the cells were isolated by centrifuging and re-suspended 
in the cold potassium chloride at a concentration of 0.075 M for 
8 minutes at 1500 g. Then, they were washed three times with the 
fixator solution (containing methanol and acetic acid at a ratio of 
1:5). The fixed cells were then spread on perfectly clean slides, 
dried for 24 hours at room temperature, and then stained by Giem-
sa (10%). The slides were examined with a magnification of 1 000 
times to count the number of micronuclei in binucleated cells fixed 
in cytokinesis that their cytoplasm had been preserved entirely. 
To be considered as a micronucleus, those with cell diameters of 
1/16 to 1/3 of the main cell nucleus, not connected to the main 
nucleus or had no overlapping, were counted. For each patient, 
1000 binucleated cells were counted in each of the samples T (1) 
and T (2), and the number of micronuclei was recorded.

Blood samples from 8 patients who participated in the study 
were destroyed in the process of cell culture or staining. Finally, the 
counting was done on blood samples from 52 patients.

Data analysis was performed by paired sample t-test com-
paring mean MN before and after iodine therapy within groups. 
Independent samples t-test was done for comparing the quantity 
of MN between two study and placebo groups, respectively. The p 
values lower than 5% were considered as significant for this study, 
and the results were presented at a 95% confidence interval.

The sample sizes of 23 in each group achieve 91.25% power 
to reject the null hypothesis of equal means when the population 
means the difference is μ1 – μ2 = 9.0 – 10.0 = –1.0 with a standard 
deviation for both groups of 1.0 and with an alpha of 0.05 using 
a two-sided two-sample equal-variance t-test. After the dropout rate 
of 20%, the inflated sample size was determined as 29 patients. 

As the second outcome, the patients were followed up by 
an endocrinologist 6 months after treatment, and the response to 
treatment was assessed among them. Patients with euthyroidism 
or hypothyroidism state were considered as a positive response 
to treatment, and those with hyperthyroidism were considered 
as treatment failure. 

Results

From 60 included patients, the MN data of 8 participants were 
missed because their sample was destroyed and did not yield anal-
ysis. Finally, we had 24 in the placebo and 28 patients in melatonin 
groups for MN analysis, but our 6 months follow-up, the data of 
26 patients of the placebo, and 28 patients in the melatonin group 
were analyzed. Patients who received placebo capsules before 
radioiodine therapy called the “Placebo” group and patients who 
received melatonin called the “Melatonin” group. The average 
age in the groups was 46.82 ± 12.40 and 44.62 ± 15.7, respec-
tively. The average iodine-131 dosage received by the placebo 
group patients was 12.70 ± 3.59 mCi, while the dosage for the 
melatonin group accounted for 13.17 ± 3.31 mCi. There was no 
significant difference between the 2 groups at the significance level 
of 95% (p = 0.807). The average numbers of micronucleus before 
treatment with iodine-131 for placebo and melatonin groups were 
as 5.87 ± 3.59 and 5.50 ± 2.86, respectively (p = 0.677). The 
average numbers of micronuclei after treatment for placebo and 
melatonin groups were also as 10.13 ± 4.85 and 9.96 ± 5.34, 

respectively (p = 0.910). Typical micronucleated binucleate cells are 
shown in Figure 1.

The data on the micronuclei count before treating with io-
dine-131 and after the treatment is shown in Figure 2 for both 
groups. According to this chart, treatment with iodine-131 in both 
groups has increased the number of micronuclei. In both groups, 
the difference between the number of micronuclei before and after 
treatment with iodine-131 is significant (Placebo group: p < 0.0001; 
Melatonin group: p < 0.0001).

Figure 3 shows the comparison of MN in 2 groups after iodine 
therapy also ΔMN, which represent the difference in the number 
of micronuclei before and after treatment with iodine-131 in the 
2 placebo and melatonin groups. As shown in Figure 3, ΔMN 
is 4.25 ± 3.05 for the placebo group, and 4.10 ± 2.51 for the 

Figure 1. Typical binucleated lymphocytes with micronuclei in patients 
who received iodine-131 in the placebo group

Figure 2. Average number of cells with micronuclei per 1000 cells 
counted for patients with melatonin (right) and placebo (left) groups 
before and after treatment with iodine-131
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Figure 3. The mean (right) and ΔMN (differences between the number 
of micronuclei before and after treatment with iodine-131) (left) per 
1000 cells counted for patients of melatonin and placebo groups
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melatonin group. However, there was no statistically significant 
(p = 0.854). 

The patients participating in the trial were monitored clinically 
in the intervening period until the end of the treatment process for 
2 hours. Eight subjects in the placebo group (33.33%) and nine 
patients in the melatonin group (29.0%) experienced the above 
complications. It should be noted that none of the patients experi-
enced an acute symptom requiring remedial action.

Figure 4 shows the treatment outcome in the placebo and 
melatonin groups in separation. The information showed that 62% 
and 86% of patients had an excellent response to treatment in the 
placebo and melatonin groups, respectively. The results of the chi-
square test showed that the difference in treatment outcome in the 
2 groups was statistically significant (p = 0.043). 

Discussion

Previous studies, which had been performed on in-vitro human 
and animal models, have shown that melatonin can be useful in 
reducing radiation-induced genotoxic damages [9, 21–30]. The 
current trial was carried out for the first time in the in-vivo environ-
ment and human subjects.

Data from this study indicate that treatment with iodine-131 at 
doses of 10 to 20 mCi significantly induces genetic damages in 
patients’ blood lymphocytes. The doubled number of micronuclei 
in samples after administration of iodine was an appropriate mark-
er for this hypothesis. Gil et al. [31] studied the DNA damages by 
the Micronuclei method in peripheral lymphocytes of patients with 
thyroid cancer after treatment with iodine-131. The number of mi-
cronuclei in cells from patients significantly increased one month 
after the treatment. Ballardin et al. [32] reported the 4-fold increase 
in the number of micronuclei in the seventh day after treatment 
in patients who had received therapeutic doses of iodine-131. 
However, the number of micronuclei then slowly fell and reached 
the baseline at day 180 after the treatment. In the three-month 
follow-up of hyperthyroid patients treated with iodine-131, Gutiér-
rez et al. [33] showed that the number of micronuclei in blood 
lymphocytes of patients would increase after treatment with 
iodine-131 increases, which is dose-dependent. Dardano et al. 
[34] also found in their study that administrating iodine-131 to treat 
hyperthyroidism in patients would cause a significant increase 
in the number of micronuclei in peripheral blood lymphocytes, 
which gradually decreased after 21 days and reached to the 
baseline at day 90 after the treatment. The increasing trend in 

the number of micronuclei as our study has been seen in all the 
mentioned previous studies. The differences in the increase in 
various studies may be explained due to different doses of iodine. 
According to these results, one can say that the micronuclei test 
can be used as a valuable endpoint and sensitive method for 
the biological study of iodine-131 radiation to assess the genetic 
damages in patients.

Iodine-131 is a useful radionuclide for the treatment of hyperthy-
roidism, but it has been reported that iodine therapy may increase 
the risk of secondary cancers due to genotoxic effects. Metso et 
al. observed a significant increase in the incidence of secondary 
cancers in the 10-year follow-up of patients who had received io-
dine-131 to treat hyperthyroidism [2]. The research carried out by 
Iyer et al. [35] suggests that the incidence of leukemia significantly 
increased in patients after treatment with iodine-131. This finding 
was also seen similarly in Sawka et al. study [36]. 

Two-third of chromosomal damages caused by ionizing radi-
ations are created by generated free radicals. Due to the ability 
to collect the free radicals, antioxidants are capable of reducing 
adverse effects of ionizing radiation on living systems, including 
chromosomal damages [37]. Melatonin efficiency, as a naturally 
occurring compound in the human body, has been reviewed and 
approved regarding radiation protection in numerous studies. 
In this study, the number of micronuclei in the group receiving 
melatonin decreased compared to the group receiving a place-
bo. A significant reduction of chromosomal damages caused 
by gamma rays in the presence of melatonin had been seen in 
human and animal studies. Vijayalaxmi et al. [27] treated the 
human peripheral blood cells in the in-vitro environment with 
melatonin. The cells were then irradiated with gamma rays. 
Lymphocytes being in the melatonin-rich environment before 
exposure showed a significant and dose-dependent reduction in 
the frequency of radiation-induced chromosome damage com-
pared to control cells. In another study by Reiter et al.  [28], some 
volunteers received a single oral dose of 300 mg melatonin, and 
their blood samples were collected before receiving melatonin 
as well as 1 and 2 hours after receiving melatonin. Samples col-
lected in the in-vitro environment were irradiated by cesium-137 
gamma-ray at a dose of 150 cGy and were then studied re-
garding chromosomal abnormalities and micronucleus. During 
observations, the highest concentration of melatonin was seen 
in human serum and leukocytes in samples collected one hour 
after oral administration of melatonin. Consequently, a further 
reduction was seen in the incidence of genetic abnormalities and 

Figure 4. The treatment outcome in placebo and melatonin groups in a 6 month follow-up
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micronucleus in this group (one hour after oral administration) 
of the blood samples. 

Badr et al. [29] observed the radioprotective effect of melatonin 
when melatonin had been already added to the culture medium of 
blood lymphocytes and showed that melatonin should be present 
in the cell at the time of radiation so that it can play its radiopro-
tective role. Kopjar et al. [38] found that peripheral blood lympho-
cytes treatment with melatonin can be involved in reducing the 
number of micronuclei after radiation. An in-vitro study conducted 
by Rostami et al. [37] showed the radioprotective effect of melatonin 
when the lymphocytes had been treated with melatonin. It should 
be noted that the highest radioprotective effect on blood lympho-
cytes was observed in their study one hour after adding melatonin. 
Similarly, in this study, the effect of melatonin was investigated one 
hour after oral administration.

These findings may suggest that melatonin might be able to 
act effectively as a radioprotector. Two hypotheses can be involved 
in the radioprotective effect of melatonin;

Melatonin may “directly” prevent chromosome damage by 
collecting free radicals caused by ionizing radiations before they 
damage the genetic material. Thus, the expansion of the initial 
damages in the cellular DNA may be significantly reduced.

Melatonin can “indirectly” change the rate of final chromosome 
damage by activating oxidative repair enzymes. As a result, the 
damaged DNA in irradiated cells of patients who have already 
received melatonin would be restored. Also, melatonin may indi-
rectly stimulate the intracellular signals for genes involved in the 
synthesis of proteins participating in DNA restoration [9]. 

The literature published about the effects of melatonin sug-
gests that both proposed hypotheses may be correct [39]. The 
small size and high lipophilicity of melatonin make it possible for 
this molecule to pass all biological membranes and enter any cell 
and even into the cellular compartments [12]. Melatonin is widely 
distributed within cells with the highest concentration at the nu-
cleus [40]. Melatonin tendency for dispersion and accumulation 
in the nucleus as well as its ability to collect free radicals can be 
a direct and effective medium for in situ conservation in cells against 
damages induced by ionizing radiations [26]. 

Another feature, which probably increases the efficiency of me-
latonin in reducing oxidative stress is related to its second and third 
produced metabolites appearing to be efficient scavengers [41]. 
Some studies have shown an anti-tumor effect for melatonin as it 
slows down the cell cycle [42]. 

Conclusions

This study showed that the percentage of those people in the 
placebo group who had been treated with iodine-131 with no favora-
ble response to treatment (having hyperthyroidism after 6 months of 
treatment with iodine-131) was higher than the melatonin group. In 
other words, treatment success in the group receiving the melatonin 
was higher than control. However, any conclusion about this ob-
servation requires further investigation with a larger population and 
a more precise measurement of the melatonin levels in serum at 
each stage of sampling.

As a general conclusion, this was the first study examining 
human in-vivo assessment on the radioprotective effects of 

melatonin, and melatonin has a positive but not significant effect 
on reducing the rate of MN. Nevertheless, after 6 month follow-up, 
the treatment success was higher in the group which received 
Melatonin. However, future studies with a more extensive study 
population, longer follow-up (6 months), use of different melatonin 
doses, and utilizing further biochemical, cytogenetic methods will 
be recommended.
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Abstract

Background: 99mTc-hydrazinonicotinyl-Tyr3-octreotide ([99mTc]-HYNIC-TOC [Tektrotyd]) is a radiopharmaceutical used for the 
diagnosis of lesions with overexpression of somatostatin receptors. The purpose of this study was to optimize the method and 
estimate normal ranges for standardized uptake values of Tektrotyd in healthy livers.

Material and methods: An analysis of standardized uptake value (SUVs) normal ranges was performed for images acquired in 
a selected “healthy group” of 42 patients evaluated for neuroendocrin tumors. The “pathological group” comprised 20 patients 
with liver lesions detected by scintigraphic imaging. Normal ranges for radiopharmaceutical uptake values were estimated 
based on the quantitative analysis of images acquired with a GE Healthcare NM/CT 850 gamma camera.

Results: The method for healthy liver segmentation in single photon emission computed tomography/computed tomography 
(SPECT/CT) was optimized. The normal range of SUVs for the liver was: standardized uptake value body weight (SUVbw) max 
[5.2–14.0] g/mL and standardized uptake value lean body mass (SUVlbm) [3.5–9.5] g/mL. The relative standard error (relative 
SE) of activity concentration estimated in the phantom study for the largest hot spheres was: ϕ = 37 mm — 5.9%, ϕ = 28 mm 
— 7.1%, ϕ = 22 mm — 11.4%, and ϕ = 17 mm — 22%.

Conclusions: Segmentation in the mid-coronal computed tomography (CT) image, at one-fourth of the height of the liver 
measured from the top, with a medium-sized volume of interest (VOI) outlined on a given transverse SPECT slice was regarded 
as the optimal method for estimating normal ranges for standardized uptake values. It is necessary to standardize quantifica-
tion methods in the SPECT/CT studies. Our work is a step forward in obtaining standardization of SPECT/CT SUV calculation 
methods. Calculations for radiopharmaceutical uptake in tumors with volumes smaller than 5 mL are biased with a significant 
measurement error.
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Introduction

SPECT/CT and positron emission tomography/computed 
tomography (PET/CT) imaging with radiolabeled analogues of 
somatostatin plays an important role in the diagnosis and mon-
itoring of patients with neuroendocrine tumors (NET). These 
techniques offer additional metabolic information and higher 
specificity than conventional magnetic resonance imaging (MRI) 
or CT [1, 2]. Radioisotope studies of somatostatin receptors are 
used for diagnostic purposes and in the process of qualifying 
patients for peptide receptor radionuclide therapy (PRRT). The 
somatostatin analog [99mTc]-HYNIC-TOC (Tektrotyd), manufactured 
in Poland, has been used for over a decade in many European 
countries for imaging NET with SPECT/CT. This radiopharmaceutical 
is characterized by a high affinity for somatostatin receptors type 
2 (SSTR2), a lower affinity for SSTR3 and SSTR5, optimal physical 
parameters, and biodistribution. In 2003 Gabriel et al. [3] reported 
a higher sensitivity of [99mTc]-HYNIC-TOC as compared to 111Indi-
um-diethylenetriaminepentaacetic acid-d-phenylalanine-octreotide 

([111In]-DTPA-octreotide [Octreoscan]) for the detection of neu-
roendocrine tumors. Tektrotyd has many advantages with respect 
to Octreoscan, including better physical characteristics of [99mTc] 
compared to [111In], which makes it more suitable for SPECT/CT 
imaging; shorter half-life; lower radiation burden; lower physiological 
liver and bowel uptake [4]. Therefore, Tektrotyd is a good alternative 
to [68Ga]-DOTA-Peptide in medical centers where PET/CT or [68Ge]/
[68Ga] generators are not available [5, 6, 7].

In PET/CT imaging, the quantitative assessment of uptake by 
NET measured by SUV is a standard procedure [8, 9]. Modern 
SPECT/CT systems offer quantitative imaging. Physicians referring 
their patients for imaging with [99mTc]-HYNIC-TOC expect quanti-
tative data on radionuclide uptake by tumors. However, standard-
ized uptake values (SUVs) when presented without an estimated 
normal range for SUV do not provide any important or conclusive 
diagnostic information.

In clinical practice, the qualification of patients for PRRT with 
somatostatin analogs is based, among others, on the assessment 
of the intensity of uptake in tumors with a semiquantitative visual 
scoring system, known as Krenning score, which consists of 
a scale from 0 to 4 and uses the liver and spleen as reference 
organs [10]. Moreover, it has been found that the maximum 
standardized uptake value (SUVmax) is strongly correlated with 
Krenning score [11]. Quantitative nuclear medicine is diagnosti-
cally and therapeutically more effective than qualitative because 
visual analysis of SPECT/CT images can be subjective and not 
repeatable [12].

The primary purpose of this study was to optimize the method 
for the segmentation of healthy liver in order to estimate normal 
ranges for SUV. The detailed aims of the study were to estimate 
normal ranges for standardized uptake values (SUVmax, mean 
standardized uptake value [SUVmean]) in SPECT/CT images of 
healthy liver acquired using Tektrotyd and a GE Healthcare NM/CT 
850 gamma camera, and to estimate the accuracy of SUV meas-
urements performed in a body phantom.

In addition to the absolute normal standardized uptake values of 
Tektrotyd, we also calculated the relative ranges for the following ra-
tios: SUV spleen/SUV liver and SUV liver/SUV gluteus medius which 

may help to overcome the problem of the individual presence of 
somatostatin receptors in healthy patients.

Material and methods

Patient images
An analysis of normal ranges for SUV was performed for imag-

es acquired in a selected “healthy group” of 42 patients (29 men, 
13 women, mean age 60 years) evaluated for NET. They had 
a physiological liver distribution of Tektrotyd, as well as normal 
results of selected biochemical liver tests (aspartate aminotrans-
ferase test [AST] and alanine aminotransferase test [ALT]) and 
normal results of CT or MRI scan of the abdomen. The “pathological 
group” comprised 20 patients (13 men and 7 women, mean age 61 
years) with hot liver lesions detected by scintigraphy. In this group, 
58 hot lesions in the livers were described. All of these patients were 
diagnosed before SPECT/CT examinations, based on the biopsy 
results of the primary lesion. Histopathological examination revealed 
NET of the gastrointestinal tract in 18 of these patients and the 
carcinoid of the lung in 2 other patients. SPECT/CT was performed 
to assess the severity of the disease.

Patient SPECT/CT scans were acquired 2–5 hours following 
the injection of 483–765 Megabecquerel (MBq) of the radiophar-
maceutical. Syringe activity for each patient was measured before 
and after the injection of Tektrotyd. SUVs in SPECT/CT images were 
calculated with the Q.Metrix option of Xeleris 4.0 software.

Normal ranges for radiopharmaceutical uptake values were 
estimated based on the quantitative analysis of images acquired 
with a GE Healthcare NM/CT 850 gamma camera. The following 
SPECT/CT acquisition parameters were used: low energy high 
resolution (LEHR) collimator, 120 projections, projection time 20 s, 
matrix 128 x 128, dual-energy windows: emission 126.5–154.6 keV, 
scatter 114.0–126.0 keV, and low dose CT after SPECT mode. 
The reconstruction parameters were: 5 iterations and 15 subsets, 
without a reconstruction filter. Segmentation of regions of interest 
(ROIs) in patient images and phantom images was performed 
at a 50% cut-off threshold for the background. The volumes of 
interest (VOIs) were drawn in the reconstructed SPECT images by 
manually adjusting the threshold of an isocontour such that the VOI 
boundaries coincided with the boundaries of the fused CT image.

Optimization of the method for estimating normal 
range for SUV in the liver

The quantification of the images began with the clinical optimiza-
tion of the liver segmentation method in the images of healthy subjects.

1) Segmentation of the entire area of the liver 
without the regions of extrahepatic bile ducts

During the quantitative analysis, SPECT and CT images of the 
same liver slices were displayed. Correct liver segmentation in 
SPECT slices was anatomically monitored on the corresponding 
CT slices. The segmentation technique involved the outlining of 
the entire liver area, without the extrahepatic bile ducts, on individ-
ual transverse slices (Fig. 1). ROIs were outlined on every fourth 
SPECT transverse slice. As a result, VOIs were created on 3D 
images covering a considerable portion of the liver, with a mean 
volume of 1296 ± 299 mL.
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2) Method for the segmentation of a small liver VOI 
on the established slice

A CT slice corresponding to the SPECT slice showing the Th11 
and Th12 vertebra was displayed. A liver fragment of the mean vol-
ume 2.5 ± 0.7 mL was segmented at the level of the intervertebral 
disc between Th11 and Th12 (Fig. 2), within peripheral localization 
of liver segments V and VI.

3) Segmentation method for the medium-sized liver VOI 
at 1/4 of the height of the liver (measured from the top)

Segmentation was performed as follows: in the mid-coronal 
CT image of the patient’s liver, one-fourth of the height of the liver 
from the top was determined. Then, on the given transverse SPECT 
slice, the ROI outlining the liver was selected (Fig. 3). The mean 
size of the VOI created with this method was 31.1 ± 7.7 mL within 
liver segments VII and VIII.

Figure 1. Liver segmentation method 1 with Q.Metrix option of Xeleris 4.0 software

Figure 2. Small liver volume of interest (VOI) — segmentation method 2
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After completing the segmentation with each of the described 
methods, we calculated SUVbw max, SUVbm mean, SUVlbm max, 
and SUVlbm mean for each outlined VOI.

SUVbw and SUVlbm were calculated using the following for-
mulas [13–15]:

	 (1)

	
(2)

where:
Actual activity: activity during scanning,

	(3)

where T-scan duration in seconds.
for males: 

	 (4)

for females: 

	 (5)

Data were processed using Statistica 13.1 software. The 
normality of data distribution for SUV was verified with the Shap-
iro-Wilk test at the significance level α = 0.05. The normal range for 
SUVs for healthy livers was determined using the formula: normal 
range = (mean –2SD; mean +2SD).

Figure 3. Medium liver volume of interest (VOI) — segmentation method 3

Method for the determination of SUVs  
in the group with liver lesions

For images with numerous liver lesions, up to five abnormal 
hot spheres were segmented each time: with the lowest, moder-
ate, and highest SUV. This method enabled the inclusion of the 
whole range of lesions, assuring also that the ones with relatively 
low uptake of the radiopharmaceutical were considered in the 
quantitative analysis.

Method for the determination of SUVs  
in other tissues

The spleen and the gluteus medius muscle have a relatively 
uniform distribution of radiopharmaceuticals in the tissues. The 
accumulation of radiopharmaceuticals by the gluteus medi-
us is usually very low and may correspond with the background 
activity of the peripheral blood circulation. The accumulation of 
radiopharmaceuticals in the spleen is usually very high, and its value 
may correspond with that for hot lesions. Due to the individual dif-
ferences of radiopharmaceutical accumulation in particular tissues, 
quantitative data on the physiological uptake of 99mTc-Tektrotyd by 
the spleen and the gluteus medius may be useful in the diagnostic 
interpretation of SUV measured in the liver.

We calculated the SUV spleen/SUV liver ratios in 42 patients and 
the SUV liver/SUV gluteus medius ratios in 38 patients (in 4 pa-
tients gluteus medius muscles were not visible in the SPECT/CT 
images). VOI in the spleen region was segmented based on SPECT 
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Results

Patients with healthy liver

1) Results of liver measurement
Results obtained for the quantification of SPECT/CT slices of 

healthy livers are presented in Table 1.

2) Results of measurements for the spleen and gluteus 
medius muscle

Table 2 presents SUVbw and SUVlbm for the spleen and glu-
teus medius muscle.

3) Standardized uptake value ratios: spleen/liver and 
liver/gluteus medius muscle

Table 3 presents normal ranges for SUV spleen/SUV liver ratios.
Table 4 presents normal ranges for SUV liver/SUV gluteus me-

dius muscle ratios.

Figure 4. Segmentation of the spleen in single photon emission computed tomography (SPECT) slices

Figure 5. Segmentation of the gluteus medius muscle in computed tomography (CT) slices

and CT slices. VOI in the gluteus medius muscle was segmented 
based on CT slices. Figures 4 and 5 present the method for outlining 
VOI within the spleen and the gluteus medius muscle.

Estimation of the accuracy of SUV measurements
SPECT/CT acquisitions were performed using the National 

Electrical Manufacturers Association, International Electrotechnical 
Commission (NEMA IEC) Body Phantom with 6 hot spheres of differ-
ent diameters: 10 mm, 13 mm, 17 mm, 22 mm, 28 mm, and 37 mm. 
The acquisition protocol and reconstruction parameters were 
identical to those used during imaging studies involving patients. 
SUVs are directly proportional to the activity concentration in the 
measured VOIs, and therefore the accuracy of the SUV measure-
ment is closely related to the accuracy of the activity concentration 
measurement. Based on activity measurements performed with 
a calibrated activity meter and the results of image quantification, 
the relative standard error of mean activity concentration for VOIs in 
6 spheres was determined. Figure 6 presents the segmentation of 
hot spheres in the NEMA IEC Body Phantom.
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Figure 6. Segmentation of 6 hot spheres in the NEMA IEC Body Phantom; The RC — recovery coefficients curve was also plotted for hot spheres

Table 1. Standardized uptake value based on body weight (SUVbw) and standardized uptake value lean body mass (SUVlbm) measured in single 
photon emission computed tomography/ computed tomography (SPECT/CT) slices of healthy livers using three methods. The table presents 
normal ranges for SUVs for each segmentation method

SUVbw max 
[g/mL]

SUVbw mean 
[g/mL]

SUVlbm max 
[g/mL]

SUVlbm mean 
[g/mL]

Method 1 

mean liver VOI: 1292.2 ± 299.1 mL

Shapiro-Wilk test results W = 0.96

p = 0.20

W = 0.95

p = 0.08

W = 0.98

p = 0.47

W = 0.98

p = 0.64

mean ± SD 12.6 ± 2.7 4.8 ± 1.3 8.4 ± 1.8 3.2 ± 0.8

minimum value–maximum value 7.7–19.0 2.5–9.1 4.4–11.5 1.5–4.8

normal range: 7.2–18.0 2.2–7.4 4.8–12.0 1.6–4.8

Method 2

mean liver VOI: 2.5 ± 0.7 mL

Shapiro-Wilk test results W = 0.99

p = 0.86

W = 0.98

p = 0.58

W = 0.97

p = 0.23

W = 0.97

p = 0.28

mean ± SD 8.4 ± 2.3 5.8 ± 1.7 5.7 ± 1.4 4.0 ± 1.1

minimum value–maximum value 3.5–13.7 2.6–9.7 2.9–7.9 2.0–5.8

normal range: 3.8–13.0 2.4–9.2 2.9–8.5 1.8–6.2

Method 3

mean liver VOI: 30.8 ± 7.7 mL

Shapiro-Wilk test results W = 0.99

p = 0.89

W = 0.94

p = 0.06

W = 0.97

p = 0.22

W = 0.98

p = 0.76

mean ± SD 9.6 ± 2.2 4.9 ± 1.3 6.5 ± 1.5 3.3 ± 0.9

minimum value–maximum value 4.9–15.2 2.6–9.4 2.3–9.1 1.5–5.0

normal range: 5.2–14.0 2.3–7.5 3.5–9.5 1.5–5.1
SD — standard deviation; SUVbw — standardized uptake value normalized to body weight; SUVlbm — standardized uptake value normalized to lean body mass; VOI — volume of interest
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Table 2. Standardized uptake value based on body weight (SUVbw) and standardized uptake value lean body mass (SUVlbm) measured in single 
photon emission computed tomography/ computed tomography SPECT/CT slices of the spleen and gluteus medius muscle

SUVbw max SUVbw mean SUVlbm max SUVlbm mean

Spleen

mean ± SD 39.3 ± 13.9 19.5 ± 4.4 26.22 ± 8.1 13.08 ± 3.0

mean volume: 236 ± 101 mL

Gluteus medius

mean ± SD 2.4 ± 0.7 0.5 ± 0.2 1.6 ± 0.5 0.4 ± 0.6

mean volume: 108 ± 34 mL
SUVbw — standardized uptake value normalized to body weight; SUVlbm — standardized uptake value normalized to lean body mass

Table 3. Normal ranges for the standardized uptake value (SUV) spleen / standardized uptake value (SUV) liver ratios determined for each of the 
three segmentation methods and four standardized uptake values

SUVbw max 
ratio

SUVbw mean 
ratio

SUVlbm max 
ratio

SUVlbm mean 
Ratio

Method 1

mean ± SD 3.2 ± 0.9 4.2 ± 1.1 3.2 ± 0.9 4.2 ± 1.1

normal range: 1.4–5.0 2.0–6.4 1.4–5.0 2.0–6.4

Method 2

mean ± SD 4.9 ± 1.5 3.6 ± 1.2 4.8 ± 1.4 3.4 ± 1.0

normal range: 1.9–7.9 1.2–6.0 2.0–7.6 1.4–5.4

Method 3

mean ± SD 4.2 ± 1.2 4.1 ± 1.1  4.2 ± 1.2  4.1 ± 1.1

normal range: 1.8–6.6 1.9–6.3 1.8–6.6 1.9–6.3
SUVbw — standardized uptake value normalized to body weight; SUVlbm — standardized uptake value normalized to lean body mass

Patients with hot liver lesions
Quantitative analysis was performed for 58 lesions. The mean 

VOI for lesions was 22.7 ± 46.2 mL (range: 1.1–277.9 mL). 65% of 
the hot lesions had a volume greater than 5 mL.

Results obtained for the quantification of SPECT/CT slices of 
livers with hot lesions are presented in Table 5.

Estimation of the accuracy of SUV measurements
Relative errors of spheres’ volume and activity concentration 

measurements obtained for SPECT/CT images of the NEMA IEC 
Body Phantom are presented in Table 6.

Figure 7 presents the RCmax (recovery coefficient curve) for 
the accuracy of spheres’ activity concentration measurements in 
SPECT/CT images.

Discussion

Standardization of quantitative SPECT/CT is currently a cru-
cial clinical problem. The feasibility of absolute quantification in 
SPECT/CT imaging was confirmed by different studies more than 
10 years ago [16–19], but no standard quantification procedures, 
clinical analyses, or principles for the validation of equipment have 
been established to this day.

Table 4. Normal ranges for the SUV liver/SUV gluteus medius muscle ratios determined for each of the three segmentation methods and four SUVs

SUVbw max 
ratio

SUVbw mean 
ratio

SUVlbm max 
ratio

SUVlbm mean 
ratio

Method 1

mean ± SD 4.9 ± 1.5 3.6 ± 1.2 4.8 ± 1.4 3.5 ± 1.0

normal range: 1.9–7.9 1.2–6.0 2.0–7.6 1.5–5.5

Method 2

mean ± SD 3.6 ± 1.1 13.1 ± 5.3 3.6 ± 1.1 12.9 ± 5.8

normal range: 1.4–5.8 2.5–23.7 1.4–5.8 1.3–24.5

Method 3

mean ± SD 4.3 ± 1.3 11.2 ± 4.3 4.2 ± 1.3 10.8 ± 4.7

normal range: 1.7–6.9 2.6–19.8 1.6–6.8 1.4–20.2
SUVbw — standardized uptake value normalized to body weight; SUVlbm — standardized uptake value normalized to lean body mass
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Determination of the normal range of SUVs in studies is difficult 
because of very significant differences in the uptake of different 
radiopharmaceuticals associated with several biological and 
physical factors [20]. Firstly, the pharmacokinetics of the injected 
radiopharmaceutical depends on the metabolism of the exam-
ined patient. Secondly, the images are acquired at different time 
points following the injection of the radiopharmaceutical because of 
the limited availability of the gamma camera. The calculation of SUV 
involves measurements obtained using two instruments — a gam-
ma camera and an activity meter. Therefore, inaccurate calibration 
of either instrument may influence the level of accuracy in the SUV 
measurement. There are also other factors affecting the variability 
of SUV, including the quality of image reconstruction, the efficiency 
of corrections for the scatter and attenuation of radiation in the 
patient’s tissues, and the limited resolution of gamma camera 

Table 5. Results of quantitative analysis of SPECT/CT slices of livers with hot lesions.

SUVbw max SUVbw mean SUVlbm max SUVlbm mean

Mean value [g/mL] 37.6 ± 27.1 21.0 ± 13.8 27.7 ± 20.3 15.5 ± 10.3

range [g/mL] 13.3–129.9 7.1–70.3 6.3–95.8 3.4–52.2
SUVbw — standardized uptake value normalized to body weight; SUVlbm — standardized uptake value normalized to lean body mass

Table 6. Relative errors of spheres’ volume and activity concentration measurements. Acmeasured — activity concentration measured with a dose 
calibrator was 255 kBq/mL.

ϕ Vt Vi SEVi Ac in image mean SEAc in image

Sphere diameter 

[mm]

True sphere volume

[mL]

Sphere volume in image

[mL] 

Relative standard error of 

volume

[%]

Activity concentration 

mean in image

[kBq/mL]

Relative standard error of 

activity concentration

[%]

10 0.5 0.4 20.0 90 64.7

13 1.2 1.3 -8.3 130 49.0

17 2.6 2.3 11.6 199 22.0

22 5.6 5.0 10.7 226 11.4

28 11.5 10.7 6.9 237 7.1

37 26.5 25.7 3.0 240 5.9

Figure 7. Recovery coefficient (RCmax) curve. Recovery coefficients 
were determined as the ratio of the maximum activity concentration 
measured in the image (Ac in image max) to the activity concentration 
measured with a dose calibrator (Acmeasured)

detectors, which create difficulties with the segmentation of selected 
regions of interest. Determination of absolute SUV is a complex 
task, but it is achievable [21].

A significant problem investigated in our study was to de-
termine the optimal method for measuring SUV in healthy liver 
tissue. Method 1, which involved the segmentation of the entire 
liver region (except the extrahepatic bile ducts), although very 
laborious, seemed to be the most appropriate in the initial phase 
of analysis. The disadvantage of this method was the possibility 
of covering many intrahepatic bile ducts in a segmented large VOI 
(mean volume 1292 mL). Method 2 involved the segmentation 
of a small regular fragment of the liver (mean VOI: 2.5 mL) and 
was used because physicians prefer a technique that does not 
require a precise outlining of tissue contours for the estimation of 
SUVmax in ROI. The disadvantage of this method was the lack 
of reproducibility with respect to the anatomical location of the 
selected liver fragment in the examined patients. The position of 
the intervertebral disc between Th11 and Th12 may correspond to 
very different liver segments in different patients. Method 3, used 
in the presented study, was regarded by the authors as the optimal 
technique for VOI segmentation and the assessment of normal 
ranges for SUV. It allowed for reproducible localization of the me-
dium VOI (with a mean volume of 31 mL) within liver segments VII 
and VIII (in transverse SPECT slices from different patients), based 
on the dimensional analysis of its coronal and sagittal CT slices.

All mean values of SUVbw max, SUVbw mean, SUVlbm max, 
and SUVlbm mean calculated for hot liver lesions in the “patho-
logical group’ were several times higher than the upper limits of 
normal ranges for SUVs obtained with all methods.

The effect of biological and physical factors on the variability 
of SUV (different biokinetics of the radiopharmaceutical in pa-
tients, different time intervals between the injection and start of 
SPECT/CT acquisition) can be limited by using relative SUV ratios: 
SUV spleen/SUV liver and SUV liver/SUV gluteus medius muscle. 
Normal ranges for SUV spleen/SUV liver ratios calculated in our 
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study have lower variance (an average of 19%) compared to normal 
ranges for SUV liver. The variance of the mean normal range for the 
SUV liver/SUV gluteus medius ratio has the same feature, except 
for SUVmean estimated.

Phantom validation revealed good accuracy (maximum rel-
ative SE ~ 11%) of the volume and concentration measurement 
in hot spheres with diameters: 22, 28, and 37 mm (VOI 5.6, 11.5, 
and 26.5 mL, respectively). The clinical results for the accuracy 
of concentration measurements obtained in our study for the 
three largest spheres were consistent with the results reported 
by the GE Healthcare laboratory [13]. The accuracy of the activity 
concentration measurement for a sphere with a 17 mm diameter 
(volume 2.6 mL) in our study was 8% lower than the accuracy 
obtained by the GE Healthcare laboratory. SUVs calculated for 
hot liver lesions with volumes smaller than 5 mL are biased with 
a significant measurement error.

The shape of RCmax corresponds with recovery coefficients re-
ported by other researchers [21–23].

Conclusions

Segmentation in the mid-coronal CT image, at one-fourth of the 
height of the liver measured from the top, with a medium-sized VOI 
outlined on a given transverse SPECT slice was regarded as the 
optimal method for estimating normal ranges for standardized 
uptake values.

It is necessary to standardize quantification methods in the 
SPECT/CT studies. Our work is a step forward in obtaining stand-
ardization of SPECT/CT SUV calculation methods.

Calculations for radiopharmaceutical uptake in tumors with 
volumes smaller than 5 mL are biased with a significant meas-
urement error.
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Abstract

Background: We aimed to find the minimum feasible activity of fluorodeoxyglucose ([18F]FDG) in positron emission tomogra-
phy/computed tomography (PET/CT) of Hodgkin lymphoma patients performed on a camera with bismuth germanate (BGO) 
crystals.

Material and methods: Ninety-one [18F]FDG PET/CT scans (each in seven Bayesian Penalized Likelihood [BPL] reconstructions 
with varying acquisition time per bed position — 2 min, 1.5 min, 1 min, 50 s, 40 s, 30 s, and 20 s) were independently assessed 
by three physicians to evaluate image quality. Mean administered activity was 3.0 ± 0.1 MBq/kg and mean uptake time was 
54.0 ± 8.7 min. The series quality was subjectively marked on a 1–10 scale and then ranked 1–7 based on the mean mark. 
Interobserver rank correlation and intraclass correlation within each series for the three observers were calculated. Phantom 
studies were also performed to determine if reduced acquisition time can be directly translated into a reduced activity.

Results: Time series were marked and ranked unanimously — the longer the time of acquisition the higher the mark and rank. 
The interobserver agreement in the ranking was excellent (100%) with a kappa coefficient of 1.00 (95% CI [0.83–1.0]). The general 
intraclass correlation coefficient (agreement between the marks observers gave each time series) was very high (0.945, 95% 
CI [0.936–0.952]) and was higher the shorter the time per bed. According to all three observers only the series with 2 min and 
1.5 min acquisition time were appropriate for assessment (mean mark ≥ 7). In phantom studies there was a linear correlation 
between time per bed, administered activity, and number of total prompts detected by a scanner. Hence, a reduction of acqui-
sition time of 25% (from 2 min to 1.5 min) could be directly translated into a 25% activity reduction (from 3.0 to 2.25 MBq/kg).

Conclusions: In patients with HL, [18F]FDG activity can be reduced by up to 25% when using a BGO crystal camera, without 
substantial impact on image quality.

KEY words: activity reduction; [18F]FDG; PET/CT; Hodgkin lymphoma; BGO
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Introduction

The dual-modality positron emission tomography/computed 
tomography (PET/CT) is nowadays a primary imaging method for 

a wide range of oncologic, cardiologic, and neurologic diseases. It 
is used at various stages of the treatment process—from diagno-
sis and primary staging to treatment response assessment [1–4].

Despite its many advantages, PET/CT is a diagnostic method 
associated with notable radiation exposure and that may raise 
concern. During a PET/CT scan patients receive radiation both 
from the radiotracer and from the CT. The effective dose of the 
18F-2-fluoro-2-deoxy-D-glucose ([18F]FDG) PET/CT may reach 
25–30 mSv, depending on the CT protocol (high-dose diagnostic 
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CT vs low-dose CT for anatomic localization); the radiotracer activity 
(the effective dose of 18F-FDG is 0.019 mSv/MBq); the anatomical 
region; and the number of body parts imaged [5–7].

According to the guidelines (based on phantom experiments, 
theoretical estimations, and retrospective studies on heteroge-
nous populations), the administered activity of [18F]FDG should 
be 3.5–7 MBq/kg [8–13]. Currently, however, activities smaller 
than 4.0 MBq/kg are usually injected. In order to comply with the 
ALARA principle, which states that the activity administered should 
be As Low As Reasonably Achievable, PET/CT protocols are con-
stantly optimized in order to further reduce the effective dose without 
compromising the image quality. In order to reduce the CT dose, we 
may: decrease the tube voltage, tube current or the exposure time, 
and minimize the Z-axis coverage. In the PET protocol, we may: use 
3D acquisition mode or time-of-flight reconstruction, apply novel 
reconstruction algorithms such as Bayesian penalized likelihood 
(BPL), increase acquisition time per bed, and, finally, reduce the 
injected activity [8, 10, 14, 15].

The aim of the study was to determine the minimum feasible 
[18F]FDG activity that would not compromise the quality of images in 
patients with Hodgkin lymphoma obtained from a PET/CT scanner 
with bismuth germanium oxide (BGO) detectors.

Material and methods

Patients
We retrospectively evaluated 18F-FDG PET/CT scans of pa-

tients with Hodgkin lymphoma (HL) referred to the Dolnoslaskie 
Affidea PET/CT Centre for disease staging or response assessment 
between January 2017 and October 2018. Patient and PET/CT scan 
characteristics are summarized in Table 1.

Imaging protocol
PET/CT imaging was performed using a 5-ring PET/CT system 

Discovery IQ with BGO crystals (GE Healthcare, Chicago, Illinois, 
US). A scout view and a non-contrast-enhanced low-dose helical 
16-slice CT scan were performed for attenuation correction of the 
PET emission data and for anatomic localization.

The CT scan was acquired with a tube voltage of 100–140 kV, 
current modulation, and pitch of 1.375:1. The X-ray tube rotation 
time was 0.6 s. The CT reconstructions were performed with 
a standard kernel with a slice thickness of 1.25 mm. Computed 
tomography dose index (CTDIvol) ranged from 1.19 to7.02 mGy 
(depending on patient body mass).

Immediately after CT scanning, a whole-body three-dimen-
sional PET was acquired. The scan range was from the top of 
the head to the mid-thighs. For each bed position (24% overlap) 
a 2 min list mode acquisition was used. The images were then 
reconstructed with a reduced time per bed of 1.5 min, 1 min, 
50 s, 40 s, 30 s, and 20 s. The emission data were corrected for 
geometrical response and detector efficiency (normalization) 
as well as for system dead time, random coincidences, scatter, 
and attenuation. Attenuation corrected images were reconstructed 
with Bayesian Penalized Likelihood (Q.Clear) algorithm [16–21]. 
The matrix size was 256 x 256 and the voxel size 2.73 x 2.73 
x 2.78 mm3. The resolution recovery algorithm (GE SharpIR) 
was used. Q.Clear images were reconstructed with beta values of 
350, no post-filtering.

Image analysis
PET/CT images were analyzed with GE Healthcare Advantage 

Workstation (Chicago, Illinois, United States) independently by three 
experienced nuclear medicine physicians. Each reviewer assessed 
PET/CT scans in seven-time series (blinded and presented in ran-
dom order): one standard series with a 2 min acquisition time (1) 
and six series with reduced acquisition time (2) 1.5 min, (3) 1 min, 
(4) 50  s, (5) 40  s, (6) 30  s and (7) 20  s. The image quality of 
each series was graded subjectively on a ten-point scale where “1” 
was given to images with the poorest quality and “10” to images with 
the highest quality. Image smoothness, tumor-to-background 
ratio, and background uptake (measured in the mediastinal blood 
pool) were taken into consideration. Grades 7–10 were given to 
images with good or very good quality (appropriate for analysis). 
Grades 5–6 were given to images with mediocre quality and < 5 
to images of poor quality (inappropriate for assessment). The as-
sessing physicians also measured maximum standardized uptake 
values (SUVmax) of the liver, mediastinal blood pool (MBP), and 
three random target lesions.

Phantom studies
In order to define whether reduced time per bed can be directly 

translated into reduced radiotracer activity, phantom studies were 
performed. A National Electrical Manufacturers Association 
(NEMA) phantom, a water phantom (GE Healthcare, Chicago, 
Illinois, US), and a syringe source were used. The NEMA and 
water phantoms were filled with background activity of 32.3 MBq 
and 56.1 MBq and then scanned (using the same Discovery IQ 
PET/CT system) for 2 min, 1.5 min, and 1 min to measure the 
number of total prompts (depending on the time per bed). Three 
syringe sources were filled with initial activities of 97.3 MBq, 56.2 

Table 1. Characteristics of patients and performed positron 
emission/computed tomography (PET/CT) scans

CHARACTERISTIC VALUE

Number of PET/CT scans 91

Number of patients 50

Gender 33 (66%) women, 17 (34%) men 

Age

mean ± SD

median (range)

38.7 ± 16.5 years

34.0 (12.0 – 85.0) years

Weight 

mean ± SD

median (range)

71.0 ± 13.5 kg

69.0 (37.0 – 101.0) kg

BMI 

mean ± SD

median (range)

24.8 ± 4.2

24.3 (14.8 – 35.4)

Administered activity

mean ± SD

median (range)

 

211.3 ± 40.3 MBq

208.3 (110.7 – 318.1) MBq

Administered activity per kg

mean ± SD

median (range)

3.0 ± 0.1 MBq/kg

3.0 (2.7 – 3.3) MBq/kg

Uptake time

mean ± SD

median (range)

54.0 ± 8.7 min

52.0 (45.0 – 77.0) min

BMI — body mass index; MBq — megabecquerels; SD — standard deviation
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MBq, and 57.9 MBq and then scanned after 44 min and 109 min 
which imitated a 25% and a 50% activity reduction, respectively. 
The number of total prompts measured was then compared with 
an estimated number to verify the correlation between the activity 
and the total number of prompts.

Statistical analysis
SPSS Statistics 25 software (Armonk, New York, US) was used 

for the statistical analysis. Descriptive analysis was performed by 
calculating mean, median, standard deviation, and range. Co-
hen’s kappa was used for inter-observer agreement in ranking. The 
intraclass correlation coefficient (ICC [3;1]) was used to calculate 
the inter-observer agreement for each series. A p-value < 0.05 
was considered significant.

Results

The mean and median grade values for image quality were 
highest for series with the longest acquisition time and decreased 
with decreasing time per bed (Fig. 1, Tab. 2). Series 1 (2 min per 

bed) received the highest points from all three observers, followed 
by series 2, then series 3, etc. which resulted in the final ranking 
as shown in Table 1. The interobserver agreement in the ranking 
was excellent (100%) with a kappa coefficient of 1.00 (95% CI 
[0.83–1.0]). According to all three observers, only the series with 
2 min and 1.5 min acquisition time (series 1 and 2, respectively) 
were appropriate for assessment (mean mark ≥ 7).

The general intraclass correlation coefficient was very high 
(0.945, 95% CI [0.936–0.952]) and was higher the shorter the time 
per bed (Tab. 3, Fig. 2).

In the phantom study, we observed that decreasing time per bed 
was directly proportional to the decrease in total prompts — a 25% 
decrease in acquisition time (from 2 min to 1.5 min) resulted in 
a likewise decrease in total prompts number (Tab. 4).

Phantom studies with the use of the three syringe sourc-
es showed the number of total prompts decreased directly 
proportionally to the administered activity — a 25% activity re-
duction resulted in a 25% reduction in the total prompts number. 
The difference in the number of estimated and measured total 
prompts was ± 5% (Tab. 5).

Figure 1. Mean observers’ grades for each time per bed series

Table 2. The descriptive statistics of each assessed series (1–7) with their ranks given by the three observers. Series with mean rank ≥ 7 
(appropriate for assessment) were highlighted

  OBSERVER 1 OBSERVER 2 OBSERVER 3          
SERIES MN SD MDN NO. OF 

GRADES

PTS RANK MN SD MDN NO. OF 

GRADES

PTS RANK MN SD MDN NO. OF 

GRADES

PTS RANK SUM OF 

PTS

3OBS 

RANK

MEAN 

RANK

BEST 

RANK

WORST 

RANK

2 [min] 8.52 1.2 9 82 7 1. 9.52 0.8 10 85 7 1. 9.03 0.9 9 86 7 1. 21 1. 1.7 1. 1.

1.5 [min] 7.95 1.5 8 86 6 2. 7.79 1 8 85 6 2. 8.1 1.1 8 89 6 2. 18 2. 3.0 2. 2.

1 [min] 6.46 2 6 83 5 3. 6.56 1.1 7 88 5 3. 6.66 1.2 7 87 5 3. 15 3. 4.0 3. 3.

50 [s] 5.53 2.1 5.5 86 4 4. 5.57 1.3 6 88 4 4. 5.8 1.3 6 89 4 4. 13 4. 5.0 4. 4.

40 [s] 4.5 2 4 84 3 5. 4.77 1.2 5 84 3 5. 4.64 1.4 4 88 3 5. 9 5. 6.0 5. 5.

30 [s] 3.01 1.5 3 84 2 6. 3.65 1.1 4 86 2 6. 3.39 1.3 3 87 2 6. 6 6. 7.0 6. 6.
20 [s] 2.28 1.7 2 82 1 7. 2.81 1.1 3 81 1 7. 2.59 1.4 2 86 1 7. 3 7. 8.0 7. 7.

MDN — median; MN — mean; PTS — points; SD — standard deviation; 3OBS RANK — final rank from all observers
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We observed that SUVmax values measured in the liver, MBP, 
and target lesions were decreasing the longer the time per bed. 
The target-to-liver and target-to-MBP ratios increased when time 
per bed was increased (Fig.3, Tab. 6).

Discussion

In our study, we aimed to determine the maximum [18F]
FGD activity reduction on a BGO PET/CT camera that would not 
compromise the image quality. The minimum feasible activity 
was defined by proxy — we checked if reduction of acquisition 
time can be directly translated into activity reduction. We showed 
that there is a linear correlation between time per bed, administered 
activity, and the number of total prompts detected by the scanner. 
Hence, we demonstrated that time per bed reduction is directly 
proportional to activity reduction. In the visual analysis, we reported 
that a 25% reduction of time per bed (from 2 min to 1.5 min) did 
not compromise image quality significantly. This in turn could be 
translated into a 25% tracer activity reduction — from 3.0 to 2.25 

Table 3. The inter-observer agreement for each positron emission 
tomography (PET) series

Series ICC 95%CI LL 95%CI UL

2 [min] 0.500 0.279 0.662

1.5 [min] 0.628 0.463 0.749

1 [min] 0.727 0.606 0.816

50 [s] 0.713 0.586 0.805

40 [s] 0.777 0.677 0.850

30 [s] 0.834 0.761 0.887

20 [s] 0.859 0.795 0.905

Total 0.945 0.936 0.952

CI – confidence interval; ICC – intra-class correlation coefficient; LL – lower limit; UL – upper 
limit

Figure 2. The intra-class correlation coefficient for each PET series; 
PET — positron emission tomography

Table 4. Total prompts measured in the NEMA and water phantoms 
for three different acquisition times — 2 min, 1.5 min and 1 min

Time per bed Total prompts 
(NEMA phantom)

Total prompts 
(water phantom)

2 [min] 4.66 x 107 1.49 x 108

1.5 [min] 

(25% decrease)

3.5 x 107

(24.9% decrease)

1.12 x 108

(24.8% decrease)

1 [min]

(50% decrease)

2.34 x 107

(49.8% decrease)

7.40x107

(50.3% decrease)
NEMA — National Electrical Manufacturers Association

Figure 3. Mean SUVmax values with 95% confidence intervals
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MBq/kg. We reported that administration of reduced activity with 
2 min time per bed acquisition is a feasible protocol that does not 
compromise the image quality.

The radiation dose reduction from PET/CT scans can be 
achieved by optimizing either PET or CT scanning protocols. It 
has been robustly shown that various alterations in CT proto-
cols may cut the used radiation by as much as 1/3 (from 8.1 mSv to 
5.5 mSv) [22].

According to the European Association of Nuclear Medicine 
(EANM) recommendations, the minimum administered activity for 
a gamma camera as we used in the study (with ≤ 30% bed overlap) 
and a 2 min time per bed should be 7 MBq/kg. The guidelines also 
state that the dose can be lowered for PET/CT systems with higher 
sensitivity or improved performance [8]. In our institution — ac-
cording to national regulations, instructions from the producer of 
our PET/CT system, available literature, and our personal experi-
ence — we routinely administer activities of about 3.7 MBq/kg with 
an acquisition time of 1.5 min [16, 17].

Experimentally, for the purpose of the study, we have reduced 
the administered activity to 3.0 MBq/kg. We show that further reduc-
tion to 2.25 MBq/kg with 2 min acquisition time might be feasible 
(Fig. 4). It is in accordance with a study performed on the same type 
of scanner (GE Discovery IQ) that showed similarly high sensitivity 
and performance of the camera after the injection of 2.5 MBq/kg 
of [18F]FDG. The high sensitivity of the scanner was achieved by 
adopting several technological solutions such as the 3-dimensional 
mode, extension of the axial field of view (FOV), and increasing 
the number of detector rings from 2 to 5 along the FOV [23, 24]. 
The system also uses a new reconstruction algorithm (Bayesian 

penalized likelihood algorithm named Q.Clear) that improves signal-
to-noise ratio and standardized uptake value (SUV) quantification. 
In Q.Clear the noise suppression is controlled by a penalty term 
beta (the only user-adjusted term in the algorithm). The algorithm 
also incorporates point-spread-function modeling [25–27].

Prieto et al. showed that an average [18F]FDG activity reduction 
of 23.4% (down to 3.57 MBq/kg) is feasible without significant 
impairment of image quality [28]. On the other hand, Murray et al. 
reported that emission scans as short as 15  s per bed position suf-
ficiently identified tumor lesions for quantification. The scans were 
performed on a Gemini TF PET/CT system after injection of 269–411 
MBq of [18F]FDG (3.8–5.9 MBq for a 70 kg patient) [29]. As shown, 
contemporary PET/CT technology allows for a notable reduction of 
radiotracer activities compared to the current guidelines.

The findings of this study have to be seen in the light of some 
limitations. First, the research focused on a single clinical condi-
tion — Hodgkin lymphoma. It is highly probable that a 25% activity 
reduction would also be feasible in other aggressive, FDG-avid 
lymphomas and malignancies yet it may not be so in the case 
of indolent tumors. Hence, further research on more heteroge-
neous groups of patients is needed to explore this subject. Our 
research is a retrospective study and might show some of the 
method’s inherent limitations such as selection bias or confounding.

Conclusions

In a BGO PET/CT scanner [18F]FDG activities as low as 2.25 
MBq/kg are feasible when Hodgkin lymphoma patients are con-
cerned. The reduced activity is especially important in this setting 

Table 5. Decrease in [18F]FDG activity and number of total prompts in time

No. of syringe [18F]FDG activity after time  
(% decrease)

No. of total prompts measured after time 
(% decrease)

0 [min] 44 [min] 109 [min] 0 [min] 44 [min] 109 [min]

1 97.3 MBq 72.0 MBq (26%) 47.6 MBq

(51.1%)

9.88 x 108 7.3x108

(26.1%)

4.54 x 108

(54%)

2 56.2 MBq 44.1 MBq (21.5%) 25.9 MBq

(53.9%)

5.29 x 108 3.9x108

(26.3%)

2.59  x108

(51%)

3 57.9 MBq 43.9 MBq

(24.2%)

28.9 MBq

(50.1)%

5.26 x 108 3.85x108

(26.8%)

2.40 x 108

(54.4%)

Figure 4. Maximum intensity projection images of the same patient with decreasing time per bed
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Abstract

Neuroendocrine neoplasms (NENs) are a heterogeneous group of tumors originating from neuroendocrine cells spread throughout 
the body, forming the so-called diffuse endocrine system. The gold standard in treating unresectable or disseminated, progres-
sive, and well-differentiated NENs is therapy with radiolabeled somatostatin analogs (peptide receptor radionuclide therapy — 
PRRT). PRRT is a method based on peptides combined with beta-emitting radionuclides. The study aimed to assess the early 
and long-term liver complications after administration of Lutetium-177 or Lutetium-177 combined with Yttrium-90. We enrolled 
27 patients treated with [177Lu]Lu-DOTATATE with an activity of 7.4 GBq (200 mCi) and 9 patients received the tandem treatment 
[90Y]Y-DOTATATE + [177Lu]Lu-DOTATATE with an activity of 3.7 GBq (50 mCi + 50 mCi). In the assessment of early as well as 
long-term complications, no significant effect of the applied treatment on the parameters of liver injury was found. Regarding 
liver function PRRT was a safe treatment for patients with highly or moderately differentiated, unresectable, or diffuse NENs.
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Introduction

Neuroendocrine neoplasms (NENs), formerly called neu-
roendocrine tumors (NETs), constitute a heterogeneous group 
of neoplasms. They come from neuroendocrine cells spread 
throughout the body, forming the so-called diffuse endocrine 
system (DES). They are considered rare neoplasms, but modern 
imaging techniques have rapidly increased their detection over 
the last decades [1–4]. Since 1973, in the United States alone, 
the number of diagnosed cases of NENs has increased over five 
times. Currently, the overall incidence rate of NENs is 35 cases per 

100,000 persons. The most common location of NENs in the human 
body is the small intestine, in particular the ileum [5], and 70% of 
NENs are gastroenteropancreatic (GEP NEN), i.e. about 2% of the 
general population of gastrointestinal neoplasms [6, 7].

Although the endoscopic or surgical removal of the tumor 
is the only method of treating the patient ultimately [8–10], the 
most significant progress in the treatment of highly differentiated 
NENs of the gastrointestinal tract was achieved by introducing 
somatostatin analogs (SSA) in 1988 [11]. The analogs bind to the 
somatostatin receptor causing the inhibition of the cell cycle and 
inducing a proapoptotic effect. They also have an immunomod-
ulating effect, inhibit angiogenesis, and inhibit the secretion of 
hormones [12]. Treatment with radioisotope-labeled somatostatin 
analogs (peptide receptor radionuclide therapy — PRRT) has been 
used for over 20 years. This method uses peptides combined with 
radionuclides emitting beta or alpha radiation [13, 14]. In Poland, 
[90Y]Y-DOTATATE was used for the first time in April 2004, and 
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in February 2006 tandem treatment [90Y]Y/[¹77Lu]Lu-DOTATATE 
was initiated [15].

The current regimen of PRRT treatment consists of 4 administra-
tions of a selected isotope with a specific activity at eight- to twelve-
week intervals. The most common side effects are kidney injury and 
myelosuppression, found relatively rarely in patients treated with 
PRRT [13]. Acute hematological complications (World Health Or-
ganization [WHO] grade 3 or 4) occur in less than 13% of patients re-
ceiving Yttrium-90 and 3% of patients receiving Lutetium-177. On 
the other hand, acute renal complications depend mainly on the 
radiopharmaceuticals’ activity and comorbidities [16–20]. There 
are limited data on hepatic complications. The Endocrinology and 
Isotope Therapy Department of the Military Institute of Medicine in 
Warsaw covers the largest group of patients with NENs undergo-
ing PRRT in Poland and Central and Eastern Europe. Due to the 
small number of studies and inconclusive results, we decided to 
assess such complications in this group of patients.

The study aimed to assess the early and long-term hepatic 
complications after radioisotope treatment using Lutetium-177 
or Lutetium-177 in combination with Yttrium-90 in patients with 
neuroendocrine neoplasm.

Material and methods

Study population
The presented paper is a preliminary study evaluating early and 

long-term complications of radioisotope treatment in patients with 
NENs. The study group consisted of 36 patients treated with PRRT 
due to NENs from November 2017 to June 2019 in the Department 
of Endocrinology and Isotope Therapy of the Military Institute of 
Medicine in Warsaw. All patients qualified to PRRT at that time gave 
their written consent to participate in the study.

The local Bioethics Committee approved the study at the Military 
Institute of Medicine. All procedures carried out in the study followed 
the Helsinki Declaration of 1964 and its subsequent changes. 
Patients to be enrolled had to meet the following inclusion criteria: 
a) a highly differentiated, progressive neuroendocrine neoplasm 
defined as Ki-67 < 20% (progression within the last 12 months); 
b) good expression of somatostatin receptors in a qualifying receptor 
scintigraphy study (single photon emission computed tomography 
[SPECT]) or positron emission tomography/computed tomography 
(PET/CT); c) no more options for surgical treatment possible and 
d) chronic treatment with long-acting somatostatin analogs. The 
exclusion criteria were: a) the patient’s lack of consent to treatment; 
b) pregnancy or lactation; c) assessment of the patient’s perfor-
mance status based on the World Health Organization/Eastern 
Cooperative Oncology Group (WHO/ECOG) status 3 or 4 or the 
basis of the Karnofsky classification (< 60); d) no uptake of the 
radiotracer in the somatostatin receptors imaging (SRI); e) bone 
marrow failure: hemoglobin less than 8 g/dL, platelets less than 
80 × 10³/µL, leukocytes below 2 × 10³/µL, lymphocytes below 
0.5 × 10³/µL, neutrophils less than 1 × 10³/µL; f) creatinine clear-
ance < 30 mL/min, blood urea nitrogen over 45 mg/dL or serum 
creatinine concentration over 1.8 mg/dL; g) liver injury (3-fold 
increase in bilirubin); h) systemic infections; i) glomerulonephritis; 

j) interstitial nephritis; k) obstructive nephropathy or l) urinary tract 
infection.

Treatment strategies
Patients were given an intravenous infusion of [177Lu]Lu-DO-

TATATE with an activity of 7.4 GBq (200 mCi) or tandem treatment 
[90Y]Y-DOTATATE + [177Lu]Lu-DOTATATE with an activity of 3.7 GBq 
(50 mCi + 50 mCi) (ItraPol and LutaPol, manufacturer: National 
Center for Nuclear Research, POLATOM Radioisotope Center, Ot-
wock, Poland). In addition, selected biochemical parameters were 
assessed before and after the radioisotope administration. For two 
days, patients also received infusions of 10% amino acid solution 
(Nephrotect, Fresenius Kabi) (1000 mL on the first day, 500 mL on 
the second day) and Ringer’s solution (2 x 500 mL). Treatment with 
long-acting somatostatin analogs (octreotide - Sandostatin LAR; 
Novartis and lanreotide autogel — Somatuline; Ipsen) was dis-
continued for at least four weeks prior to PRRT administration. 
The time since completion of prior chemotherapy was more than 
three months.

In total, the therapy (4 courses) lasted on average nine 
months (7–11 months). After the fourth course, patients were 
scheduled for follow-up visits, which were performed approxi-
mately 18 months from the start of the therapy (10 months from 
the end of radioisotope treatment). The following parame-
ters were checked at each stage of the study: serum albumin, 
alanine aminotransferase (ALT), aspartate aminotransferase 
(AST), and bilirubin. Detailed procedures are as follows: day 1 
— history taking and physical examination, serum albumin, ALT, 
AST, bilirubin; day 2 — intravenous administration of 1000 mL 
of positively charged amino acids with a simultaneous infusion 
of 500 mL Ringer’s solution - a continuous infusion of 8 hours, 
intravenous infusion of radioisotopes [177Lu]Lu-DOTATATE or 
[90Y]Y-DOTATATE + [177Lu]Lu-DOTATATE (a radiopharmaceutical 
solution in 100 mL 0.9% NaCl); day 3 — intravenous administra-
tion of 500 mL of positively charged amino acids with a simul-
taneous infusion of 500 mL of Ringer’s fluid — a continuous in-
fusion of 4 hours; day 4 — serum albumin, ALT, AST, bilirubin, 
post-therapeutic scintigraphy, and patient’s discharge. Follow-up 
tests (clinical and laboratory) were performed during a one-day 
hospitalization. The biochemical tests were performed in the 
Department of Laboratory Diagnostics of the Military Institute 
of Medicine using an automatic biochemical analyzer (Cobas C 
501, Roche Diagnostics).

Statistical methods

Statistical analyzes were performed with the use of the IBM 
SPSS Statistics 25. It was used to analyze basic descriptive sta-
tistics with the Shapiro-Wilk test, two-factor analysis of variance 
in a mixed schema, and Mann-Whitney U tests. The classical 
threshold α = 0.05 was considered the level of significance. 
Acute complications were assessed during the 1st and 4th course. 
Long-term complications were evaluated based on comparing 
the results obtained before the 1st course, before the 4th course, 
and during the follow-up examination. Data were also analyzed 
depending on the type of the applied therapy, sex, age, BMI, 
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comorbidities (chronic kidney disease, diabetes, hypercholes-
terolemia, hypertension), NEN point of origin, and the history of 
chemotherapy.

Results

The study group consisted of 36 patients, including 16 women 
(44.5%) and 20 men (55.5%). Details are presented in Table 1. The 
mean age was 58.1 ± 13.1. Twenty-seven patients received [177Lu]
Lu-DOTATATE with an activity of 7.4 GBq (200 mCi), and nine pa-
tients received the tandem treatment [90Y]Y-DOTATATE + [177Lu]
Lu-DOTATATE with an activity of 3.7 GBq (50 mCi + 50 mCi). 
Thirty patients completed full treatment (6 dropouts: 2 — disease 
progression, 1 — myelosuppression, 1 — the death of unknown 
cause, 2 — withdrawals). Long-term follow-up was not performed 
in 11 patients because of the Covid-19 pandemic.

The mean body mass index (BMI) was 24.9 kg/m², and 50% 
of patients had normal BMI values. The most common comorbid-
ities were arterial hypertension (41.66%) and diabetes (27.8%). 
Their frequency was significantly higher in the studied group 
than in the general population (41.66% vs 31.5% in the case 
of hypertension and 27.8% vs 9.1% in the case of diabetes). 
Pancreatic NENs (13/36) and small intestine NENs (11/36) were 
the most frequent. The percentage of patients with G1 and 
G2 stages was similar (47.2% vs 52.8%). The median time from 
disease diagnosis to initiation of radioisotope treatment was 3.4 
years (range 0–15 years). 

Most patients had liver metastases (91,7%). The three remaining 
cases had metastases only to lymph nodes and bone, including 
pulmonary NENs, paraganglioma, and one case with an unknown 
point of origin. Before PRRT therapy, 6 patients received chemo-
therapy for: NEN (1 patient — doxorubicin with etoposide, 2nd pa-
tient — everolimus, 3rd — capecitabine with temozolomide), breast 
cancer (1 patient, drug unknown), and colorectal adenocarcinoma 
(2 patients, unknown drugs). Before PRRT 77,8% of patients had 
primary NEN lesions surgically removed. Only in 8 cases, the pri-
mary tumor was not removed (1 patient did not consent to surgical 
treatment of a pancreatic tumor, in 6 patients, the lesions were 
unresectable at the time of diagnosis, one person could not be 
operated on due to anesthetic contraindications). Additionally, 
hemihepatectomy was performed in 2 patients, thermoablation — in 
2 patients, and liver embolization in — 1 patient.

Acute complications after the 1st course

During the 1st course of PRRT, a slight but statistically sig-
nificant decrease in the mean serum albumin concentration 
(p < 0.001) and ALT activity (p = 0.002), as well as an increase 
in the mean bilirubin concentration (p = 0.003), was observed 
(Tab. 2). However, these changes remained within the normal 
ranges. The type of therapy used, age, sex, BMI of the subjects, 
comorbidities, and the NEN point of origin did not affect the 
observed changes in hepatic parameters. It was only noted 
that in patients with a history of prior chemotherapy, the mean 

concentration of bilirubin slightly decreased after the first admin-
istration of radioisotopes (p < 0.001).

Acute complications after the 4th course

The biochemical parameters assessing liver function obtained 
during the 4th course are presented in Table 3. There was a slight, 
statistically significant decrease in serum albumin concentration 
(p < 0.001); however, it remained within the normal limits. There 
was no correlation between changes in albumin concentration 
and age, sex, and BMI of the subjects, the presence of chronic 
diseases, the NEN point of origin, and the type of therapy used. 
There were also no other significant changes in the parameters of 
hepatocyte injury.

Table 1. Characteristics of the study population

Characteristics Value

Age (years)

Mean

Range

58.1 ± 13.1

23–76

Sex

Women 19

Men 23

Place of residence

Village

Town < 100,000 citizens

City > 100,000 citizens

12

10

20

BMI (kg/m²)

Mean 24.9 ± 5.2

Range 16.4–41.3

< 18.5 3 (7.1%)

18.5–24.9 21 (50%)

25.0–29.9 12 (28.6%)

≥ 30.0 6 (14.3%)

Comorbidities

Chronic kidney disease G3

Arterial hypertension

Diabetes mellitus

Hypercholesterolemia

6 (14.3%)

18 (42.9%)

12 (28.6%)

6 (14.3%)

Primary NENs point of origin

Pancreas 15 (35.6 %)

Jejunum 13 (30.9 %)

Colon 5 (12%)

Others 5 (12%) (2 × ovary, 1 × stomach,  

1 × paraganglioma,1 × lung)

Unknown 4 (9.5%)

Grading

G1 20 (48%)

G2 22 (52%)

G3 0

BMI — body mass index
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ALT, remaining within the reference range, was found. This increase 
was statistically significantly higher in the group of patients receiving 
tandem therapy (p = 0.010) and in the group of patients with the 
NEN point of origin in the pancreas (p = 0.049). The increase in 
ALT was also higher in men (p = 0.015) and patients with diabe-
tes (p = 0.024). However, no disturbances in the synthetic function 
of the liver were found. Detailed results are presented in Table 5.

1st course vs follow-up visit – the long-term 
assessment of hepatic complications

In the follow-up at 18 months after the start of treatment, com-
pared to the baseline lab tests before the first course of therapy, in 
the entire group of patients, no biochemical features of hepatocyte 
injury or disturbances in the synthetic function of the liver were 

Table 2. Changes in hepatic parameters during the first peptide receptor radionuclide therapy (PRRT) course

Parameter Before the 1st 
course 

(n = 36)

After the 1st 
course 

(n = 36)

p

[177Lu]Lu-DO-
TATATE 
(n = 27)

[90Y]Y/[177Lu]
Lu-DOTATATE 

(n = 9)

p

Pancreas 
(n = 13)

Other locations 
(n = 23)

pM SD M SD Δ SD Δ SD Δ SD Δ SD

Serum 

albumin 

[mg/dL]

4.52 0.51 4.28 0.53 < 0.001 –0.30 0.34 –0.17 0.23 0.275 –0.26 0.40 –0.27 0.28 0.945

AST [IU/L] 25.48 10.97 23.33 9.92 0.086 –2.66 8.52 –0.82 5.12 0.509 –1.23 5.36 –2.59 8.69 0.608

ALT [IU/L] 25.80 18.20 22.20 14.88 0.002 –2.76 8.12 –6.00 4.47 0.220 –4.64 9.11 –3.12 6.42 0.540

Bilirubin 

[mg/dL]

0.65 0.42 0.76 0.45 0.003 0.09 0.20 0.15 0.25 0.463 0.13 0.23 0.09 0.20 0.611

AST — aspartate aminotransferase; ALT — alanine aminotransferase; M — mean, Δ — change; SD — standard deviation; p — the level of significance

Chronic complications

1st course vs 4th course — the first assessment  
of chronic hepatic complications

Before the 4th course, as compared to the tests performed 
before the 1st course (i.e., after approx. eight months from the 
start of PRRT), no biochemical features of hepatocyte damage or 
disturbances in the synthetic function of the liver were found (Tab. 4).

4th course vs follow-up visit – the 2nd assessment  
of chronic hepatic complications

In the second long-term evaluation, in the control tests compared 
to the tests before the 4th course (approximately ten months after the 
end of PRRT), a slight statistically significant (p = 0.007) increase in 

Table 4. Changes in hepatic parameters before treatment initiation and before the 4th peptide receptor radionuclide therapy (PRRT) course

Parameter Before the 1st 
course 

(n = 30)

Before the 4th 
course 

(n = 30)

p

[177Lu]Lu-DO-
TATATE 
(n = 23)

[90Y]Y/[177Lu]
Lu-DOTATATE 

(n = 7)

p

Pancreas 
(n = 11)

Other  
locations 
(n = 19)

pM SD M SD Δ SD Δ SD Δ SD Δ SD

Serum albumin 

[mg/dL]

4.61 0.39 4.58 0.33 0.564 –0.09 0.32 0.17 0.38 0.075 –0.05 0.35 –0.02 0.35 0.810

AST [IU/L] 24.82 10.54 24.56 9.09 0.858 –0.69 9.41 1.13 5.38 0.608 0.10 8.06 –0.42 8.96 0.876

ALT [IU/L] 25.91 19.14 23.60 12.96 0.756 –3.41 16.43 1.71 15.87 0.465 –2.00 21.75 –2.57 12.25 0.922

Bilirubin [mg/dL] 0.64 0.43 0.63 0.40 0.685 –0.05 0.29 0.13 0.31 0.159 –0.02 0.36 –0.01 0.27 0.992

AST — aspartate aminotransferase, ALT — alanine aminotransferase, M — mean, Δ — change, SD — standard deviation, p — the level of significance

Table 3. Changes in hepatic parameters during the 4th peptide receptor radionuclide therapy (PRRT) course

Parameter Before the 4th 
course 

(n = 30)

After the 4th 
course 

(n = 30)

p

[177Lu]Lu-DO-
TATATE 
(n = 23)

[90Y]Y/[177Lu]
Lu-DOTATATE 

(n = 7)

p

Pancreas 
(n = 11)

Other locations 
(n = 19)

pM SD M SD Δ SD Δ SD Δ SD Δ SD

Serum albumin 

[mg/dL]

4.57 0.33 4.37 0.33 < 0.001 –0.20 0.26 –0.21 0.22 0.922 –0.16 0.25 –0.23 0.26 0.433

AST [IU/L] 24.34 9.05 22.71 7.71 0.106 –2.22 5.74 0.38 5.90 0.272 –1.91 4.74 –1.50 6.31 0.850

ALT [IU/L] 23.42 12.82 21.56 11.47 0.382 –2.50 5.22 0.43 8.96 0.434 –2.46 7.16 –1.59 5.53 0.690

Bilirubin 

[mg/dL]

0.62 0.40 0.71 0.48 0.110 0.04 0.14 0.29 1.05 0.557 –0.05 0.28 0.17 0.54 0.196

AST — aspartate aminotransferase, ALT — alanine aminotransferase, M — mean, Δ — change, SD — standard deviation, p — the level of significance
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Table 5. Changes in hepatic parameters before the 4th peptide receptor radionuclide therapy (PRRT) course and the follow-up

Parameter Before the 4th 
course 

(n = 19)

Follow-up 
(n = 19)

p

[177Lu]Lu-DO-
TATATE 
(n = 16)

[90Y]Y/[177Lu]
Lu-DOTATATE 

(n = 3)

p

Pancreas 
(n = 7)

Other locations 
(n = 12)

pM SD M SD Δ SD Δ SD Δ SD Δ SD

Serum 

albumin 

[mg/dL]

4.60 0.42 4.51 0.40 0.172 –0.06 0.40 –0.30 0.36 0.343 0.09 0.37 –0.20 0.39 0.133

AST [IU/L] 29.42 16.68 25.42 10.00 0.402 5.25 20.51 17.67 11.02 0.329 6.71 8.88 7.50 24.24 0.936

ALT [IU/L] 23.95 14.18 26.95 20.82 0.007 0.44 8.81 16.67 9.29 0.010 9.14 10.75 –0.58 9.00 0.049

Bilirubin 

[mg/dL]

0.70 0.46 0.64 0.35 0.309 –0.03 0.20 0.17 0.06 0.118 0.06 0.21 –0.03 0.19 0.356

AST — aspartate aminotransferase, ALT — alanine aminotransferase, M — mean, Δ — change, SD — standard deviation, p — the level of significance

Table 6. Changes in hepatic parameters before the initiation of therapy and in the follow-up visit

Parameter Before the 1st 
course 

(n = 19)

Follow-up 
(n = 19)

p

[177Lu]Lu-DO-
TATATE 
(n = 16)

[90Y]Y/[177Lu]
Lu-DOTATATE 

(n = 3)

p

Pancreas 
(n = 7)

Other locations 
(n = 12)

pM SD M SD Δ SD Δ SD Δ SD Δ SD

Serum 

albumin 

[mg/dL]

4.61 0.43 4.51 0.40 0.712 0.19 0.48 0.17 0.25 0.927 0.26 0.44 0.15 0.47 0.629

AST [IU/L] 29.33 17.16 26.11 10.17 0.545 4.69 19.41 17.00 9.54 0.306 4.00 10.52 8.17 22.31 0.651

ALT [IU/L] 26.11 23.70 26.95 20.82 0.232 –0.13 13.58 23.33 22.50 0.023 5.57 22.55 2.42 13.73 0.707

Bilirubin 

[mg/dL]

0.68 0.36 0.64 0.35 0.505 –0.19 0.36 –0.13 0.55 0.807 –0.33 0.36 –0.10 0.38 0.212

AST — aspartate aminotransferase, ALT — alanine aminotransferase, M — mean, Δ — change, SD — standard deviation, p — the level of significance

found. However, it was noticed that in the group of patients treated 
with [90Y]Y/[177Lu]Lu-DOTATATE, there was a statistically significant 
increase in ALT (p = 0.023), and in the group of patients receiving 
chemotherapy in the past, a slight increase in bilirubin concen-
tration, but within the reference range (p = 0.017) was observed. 
Detailed results are presented in Table 6.

Hepatic complications of PRRT according to CTCAE 
version 5.0

According to the Common Terminology Criteria for Adverse 
Events (CTCAE v 5.0) of the US National Cancer Institute, early and 
late hepatic complications are presented in Tables 7 and 8. Grade 
3 and 4 (G3, G4) hepatic complications were not observed after 
the first administration of radioisotopes. On the other hand, a slight 
decrease in albumin concentration was found, which caused an in-
crease in adverse event grade 1 and 2 groups. After the first PRRT 
course, an increase in bilirubin concentration was also noticed, 
as a result of which an increase in G1 and G2 groups was also found 
(Tab. 7). In the evaluation of long-term complications, no grade 2, 
3, or 4 (G2, G3, G4) hepatic complications were found (Tab. 8).

Discussion 

In the presented study, no hepatotoxicity of the applied radioi-
sotope treatment was found in both short and long-term follow-up. 
The presence of metastatic lesions in the liver, which occurred in 

91.7% of the patients, prior chemotherapy and previous locore-
gional treatment aimed at metastatic lesions in the liver also did 
not affect the deterioration of liver parameters. The slight increase 
in ALT activity was associated with tandem therapy, the location 
of the NENs primary origin in the pancreas, and the diagnosis of 
diabetes at the follow-up visit.

In the available literature, hepatotoxicity is also a rare complica-
tion of PRRT. It has been most frequently reported in patients with 
large and extensive hepatic metastases (size > 5 cm) [21, 22]. 
In the NETTER-1 study, the elevation of AST activity of grade 3 or 
4 according to CTCAE v 5.0 was found in 4.5%, ALT — in 3.6%, and 
bilirubin concentration — in 1.8% of patients [23]. Brabander et al. 
[24], in a study assessing long-term efficacy, survival, and safety 
of [177Lu]Lu-DOTATATE, noticed the elevated activity of AST and/or 
ALT (grades 3 or 4 CTCAE v 4.0) only in 3% of patients.

In the literature, patients with NENs with little or no hepatic 
metastases showed no evidence of significant liver injury [25–27].
However, severe liver damage may occur in a group of patients with 
extensive liver metastases and/or abnormal liver function. In other 
words, the safety of using PRRT in a patient with 25% liver involve-
ment is not the same as the safety of treating a patient with 50%, 
or even 75%, organ involvement. They should also be considered 
in the case of preexisting liver disease or conditions affecting liver 
function. Then it is important to choose the right radioisotope 
and its activity. In such cases, Lutetium-177 labeled peptides are 
recommended, and the reported activity should be appropriately 
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of radiation hepatitis. However, data published in 2020 from the 
NETTER-1 study did not support this hypothesis. The increase in 
liver injury markers was rare and did not appear to correlate with 
the extent of the neoplastic disease [30]. In the NETTER-1 study, 
the subgroup of patients with extreme liver parenchymal involve-
ment (> 90%) was not defined; therefore, no detailed safety anal-
ysis could be made in this subgroup.

In many patients, NENs are detected when the disease is al-
ready advanced. Often, however, it is limited to the liver only, where 
it is metastasizing from the intestines. In some cases, it is suggested 
to combine selective internal radiotherapy and PRRT by admin-
istering a somatostatin analog conjugated with Lutetium-177 or 
Yttrium-90 directly through the hepatic artery [31]. Theoretically, 
this ensures the delivery of higher radioisotope activity to the tumor 
itself (improving the effectiveness of treatment) while reducing 
its activity in the systemic circulation (reducing side effects). Initial 
results of such therapy show that it can be successfully used [31]. 
Moreover, radioembolization of metastatic lesions in the liver after 
systemic radionuclide treatment was also shown to be safe, and 
liver damage induced by this procedure was shown to be rare [32]. 
However, studies directly comparing these forms of therapy with 
systemic PRRT administration have not been conducted so far [33]. 

In our study, we did not observe any significant deterioration 
of liver parameters. This is most likely since PRRT has been used 
in Poland for almost 20 years and is a therapeutic option started 
in the early stages of NEN progression when there is no significant 
involvement of the liver parenchyma by metastatic lesions. In the 
presented study, five patients underwent prior locoregional treat-
ment (hemihepatectomy — 2 patients, thermal ablation — 2 pa-
tients, or embolization of liver lesions — 1 patient) before starting 
PRRT, which may have somewhat reduced the adverse events of 
PRRT on liver function in our study. Furthermore, both in our study 
and the available literature, the type of radioisotope therapy used 
did not deteriorate liver parameters and function.

reduced. In 2015 there were published the results of a retrospec-
tive study in which 17 patients from the United States of America 
(USA) were treated with a radioisotope in a Swiss center in Basel. 
The study evaluated 93 patients with confirmed NENs with liver 
metastases. Seventeen subjects (18%), after confirming disease 
progression despite using other traditional therapies available in the 
USA at that time, were qualified for PRRT treatment in various reg-
imens using various radioisotopes: Yttrium-90, Lutetium-177, In-
dium-11, or tandem therapy (Lutetium-177 with Yttrium-90). The 
two study groups (treated or not with PRRT) did not differ in sex, 
age, baseline laboratory parameters, prior exposure to treatment, 
or disease duration. In the group not subjected to PRRT, 23 of 76 
(30%) patients had increased liver injury markers associated with 
the use of traditional GEP NET therapy (surgery, chemoemboliza-
tion, treatment [131I]I-meta-iodobenzylguanidine). In 10 of 17 (59%) 
patients treated with PRRT, biochemical features of liver injury were 
found, while ascites occurred in 41% of patients in this group, 
compared with 6.5% in the second cohort. The higher incidence 
of hepatotoxicity in that group treated with radioisotope therapy, 
significantly higher than the one reported so far, could result from 
the delayed duration of PRRT use (this therapy was not available in 
the USA at that time) and the previous use of locoregional therapy 
(surgical treatment, chemoembolization or thermoablation of focal 
lesions in the liver, [131I]I-MIBG treatment), causing more radiation 
damage to the liver [28].

In the study published in 2020 by Spanish researchers, one 
patient (out of a total of 36 treated with [177Lu]Lu-DOTATATE) with 
extensive liver metastases present had a significant degree of 
liver injury. Liver parameters deteriorated within weeks after the 
first administration of the radioisotope, and the patient died of liver 
failure five weeks later. In the remaining 35 subjects, however, no 
signs of liver injury were observed [29]. Therefore, there are con-
cerns regarding the safety of radioisotope therapy in patients with 
high liver involvement by metastatic lesions due to the possibility 

Table 8. Long-term complications according to the Common Terminology Criteria for Adverse Events (CTCAE v 5.0) classification

Before the 1st course Follow-up In total before the 
1st course (%)

In total at follow-up 
(%)G1 (%) G2 (%) G1 (%) G2 (%) G3 (%)

Serum albumin 

[mg/dL]

2 (5.6) 1 (2.8) 1 (5.3) 0 0 3/36 (8.4) 1/19 (5.3)

AST [IU/L] 5 (13.9) 0 5 (26.3) 0 0 5/36 (13.9) 5/19 (26.3)

ALT [IU/L] 6 (16.7) 0 3 (15.8) 0 0 6/36 (16.7) 3/19 (15.8)

Bilirubin [mg/dL] 1 (2.8) 1 (2.8) 1 (5.3) 0 0 2/36 (5.6) 1/19 (5.3)

AST — aspartate aminotransferase, ALT — alanine aminotransferase

Table 7. Early complications according to the Common Terminology Criteria for Adverse Events (CTCAE v 5.0) classification

Before the 1st course After the 1st course In total before the 
1st course (%)

In total after the 1st 
course (%)G1 (%) G2 (%) G1 (%) G2 (%) G3 (%)

Serum albumin 

[mg/dL]

2 (5.6) 1 (2.8) 3 (7.7) 2 (5.1) 0 3/36 (8.4) 5/36 (12.8)

AST [IU/L] 5 (13.9) 0 2 (5) 0 0 5/36 (13.9) 2/36 (5)

ALT [IU/L] 6 (16.7) 0 4 (10) 0 0 6/36 (16.7) 4/36 (10)

Bilirubin [mg/dL] 1 (2.8) 1 (2.8) 3 (7.5) 2 (5) 0 2/36 (5.6) 5/36 (12.5)

AST — aspartate aminotransferase, ALT — alanine aminotransferase
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Study limitations

The presented paper, although preliminary, is one of the few 
prospective studies; however, it has some limitations. First, the study 
was conducted on a relatively small number of patients. Despite 
almost two years of recruitment, and in the center with a large 
number of isotope therapies per year, and the low incidence of 
neuroendocrine neoplasms, it was impossible to collect the larger 
group. The COVID-19 pandemic also played a significant role in 
this regard, due to which some patients did not survive to the end 
of the study or follow-up visit. Nevertheless, the presented group 
allowed obtaining many important and interesting results that 
undoubtedly require further research.

Conclusions

Our study showed that radioisotope treatment and its type did 
not affect the liver parameters in both early and long-term follow-up. 
Regarding liver function, treatment of NENs using Lutetium-177 or 
Yttrium-90/Lutetium-177 isotopes appeared to be safe.
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Abstract 

The cases of relapse in papillary thyroid cancer patients who were initially considered low-risk and for many years were without 
signs of the disease are extremely rare, but exist. This is supported by the clinical case of a patient who underwent a total thy-
roidectomy due to papillary thyroid cancer and 19 years later metastasis with extracapsular spreading in a presumed thyroid 
place was revealed. Due to such cases, the importance of long-term ultrasound monitoring is emphasized. 
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Introduction

The metastases of papillary thyroid cancer usually occur during 
the first few years after the initial procedure and generally develop 
in patients with a higher risk of persistent or recurrent disease such 
as the presence of local invasion and metastases. Ultrasound 
is the best method for detection of those lesions in the neck, it 
provides reliable information regarding the lesion size, shape, 
internal architecture, and vascularity and is recommended during 
regular intervals throughout life. The aim of this report is to present 
the occurrence of cystic metastasis in the neck 19 years after total 
thyroidectomy in a patient who was considered low-risk and did 
not have any recurrence of the disease at regular follow-up for 
many years. 

Case report 

A 27-years old female patient underwent total thyroidectomy 
and radioiodine ablation in 2000 due to accidental ultrasound 
finding of small papillary thyroid cancer in the left lobe that was con-
firmed cytologically and then histologically. During regular follow-up, 
the patient was free of disease with a normal thyroglobulin level 
and completely normal neck ultrasound. But, at regularly scheduled 
examination at the end of 2019 ultrasound revealed a newly formed 
hypoechoic, avascular cystic formation in the right thyroid bed 
measuring 0.7 × 0.8 × 0.7 cm (Fig. 1). Ultrasound-guided FNAB 
indicated a suspicious cystic change with atypia of thyrocytes and 
elevated thyroglobulin level in the punctate content that amounted 
to 71.50 µg/L. The patient was referred for paratracheal dissection 
during which the formation was extirpated. The result of pathohis-
tological analysis proved it was a metastasis of papillary thyroid 
carcinoma, in a nodule of 0.6 cm in diameter with extracapsular 
spreading that penetrates the capsule of the affected lymph node. 
Due to the extracapsular spreading patient was treated with a ther-
apeutic dose of 3700 MBq (100 mCi) of iodine-I31. Post-therapeutic 
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metastasis occurred almost 20 years after initial treatment reports in 
a favor of lifelong ultrasonographic follow-up of patients with pap-
illary thyroid cancer.
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whole-body scan verified pathological accumulation of low intensity 
in the medial line of the neck. Postoperative ultrasound of the neck 
did not reveal any residual formation in the thyroid bed as well 
as elsewhere in the neck, and thyroglobulin level was within the ref-
erence ranges expected in thyroidectomized patients (< 0.30 µg/L). 
At the regular follow-up performed ten months after the surgery, 
the patient had no signs of recurrence of the disease. This case of 

Figure 1A–B. Echographic presentation of surgically resected and histologically proven cystic metastasis in right thyroid bed

A B
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breast cancers evaluated  
by [18F]FDG PET-CT
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Abstract

Glucose metabolism is increased in most aggressive tumors and it is commonly evaluated by positron emission tomogra-
phy-computed tomography (PET-CT) with 18F-fluorodeoxyglucose ([18F]FDG), measuring the Maximum Standardized Uptake 
Value (SUVmax) for the assessment. Particularly, it is known that breast cancer expresses different glucose metabolism in 
relation to estrogen receptor (ER), progesterone receptor (PR), Ki67 score, tumor grading, tumor size, and Human Epidermal 
Growth Factor Receptor 2 (HER2). We present an interesting case of a woman with two different, synchronous breast cancers 
characterized by different glucose metabolism, according to literature knowledge.
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During breast cancer screening performed with ultrasonog-
raphy and mammography, in a 91-years-old woman two bilateral 
breast nodules were found and both nodules appeared oncolog-
ically suspicious. Trucut biopsy was subsequently performed on 
both lesions, with the confirmation of their malignancy.

The left lesion was diagnosed as invasive breast cancer, no 
special histotype, grading stage G3 with a 33% Ki67 expression, 
positive for estrogen receptor (ER), negative for progesterone 
receptor (PR), and positive for Human Epidermal Growth Factor 
Receptor 2 (HER2).

In contrast, the right lesion was diagnosed as invasive breast 
cancer, however with unclear histotype, suspicious for lobular 
carcinoma, grading stage G2 with a 20% Ki67 expression, positive 
for ER and PR, and without HER2 expression.

Then 18F-fluorodeoxyglucose positron emission tomogra-
phy-computed tomography ([18F]FDG PET-CT) was performed for 
staging purposes.

The tumor size of the right lesion was 23 mm × 19 mm × 19 mm 
and FDG uptake was moderate with a Maximum Standardized 
Uptake Value (SUVmax) of 5.82 and a Metabolic Tumor Volume 
(MTV) of 7.1 cm3 (Fig. 1).

The tumor size of the left lesion was 25 mm × 19 mm × 20 mm, 
with MTV of 7.6 cm3 and SUVmax of 16.05 (Fig. 2). 

The two breast lesions had similar tumor size and MTV val-
ues (MTV ratio between the two was 1.07), but a significantly dif-
ferent FDG uptake, expressed as SUVmax (SUVmax ratio between 
the two was 2.76). 

Due to the age of the patient, no surgery was performed and 
Letrozole therapy was started.

It is known that SUVmax in breast cancer lesions has a positive 
correlation with Ki67 expression [1, 2] and the grading of the le-
sion [1]. A similar positive correlation with nodule size [1], presence 
of HER2 [1], and absence of PR [1, 2] was also suggested by other 
studies, however without shared consensus. 
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According to the literature, our case report underlines two 
metabolic patterns related to different biological and genetic 
characteristics of the breast lesions with similar size in the same 
patient, in particular without the presence of confounding volume 
difference.

Bilateral breast cancer is an uncommon finding [3], even more, 
if presented with different metabolic behavior as reported and 
clearly showed by [18F]FDG PET-CT.
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Figure 1. Maximum Intensity Projection (MIP) (A), axial PET (B), axial CT (C) and fused PET-CT in FRENCH color (D) images of a PET-CT scan 
reporting bilateral breast lesions (right lesion labeled by red circle and arrow) and left axillary metastasis

Figure 2. MIP (A), axial PET (B), axial CT (C) and fused PET-CT in FRENCH color (D) images of the same PET-CT scan (left lesion labeled by red 
circle and arrow)
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Abstract

We present a case report of incidental detection of breast cancer in a female patient referred for 18F-fluorocholine (FCH) 
positron emission tomography/computed tomography (PET/CT) due to primary hyperparathyroidism. This imaging method 
was recently shown as more sensitive for the detection of metabolically hyperactive parathyroid glands than neck ultrasound 
and (2-metoksyizobutyloizonitryl labeled with technetium-99m) [99mTc]MIBI. Increased accumulation of FCH was found in the 
hyperactive parathyroid gland and unexpectedly in the right breast lesion. The surgery confirmed parathyroid adenoma. One 
month later right upper medial quadrantectomy confirmed breast carcinoma — a combination of invasive ductal carcinoma 
and intracystic papillary breast carcinoma. To the best of our knowledge, this is the first reporting of simultaneous detection of 
parathyroid adenoma and breast cancer by using 18F-fluorocholine PET/CT.
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We report a case of a 75-year old female patient with acci-
dentally diagnosed breast cancer using 18F-fluorocholine PET/CT 
indicated due to primary hyperparathyroidism. Elevated serum 
parathyroid hormone (PTH) and calcium levels stood out from the 
other laboratory parameters. Neck ultrasound examination showed 
a hypoechoic zone along the upper edge of the right thyroid lobe. 
Cytological analysis of the punctate verified only thyroid cells without 
elevated PTH values in the punctate. 18F-fluorocholine (FCH) PET/CT 
was performed to localize small and hard-to-reach hyperfunctional 
parathyroid glands. Abnormal cell proliferation and upregulation of 
choline kinase activity are thought to enhance the accumulation 
of fluorocholine and increase the efficiency of detecting such ab-
normalities. Thanks to these features of this radiopharmaceutical, 
the detection of enhanced cell proliferation, which is typical for 

neoplasms, has become more frequent. Imaging of neck and 
thoracic regions was performed 20 minutes after intravenous ad-
ministration of 119 MBq (3.2 mCi) of [18F]FCH. Increased metabolic 
activity was found in the parathyroid gland with axial dimensions of 
0.9 × 1.0 cm localized behind the upper third of the right thyroid 
lobe (Fig. 1). In addition, a metabolically active isodense lesion with 
irregular edges measuring 1.4 × 1.0 cm located in the upper medial 
quadrant of the right breast highly suspicious of the neoplasm 
was verified (Fig. 2). Resection of the described hyperfunctional 
parathyroid gland was performed and the pathohistological diagno-
sis corresponded to the adenoma. Postoperative calcium values re-
turned to normal, while PTH levels were slightly elevated. Shortly 
afterwards, the patient underwent upper medial quadrantectomy 
of the right breast. The final pathohistological diagnosis confirmed 
the findings of cytological puncture and percutaneous biopsy that 
it was combination of invasive ductal carcinoma and intracystic 
papillary breast carcinoma. Since the diagnostic potential of 18F-flu-
orocholine has already been investigated in cancers of stomach, 
prostate, breast as well as melanoma or lymphoma, the possibility 
of concomitant neoplasms should always be considered when 
imaging with [18F]FCH.
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Figure 1. [18F]FCH PET/CT showed increased uptake in the 
parathyroid gland localized behind the right thyroid lobe

Figure 2. A metabolically active lesion in the right breast highly 
suspicious of the neoplasm
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Abstract

This case illustrates rare osteoarticular complications of Bacillus Calmette-Guérin (BCG) immunotherapy in a 55-year-old male 
with high-risk non-muscle-invasive bladder cancer (NMIBC). The patient was referred for 18F-fluorodeoxyglucose ([18F]FDG) 
positron emission tomography/computed tomography (PET/CT) to rule out bone metastases suspected on prior post-gadolini-
um magnetic resonance imaging (MRI). Although metastases were excluded, nearly symmetrical uptakes were detected in the 
costovertebral and costotransverse joints. Medical history revealed that the patient had been receiving intravesical instillations 
of BCG, the first-line therapy for high-risk NMIBC. The patient was diagnosed with reactive arthritis (ReA), a rare autoimmune 
complication of BCG, that was successfully treated with a nonsteroidal anti-inflammatory drug (NSAID).
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A 55-year-old male with high-risk non-muscle invasive (super-
ficial) bladder cancer (NMIBC), associated with a greater risk for 
progression, was referred for [18F]FDG-PET/CT after post-gad-
olinium MRI raised suspicion for bone metastases. A review of 
the [18F]FDG-PET/CT imaging excluded bone (and other) metas-
tases. However, remarkable, almost symmetrical uptakes were 
noted in the costovertebral and costotransverse joints. The fused 
volume-rendered coronal view showed multifocal enhancement 
along the thoracic spine (Fig. 1A). The transaxial fused volume 
rendering technique VRT (Fig. 1B) and the correlated initial T1W FS 
post-gadolinium MRI (Fig. 1C) showed intense uptakes in the right 
costovertebral (yellow arrow) and left costotransverse (red arrow) 
joints at T5, that were not characteristic of metastases.

These imaging findings clinically correlated with the pa-
tient’s history of spinal pain in the thoracic region at night for over 
a year. Medical history further revealed that the patient had been 
receiving intravesical instillations of Bacillus Calmette-Guérin 
(BCG), the first-line therapy for high-risk (CIS/Tis, high grade/G3, 
T1, or low-grade with multiple, recurrent, Ta tumors measur-
ing > 3 cm) NMIBC, that contains a live strain of Mycobacterium 
Bovis in an attenuated (weakened) state. Yet, it can result in local 
complications through contamination of urine or systematic com-
plications from dissemination in the bloodstream.

Review of the [18F]FDG-PET/CT findings and correlated clinical 
history in this patient led to the suspicion of inflammation due to 
reactive arthritis (ReA), a rare autoimmune complication of BCG that 
is commonly associated with HLA-B27. The diagnosis was clinically 
confirmed, and the patient was successfully treated with NSAID 
(Ibuprofen).

This is the first case to provide visual evidence of ReA following 
BCG therapy on [18F]FDG-PET/CT. This case highlights the rare 
autoimmune side effects of BCG (and other immunotherapy) that 
necessitate a thorough consideration of the clinical history and initial 
tumor stage to avoid potential upstaging and unnecessary treatment.

https://orcid.org/0000-0002-6517-6029
https://orcid.org/0000-0003-3534-4738
https://orcid.org/0000-0001-7111-5268
mailto:JHS@klinikum-dresden.de


69www.journals.viamedica.pl/nuclear_medicine_review

Jan-Henning Schierz et al., Reactive arthritis after BCG therapy

Clinical 
vignette

Funding

The authors did not receive any specific funding for this work.

Ethical approval

The submitted work does not contain any studies with human 
participants performed by any of the authors.

Figure 1. Coronal volume rendering technique (VRT) of the fused 18F-fluorodeoxyglucose ([18F]FDG) positron emission tomography/computed 
tomography ([18F]FDG-PET/CT) images of the patient demonstrated multifocal enhancement along the thoracic spine (A). The volume-rendered 
transaxial view of the fused [18F]FDG-PET/CT at the level of the T5 vertebra showed intense uptakes in the right costovertebral (yellow arrow) 
and left costotransverse (red arrow) joints (B). These findings correlated with the initial T1-weighted fat saturation (FS) post-gadolinium magnetic 
resonance imaging (MRI) (C)
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Hybrid bone SPECT/CT reveals spleen 
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and beta-thalassemia
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Abstract

We present a case of a 65 years-old male with sickle cell mutation and beta-thalassemia (Hb S/β-Thal), who had whole-body 
bone scan evaluation for osteomyelitis. The examination revealed high radiopharmaceutical uptake in the left abdomen. Further 
evaluation with hybrid single photon emission computed tomography/computed tomography  (SPECT/CT) showed calcification 
of approximately the entire spleen, in the context of sickle cell anemia. This report highlights the role of SPECT/CT in such cases.
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Introduction

Thalassemias denote a mixed grouping of genetic disorders that 
result from a decreased synthesis of alpha or beta chains of hemo-
globin (Hb). Depending on the alpha or beta hemoglobin deletion, 
the abnormality is called alpha or beta-thalassemia [1, 2]. Sickle 
cell anemia results from a mutation in the beta-globin gene that 
creates the abnormal Hb S hemoglobin. Approximately 20 million 
people around the world are diagnosed with sickle cell anemia 
(SCA). In some countries, the diagnosis of sickle cell disease is per-
formed immediately after birth, which leads to early management 
and relative reduction of morbidity and mortality [3]. Combination 
of sickle cell mutation and beta-thalassemia (Hb S/β-Thal) exhib-
its similar clinical manifestations like sickle cell disease [4].

Whole-body bone scintigraphy (BS) with Technetium-99m-meth-
ylen bisphosphonate (MDP) is a very sensitive imaging method for 
various reasons and in various diseases to assess bone metabolism 
and bone remodeling, including SCA or variant patients [5–11]. 
When BS demonstrates abdominal uptake in SCA patients [11], 
then further imaging with SPECT/CT is recommended for anatomical 
verification and further evaluation of the extra-osseous finding [6].

In this report, we present a case of a patient with Hb S/β-Thal 
who underwent BS to rule out osteomyelitis, during which an ex-
tra-osseous radiotracer uptake was imaged in the left abdominal 
area, most likely representing spleen uptake. A subsequent 
SPECT/CT verified the spleen uptake which was due to spleen 
calcification.

Case report

A 65-year-old patient with known Hb S/β-Thal and the sub-
acute onset of pain in the left mandibular area was referred to 
Nuclear Medicine Laboratory, for a three-phase BS, to rule out 
possible mandibular osteomyelitis. The patient was injected 
with intravenous 740 MBq (20 mCi) of MDP, followed by three 
phases of BS. During the first phase, serial scans were obtained 
during the first 2–5 seconds post-injection; The second phase 
included scans acquired 5 min post-injection that evaluated 
the inflammatory nature of the lesion; the third phase obtained 
after 3 hours assessed the bone turnover of the lesion [12]. The 
mandibular BS was unremarkable, since all three phases were 
negative, and thus, the diagnosis of osteomyelitis was ruled out. 
From the evaluation of the rest of the skeleton, it was observed 
extra-osseous mixed (moderate and high) radiotracer uptake in 
the left upper abdomen consisted with possible spleen uptake 
(Fig. 1). A hybrid SPECT/CT imaging was followed that revealed 
a completely calcified spleen (Fig. 2). Thus, the radiotracer uptake 
seen in the spleen during the BS was due to its calcification in the 
context of sickle cell anemia.
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Discussion

The BS is a very accurate imaging study to rule out osteomyeli-
tis in patients with SCA or Hb S/β-Thal exhibiting bone pain [13, 14]. 
Increased spleen uptake of 99mTc-methylene diphosphonate on a BS 
may occur because of various conditions [11]. In patients with SCA 
or Hb S/β-Thal, BS may show increased osteoblastic activity in the 
skeleton due to bone marrow hyperplasia. Increased splenic uptake 
in patients with SCA or Hb S/β-Thal, as in our case, may be due 
to splenic infarction followed by calcifications [10]. In such cases, 
further imaging with SPECT/CT improves the diagnostic accuracy 
and provides anatomical information [6].

In conclusion, in adult patients with SCA or Hb S/β-Thal, MDP 
BS and SPECT/CT can identify spleen calcification possibly related 
to previous splenic infarction. Furthermore, in cases of not known 
disease, if BS reveals unusual extra-osseous radiotracer uptake, 
SPECT/CT should be performed, so a combination of anatomical 
and functional information may determine the accurate diagnosis.
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Figure 1. Posterior view in bone scintigraphy showing extra-osseous 
radiotracer uptake in the left upper abdomen (arrows)

Figure 2. (A) Coronal images; (B) axial images; (i) computed tomography (CT); (ii) single photon emission computed tomography (SPECT); (iii) 
(SPECT/CT). Single photon emission computed tomography/computed tomography  (SPECT/CT) exam confirms the radiotracer activity seen in 
bone scintigraphy in the left upper abdomen area showing splenic uptake (arrows)
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