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Editorial

I would like to announce the “summer” issue of „Nuclear 
Medicine Review” in 2021. The first chapter consists of six original 
articles. It opens — written by Iranian colleagues one — who con-
cluded that the sentinel node mapping in upper tract urothelial can-
cers (UTUC) using a radiotracer as the mapping material is feasible. 
Injection technique (intra-vesical approach vs peri-tumoral injection 
after exposure of the tumor) and location of the tumor (proximal 
vs distal) may affect the feasibility of the technique.

The second one, by Greek scientists titled Single photon 
emission computer tomography myocardial perfusion imaging 
in patients with moderate to serve psoriasis shows that these 
patients have similar rate of abnormal Summed Scores for 
Stress scans (SSS) compared to control patients. However, the 
difference between SSS and scans for rest are significantly lower 
in patients with psoriasis. It indicates compromised reversibility of 
resting perfusion defects. 

 The next paper from Saudi Arabia indicates that the physiologi-
cal myocardial [18F]FDG uptake in fasting oncology patients is vari-
able. The regional myocardial [18F]FDG uptake pattern is the 
most frequent pattern associated with myocardial ischemia on 
stress single photon emission CT (SPECT) myocardial perfusion 
imaging (MPI). The agreement between regional FDG uptake and 
presence of ischemia on SPECT is fair.

The fourth article — from Italy — analyzes the value of 
[18F]FDG PET-CT in the follow-up of surgically treated oral tongue 
squamous cell carcinoma. The results demonstrate a change in 

diagnostic strategy — as decided by the multidisciplinary team — in 
about one fifth of patients. These results should prompt in designing 
a rational surveillance schedule in surgically treated patients with 
oral tongue squamous cell cancer.

From Poland, we received a paper which concludes that: 
PET/CT with [18F]FDG is a useful tool for detection of non-radioio-
dine avid recurrence and/or metastases of Differentiated Thyroid 
Cancer. The concentration of baseline (natTg) and stimulated Thy-
roglobulin (sTg) is highly correlated with positive result of PET/CT 
with [18F]FDG. The concentration of natTg is comparable with sTg 
in predicting a positive result of PET/CT with [18F]FDG. The cut-off 
point for positive result of PET/CT for natTg was 1.36 ng/mL and 
for sTg was 7.05 ng/mL.

The next one is from Bulgaria. It concerns about the SPECT-CT 
Imaging with [99mTc]PSMA in Patients with Recurrent Prostate Can-
cer and indicates that this method is useful for the diagnosis and 
restaging of recurrent disease, in consideration of Radio Ligand 
Therapy and in monitoring of treatment.

In our magazine there are three reviews from Iran, Poland and 
Turkey concerning (respectively): State of The Art Modalities in 
Cardio-Oncology, Physical quantities useful for quality control of 
quantitative SPECT/CT imaging and The role of [18F]FDG PET/CT 
for gastric cancer management.

Clinical Vignette Chapter shows ten interesting cases. Some 
of them resemble that COVID-19 pandemic hasn’t stopped yet.

In the end of my letter, I wish you a happy summer vacation!

Grzegorz Kamiński

Editor-in-Chief 
Nuclear Medicine Review

Yours,

Dear Sirs and Madams,
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Sentinel lymph node biopsy in upper tract 
urothelial cancers: an experience with 
intraoperative radiotracer injection
Leili Zarifmahmoudi1 , Hamidreza Ghorbani2 , Ramin Sadeghi1 , Salman Soltani2 , Kayvan Sadri1 ,  
Mahmoud Tavakkoli2 , Maliheh Keshvari2
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ABSTRACT

Background: The feasibility of the sentinel node mapping in upper tract urothelial cancers (UTUC) was evaluated, using a ra-
diotracer as the mapping material. 

Material and methods: To identify the sentinel lymph nodes, 37 MBq of [99mTc] phytate was injected in five patients with the 
renal pelvis or ureter cancer, who were candidates for ureterectomy and lymphadenectomy. The radiotracer was injected in 
a peritumoral fashion following the surgical exposure of the tumour. The sentinel lymph nodes were detected using a hand-
held gamma probe. 

Results: By intraoperatively injecting the radiotracer immediately after surgical exposure of the tumour, at least one sentinel 
lymph node could be detected in each patient, and the detection rate was 100%. The location of sentinel nodes was in the par-
acaval, renal hill, retro-aortic, para-aortic, common iliac, and external iliac areas, which was dependent on the tumour location. 
No false-negative case was identified.

Conclusions: Sentinel node mapping is feasible in UTUC. Injection technique (intra-vesical approach vs peri-tumoral injection 
after exposure of the tumour) and location of the tumour (proximal vs distal) may affect the technique’s feasibility.

KEY words: lymphoscintigraphy; nuclear medicine; ureter; renal pelvis; sentinel lymph node biopsy; lymphadenectomy
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Introduction 

Urothelial carcinomas can be originated from lower (bladder 
and urethra) or upper (pyelocaliceal cavities and ureter) parts of 
the urinary tract [1]. Bladder carcinomas (lower tract urothelial 
carcinomas) account for 90–95% of the urinary tract malignancies; 
however, the upper urinary tract (UUT) transitional cell carcinoma 
(TCC) is an uncommon type of malignancies and accounts for 
5–10% of urinary tract cancers [2, 3]. Tumours of the ureter are par-
ticularly rare compared to bladder cancer or renal pelvis tumours, 
despite sharing common histopathology and similar risk factors [4].

The most common treatment option for high-grade tumours orig-
inate in the upper ureter and renal pelvis, is nephroureterectomy 
followed by regional lymph node dissection (LND); however, due 
to the low incidence of the upper tract urinary carcinoma (UTUC), 
the indication and extent of LND is not standardized [5]. The 
risk of lymph node involvement increases with the T stage of the 
disease, and up to 60% of UTUCs demonstrate local invasion at 
diagnosis [6]. LND is recommended to be performed based on 
the laterality and tumour location following nephroureterectomy; 
however, due to variable lymphatic drainage and lack of consen-
sus on anatomical boundaries, the potential benefit of routine LND 
on survival or disease recurrence remains controversial [7, 8].

Sentinel lymph node mapping procedure is used for detecting 
the first lymph node in the path of lymphatic drainage of cancers. 
This technique reveals the pathological status of the regional 
lymph nodes for the better staging of the disease, determining the 
treatment strategy, and preventing the unnecessary LND. Senti-
nel lymph node biopsy is routinely performed for breast cancer, 

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles 
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.
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the tip of the gamma probe while the probe was pointed to the 
ceiling. All the lymph nodes with ex-vivo count five times higher 
than the background (thigh) were eventually determined as the 
sentinel lymph node. 

After harvesting the detected sentinel lymph nodes, the surgical 
area was searched again to confirm the complete sentinel lymph 
node removal.

Regional lymphadenectomy was performed based on the 
surgeon’s decision to assess the false-negative rate. For the left- 
-sided renal pelvis, upper ureteral, and mid-urethral tumours, the 
lymphadenectomy dissection area covered para-aortic, pre-aortic, 
and inter-aortocaval nodes from the renal hilum to the aortic bifur-
cation. For the right-sided renal pelvis and upper ureteral tumours, 
mid-urethral tumours lymph nodes of the paracaval, precaval, and 
interaortocaval areas from the renal hilum to the aortic bifurcation 
are considered for lymphadenectomy. Common iliac, external iliac, 
obturator, and hypogastric lymph nodes of each side of the pelvic 
are also dissected for mid to distal ureteral tumours.

malignant melanoma, gynaecological, and penile tumours; how-
ever, for other urologic genitourinary carcinomas, it is still under 
investigation [9–14]. 

The present study evaluated the feasibility of sentinel node 
mapping in UTUC using a radiotracer as the mapping material. 

Material and methods

This study was approved by the ethics committee of Mashhad 
University of Medical Sciences under the number 940295. Between 
2016 and 2019, all the admitted UTUC patients at the urology de-
partment of Imam Reza Hospital, Mashhad, Iran, were included. 
All the patients gave their informed consent before inclusion in 
the study. Patients with negative lymph node involvement before 
the surgery, based on clinical and radiological evaluations (cN0, 
cM0) were included. The exclusion criteria were positive lymph 
nodes metastasis and a history of chemotherapy or radiotherapy. 

Radiotracer injection
Following anaesthesia, 37 MBq of [99mTc]phytate in two divided 

doses (0.5 mL each) were used as the radiotracer. In the first four 
patients with TCC of the distal part of the ureter, the radiotracer 
was injected sub-mucosally in the peritumoral area of the tumour 
through ureteroscopy. These patients were excluded from the study 
due to sentinel lymph node detection failure. The injection technique 
was changed in five other patients: the radiotracer was injected 
into two peritumoral sites following the tumour’s exposure (Tab. 1, 
Fig. 1).

Sentinel node biopsy
The mean time between the tracer injection and performing 

intraoperative sentinel lymph node mapping was one hour. Fol-
lowing the excision of the ureter and kidney and before starting 
lymphadenectomy, a hand-held gamma probe (SURGIGUIDE, 
Partonegar Persia) was used to measure the radioactivity and per-
form sentinel node biopsy. The sentinel lymph nodes were defined 
as any lymph node with an in-vivo count of at least ten times higher 
than the background (thigh). These nodes were dissected and 
counted again ex-vivo. The dissected lymph nodes were put on 

Table 1. Detailed data of the included patients

Patients Gender age Tumor location kidney Tumor 
stage

Tumor larger 
diameter 
(cm)

Detection 
of the SN

SN loca-
tion

Number 
of SN

Involvement 
of SN

Involvement of 
lymph nodes

1 M 53 Middle right T3 2.5 Yes Paracaval 3 Yes 1/3 Yes (paracaval)

2 M 74 Proximal Left T1 2.7 Yes Renal hill 2 No No

3 M 40 Renal pelvis  

(proximal)

Right T3 4 × 2 Yes Renal hill 2 No No

4 M 80 Distal Right T2 4.5 Yes Common 

iliac 

external 

iliac

2 No No

5 F 48 Renal pelvis  

(proximal)

left T2 4 Yes Retroaort 

and 

Paraaort

2 No No

SN — sentinel node

Figure 1. Injection of the radiotracer in a patient with mid-urethral 
tumour, after the surgergical exposure of the tumour
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Histopathological investigation
The pathologists examined the excised lymph nodes and 

specimen; all dissected tissues were formalin-fixed, paraffin-em-
bedded, and serially sectioned for haematoxylin-eosin staining. 
The histopathological status of the sentinel nodes was compared 
with the other dissected lymph nodes. 

Evaluated indices (detection rate and false-negative 
rate)

The primary endpoints of the study were sentinel node detection 
rate and false-negative rate (FNR). 

The detection rate was measured as the ratio of all cases with 
at least one detected sentinel node to all included patients. The 
false-negative rate was measured as the ratio of patients with 
involved non-sentinel lymph nodes despite pathologically free 
sentinel lymph nodes to all patients with involved nodes and at 
least one harvested sentinel node [15, 16].

Results

Five patients with renal pelvis or ureter cancer were included; 
four patients were male, and one was female with a mean age of 59. 

The tumour was localized in proximal ureter in two patients, 
distal ureter in one patient, and middle ureter in one patient. 

Demographic data and information regarding the sentinel lymph 
node detection are summarized in Table 1. 

Detection rate 
In all patients with the peritumorally injection of the radiotracer 

following the surgical exposure of the tumour, at least one sentinel 
node was detected. The detection rate was 100% in these five 
patients, and eleven (median = 2) sentinel lymph nodes were 
dissected in total (Fig. 1). 

All the patients with no detected sentinel node were injected 
through the ureteroscopy at two sites around the visible tumour; 
so, the detection rate was zero in UTUC patients with ureteroscopic 
injections; these patients were excluded from the study. 

The detected sentinel nodes were in the paracaval lymph 
nodes (patient 1), renal hilum lymph nodes (patients 2 and 3), retro 
aortic and para-aortic lymph nodes (patient 5), and common iliac 
and external iliac lymph nodes (patient 4). 

False-negative rate
One patient (number 1) had pathological involvement of the 

dissected sentinel lymph node. The detected sentinel nodes were 
in paracaval area (three sentinel nodes), and one showed tumoral 
involvement. Based on the pathology report, the non-sentinel 
paracaval lymph nodes dissected in this patient were also patho-
logically involved.

No lymph node involvement was noted in the remaining four 
patients (no false-negative result).

Discussion

Upper urinary tract TCCs are among the rare types of genitouri-
nary tumours which develop in the renal pelvis and ureter and might 
be associated with bladder cancer. To the authors’ knowledge, they 
evaluated the feasibility of the sentinel node mapping approach for 

the first time in patients with UTUC including, patients with TCCs in 
the proximal, middle, and distal parts of the ureter and also in the 
renal pelvis. They used Tc-99m phytate as the mapping material, 
and no blue dye was used due to the reported adverse reaction to 
the blue dye injection [17, 18]. 

The detection rate in this study was highly dependent on the 
injection method of the radiotracer. In patients with the uretero-
scopic injection of the tracer, no sentinel node could be identified 
intra-operatively. So, these patients were excluded from the study 
and changed the injection technique. In the remaining patients (five 
patients) with radiotracer injection following the tumour exposure 
during the surgery, at least one sentinel node could be identified. 
These results are most likely due to the technical difficulty of injec-
tion through a ureteroscope. The movement of the radiotracer in the 
lymphatic system is reasonably fast, which ensures a successful 
mapping using an intra-operative injection of the tracer [19–21]. 

Although LND is performed for better staging of the tumour, due 
to the low prevalence of UTUC, the curative role of LND continues to 
be debated, and LND is not currently performed in all patients world-
wide. In patients with the T1 stage of the disease, there might be 
a low probability of the LN metastases, and LND does not seem to 
improve the staging. All the current evidence on UTUC is based on 
retrospective studies with a limited study population. To precisely 
determine the indication of LND and its optimal template, which 
varies according to the location of the disease, more extensive 
studies should be performed [22–27]. Although the LND template 
has been studied previously, there is no standardized template for 
LND, and it is dependent on the site of the affected ureter [1, 28].

Based on the present results, sentinel lymph nodes as the 
first lymph nodes which receive the metastatic cells were located 
in the renal hilum, retro-aortic, and para-aortic lymph nodes of the 
patients with TCCs in the proximal part of the left ureter or the left 
renal pelvis. However, in two patients with TCCs in the middle part 
of the right ureter and the right renal pelvis, the detected sentinel 
lymph nodes were in paracaval and right renal hilum lymph nodes. 
The sentinel lymph nodes in one of the study patients with TCC in the 
distal part of the right ureter was in the common iliac and external 
iliac lymph nodes. The present results were in accordance with the 
previous studies in this regard. Kondo et al. [22] proposed that the 
paracaval, retrocaval, and interaortocaval nodes have a higher 
risk of metastases in patients with the right renal pelvis and upper 
two-thirds of the ureter tumours and should be included in the 
LND template. On the other hand, the renal hilum and para-aortic 
nodes in patients with left renal pelvis tumours should be considered 
in the LND template. 

We included only patients with no lymph node involvement 
based on preoperative imaging; however, these modalities have 
shown limited accuracy for preoperative LN staging or identifying 
patients with LN invasion [29, 30]. LND in patients with UTUC 
is highly surgeon-dependent due to inaccurate prediction tools, 
and sentinel lymph node mapping might be of value to find the 
metastatic status of the regional lymph nodes. This study showed 
that sentinel node could be detected in all the UTUC patients with 
the intraoperative injection of the radiotracer mapping, and sentinel 
lymph node mapping might be a feasible method in patients with 
tumours in different parts of the ureter or renal pelvis. However, 
more extensive studies (preferably multicentral) are needed before 
any definitive conclusion. 
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The major limitation of the present study was the low sample 
size due to the low incidence of UTUC. However, to the authors’ 
knowledge, this study is the first study on intraoperative sentinel 
lymph node mapping in UTUC tumours, which obtained promising 
results.

Conclusions

Sentinel node mapping is feasible in UTUC. Injection technique 
(intra-vesical approach vs peri-tumoral injection after exposure of 
the tumour) and location of the tumour (proximal vs distal) might 
affect the technique’s feasibility. 
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Abstract

Background: Psoriasis is a chronic inflammatory disorder with an increased risk for coronary artery disease (CAD). This retro-
spective study aimed to evaluate the rate of myocardial ischaemia in patients with psoriasis subjected to myocardial perfusion 
imaging (MPI).

Material and methods: Twelve patients with moderate to severe psoriasis that had MPI were compared to 395 MPIs randomly 
retrieved from our MPIs pool data. All patients had a [99mTc]tetrofosmin stress — rest single-photon emission computer to-
mography ([99mTc]SPECT). Summed difference scores (SDS) were calculated for stress (SSS), rest (SRS) and their difference 
(SDS = SSS – SRS).

Results: There was no significant difference in the frequency of abnormal MPI SPECT outcomes between patients with vs. 
without psoriasis (6/12 vs 214/395 respectively; p = 0.778). From the evaluation of SSS, SRS and SDS, only the SDS scores of 
inadequately compensated resting perfusion defects were significantly lower in patients with psoriasis (p = 0.012). 

Conclusions: Patients with moderate-to-severe psoriasis had a similar rate of abnormal SSS scans compared to control pa-
tients. However, the SDS scans were significantly lower in patients with psoriasis indicating compromised reversibility of resting 
perfusion defects. Larger controlled studies are needed to verify these observations.

KEY words: psoriasis; myocardial perfusion imaging; SPECT; myocardial ischaemia; perfusion defects

Nucl Med Rev 2021; 24, 2: 46–50

Correspondence to: Andreas Fotopoulos
Department of Nuclear Medicine, Medical School,  
University Hospital of Ioannina, Greece
e-mail: professor.fotopoulos@yahoo.com

Introduction

Psoriasis is a chronic, recurrent, multifactorial inflammato-
ry skin disorder with a complex co-morbidities profile, which 
includes increased coronary artery disease (CAD) risk [1]. The 
higher prevalence of cardiovascular risk factors is translated into 
a higher CAD burden [2], the higher lifetime risk of a major adverse 

cardiovascular event (MACE) and a higher cardiovascular mortality 
rate, however, the latter only in patients with severe disease and/or 
psoriatic arthritis [3].

Whenever feasible, coronary angiography (CA) remains the 
gold standard for the diagnosis of CAD. Alternatively, non-invasive 
cardiovascular imaging methods are important for the prediction 
of future MACE in patients with CA contraindications. Among 
them, myocardial perfusion imaging (MPI) single photon emission 
computed tomography (SPECT) is probably the modality with the 
highest impact to detect a silent myocardial ischaemic region 
[4]. To date, MPI data has been only occasionally reported in 
patients with psoriasis [5, 6]. This retrospective study aimed to 
evaluate the myocardial status in patients with moderate-to-severe 
psoriasis utilizing MPI. 
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Mann-Whitney U-test; Tab. 2) Psoriatic patients had also increased 
inflammation parameters, C-reactive protein (CRP; average: 10.4) 
and erythrocyte sedimentation rate (ESR; average: 39.1), which 
reflect disease activity. In addition, most patients with psoriasis had 
traditional risk factors for CAD such as increased cholesterol lev-
els and diabetes mellitus and some of them a history of cardiac 
morbidity (Tab. 1). 

There was no significant difference in the frequency of abnormal 
MPI outcomes between patients with vs. without psoriasis (6/12 
vs 214/395 respectively; p = 0.778, Fisher’s exact test) or the 
distributions of the different MPI assessed degrees of myocardial 
ischaemia (p = 0.756; χ2-test). From the 3 parameters of the MPI 
evaluation (SSS, SRS and SDS), only the SDS scores differed 
between patients with and without psoriasis, with SDS being sig-
nificantly lower in patients with psoriasis (p = 0.012, Mann-Whitney 
U-test; Tab. 2 and Fig. 1). Moreover, the above impact of psoria-
sis on the SDS scores was substantiated further by analysing the 
impact of age, sex and psoriasis on the MPI scores with regression 

Table 1. Demographic, clinical and laboratory characteristics of 
n = 12 patients with psoriasis

Range

Mean (SEM1) Min Max

Age (year ) 70.7 (1.8) 56 78

Sex (number) 6 Male / 6 Female

Psoriasis characteristics

PASI 19.2 (2.7) 10 35

Psoriatic arthritis (number) 1 / 12

Acrodermatitis continua (number) 1 / 12

ESR1 (mm/h) 39.1 (5.5) 19 72

CRP1  (mg/l, normal values: 0–6) 10.4 (1.8) 2 20

Elevated CRP (number) 8 /12

Cholesterol (mg/dl) 

Total cholesterol 198.7 (17.9) 87 267

LDL1 116.7 (15.0) 26 176

HDL1 42.0 (3.1) 25 56

LDL / HDL 2.7 (0.3) 1.0 3.6

Triglycerides 205.3 (16.3) 109 255

Glucose (mg/dl) 168.4 (20.2) 92 308

Psoriasis treatment (number) 12/12

Topical psoriasis treatment (number) 12/12

Systemic psoriasis treatment 

(number)

12/12

Systemic per os2 (number) 10/12

Biological3 (number) 10/12

CVD1

Myocardial infarction (number) 2/12

Heart insufficiency (number) 1/12

Aorta insufficiency (number) 2/12

Atrial fibrillation (number) 2/12

1Abbreviations. CRP — C-reactive protein, CVD: cardiovascular disease, ESR 

— erythrocyte sedimentation rate, HDL — high-density lipoprotein, LDL — low-

density lipoprotein, SEM — standard error of the mean. 2acitretin, apremilast 
3Adalimumab, efalizumab, etanercept, infliximab, secukinumab, ustekinumab 

Material and methods

By comparing the medical records of the Nuclear Medicine and 
Dermatology Departments we identified 12 MPIs study outcomes in 
12 patients with a history of moderate-to-severe psoriasis. Since 
the prevalence rate of all psoriasis cases in the reference popu-
lation is approximately 3% [7], we additionally retrieved randomly 
MPI results of 395 patients without psoriasis which formed the 
control group independent of their medical history, cardiac or other 
diseases. Thus, this yielded the study population of 407 patients, 
which included approximately 3% (12/407) of the patient group 
and 97% (395/407) of the control group. The assumption was that 
randomly selected that large control group of patients with other 
medical conditions could better balance any variations in patient 
characteristics between the 2 groups.

All MPIs (inpatients and control individuals) were performed 
after requisition by a cardiologist for a variety of reasons, using 
a 1-day imaging protocol according to published guidelines [8], 
with stress protocol consisted either of a dynamic exercise — Bruce 
protocol treadmill exercise test or a pharmacological exercise with 
dipyridamole or dobutamine. The injected dose was 8 mCi [99mTc] 
tetrofosmin at stress and 20 mCi [99m Tc]tetrofosmin at rest. Forty 
minutes later, the images were acquired via a 90°-angled dual-head 
camera, using a collimator with 64 stops and 25 s per projection 
over a 180° arc. Subsequently, the images were reconstructed 
without attenuation correction as previously reported [9].

Images were visually evaluated by two nuclear medicine 
specialists, applying a 5-point severity scoring scale from normal 
(score = 0) to absent (score = 4) perfusion to a 17 segments polar 
myocardium map as previously reported [10, 11]. 

Summed stress scores (SSS), summed rest scores (SRS) 
and summed difference scores (SDS) was valued for semiquan-
titative visual analysis. Summed scores over the 17 myocardium 
segments (range: 0–64) were evaluated separately for stress [SSS 
reflects both stress-induced and resting perfusion defects (i.e., 
ischaemia + infarct)] and rest (SRS-resting perfusion defects  
(i.e., reflecting scar/hibernating myocardium or artifact]) images. 
In addition, their difference [SDS = SSS – SRS, a measure of 
reversibility in response to exercise or pharmacologic stress, (i.e., 
ischaemia)], was additionally calculated. SSS scores ≥ 4 were 
considered to indicate myocardial ischaemia — (‘pathologic’ MPI), 
graded further as mild (4 ≤ SSS < 9), moderate (9 ≤ SSS < 14) and 
severe for SSS ≥ 4 [12]. Comparisons of traits of interest between 
patients with vs. without psoriasis were quantified by Fisher’s exact, 
χ2- and Mann-Whitney U- tests. The impact of sex (male, female), 
age (‘elderly’, i.e. > 65, versus younger patients) and psoriasis (yes, 
no) on the MPI scores was inferred with ‘generalized linear’ and for 
the dichotomous outcome ‘pathologic’ MPI with logistic regression 
models respectively. All statistical tests were calculated with the 
SPSSv26 software at a significance level p < 0.05. 

Results 

Relevant demographic and laboratory findings of the 12 pso-
riasis patients [6 men and 6 women; mean age: 70.7 years; pso-
riasis area and severity index (PASI) score: 19.2] are summarized 
in Supplementary Table 1. Patients with psoriasis were significantly 
older at the time of MPI (in average about 10 years, p = 0.001, 
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models. Of these three factors, male sex was the most important 
and universal predictor of myocardial ischaemia (Tab. 3). However, 
psoriasis remains a significant independent predictor of the SDS 
(p = 0.023). Finally, older age was a significant predictor only of 
a higher degree of resting perfusion defects (SRS score; p = 0.016). 

Discussion 

To the best of the authors’ knowledge, this is the first report 
of the results of cardiologist’s indicated MPI tests in patients with 
moderate-to-severe psoriasis. The main outcome of this study 
is a comparable prevalence of myocardial ischaemia (around 
50%) in patients with and without psoriasis, even though the 
former patients were significantly older at the time of the MPI 
conduction. However, the compromised myocardial oxygenation 
of the patients with moderate-to-severe psoriasis seems to be al-
ready established at a younger age. Employing MPI Zutt et al. [6], 
found a comparable rate of ischaemia (56%) in 50 prospectively 
examined much younger psoriasis patients (average 49.3 years, 
i.e., about 20 years younger compared to the present cohort) with 
a similar disease burden. In this context, it is worth noting that Yalcin 
et al. [5], reported no pathologic MPI results in 28 much younger 
patients (average age: 41.2 years) with a rather mild psoriasis at 
the time of examination.

Figure 1. Box-plot diagrams of SPECT MPI summed scores of patients with vs. without psoriasis (p: significance; Mann-Whitney U-test);  
A. SSS: ischaemia scores at stress. Dashed line: score limit for ischaemia; B. SRS: ischaemia scores at rest; C. SDS: scores of reversibility of stress 
ischaemia (SDS = SSS – SRS); MPI — myocardial perfusion imaging; SPECT — single photon emission computed tomography

Table 2. Comparison of age at SPECT MPI conduction and SPECT MPI myocardial ischemia scores between patients with psoriasis and controls 
(mean [SEM]; p-values: Mann-Whitney U-test)

All patients (n = 407) Elderly patients (age > 65; n = 134)

Psoriasis  
n = 12

Control  
n = 395

p Psoriasis  
n = 12

Control  
n = 124

 p

SSS1 70.7 [1.80] 60.0 [0.60] 0.001 Not applicable

SRS1 4.92 [1.55] 5.33 [0.26] 0.566 5.10 [1.77] 5.90 [0.49] 0.478

SDS1 4.67 [1.34] 2.91 [0.20] 0.145 4.60 [1.47] 3.75 [0.41] 0.410

MPI2 0.25 [0.52] 2.43 [0.12] 0.012 0.50 [0.58] 2.16 [0.26] 0.022

1SPECT MPI ischaemia score: generalized linear model; 2myocardial ischaemia (pathologic MPI): logistic regression model; MPI — pathologic myocardial perfusion by MPI SPECT (SSS ≥ 4); 
SDS — Ischaemia reversibility scores, SDS = SSS – SRS; SEM — Standard Error of the Mean; SRS — Summed Rest Score; SSS — Summed Stress Score; SRS: Summed Rest Score;  
SDS — Ischemia reversibility scores, SDS = SSS-SRS; MPI— pathologic myocardial perfusion by MPI SPECT (SSS ≥ 4), SEM — Standard Error of the Mean.

However, an association between cardiovascular disease and 
psoriasis is detected most consistently among patients with severe 
psoriasis. A systematic review and meta-analysis in which classifi-
cation as severe psoriasis was based upon surrogate markers (e.g., 
a requirement for systemic treatment or hospital admission) found 
support for an increased risk for myocardial infarction, cardiovascu-
lar mortality, and stroke among patients with severe psoriasis [13]. 
In contrast to severe psoriasis, studies evaluating the relationship 
between milder disease and cardiovascular morbidity have yielded 
less consistent findings [14]. A longer duration of disease may be 
an additional risk factor for adverse cardiovascular events [15].

The rationale for a correlation between psoriasis and athero-
sclerotic disease is not well understood. Although the increased 
prevalence of main risk factors for cardiovascular disease, in 
patients with psoriasis likely contributes to the elevated risk for 
atherosclerosis, the role of chronic inflammation in the pathogen-
esis of both disorders may also be a key factor [16].

In a systematic review and meta-analysis that pooled the re-
sults of four studies, all-cause cardiovascular mortality was signif-
icantly greater in patients with severe psoriasis than in the general 
population [13]. A fifth study that reported a hazard ratio from 
the multivariate analysis offered additional support; the cohort 
study of approximately 3600 patients with moderate-to-severe 
psoriasis (defined as psoriasis treated with systemic therapy) and 
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14,330 control patients without a history of psoriasis, found that 
patients with severe psoriasis were more likely than controls to die 
from the cardiac or cerebrovascular disease [17, 18]. 

Our present MPI findings demonstrated that older patients with 
moderate-to-severe psoriasis exhibited significantly less reversible 
ischaemia at rest, compared to the control group. In the light of 
these observations, the question arises whether therapies with 
a systemic anti-inflammatory impact, like anti-tumour necrosis fac-
tor-alpha antibodies agents, might attenuate and eventually prevent 
the evolution of myocardial ischaemia as a function of disease 
duration and severity and ultimately reduce the MACE risk [16]. 

Conclusion

In summary, we found a similar rate of myocardial ischaemia 
during stress in patients with moderate-to-severe psoriasis com-
pared to control patients, but with less reversibility of ischaemia 
at rest. These findings are preliminary and their exact aetiology 
still unclear. The main limitation of this retrospective study is the 
small number of index patients. Larger, controlled studies are 
needed to verify our observations and inquire about the role 
of MPI studies in the evaluation of myocardial ischaemia in 
patients with psoriasis. 
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Abstract 

Background: There is variable cardiac uptake observed on oncological 18F-fludeoxyglucose ([18F]FDG) positron emission/com-
puted tomography (PET/CT). The main purpose of this study is to evaluate patterns of overnight fasting myocardial [18F]FDG 
uptake in oncological PET/CT and analyse the relationship between myocardial [18F]FDG uptake and myocardial ischaemia 
on stress single-photon emission CT (SPECT) myocardial perfusion imaging (MPI).   

Material and methods: A total of 362 subjects underwent both oncological PET/CT and stress SPECT MPI within 3 months of 
each other. Subjects with focal-mass-like [18F]FDG myocardial uptake raising the suspicion of cardiac metastasis and subjects 
with coronary artery disease (CAD) were excluded. The myocardial [18F]FDG uptake was classified into four patterns.

Results: Abnormal SPECT MPI was noted in 91 (25%) patients; 220 (61%) patients had completely absent [18F]FDG uptake, 
80 (22%) had diffuse [18F]FDG uptake, 39 (11%) had focal on diffuse [18F]FDG uptake, and 23 (6%) had focal or regional myo-
cardial [18F]FDG uptake, the regional [18F]FDG myocardial uptake was the most predictive of myocardial ischaemia on SPECT 
MPI, and there were positive associations between age, sex, hypertension, tobacco smoking, hypercholesterolemia, and left 
ventricular ejection,  a fair agreement was noted between the focal or regional FDG uptake and presence of ischaemia on 
SPECT, K = 0.394 (95% CI 0.164 to 0.189).

Conclusions: Based on the presented findings, the physiological myocardial [18F]FDG uptake in fasting oncology patients is 
variable. The regional myocardial [18F]FDG uptake pattern is the most frequent pattern associated with myocardial ischaemia 
on stress SPECT MPI, however, the agreement between regional FDG uptake and presence of ischaemia on SPECT is fair. 

KEY words: myocardial ischaemia; myocardial [18F]FDG uptake; oncological PET/CT; CAD risk stratification 
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Introduction

While normal myocardial 18F-fludeoxyglucose ([18F]FDG) activity 
can be defined as absent or diffusely, focally, or regionally increased, 
myocardial [18F]FDG uptake in oncology patients is non-uniform and 
variable [1]. There is high spatial and temporal heterogeneity of the 

[18F]FDG myocardial metabolism patterns in cancer patients free 
of cardiac disease [2]. This variability may occur in daily cardiac 
evaluation, and it may affect the interpretation of cardiac studies in 
certain disease evaluations, such as cardiac sarcoidosis and my-
ocardial viability [3]. Some data suggest that metabolic alteration 
may occur in oncology patients; for example, metabolic alteration 
in cardiac glucose uptake may arise in patients with Hodgkin’s lym-
phoma independent of skeletal muscle uptake [4]. The regional 
myocardial uptake in patients with stable angina is homogenously 
low and comparable to that of healthy subjects [5]. However, in 
patients with ischaemic cardiomyopathy or severe re-perfused 
myocardial injury, the myocardial utilization at rest is increased 
because the oxidative metabolism is reduced. In this case, to 
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support adenosine triphosphate production from glycolysis, the 
primary substrate of energy metabolism becomes glucose [6, 7].

Studies have also shown that, in patients with severe coronary 
artery disease (CAD) and unstable angina, myocardial glucose 
utilization is enhanced in the absence of clinical, electrocardio-
graphic, or detectable perfusion evidence of acute ischaemia [8]. 

Also, studies have shown that patients with clinical suspicion of 
CAD have a higher incidence of focal myocardial uptake and cor-
onary artery calcification but the FDG uptake is often observed in 
sites remote from those with calcification [9]. However, it is difficult 
to diagnose the presence of an ischaemic myocardium by fasting 
[18F]FDG positron emission/computed tomography (PET/CT) im-
aging alone because the glucose metabolism in the fasting state 
is quite heterogeneous, even in normal myocardium [10, 11]. 
Myocardial glucose utilization increases in many conditions, such 
as myocardial ischaemia, pressure overload, and during exercise; 
myocardial regional ischaemia leads to the translocation of both 
glucose transporters, GLUT 4 and GLUT 1, to the sarcolemma in 
vivo; also, myocardial ischaemia stimulates adenosine monophos-
phate-activated protein kinase, which may increase cardiac glucose 
uptake [12]. Thus, the authors wanted to explore the [18F]FDG 
myocardial uptake patterns in routine overnight fasting oncology 
patients, and it was hypothesized that focal or regional myocardial 
[18F]FDG uptake would be associated with myocardial ischaemia 
on stress single-photon emission CT (SPECT) myocardial perfusion 
imaging (MPI) due to the myocardial metabolic shift from oxidation 
of free fatty acid to glucose uptake. Finally, the authors wanted to 
explore whether the level of blood glucose at the time of injection 
of [18F]FDG would have any influence on the myocardial [18F]FDG 
uptake. 

Material and methods

Population and study design 
This retrospective study was approved by the hospital insti-

tutional review board. Subjects who underwent both oncological 
PET/CT and stress SPECT MPI within 3 months of each other 
were identified through a search of the radiology and cardiology 
database for appropriate clinical indications between January 2017 
and December 2019. Ten patients were excluded because they had 
a focal-mass-like [18F]FDG myocardial uptake raising the suspicion 
of cardiac metastasis or tumour involvement; this needed further 
correlative imaging with other imaging modalities, such as echo-
cardiography or cardiac magnetic resonance imaging. A stress/rest 
SPECT MPI was performed for clinically appropriate indication per 
referring physicians such as symptomatic patients with chest pain 
and high-risk patients undergoing major surgery for pre-opera-
tive risk stratification. Also, patients with established CAD, such 
as patients with prior myocardial infarction, prior coronary artery 
bypass surgery (CABG), or prior percutaneous coronary interven-
tion (PCI), were excluded. 

[18F]FDG PET/CT imaging 
All patients fasted overnight before the PET/CT studies. For 

imaging, 370–740 MBq (10–20 mCi) of [18F]FDG was injected 
intravenously, and scanning started 60 minutes later. No intra-
venous contrast was administered. The studies were conducted 

on a hybrid PET/CT scanner (GE, Discovery, Wisconsin, USA).  
All patients were in a supine position. CT images were acquired 
from the head to mid-thigh using the following standard parameters: 
10 Kvp; current, 180 mA; pitch, 0.981:1; and single round tube 
rotation, 0.85. CT data were used for attenuation correction and 
PET images were reconstructed using ordered-subsets expectation 
maximization (OSEM); 2 iterations, 20 subsets, and a matrix size 
of 128 × 128 pixels were used in the reconstruction. To assess the 
myocardial [18F]FDG uptake, the images were reconstructed with 
attenuation correction, reoriented, and displayed in traditional car-
diac planes (short axis, vertical long axis, and horizontal long axis) 
for interpretation; the myocardial [18F]FDG uptake was classified 
into the four following patterns: pattern 1, completely absent or mild 
myocardial [18F]FDG uptake (Fig. 1a); pattern 2, diffuse (moderate 
or intense) myocardial [18F]FDG uptake (Fig. 1b); pattern 3, patchy 
or multifocal myocardial [18F]FDG uptake (Fig. 1c); and pattern 4, 
focal or regional myocardial [18F]FDG uptake (anterior and septal 
myocardial [18F]FDG uptake, lateral wall myocardial [18F]FDG up-
take, or inferior wall myocardial [18F]FDG uptake (Fig. 1d). 

Stress SPECT MPI acquisition and analysis
Patients underwent rest-stress myocardial perfusion imaging 

studies with either two-conductive separate day or low-dose 
high-dose same-day protocol. The acquisition parameters and 
post-processing were performed according to the guidelines of 
the American Society of Nuclear Cardiology (ASNC) for nuclear 
cardiology procedures [13]. The images were analysed in consen-
sus by experienced nuclear medicine physicians in short, vertical, 
and horizontal views utilizing Auto SPECT (Cedars-Sinai Medical 
Center, Los Angeles, California). A reversible defect was defined 
as a perfusion defect on stress images that partially or completely 
reversible on rest images in two or more contiguous segments. 
A fixed perfusion defect was defined as a perfusion defect on 
stress images in two or more contiguous segments that persist 
on rest images. An abnormal perfusion scan was taken to indicate 
the presence of a reversible or fixed defect or both. Finally, gated 
short-axis images were processed with quantitative SPECT soft-
ware, to measure the ejection fraction. In the visual analysis, the 
17 segments were scored for perfusion defects on a 4-point system 
(0 = normal; 1 = mild; 2 = moderate; and 3 = severe), for both the 
stress and rest images. The perfusion defects based on perfusion 
scores at stress and rest were used to form the final interpretation of 
the studies. Perfusion abnormalities in the apical, anterior wall and 
septal perfusion defect were considered left anterior descending 
(LAD) artery territory; a lateral wall defect indicated left circumflex 
(LCX) artery territory, and an inferior wall perfusion defect indicated 
right coronary artery (RCA) territory.

Statistical analysis
Statistical analysis was performed using SPSS version 20 (IBM, 

USA). Continuous variables were reported as means ± standard 
deviation, and categorical variables were reported as percentages. 
Group means were compared using the t-test, and the association 
between categorical variables was assessed using the Chi-square 
test. Binomial logistic regression was performed to ascertain the 
effects of age, sex, hypertension, hypercholesterolemia, tobacco 
smoking, left ventricular ejection fraction, myocardial [18F]FDG 
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uptake, and abnormal SPECT MPI. Cohen’s K was run to determine 
if there was an agreement between focal/ regional myocardial FDG 
uptake and the presence of ischaemia on myocardial stress SPECT 
in 9 patients. The Type I error rate was set at 5%.

Results 

Baseline characteristics of study subjects 
A total of 362 subjects were included in the study; the average 

age was 65 ± 10-years, and 219/362 (60.5%) patients were male. In 
addition, the mean blood glucose level at the time of FDG injection 
was 104 ± 36 mg, and the mean left ventricular ejection fraction 
was 57 ± 9%. Furthermore, 24.3% 91/362 (25%) patients had 
abnormal SPECT MPI consistent with stress-induced myocardial 
ischaemia. Among the study subjects, 210/362 (58%) patients were 
hypertensive, 195/362 (53%) were diabetic, 42/362 (12%) smoked, 
and only 5/362 (1.4%) had a positive family history of CAD (Tab. 1). 
Type of cancer and oncological indication for FDG PET/CT are 
summarized in Table 2.

Table 1. Patient characteristics (N = 362)

Factor Total number, %

Gender

Male 219 (60.5%)

Female 143 (39.5%)

Age, years ± SD 65 ± 10

CAD risk actors 

Hypertension 210 (58%)

Diabetes mellitus 195 (54%)

Hypercholesterolemia 68 (16%)

Smoking 42 (11.6%)

Family history of CAD 5 (1.4%)

LVEF%, mean ± SD 57 ± 9

Mean blood Glucose at the injection of 

[18F]FDG mmol/L ± SD 

104 ± 36

Abnormal SPECT, number, % 91 (25%)
CAD — indicates coronary artery disease; [18F]FDG — fluorodeoxyglucose; LVEF — left 
ventricular ejection fraction; SD — standard deviation; SPECT — single-photon emission 
computed tomography 

Figure 1. Selected axial [18F]FDG PET images demonstrating four patterns of myocardial FDG uptake; A. Completely absent myocardial [18F]FDG 
uptake; B. Diffuse intense myocardial [18F]FDG uptake; C. Patchy with focal myocardial [18F]FDG uptake; D. Regional/focal [18F]FDG uptake in the 
septal and anteroseptal wall (arrow)

A

B

C D
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Patterns of myocardial [18F]FDG uptake and its 
relationship with blood glucose level 

The mean blood glucose level was 104 ± 36. Moreover, 220/362 (61%) 
of the study subjects had completely absent or mild [18F]FDG myo-
cardial uptake, 80/362 (22%) had diffuse myocardial [18F]FDG up- 
take, 39/362 (11%) had patchy or multifocal myocardial [18F]FDG 
uptake, and 23/362 (6%) had regional myocardial [18F]FDG uptake. 
There was no statistically significant association between the glucose 
level and pattern of myocardial [18F]FDG uptake, p = 0.762 (Tab. 3).

Relationship between the pattern of myocardial 
[18F]FDG uptake and myocardial ischaemia on 
stress SPECT MPI 

A significant statistical association was noted between the 
pattern of myocardial [18F]FDG uptake and myocardial ischaemia 
on stress SPECT MPI, p = .025; the most predictive pattern of my-
ocardial [18F]FDG uptake associated with ischaemia was regional 

or focal myocardial [18F]FDG, in 14/23 (39%) patients. The percent-
ages of other patterns observed on stress SPECT MPI were rela-
tively low; for example, the percentage of patients with a complete 
absence of myocardial [18F]FDG uptake was 20%.

Relationship between CAD risk factors and 
myocardial ischaemia on stress SPECT MPI 

There was a statistically significant association between the 
patient age, male gender, hypertension, hypercholesterolemia, 
and tobacco smoking and abnormal SPECT MPI. In contrast, there 
was no association between diabetes mellitus and a history of CAD 
and abnormal SPECT MPI (Tab. 3).

Logistic regression predicting likelihood of SPECT 
based on CAD risk factors, left ventricle ejection 
fraction, and [18F]FDG uptake

Binomial logistic regression was performed to ascertain the 
effects of age, sex, hypertension, hypercholesterolemia, tobacco 
smoking, (left ventricular ejection fraction LVEF), and myocardial 
[18F]FDG uptake on the SPECT results. Of the seven predictive 
variables, only age, hypercholesterolemia, smoking, LVEF, and 
[18F]FDG uptake were associated with abnormal SPECT (Tab. 4).

The agreement between focal myocardial FDG 
uptake and presence of ischaemia on SPECT

Cohen’s K was run to determine if there was an agreement 
between focal/regional myocardial FDG uptake and presence 
of ischaemia on myocardial stress SPECT in 9 patients, there 
was an agreement between 6 patients with focal FDG uptake 
and the presence of ischaemia on SPECT, however, there 

Table 2. Type of oncologic indication for FDG PET/CT study, sample 
study (n = 362)

Type of Malignancy Number Percent [%]

Head and neck 47 12.9

Breast 67 18.5

Lung 21 5.8

GI/GU 53 14.6

Lymphoma  54 14.9

Others 120 33.1

Total 362 100

Table 3. Baseline characteristics of patients with normal and abnormal SPECT 

Characteristic Overall  
(N = 362)

Patients with normal SPECT 
271

Patients with abnormal SPECT 
91

p-value

Demographics 

Age, (SD) [y] 65 ± 10 63 ± 10 68 ± 10 0.00001

Male 219 151 68 0.001

Female 143 120 23

Hypertension  210 141 69 0.000

Diabetes mellitus 195 141 54 0.226

Hypercholesterolemia 28 30 58 0.0001

Smoking 42 18 42 0.0001

Family history of CAD 5 2 3 0.070

SPECT               

LVEF [%] 57 ± 9 58 ± 7 51 ± 7   0.0001

[18F]FDG- PET/CT 

Blood glucose level 104 ± 36 104 ± 36 103 ± 7 0.762

Myocardial FDG uptake 0.025

Total Absent 220 175 45

Diffuse uptake 80 53 27

Focal on diffuse uptake 39 29 10

Focal/regional uptake 23 14 9
CAD — indicates coronary artery disease; [18F]FDG — fluorodeoxyglucose; LVEF — left ventricular ejection fraction; SD — standard deviation; SPECT — single-photon emission computed 
tomography
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was a discordant between FDG uptake and ischaemia on 3 pa-
tients. a fair agreement was noted between the FDG uptake and 
presence of ischaemia on SPECT, K = 0.394 (95% CI: 0.164 to 
0.189) (Tab. 4 and 5).

Discussion 

In this study, it was found that up to 61% of overnight fasting 
routine oncology patients had absent to mild myocardial [18F]FDG 
uptake; the remaining 39% of patients had variable physiologi-
cal patterns. No association was found between blood glucose 
level at the time of [18F]FDG intravenous injection and pattern of 
myocardial [18F]FDG uptake, and finally and most importantly, 
a significant statistical association was found between the pattern 
of myocardial [18F]FDG uptake and the presence of myocardial 
ischaemia on stress SPECT MPI; the most significant predictive 
pattern of myocardial [18F]FDG uptake for myocardial ischaemia 
was regional or focal myocardial [18F]FDG uptake. However, the 
agreement between focal or regional FDG uptake and the presence 
of myocardial ischaemia is fair, K = 0.394. Studies have shown that 
the myocardial glucose uptake during fasting is variable, which re-
flects the availability and flexibility of myocardial substrate utilization 
[14, 15]. Among the 362 subjects in this study, 220 subjects had 
completely absent or minimal [18F]FDG uptake; these results were 
consistent with previous studies. 

Understanding myocardial [18F]FDG uptake variability is crucial 
in the interpretation of myocardial viability, cardiac sarcoidosis, and 
[18F]FDG PET/CT studies for the detection of coronary atheroscle-
rosis. Fasting alone cannot explain the variability of myocardial 
metabolism, which may be due in part to the level of substrates, 
such as glucose and free fatty acids; physiological and cellular 
processes, such as myocardial blood flow; and levels of hormones, 
such as insulin, glucagon, dopamine and thyroxine [3]. One study 
showed that ageing, left ventricular hypertrophy, diabetes mellitus, 
and obesity cause alterations in substrate metabolism of either 
glucose or fatty acids [16]. In addition, hypertensive patients with 
increased cardiac workload may have a metabolic shift favouring 
glucose oxidation over fatty acids [17].

Our study showed that, despite overnight fasting, 39% of the 
study subjects had different physiologic patterns of myocardial 
[18F]FDG uptake. This finding is somewhat consistent with the 
results of another study, in which 38% of enrolled individuals still 
demonstrated physiological myocardial [18F]FDG uptake despite 
prolonged fasting of up to 18 hours [18]. A high-fat, low-carbohy-
drate diet may facilitate the switching of the myocardial substrate 
metabolism from glucose to fatty acids [14, 19]. Despite these 
results, the optimum dietary manipulation before [18F]FDG PET/CT 
study for certain indications, such as evaluation of cardiac sarcoido-
sis, has not been defined or standardized [20].

Our study showed a significant association between the 
[18F]FDG myocardial uptake pattern and the presence of myocardial 
ischaemia on stress SPECT MPI, particularly in terms of regional or 
focal myocardial [18F]FDG. Studies have shown that CAD is asso-
ciated with left ventricular uptake in oncology patients in a fasting 
state; the association between myocardial ischaemia and regional 
myocardial [18F]FDG uptake is due to stimulation of glycolysis and 
suppression of fatty acid oxidation by the ischaemic myocardium 
[21]. This metabolic shift is a prerequisite for continued energy 
production and cell survival. It appears that these alterations in the 
myocardial substrate may persist after the resolution of myocardial 
ischaemia in so-called ischaemia memory [22, 23]. One study sug-
gested that this metabolic fingerprint appears superior to perfusion 
imaging for the detection of CAD and assigning a prognosis in pa-
tients with established CAD, and metabolic imaging with [18F]FDG 
or [123I]beta methyl-P-iodophenyl pentadecanoic acid ([123I]BMIPP) 
has been used for ischaemia detection during stress testing [24–27]. 
However, despite these promising studies about metabolic imaging 
for the detection of myocardial ischaemia, several questions re-
main to be answered, such as the optimal imaging protocol and 
a significant amount of diagnostic or prognostic data obtained 
from these metabolic studies that might alter patient management. 
Nevertheless, these results suggest that patients with regional my-
ocardial [18F]FDG uptake at a relatively increased risk of myocardial 
ischaemia compared with other patterns, such as diffuse uptake 
or minimal [18F]FDG uptake, may benefit from further testing with 
stress SPECT MPI to diagnose myocardial ischaemia. 

Study limitations
Our study is retrospective, and it has some limitations. The 

number of enrolled subjects was relatively small, which weakens the 
strength of the presented findings, especially for patients with 
regional [18F]FDG uptake and positive SPECT MPI for myocardial 

Table 4. Logistic regression predicting the likelihood of SPECT based 
on CAD risk factors, LVEF, and [18F]FDG uptake 

p-value Odds ratio 95% confidence interval 
of odds ratio 

Lower Upper

Age 0.012 1.039 1.009 1.070

Sex 0.45 0.519 0.273 0.966

Hypertension 0.055 0.534 0.882 1.014

Hypercholeste- 

rolemia 

0.000 0.258 0.126 0.526

Smoking 0.000 0.233 0.105 0.514

LVEF 0.000 0.924 0.897 0.953

FDG uptake 0.023 1.405 1.049 1.881

CAD — indicates coronary artery disease; [18F]FDG — fluorodeoxyglucose; LVEF — left 
ventricular ejection fraction; SD P-value standard deviation; SPECT — single-photon 
emission computed tomography

Table 5. The agreement between Focal myocardial [18F]FDG uptake 
and presence of ischaemia on SPECT

Regional FDG 
uptake 

Concordant 
FDG uptake and 

Ischaemia 

Discordant FDG 
uptake and  

no ischaemia 

LAD 4 3 1

LCX 2 1 1

RCA 3 2 1

Total 9 6 3
[18F]FDG — fluorodeoxyglucose; LAD — left anterior descending coronary artery; LCX 
— left circumflex artery; RCA — right coronary artery; SPECT — single-photon emission 
computed tomography
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ischaemia. Although the research looked at 362 patients who 
underwent both oncological PET/CT and stress SPECT MPI within 
3 months, despite this limitation, the present finding is worth noting 
because it is the first study comparing the correlation of myocar-
dial [18F]FDG uptake in oncological patients and the presence of 
myocardial ischaemia on stress SPECT MPI. The stress SPECT 
MPI results were not correlated with other cardiac imaging studies, 
such as those involving invasive coronary angiography or coronary 
CT angiography. The duration of overnight fasting in hours was not 
reported, since this variable was not controlled. The documented 
information in the chart was reviewed, but clearly, the duration of 
fasting could be quite variable from one patient to another. Finally, 
the myocardial [18F]FDG uptake was evaluated visually and not 
quantitatively because the myocardial [18F]FDG location and se-
verity were evaluated. 

Conclusions

Based on the presented findings, the physiological myocardial 
[18F]FDG uptake in overnight fasting oncology patients is quite 
variable. While a complete absence or minimal [18F]FDG uptake 
is the commonest pattern, the variability may affect the interpretation 
of cardiac sarcoidosis involvement or myocardial viability studies. 
Thus, further dietary manipulation and/or extended prolonged 
fasting before these studies must be considered. The regional 
myocardial FDG uptake pattern is the commonest pattern associ-
ated with myocardial ischaemia on stress SPECT MPI. However, 
there was a fair agreement between the focal FDG myocardial 
FDG uptake and the presence of ischaemia on SPECT. Therefore, 
patients with regional FDG uptake on oncological PET/CT may 
benefit from additional studies to exclude myocardial ischaemia. 
Exploration of the relationship between regional [18F]FDG uptake 
and myocardial ischaemia must be explored in a larger cohort 
to determine the relationship between variable myocardial FDG 
uptake in overnight fasting oncologic patients and the presence 
of ischaemia on SPECT MPI. 
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ABSTRACT

Background: To evaluate the diagnostic performance of [18F]fluorodeoxyglucose positron emission tomography/computed 
tomography ([18F]FDG-PET/CT) scan in detecting local recurrences in patients with surgically treated oral tongue squamous 
cell cancer (OTSCC).

Material and methods: Eighty-seven patients who had undergone surgery for OTSCC were monitored clinically and [18F]FDG-
PET/CT and magnetic resonance (MR). PET uptakes were classified as functional (Type A), suspicious (Type B), or highly 
suggestive of local recurrence (Type C). A multidisciplinary team (MDT) evaluated case-by-case the surveillance strategy based 
on PET uptake.

Results: Fifty-nine patients presented FDG-PET uptake during follow-up: this report was significantly more frequent in patients 
who received flap reconstruction than in those without (73% vs 50%; p = 0.05). In 13 patients with Type A (n = 1), Type B 
(n = 9), and Type C (n = 3) uptakes an additional MR was considered preferable and discovered recurrence in 12.PET-CT had 
9 true positives, 17 false positives, 71 true negatives, and no false-negative, resulting in sensitivity, specificity, positive (PPV) 
and negative predictive values (NPV) of 100%, 80.7%, 34.6%, and 100%. 

Conclusions: The present results demonstrated a change in diagnostic strategy, as decided by the MDT, in about one-fifth of 
patients. The results should prompt in designing a rational surveillance schedule in surgically treated OTSCC.

KEY words: tongue carcinoma; PET/CT; [18F]FDG PET/CT; magnetic resonance imaging
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Introduction

The incidence of oral tongue squamous cell carcinoma 
(OTSCC) is increasing worldwide and, although the peak is seen 
around the 6th decade, there is evidence of its increasing occur-
rence among the youngest, presumably due to early initiation of 

smoking habits and alcohol consumption [1–3]. The therapeutic 
management of this type of tumour has not changed substantially 
in the last few decades and mainly relies on surgery alone for early 
T categories, while multimodal approaches (surgery followed by 
radiotherapy [RT] or chemoradiotherapy [CRT]) are applied to 
more advanced lesions. Surgical management of T1-T2 OTSCC 
consists of surgical excision with wide free margins (ranging 
between 1 and 2 cm) [4], while in case of larger tumours with 
a depth of invasion (DOI) superior to 10 mm (staged as T3 or 
higher according to the 8th Edition of the AJCC-UICC TNM Staging 
System) [5] some authors systematically perform a compartmental 
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Patient baseline characteristics, type of treatment delivered, T, N 
and surgical margins features of the primary tumour are detailed 
in Table 1.

Follow-up policy
According to the NCCN guidelines [16], the institutional 

follow-up protocol consisted of clinical examination (every 
2 months for the first 2 years, every 4 months for the third year, 
and then every 6 months until the 5th year) and imaging (PET-CT 
3 months after surgery, MR at 9 months, then, alternatively, PET-CT 
and MR, every 6 months for 2 years and every year until the 5th year).

Patients with suspicious or positive findings at imaging were 
discussed in the multidisciplinary team (MDT) and submitted to:

—— biopsy and PET-CT when a suspect was raised on the routine 
follow-up MR;

—— MR when a suspect was raised on the routine follow-up PET-CT; 
—— watchful-waiting when the level of a suspect on either MR or 

PET-CT was considered low after the MDT review.
Only patients for whom PET-CT and MR studies were avail-

able and with at least 1 year of follow-up were included in the 
present study. The Median follow-up time was 36 months (range 
12–90 months)

hemiglossopelvectomy to improve loco-regional control [6–8]. 
This surgical technique aims to the “en bloc” removal of the entire 
hemitongue and floor of mouth compartment along with its con-
nective, neuromuscular, vascular, and lymphatic structures (also 
known as the T-N tract) connecting it to the adjacent neck levels. 
As a mandatory step after compartmental resection, a free or 
pedicled flap reconstruction is required, which frequently produc-
es a certain degree of distortion of the anatomical configuration of 
the residual hemitongue and floor of the mouth [9, 10]. 

Computed tomography (CT) and magnetic resonance (MR) are 
the imaging modalities of choice in the pretreatment setting [11–14], 
the latter being more sensitive and specific, especially in terms of 
DOI evaluation [15]. According to the National Comprehensive 
Cancer Network (NCCN) guidelines [16] [18F]fluorodeoxyglucose 
positron emission tomography/CT ([18F]FDG-PET/CT) should also 
be considered in the preoperative evaluation of advanced (III–IV) 
stages due to a higher probability of unfavourable scenarios such 
as contralateral and/or lower neck lymph node metastases, and 
distant disease. During OTSCC follow-up, imaging plays also an es-
sential role, especially in the detection of submucosal relapses, 
which may be missed at clinical evaluation. However, the algorithm 
for post-treatment follow-up is still a matter of debate. NCCN 
guidelines assert that annual repetition of the pretreatment imaging 
modality may be indicated in areas difficult to be appropriately visu-
alized on clinical examination. As a general rule, the higher contrast 
resolution of MR is expected to improve the differentiation between 
muscle, scar, flap and recurrent tumour, as compared to CT [17]. 
On the other hand, in a large multicentric study, Mehanna et al. 
[18] demonstrated that [18F]FDG-PET/CT performed 3 months after 
CRT can replace planned neck dissection in a significant number 
of patients thanks to its very high negative predictive value (NPV) 
in assessing nodal metastases. Furthermore, [18F]FDG-PET/CT 
is unsurpassed to rule out distant metastases. 

The role of PET/CT in assessing local control after surgery, 
however, has not been widely investigated. Müller et al. [19] 
compared contrast-enhanced CT, unenhanced PET/CT, and the 
combination of PET and contrast-enhanced CT in the follow-up of 
a small cohort of oral cancer patients after surgical treatment and 
flap reconstruction, finding that a combination of techniques gave 
the best performance in assessing loco-regional control. However, 
the issue of false-positive uptake in the floor of the mouth caused 
by different physiological factors should be considered, as recently 
suggested by Haerle et al. [20]. 

The aim of this study is therefore to investigate the role of 
[18F]FDG-PET/CT in monitoring local control in a cohort of pa-
tients surgically treated for OTSCC.

Material and methods

The local Institutional Review Board approved this retrospective 
observational study.

Patients 
The clinical and follow-up records of 87 patients (56 men, 31 

women; age range, 45–87 years; mean, 67 years) surgically treated 
for OTSCC in the Department of Otorhinolaryngology-Head and 
Neck Surgery of a tertiary referral academic Institution between 
December 2012 and February 2017, were retrospectively reviewed. 

Table 1. Patient baseline characteristics and type of surgery

Age, mean (range) 67 (45–87)

Sex M:F 56:31

Type of surgery

hemiglossopelvectomy 57 (67%)

transoral partial glossectomy 22 (25%)

anterior pelvectomy 3 (3%)

mandibulectomy 3 (3%)

total glossectomy 2 (2%)

Reconstruction flaps n = 68

Radial Forearm free flap 29 (42.5%)

Antero Lateral thigh free flap 26 (38%)

Fibula free flap 3 (4.5%)

Lateral Dorsi free flap 3 (4.5%)

Facial artery myo-mucosal flap 1 (1.5%)

Scapular composite osteocutaneous fla 2 (3%)

Tranverse Rectus Myocutaneous free flap 2 (3%)

Iliac crest 2 (3%)

T stage*

T1 13 (15%)

T2 20 (23%)

T3 39 (45%)

T4a 15 (17%)

N stage*

N0 48 (55%)

N1 10 (11%)

N2a 2 (2%)

N2b 9 (10%)

N2c 3 (3%)

N3b 15 (17%)
*AJCC cancer staging. 8th ed.
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PET-CT imaging and interpretation
PET-CT was performed after at least 6 hours fasting and with 

a glucose level lower than 150 mg/dL. The activity of 3.5–4.5 
MBq/kg of [18F]FDG was administered intravenously and imag-
es were acquired 60 ± 10 minutes after injection of the radiotracer. 
Imaging was from the vertex to the mid-thigh using a Discovery 
690 or a Discovery ST PET-CT system (General Electric Company, 
Milwaukee, WI, USA) with standard parameters (CT: 80 mA, 120 kV 
without contrast; 2.5–4 minutes per bed with a PET-step of 15 cm). 
The reconstruction was performed in a 128 × 128 matrix and with 
a 60 cm field of view. Patients were instructed to void before imag-
ing acquisition, while no oral or intravenous contrast agents were 
administered or bowel preparation used for any patient. PET imag-
es were analysed visually by two nuclear medicine physicians with 
more than 15 years of experience in head and neck imaging. Every 
focal radiotracer uptake different from the physiological distribution 
and higher than background was regarded as suspicious or highly 
suggestive of recurrent disease. In case of discordant opinions, 
a third nuclear medicine physician was consulted. When present, 
PET uptakes in the oral cavity were classified as functional (Type A), 
suspicious (Type B), or highly suggestive of neoplastic recurrence 
(Type C) (Figure 1). In the case of highly suggestive uptakes, MR 
was used to confirm the diagnosis and possibly stage the relapse.

An MDT composed of radiologists, nuclear medicine phy-
sicians, head and neck surgeons, and medical and radiation 

oncologists evaluated each case with PET radiotracer uptake to 
decide whether further diagnostic assessment by MR was neces-
sary. The decision was made in consensus and was based on site 
of uptake, clinical and endoscopic findings, and re-assessment of 
the fusion CT scans.

MR imaging and interpretation
All the examinations were performed on a 1.5 T scanner (Mag-

netomAera, Siemens Healthcare, Erlangen, Germany). The MR 
protocol included: T2-weighted sequences on the axial and coro-
nal planes (and/or sagittal plane, when necessary), T1-weighted, 
diffusion-weighted imaging (DWI), and post-contrast 3D fat-satu-
rated gradient echo (VIBE) on the axial plane; the latter was also 
reconstructed on coronal and sagittal planes.

MR studies were reported by a team of five radiologists with 
extensive experience in head and neck imaging. A recurrence 
was suspected in the presence of nodular lesion with contrast 
enhancement and restriction at DWI. T2 hypointense tissue with 
faint contrast enhancement and no DWI restriction was a scar. 
T2 hyperintense tissue with variable contrast enhancement and 
increased water diffusivity at DWI was inflammatory oedema or 
granulation tissue.

The standard of reference was histology for resected or biop-
sied lesions and long-term follow-up in the case of negative PET-CT 
and MR studies.

Statistical analysis

Descriptive statistics were used for patients’ characteristics, 
type of surgery, and type of PET uptake. The diagnostic perfor-
mance of PET-CT was assessed in terms of sensitivity, specificity, 
PPV, and NPV. A Chi-square test was used to compare the frequency 
of PET uptake in patients with and without reconstruction by pedi-
cled or free flaps. The threshold of statistical significance was set 
at 0.05. Statistical analyses were performed using Medcalc statistic 
software (Mariakerke, Belgium)

Results

A pathological diagnosis of local recurrence was diagnosed in 
9 (10%) patients: in 2 of these (22%), PET-CT identified a subclinical 
local recurrence during routine follow-up while, in the remaining 
7, the recurrence was clinically evident and PET-CT and MR were 
performed just to confirm and appropriately stage the disease.

A total of 208 PET-CT reports were screened in such a cohort 
of 87 patients. In 59 (68%) patients FDG uptake in the oral cavity 
was seen at PET-CT during follow-up; in detail, uptake was present 
in 49 (73%) patients who received flap reconstruction and in 10 
(50%) without (p = 0.05). The characteristics of PET uptake are 
summarized in Table 2.

In 13 (22%) patients with PET uptake in the oral cavity, the MDT 
agreed to change the routine follow-up schedule by prescribing 
an additional MR scan. In 12 (92%) cases, MR was triggered by 
a Type B (9 patients) or Type C (3 patients) uptake. In one patient, 
MR was performed despite the PET uptake having been classified 
as Type A, because of clinical suspicion. In one case of Type C 
uptake, the MDT opted for a surveillance policy due to the pa-
tient’s poor general condition.

Figure 1. A. A representative case of type-A functional FDG uptake 
in the oral cavity (axial PET, PET/CT fused and contrast-enhanced 
images; B. in a 48-year old male treated for left-side tongue cancer. 
An example of type-B suspicious uptake on the left side in a 66-year 
old male treated for tongue carcinoma (axial PET, PET/CT fused and 
T-2 MRI images; C. A case of type-C FDG uptake on the right lip and 
cheek consistent with relapse (axial PET, PET/CT fused and T-2 MRI 
images
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In 12 (92%) cases with PET uptake in the oral cavity, the final 
diagnosis was no recurrence, while in one a recurrence was con-
firmed. In 12 cases, MR agreed with the final diagnosis. In one, MR 
findings were considered suspicious and a short-term follow-up 
was suggested. Long-term follow up confirmed no recurrence 
(one false positive) (Table 2). The single case of Type C uptake in 
which the MDT opted for watchful waiting showed no recurrence 
on long-term follow-up

Diagnostic performance of PET-CT
When considering no uptake and Type-A uptake as negative 

findings, and Type B and C uptake as positive findings, PET-CT 
had 9 true positives, 17 false positives, 71 true negatives, and no 
false-negative, resulting in a sensitivity, specificity, PPV, and NPV 
of 100%, 80.7%, 34.6%, and 100%, respectively. If the 7 cases in 
which PET-CT was used to stage clinically evident recurrences are 
excluded, PPV drops down to 10.5%, while the other statistical 
descriptors remain unchanged. In 13 cases, an inconclusive PET 
triggered an additional MR scan: in 12 of them, the final diagno-
sis turned out to be negative.

Discussion

In the absence of strict indications, even on international 
guidelines, the schedule and results of imaging follow-up of 
OTSCC are variable and largely influenced by factors like the type 
and number of patients treated, local facilities, geographic, and 
economic constraints. Clinical surveillance is universally consid-
ered the mainstay: in some centres, imaging is performed only in 
clinically suspicious cases, whereas in others it is fully integrated 
into the follow-up strategy also of clinically negative patients. In the 
authors’ centre, a scheduled follow-up consisting of clinical exam-
ination and alternating [18F]FDG-PET/CT and MR scans has been 
adopted. The first imaging examination in the follow-up timeline, 
namely [18F]FDG-PET/CT, is performed 3 months after surgery, 
as suggested by the international guidelines, to limit false-positive 
results related to inflammatory changes [16]. 

While confirming the very high NPV of [18F]FDG-PET/CT 
in assessing local recurrences, the results of this study raise 
concerns about the very low PPV caused by the high number of 
false-positive results. Several PET radioisotope uptakes were report-
ed as physiological (Type A) by nuclear medicine physicians experi-
enced in head and neck imaging and were considered negative for 
this analysis. The presence of such physiological uptake has been 
described by Haerle et al. [20], who reported a strong prevalence 
of FDG uptake at the level of the mylohyoid muscle. 

This is probably due to its activation during deglutition which, 
unlike chewing and talking, is an involuntary movement and 
thus cannot be completely avoided during the FDG uptake phase.

The largest portion of Type B PET uptakes (15 out of 59) 
did not determine changes of the standard follow-up protocol 
after discussion within the MDT: based on free pathological 
margins on the specimen, absence of symptoms, and unequiv-
ocally negative clinical evaluation, no additional study was pre-
scribed. Only one (11%) patient with Type B uptake, further 
investigated with an additional MR scan, had a pathologically 
proven diagnosis of recurrence. Moreover, in 4 cases with Type 
C uptake (3 submitted to an additional MR, and once submitted 
to watchful waiting policy) recurrences were negative. These 
results question the possibility to make an accurate distinction 
between pathological and non-pathological uptakes, even in 
a tertiary care hospital with well-equipped nuclear medicine and 
experienced physicians.

In patients with flap reconstruction, among which the inci-
dence of suspicious PET uptakes was significantly higher, the 
most common site for FDG uptake was seen deep in the floor 
of the mouth, near the interface between native tissue and flap. 
Such finding was retrospectively explained as a compensatory 
hyperactivation of the contralateral extrinsic oral muscles which, 
in such a distorted and asymmetric anatomy, may retract the flap. 
In line with these observations, Müller et al. [19] analysed a small 
cohort of 17 oral cancer patients who underwent surgery followed 
by reconstruction to demonstrate the added value of contrast-en-
hanced CT compared with standard FDG-PET with unenhanced 
CT. They found that by using contrast-enhanced CT, the specificity 
increased from 58% to 89%. This suggests that contrast-enhanced 
CT performed simultaneously with PET or as a second step, can 
improve the interpretation of PET findings and help to reduce the 
number of false-positive findings. In the authors’ protocol, only 
plain CT was performed simultaneously with PET. CT images were 
used to assess the presence of solid tissue with mass effect 
at the uptake site but did not provide information about tissue 
vascularization. Although the absence of information provided by 
contrast enhancement may be a limitation of this study, it must be 
emphasized that simultaneous acquisition of PET and contrast-en-
hanced CT is not a routine procedure in most centres (for example, 
it is not feasible with old scanners), and the separate acquisition 
of contrast-enhanced CT or MR as a second step would impact 
on logistics and costs.

In this study, state-of-the-art MR proved to be a very accurate 
technique in clarifying suspicious PET findings and, in most cases, 
ruled out local relapse. This result does not imply an overall su-
periority of MR compared to [18F]FDG-PET/CT as the latter is very 
effective in assessing nodal and distant spread.

Table 2. Summary of types of PET radiotracer uptake, additional MRI 
needed and final diagnoses

PET uptake in the 

oral cavity

59/87

33/59 type A

15/59 type B

11/59 type C

Need for additional 

MRI

13/87

9/13 type B uptake

3/13 type C uptake

1/13 type A uptake (clinically suspicious recurrence)

Additional MRI 

results

11/13 negative

7/11 type B

3/11 type C

1/11 type A

1/13 positive: type B

1/13 suspicious: type B

The final diagnosis in 

patients with additional 

MRI

12/13 negative (negative MRI or suspicious in 1 

case)

1/13 recurrence (positive MRI)
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The main strength of this study is the relatively large number of 
homogeneously treated OTSCC patients, all followed by the same 
MDT with a PET/CT scan, while its main limitation is represented 
by its retrospective design. Moreover, semiquantitative analysis of 
PET uptake based on standardized uptake value was not performed 
given that, so far, no studies are establishing its usefulness in 
this setting. Despite the above-mentioned limitations, however, the 
results of this study suggest a more rational use of PET/CT, which 
might be reserved to patients with a high risk of distant metasta-
ses or to those in whom, for neck treatment, a watchful waiting 
policy is preferred over prophylactic dissection [18].

In times of economic constraints, a compelling evaluation of the 
real efficacy of a given follow-up policy in cancer patients is man-
datory. For what concerns advanced OTSCC, which is currently 
often treated with all the available therapeutic modalities and recon-
structive techniques, an expensive follow-up based on the liberal 
use of PET-CT (plus clinical examination and MR when needed) 
seems unjustified in terms of clinical benefits.
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Abstract

Background: About 30% of patients with disseminated differentiated thyroid cancer (DTC) may experience a loss of iodine uptake. 
It is associated with higher aggressiveness of the tumour and a reduced 10-year survival rate. The diagnosis of non-radioiodine 
avid DTC metastases remains a diagnostic challenge. A helpful technique for this diagnosis is positron emission tomography 
with 2-[18F]fluoro-2-deoxy-D-glucose (PET/CT with [18F]FDG). On the other hand, there are still discussions about the clinical 
value of using exogenous thyroid-stimulating hormone (TSH) stimulation before PET/CT with [18F]FDG.
The aim of the study was the assessment of the usefulness of PET/CT with [18F]FDG under TSH suppression and stimulation 
of TSH performed in the detection of non-radioiodine avid DTC metastases, as well as determination of the thyroglobulin 
concentration under suppression and stimulation of TSH, which influences the result of PET/CT with [18F]FDG in patients with 
non-radioiodine avid DTC.

Material and methods: Retrospective analysis of 37 PET/CT with [18F]FDG performed in patients with DTC diagnosed and 
treated at the Department of Endocrinology and Isotope Therapy of the Military Institute of Medicine from January 2018 to July 
2020. Of these, PET/CT with [18F]FDG under exogenous rhTSH stimulation was performed in 22 patients and PET/CT with 
[18F]FDG under TSH suppression in 15 was performed. In all analyzed patients, the result of diagnostic whole-body scintigraphy 
(WBS) using 80 MBq 131I under rhTSH stimulation was negative, and the concentration of thyroglobulin after stimulation (sTg) 
was greater than 1.0 ng/mL.
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Results: In the group of patients examined under TSH suppression, non-radioiodine avid in PET/CT with [18F]FDG were found 
in 6 out of 15 patients (40%) and in the group of patients examined under rhTSH stimulation in 10 out of 22 patients (45%). 
The differences between the groups were not statistically significant. The analysis of the receiver operating characteristic 
(ROC) curves allowed to determine the cut-off point for the positive result of PET/CT performed under TSH suppression with 
sTg concentration of 11.03 ng/mL. In the group of studies performed under rhTSH stimulation, the cut-off point for sTg was 
6.3 ng/mL. There was no statistically significant difference between the baseline thyroglobulin (natTg) and sTg levels and the 
positive PET/CT result. The administration of rhTSH before the PET/CT examination also had no statistically significant effect 
on the maximum standard uptake value (SUVmax) of the dominant lesion identified in the PET/CT.

Conclusions: 1) PET/CT with [18F]FDG is a useful tool for detection of non-radioiodine avid recurrence and/or metastases of 
DTC. 2) The concentration of natTg and sTg is highly correlated with a positive result of PET/CT with [18F]FDG. 3) The concen-
tration of natTg is comparable with sTg in predicting a positive result of PET/CT with [18F]FDG. 4) The cut-off point for a positive 
result of PET/CT for natTg was 1.36 ng/mL and for sTg was 7.05 ng/mL.

Key words: differentiated thyroid cancer; human recombinant TSH; thyroglobulin; whole-body scintigraphy; PET/CT; 
[18F]FDG; non-radioiodine avid thyroid cancer

Nucl Med Rev 2021; 24, 2: 63–69

PET/CT examinations with [18F]FDG was performed between Janu-
ary 2018 and July 2020 in the group of patients of the Department 
of Endocrinology and Isotope Therapy of the Military Institute of 
Medicine in Warsaw (Tab. 1) after surgery and adjuvant treatment 
with 131I due to DTC. PET/CT was performed in patients who, 
during follow-up after the adjuvant therapy, showed an increased 
concentration of baseline thyroglobulin (natTg) and/or sTg and 
a negative result of the WBS performed after administration of 
80 MBq 131I. No recurrence and/or suspicious lymph nodes were 
found on ultrasound examination of the neck in any of the patients in 
the study group.

Of the analysed group, 40.5% (15/37) had PET/CT with [18F]FDG 
performed under TSH suppression, and 59.5% (22/37) under rhTSH 
stimulation (Thyrogen 0.9 mg administered twice intramuscularly 
with an interval of 24 hours).

PET/CT with [18F]FDG was performed at the Mazovian PET/CT 
Center Affidea in Warsaw. Post-stimulation PET/CT acquisition 
was performed 24 hours after the administration of the second 
dose of rhTSH.

PET/CT was performed 60 minutes after administration of 4 
MBq/kg of [18F]FDG on a hybrid Discovery 710 64-row scanner 
from General Electric Medical Systems.

The following parameters were used in the tomographic part 
of PET/CT: voltage: 140 kV, intensity (automatically adjusted to the 
patient’s weight): 40–100 mA, noise index: 22, the thickness of 
the tomographic layer in CT for absorption correction: 3.75 mm 
reconstructed to 1.25 mm, time lamp rotation: 0.8 s. The iterative 
reconstruction method was used in the PET study: the number 
of subsets: 18, the number of iterations: 3, the size of the matrix: 
256 × 256. The Time-of-Flight technique was used to improve the 
image contrast concerning noise.

Assessments of TSH (reference values: 0.27–4.2 µIU/mL) 
and Tg (reference values: 3.5–77 ng/mL) were performed at the 
Department of Laboratory Diagnostics of the Military Institute of 
Medicine using the electrochemiluminescence method (ECLIA) 
on the cobas e601 device from ROCHE Diagnostics, using 
ROCHE Diagnostics reagents. According to the DTC treatment 

Introduction

The concentration of thyroglobulin after stimulation of TSH (sTg) 
combined with whole-body diagnostic scintigraphy (WBS) using 
radioiodine (131I) is a recognized method that allows the follow-up 
of patients after ablative treatment of differentiated thyroid cancer 
(DTC) [1]. When the concentration of sTg is increased and there 
is no 131I uptake foci in WBS performed under endogenous or 
exogenous TSH stimulation, the non-radioiodine avid disease 
is suspected. It is an indication for positron emission tomogra-
phy (PET/CT) with 2-[18F]fluoro-2-deoxy-D-glucose ([18F]FDG) 
[2]. Loss of iodine uptake may affect about 30% of patients with 
disseminated DTC [3, 4]. Such changes can be characterized by 
a poorer differentiation, usually higher aggressiveness and could 
show greater dynamics. The detection of non-radioiodine avid me-
tastases is associated with a reduction in the 10-year survival rate 
[3, 5, 6]. The sensitivity and specificity of PET/CT with [18F]FDG for 
this type of lesions is assessed as 68.4%–100% and 66.7%–98.5%, 
respectively [4, 7–12]. Studies show a strong correlation between 
the concentration of sTg and the presence of foci of increased 
metabolism of [18F]FDG in PET/CT [4, 13, 14].

Aim
The study aimed to compare the effectiveness of PET/CT with 

[18F]FDG performed under TSH suppression and recombinant 
human TSH (rhTSH) stimulation in detecting non-radioiodine avid 
foci of DTC in patients with a negative result of WBS with 131I and 
increased concentration sTg.

The aim of the study was also a determination of the thyroglob-
ulin concentration under suppression and stimulation of TSH, 
which influences the result of PET/CT with [18F]FDG in patients with 
non-radioiodine avid DTC.

Material and methods

The study was approved by the local Bioethics Committee at the 
Military Medical Chamber in Warsaw. A retrospective analysis of 37 
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guidelines, sTg concentrations above 1.0 ng/mL during follow-up 
were considered abnormal, which was one of the qualification 
criteria for PET/CT.

Ultrasound examinations were performed at the Department 
of Endocrinology and Isotope Therapy of the Military Institute of 
Medicine on the Acuson X150 device from Siemens with the use 
of a linear probe with a frequency of 8 MHz.

The WBSs were performed at the Department of Nuclear 
Medicine of the Military Institute of Medicine using NM/CT 870DR 
or Infinia VCHWK4 gamma-cameras from General Electric Medical 
System. The following parameters were used during the WBS: 
detector configuration: H-mode, energy window: 364 keV ± 10%, 
collimator: high-energy general-purpose (HEGP), body contour: 
on, scan mode: continuous, exposure time per pixel: 320 s, speed: 
7 cm/min, matrix: 256 × 1024, acquisition zoom: 1.

The obtained results were presented in the form of a mean 
with standard deviations or a median with extreme values, de-
pending on the fulfilment of the normal distribution conditions. 
Nominal variables are presented in the form of numbers with 
a frequency of occurrence. The compliance of the distribution 
of variables with the normal distribution was checked using the 
Shapiro-Wilk test. The correlation analysis was performed using the 
Pearson test for variables with a distribution close to the normal, 
otherwise, the Spearman test was used. Differences of nominal 
variables between groups were tested using the Chi-square test, 
and quantitative variables using the Student’s t-test for unrelated 
variables. To identify the cut-off points for the studied variables, ROC 
analysis was performed. The results of the performed tests were 
considered significant for the two-sided p < 0.05. All statistical 
analyses were performed using the Statistica v.12 package (Stat-
soft, Cracow, Poland).

Results

Among 37 PET/CT examinations with [18F]FDG, 15 were under 
TSH suppression (native-PET/CT — natPET/CT), and 22 were per-
formed under rhTSH stimulation (stimulated-PET/CT — sPET/CT). 
In the natPET/CT group, 6 (6/15 — 40%) positive results were 
obtained (natPET/CT+) (Fig. 1, 2). The remaining studies in 
this group (9/15 — 60%) were assessed as negative (natPET/CT–) 
and did not show any foci of increased metabolism of [18F]FDG 
related to the DTC. In the group of sPET/CT, 10 (10/22 — 45%) 
positive results (sPET/CT+) were obtained, finding foci of patho-
logical [18F]FDG uptake, which may correspond to recurrence or 

Table 1. Groups characteristic

Feature natPET/CT  
(n = 15)

sPET/CT  
(n = 22)

Mean age

Sex

Histological type:

— papillary

— follicular

Primary lesion (TNM):

— T1a

— T1b

— T1m

— T2

— T3 i T4

— Tx

Lymph node involvement (TNM):

— N0

— N1

— Nx

Metastasis presence (TNM):

— M0

— M1

Number of patients with repeated therapy

Mean number of therapies per patient

Mean activity per therapy [GBq]

Mean total activity per patient [GBq]

46 years

F = 13, M = 2

13

2

1

5

4

0

4

1

4

9

2

12

3

10

2.4

3.98

9.55

53 years

F = 17, M = 5

19

3

0

3

7

2

8

2

6

10

6

21

1

18

2.7

4.17

11.38

Figure 1A. PET/CT maximum intensity projection (MIP) performed 
under TSH suppression — accumulation of the [18F]FDG in the left 
cervical and right mediastinal lymph nodes

Figure 1B. PET/CT axial fusion projection performed under TSH 
suppression — accumulation of the [18F]FDG in the right mediastinal 
lymph node



Nuclear Medicine Review 2021, Vol. 24, No. 2

www.journals.viamedica.pl/nuclear_medicine_review66

Original

metastases of DTC (Fig. 3). The remaining studies in this group 
(12/22 — 55%) did not confirm the presence of foci of increased 
uptake of [18F]FDG (sPET/CT–). There were no statistically signifi-
cant differences between both groups (natPET/CT and sPET/CT) 
to obtain a positive result of PET/CT (PET/CT+).

The mean maximum standardized uptake value (SUVmax) in the 
dominant lesion shown in the natPET/CT+ group was 6.08 ± 2.87, 
and the tumour/background ratio for the reference point on me-
diastinal blood pool structures (MBPS) was 4.63 ± 2.35. In the 
sPET/CT+ group, these values ​​were respectively: 8.47 ± 5.38 
and 6.36 ± 4.18. However, these differences were not statistically 
significant (p = 0.18).

The median concentration of natTg and sTg measured 
during follow-up after 131I ablation treatment, which are the ba-
sis for qualification for PET/CT, in the natPET/CT group were, 
respectively: 1.07 ng/mL (0.04–190.3 ng/mL) and 6.87 ng/mL 
(1.45–882.0 ng/mL), and in the sPET/CT group: 0.54 ng/mL (0.04–
3069 ng/mL) and 4.87 ng/mL (0.56–4405 ng/mL).

A statistically significant positive correlation was found both 
between the concentration of natTg and sTg and the number of 
lesions in PET/CT (r = 0.71; p < 0.05 and r = 0.70; p < 0.05, 
respectively). The analysis of ROC curves for the whole group 
(both natPET/CT and sPET/CT) showed that for obtaining a pos-
itive result of PET/CT, the optimal cut-off point for natTg and sTg 

Figure 3A. PET/CT maximum intensity projection (MIP) performed 
under TSH stimulation — accumulation of the [18F]FDG in the right 
cervical lymph node

Figure 3B. PET/CT axial fusion projection performed under TSH 
stimulation — accumulation of the [18F]FDG in the right cervical lymph 
node

Figure 2A. PET/CT maximum intensity projection (MIP) performed 
under TSH suppression — multiple pulmonary metastasis

Figure 2B. PET/CT maximum intensity projection (MIP) performed 
under TSH suppression — multiple pulmonary metastasis
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concentrations is: 1.36 ng/mL (sensitivity 80.0%, specificity 85.0%, 
accuracy 82.3%) and 7.05 ng/mL (sensitivity 81.3%, specificity 
95.2%, accuracy 89.2%), respectively (Fig. 4, 5). However, the dif-
ferences in the area under the ROC curves (AUC) between natTg 
and sTg were not statistically significant (0.872 vs 0.879; p = 0.59).

The analysis of the ROC curves for the natPET/CT group 
showed that to obtain a positive result of PET/CT, the optimal cut-
off point for natTg and sTg concentrations is 2.7 ng/mL (sensitivity 
100.0%, specificity 87.5%, accuracy 92.3%) and 11.03 ng/mL (sen-
sitivity 100.0%, specificity 100.0%, accuracy 100.0%), respectively. 
For the sPET/CT group, the optimal cut-off point for natTg and sTg 
concentrations is 0.6ng/mL (sensitivity 80.0%, specificity 83.3%, ac-
curacy 81.8%) and 6.3 ng/mL (sensitivity 80.0%, specificity 100.0%, 
accuracy 90.9%), respectively. Nevertheless, the differences in AUC 
for natTg and sTg between the groups (natPET/CT vs sPET/CT) 
were not statistically significant (0.925 vs 0.817; p = 0.403 vs 1.000 
vs 0.833; p = 0.124).

Discussion

According to both the Polish recommendations and the Amer-
ican Thyroid Association (ATA) guidelines for the diagnosis and 
treatment of thyroid cancer, PET/CT with [18F]FDG is recommend-
ed in patients with increased thyroglobulin concentration and no 
pathological lesions in 131I WBS and/or ultrasound examination [1, 
15]. The authors of these recommendations do not specify the 
thyroglobulin cut-off point above which PET/CT should be con-
sidered. Nevertheless, in the same guidelines, sTg concentration 
above 10 ng/mL indicates an incomplete biochemical response to 
the ablation treatment [1, 15].

The present study found a positive correlation between both 
natTg and sTg concentration and the positive PET/CT result. 
Other authors confirmed the existence of such a correlation, but 
mainly concerning sTg. Trybek et al. [14] in 2014 showed that sTg 
has a strong and statistically significant accuracy in the diagnosis of 
recurrence and/or metastasis of differentiated thyroid cancer. Vural 
et al. [9] confirmed the relationship between the concentration of 
thyroglobulin under both suppression and stimulation of TSH, and 
the positive result of PET/CT. On the other hand, Shammas et al. 
[8] in a study from 2007 found that the sensitivity of PET/CT in-
creases with the concentration of natTg. Similar conclusions, but 
regarding sTg, were reached by Stangierski et al. [16] in 2016, 
confirming that the probability of obtaining a positive PET/CT 
result, i.e. showing foci of pathological metabolism [18F]FDG that 
may correspond to recurrence or metastasis of DTC, increas-
es with sTg concentration. In previous years, many authors have 
tried to establish a cut-off point for the sTg concentration above 
which it is reasonable to perform PET/CT with [18F]FDG. In a 2012 
South Korean study, Na et al. [12] estimated it at 20 ng/mL. In the 
same year, in a study conducted on 105 patients, Vural et al. [9] 
found that the cut-off point for natTg is 1.9 ng/mL, while for sTg it 
is 38.2 ng/mL with a sensitivity of 94% and a specificity of 100%. In 
the Polish study by Trybek et al. [14], the concentration of sTg with 
a sensitivity and specificity equal to 100% was 28.5 ng/mL, while 
in a Chinese study from 2017, Chai et al. [17] with a sensitivity of 
89.5% assessed was 49 ng/mL.

In the already cited Polish study by Stangierski et al. [16] 
the cut-off point for sTg was 32.9 ng/mL. This study found such 
correlation and established cut-off points for obtaining the pos-
itive result of PET/CT for both natTg and sTg at 1.36 ng/mL and 

Figure 4. The ROC curve for natTg in the prediction of positive result 
of PET/CT

Figure 5. The ROC curve for sTg in the prediction of positive result of 
PET/CT
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7.05 ng/mL, respectively. The threshold for natTg was lower, but 
similar to that obtained by Vural et al. [9], while the concentration 
of sTg determined by the authors was clearly lower than those 
mentioned in the above-cited studies, with a slightly lower, although 
still high, sensitivity. It was also lower than the values ​​mentioned in 
the Polish and American recommendations for the diagnosis and 
treatment of DTC.

At the same time, the authors did not find statistically signifi-
cant differences in the ROC curves for natTg with a cut-off point of 
1.36 ng/mL and for sTg with a cut-off point of 7.05 ng/mL. Thus, 
the values ​​of natTg and sTg in this study were comparable in pre-
dicting positive PET/CT in patients with non-radioiodine avid DTC. 
Therefore, it may be information that allows referring patients to 
PET/CT without prior assessment of sTg concentration. Due to 
the high costs of the rhTSH, basing the qualification of patients for 
PET/CT on the natTg concentrations performed in an outpatient 
setting should result in a lower burden for the health care system. 
Such an assumption was already made by the British group a few 
years ago, but then no useful cut-off point was found for natTg 
concentration [18].

The presented study did not find a statistically significant 
improvement in the detection of non-radioiodine avid recurrenc-
es and/or metastases of DTC using rhTSH stimulation before 
PET/CT, which is coherent with the observations of other authors [19, 
20]. However, there are also data in the literature suggesting 
that the use of rhTSH stimulation before PET/CT may increase 
its sensitivity from 28% to 50% [21]. Dionigi et al. [4] found that 
administration of rhTSH before PET/CT increases its sensitivity 
in detecting recurrence of differentiated thyroid cancer from 81% 
to 95%. Furthermore, the Chinese meta-analysis of Ma et al. [22] 
covering 7 prospective studies with a total of 168 patients showed 
that the use of exogenous or endogenous TSH stimulation before 
PET/CT statistically significantly increases the chance of obtaining 
a positive result (OR = 2.45; 95% CI 1.23–4.9) and statistically 
influences the number of foci of radiotracer accumulation visible 
in PET/CT (OR = 4.92; 95% CI 2.7–8.95).

The present analysis of ROC curves in subgroups, separately for 
positive PET/CT results in the non-stimulated group (natPET/CT+) 
and after rhTSH stimulation (sPET/CT+), showed that the optimal 
cut-off point for sTg concentration to obtain a positive result of 
PET/CT is 11.03 ng/mL in the natPET/CT group and 6.3 ng/mL in 
the sPET/CT group, respectively. However, this difference was not 
statistically significant, perhaps due to the too-small size of both 
groups. Still, this may be indirect proof of the validity of using rhTSH 
before PET/CT in patients with slightly elevated sTg concentration 
(above 6.3 ng/mL). For the sTg concentration almost twice as high 
(11.03 ng/mL), it may be sufficient to perform a PET/CT under TSH 
suppression. There are no studies in the available literature that 
would deal with this issue in this aspect in a larger group of patients. 
Saab et al. [23] in a study involving a group of 15 sPET/CT stated 
that the use of TSH stimulation (exogenous or endogenous) al-
lows for the identification of non-radioiodine avid metastases of DTC 
in PET/CT with relatively low sTg concertation, for which it was found 
to be 15 ng/mL. At the same time, these authors emphasize that 
PET/CT was useful regardless of the type of TSH stimulation. In 
the present study, all sPET/CT were performed with rhTSH, due 
to the proven equal, compared to endogenous, effectiveness of 

this type of TSH stimulation in the treatment and diagnosis of DTC, 
with a simultaneously reduced risk of side effects of the withdrawal 
of levothyroxine treatment [24–26].

The work of Vera et al. [19], on the other hand, indicated low 
effectiveness of the sPET/CT at a natTg concentration below 10 
ng/mL but did not take into the sTg concentration. The Brazilian 
study by Almeida et al. [27] compares the results of PET/CT before 
and after endogenous TSH stimulation (withdrawal of levothyroxine 
for 30 days). Due to the endogenous method of stimulation, the sTg 
concentration was measured only for the sPET/CT. In a German 
study, Petrich et al. [28] performed a head-to-head comparison 
of PET/CT before and after rhTSH stimulation in a group of 30 pa-
tients, but this work does not provide information on the analysis of 
ROC curves of sTg concentration for the natPET/CT and sPET/CT 
groups. On the other hand, these authors noticed that the use of 
rhTSH stimulation before PET/CT improved the tumour/background 
ratio of the identified lesions [28]. Other publications also indicate 
an improvement in the tumour/background ratio and an increase 
in SUVmax in PET/CT, which indicates better [18F]FDG uptake in 
metastatic lesions and leads to better PET/CT image quality [17, 
20, 27]. The authors obtained similar results in their work, but they 
were not statistically significant. This may be due to the insufficient 
size of the analysed group, but their observations are preliminary 
and will be continued in the future.

The advantage and innovative approach to the presented work 
is not only to show a positive, statistically significant correlation 
between natTg and sTg and positive result of PET/CT but also to 
show a comparable value of natTg and sTg in predicting a positive 
PET/CT result, as well as determining the cut-off point for natTg 
and sTg separately for natPET/CT+ and sPET/CT+.

The main limitation of the present work is the small size of the 
analysed group, but it is a preliminary study. The analyses will be 
continued on a wider group of patients in the future.

Conclusions

1.	 PET/CT with [18F]FDG is a useful tool for detection of non-radi-
oiodine avid recurrence and/or metastases of DTC.

2.	 The concentration of natTg and sTg is highly correlated with 
a positive result of PET/CT with [18F]FDG.

3.	 The concentration of natTg is comparable with sTg in predicting 
a positive result of PET/CT with [18F]FDG.

4.	 The cut-off point for a positive result of PET/CT for natTg 
was 1.36 ng/mL and for sTg was 7.05 ng/mL.
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Abstract

Background: Prostate-specific membrane antigen (PSMA) is a cell surface glycoprotein with a large extracellular domain with 
overexpression of the prostatic tumour cells. Several small molecules of PSMA ligands of inhibitors binding to the active site 
of PSMA were developed. [99mTc]Tc-PSMA-T4 is a new radiopharmaceutical (Polatom) for imaging loco-regional metastases 
and/or local relapse in patients with prostate cancer.

The purpose of this work was to evaluate the clinical application of SPECT-CT imaging with [99mTc]Tc-PSMA-T4 in patients with 
recurrent prostate cancer.

Material and methods: Thirty-six patients with prostate cancer, aged 60–80 years with biochemical relapse of PSA (ranged 
from 0.1 to 73 ng/mL) were included. Three patients were studied after tru-cut biopsy, hormonal and cytoreductive radiotherapy 
and 33 patients out of 36 — after radical treatment (total prostatectomy or definitive radiotherapy of the tumour). All of them 
underwent whole-body imaging examinations with subsequent target SPECT-CT studies of the pelvis, abdomen and/or chest, 
1–3 hrs post i.v. administration of [99mTc]Tc-PSMA-T4. The average activity dose was 6.3 MBq/kg in a man of 70 kg. A Dual-head 
SPECT-CT gamma camera with a low dose CT scan (Symbia T2, Siemens) was used. The images were interpreted based on 
all other clinical and radiological data. Follow-up could be conducted in 11/36 patients during that period.

Results: Normal biodistribution of the radiopharmaceutical with high activity background was observed in the liver, spleen, 
kidneys, lacrimal and salivary glands, bowels and urinary bladder. Positive imaging for local relapse in the prostate bad was 
imaged in 21 patients, lymph node metastases — in 16 cases, bone lesions — in 10 cases, pulmonary metastases – in 2 cases, 
hepatic lesions were visualised in one of them and in another — adrenal suprarenal metastasis with intensive tracer uptake 
significant for overexpression of PSMA. There was a suspicion for local recurrences in 4 patients with negative MRT studies 
who were followed up. In 3 cases, previously treated bone metastases were partially negative without tracer uptake, only some 
progressive bone lesions were positive. Five patients were with negative results. Sensitivity was 84.37% (27/32), specificity — 
100% (4/4) and accuracy — 86.11% (31/36).

Conclusions: In conclusion SPECT-CT imaging with [99mTc]Tc-PSMA-T4 could be applied in patients with prostate cancer for 
the diagnosis of recurrent disease to determine personalized treatment for each patient. Specific uptake of this tracer, depicted 
by SPECT-CT images has clinical importance of identifying and assessing PSMA expression before consideration of Radio 
Ligand Therapy (RLT) with [177Lu]Lu-PSMA. SPECT-CT imaging with [99mTc]PSMA is promising and reliable nuclear medicine 
approach to monitoring therapeutic effect after treatment and for restaging of the disease.
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Introduction

Prostate cancer is the most common malignancy in men in 
Europe. According to forecast statistics for 2018, the number 
diagnosed with this disease is 450,000 men or 20% of all cases of 
malignancies in them [1]. This disease is socially significant both in 
Bulgaria and in the countries of the European Union. The incidence 
in 2018 (standardized indicator per 100,000 men) varies from 80.2 
in Romania to 265.2 in Ireland. In Bulgaria, the incidence is 136.4, 
14% lower than the European Union average, but with a tendency 
to increase. Mortality in 2018 varies from 22.7 in Italy to 73.9 in 
Estonia. In Bulgaria, the mortality rate is 40.1 and is 7% higher than 
the average for the European Union, with a tendency to increase, 
and the survival rate is the lowest among the European — 68% 
[1, 2]. Interpretation of these factual data points out that modern 
diagnostic and therapeutic methods have not yet shown their im-
pact on epidemiological indicators in Bulgaria as well as in some 
other European countries. The reasons for this are complex and 
diverse for different countries.

One of the important clinical problems is the early detection 
and visualization of recurrences after prostatectomy, radiotherapy 
or other definitive local treatment, with PSA values ​​above 0.2 ng/mL. 
Contrast-enhanced magnetic resonance imaging (MRI) and com-
puted tomography (CT) scans are most commonly used, but they 
are not always of sufficient sensitivity and specificity, especially at 
low tumour marker values [3, 4].

With the introduction of molecular high sensitive imaging 
after administration of radiolabelled prostate-specific mem-
brane antigen (PSMA), it has become possible to obtain early 
functional information for disease development and recurrence 
detection, which is more accurate than that of CT or MRI in many 
cases [5, 6]. 

Prostate-specific membrane antigen (PSMA) is a cell surface 
glycoprotein with a large extracellular domain with overexpression 
of the prostatic tumour cells. This membrane antigen is known 
as glutamate carboxypeptidase II (GCP II), a membrane-bound 
binuclear zinc metallopeptidase, which is available in low concen-
trations in normal kidney, intestinal tissue and salivary glands [7, 8]. 
PSMA overexpression is observed also in endothelial cells of tumour 
neovasculature of non-prostatic solid tumours and benign lesions: 
colon, gastric, breast, thyroid, ovary; Paget Disease, probably stim-
ulated by secreted angiogenic factors. Upon ligand binding, PSMA 
is internalized via endocytosis in the tumour cell [7, 8].

In recent years in the clinical practice, a new concept was in-
troduced for specific diagnosis and targeted effective radionuclide 
treatment of metastatic prostate cancer (PC) after administration 
of a target PSMA molecule, labelled with various radionuclides, on 
the principles of theranostics [9, 10].

The degree of intensity of PSMA overexpression epithelial 
cells in PC is proportional to the degree of malignant cell dedif-
ferentiation and metastatic spread [7, 8]. The field of radiophar-
macy and radiochemistry over the last decade is focused on the 
development of small ligand molecules or binding inhibitors with 
the active PSMA core, which are characterized by high specificity, 
good permeability in solid tumours, optimal pharmacokinetics in 
normal tissues, easily labelled and synthesized, no host-immune 
response in the recipient [7, 8].

Such PSMA ligands can be labelled with different radionuclides, 
respectively with 68Ga, 18F, 99mTc, 123/124I (emitting positron or gam-
ma emission) for diagnostic purposes or with 177Lu, 131I, 90Y, 225Ac 
(emitting beta or alpha emissions) to conduct target radioligand 
therapy. The most used diagnostic radiopharmaceutical is the 68Ga 
PSMA-11 inhibitor [6, 8, 10]. 

After intravenous application of gamma-emitting radiophar-
maceutical [99mTc]PSMA or positron-emitting [68Ga]PSMA, positive 
scans were significant for the presence of PSMA overexpression, 
this information is important for the assessment of malignant le-
sions and disease extension [5, 6].

Several small molecules of PSMA ligands or inhibitors were 
developed. One such small ligand binding to the active site of 
PSMA, namely PSMA-T4 (Glu-CO-Lys-L-Trp-4-Amc-HYNIC) and the 
kit formulation for its radiolabelling with technetium-99m resulting 
in the [99mTc]Tc-PSMA-T4radiopharmaceutical were developed at 
Radioisotope Centre Polatom, National Centre for Nuclear Research 
in Otwock, Poland.

The purpose of this study was to evaluate the clinical role of 
[99mTc]Tc-PSMA-T4 for imaging of local relapse and/or loco-regional 
and distant metastases in patients with recurrent prostate cancer 
and biochemical disease progression.

Material and methods

Patients
This was a prospective study conducted in the period January 

2019 — January 2020 after preliminary approval of this scientific 
project on the Local Ethics Committee. A cohort of 36 patients, aged 
60–80 years/average of 69.44 years/ with prostate cancer was ex-
amined after obtaining written informed consent. Three patients un-
derwent tru-cut biopsy, hormonal and cytoreductive radiotherapy; 
33 patients out of 36 received radical treatment of primary cancer 
(total prostatectomy or definitive radiotherapy of the tumour). There 
was laboratory data on biochemical disease progression — serum 
value elevation ​​of the tumour marker PSA and its doubling within 
6 months. The average serum PSA level before SPECT-CT imaging 
was 6.73 ng/mL (ranged from 0.1 to 73 ng/mL) (Tab. 1).

All of the patients underwent whole-body imaging examina-
tions with target SPECT-CT studies 1–3 hrs post intravenous ad-
ministration of [99mTc]Tc-PSMA-T4. 

Radiolabelling
PSMA-T4 (Glu-CO-Lys-L-Trp-4-Amc-HYNIC, 23 mcg) in the form 

of a dry kit for radiolabelling with technetium-99m has been obtained 
from National Centre for Nuclear Research (Polatom, Poland) and 
was radiolabelled with technetium-99m according to the procedure: 
to the kit vial, 1 to 2.5 mL of sodium pertechnetate solution (eluate 
from the 99Mo/99mTc generator) with radioactivity in the range from 
370 to 1500 MBq was added. The content of the vial was gently 
mixed for 30 seconds to allow complete dissolution, then heated 
in the boiling water bath for 15 min and afterwards cooled down at 
room temperature for 10 min. Radiolabelling yield was more than 
95% as assessed by instant thin-layer chromatography (ITLC). 
The complex [99mTc]Tc-PSMA-T4 was stable for not less than 4 h. 

The average activity dose injected intravenously was 6.3MBq/kg 
in a man of 70 kg.



Nuclear Medicine Review 2021, Vol. 24, No. 2

www.journals.viamedica.pl/nuclear_medicine_review72

Original

Table 1. Clinical and pathological characteristics of the 36 patients with biochemical recurrence of prostate cancer

Pt No/Age TNM Stage Gleason Score PSA at SPECT-CT Image Primary Therapy

1/67 years pT3bpN1M0 7 (4 + 3) 0.271 ng/mL RP, RT, ADT

2/73 years T3N0M0 7 (4 + 3) 12 ng/mL RT, ADT

3/71 years T3N0M0 8 (4 + 4) 73 ng/mL RT, ADT, Chemotherapy

4/68 years pT2pN0M0 7 (4 + 3) 0.30 ng/mL RP

5/67 years T3N1M0 9 (5 + 4) 9.68 ng/mL RT,ADT

6/ 64 years T3bN1M0 9 (5 + 4) 2.15 ng/mL Cytoreductive RT, ADT, 

Chemotherapy

7/63 years pT2pN0M0 7 (3 + 4) 0.12 ng/mL RP

8/65 years pT3pN0M0 6 (3 + 3) 0.36 ng/mL RP

9/ 70 years pT2pN0M0 7 (3 + 4) 0.24 ng/mL RP, RT

10/64 years pT2cpN0M1 7 (4 + 3) 0.82 ng/mL RP, ADT

11/70 years pT2pN0M0 7 (4 + 3) 0.69 ng/mL RP,ADT

12/79 years T3N0M0 10 (5 + 5) 10.87 ng/mL RT, ADT, Chemotherapy

13/60 years pT2pN0M0 5 (3 + 2) 0.50 ng/mL RP

14/64 years T3aN0M0 7 (4 + 3) 0.16 ng/mL RP, ADT

15/74years pT3bpN1M0 9 (5 + 4) 0.35 ng/mL RP, RT, ADT, Chemotherapy

16/75years pT2cpN0M0 7 (4 + 3) 0.57 ng/mL RP, RT, ADT

17/75years pT2cpN0M0 7 (4 + 3) 0.36 ng/mL RP

18/70years T3bN0M1 7 (3 + 4) 58 ng/mL RT, ADT

19/62years T3bN1M1 8 (4 + 4) 0.66 ng/mL Cytoreductive RT, ADP

20/68years T2NxM1 7 (4 + 3) 0.41 ng/mL RT, ADT

21/63years T3aN0M0 7 (4 + 3) 1.78 ng/mL RT, ADT

22/77years pT2pN0M0 7 (3 + 4) 1.5 ng/mL RP, ADT

23/69years T2NxM0 7 (4 + 3) 7.3 ng/mL RT, ADT

24/79years pT2pN0M0 6 (3 + 3) 1.42 ng/mL RP, RT, ADT

25/64years T4N1M1a 8 (4 + 4) 14 ng/mL RT, ADT

26/77years T3aN0M0 7 (3 + 4) 0.8 ng/mL  RT

27/66years T2N0M0 8 (4 + 4) 1.88 ng/mL RT

28/69years pT2pN0M0 7 (4 + 3) 0.25 ng/mL RP, RT

29/60years pT2pN0M0 5 (3 + 2) 0.77 ng/mL RP, ADT

30/78years T1cN1M1 8 (4 + 4) 27 ng/mL RT, ADP

31/69years pT2N0M0 5 (3 + 2) 1.6 ng/mL RP, ADP

32/70years pT2N0M0 7 (4 + 3) 0.23 ng/mL RP, RT

33/73years T4N1M0 9 (4 + 5) 0.30 ng/mL Cytoreductive RT, ADP

34/80years T2N0M0 7 (4 + 3) 5.90 ng/mL RT, ADP

35/70years pT3bpN0M0 8 (4 + 4) 1.72 ng/mL RP, ADP

36/71years pT2cpN0M0 8 (5 + 3) 0.47 ng/mL RT, ADP

RP — radical prostatectomy; RT — radiotherapy; ADT — androgen deprivation therapy

Imaging protocol
Whole-body imaging examinations with subsequent target 

SPECT-CT studies of the pelvis, abdomen and/or chest and were 
carried out 1–3 hrs. after tracer application. SPECT-CT gamma 
camera Symbia T2, Siemens, was used for topographic localization 
and morphological substratum of “hot” abnormal foci. Dual-head-
SPECT acquisition included 64 projections, 25 s/projection, matrix 
256 × 256. A low dose CT scan was performed in the helical mode. 
Acquisition parameters included settings at 130 kV, 30 mA; 3–5 mm 
slice thickness. 

SPECT-CT images were analysed considering any focal 
abnormal uptake of [99mTc]Tc-PSMA-T4 above the surrounding 
background level, not associated with physiological biodistri-
bution, suggestive of malignancy. The diagnostic differentiation 
between malignant and inflammatory lymph nodes is based 
not only on the intensity of tracer accumulation but also on 
the morphological structure of the nodule and the anatomical 
localization, especially if the accumulation is bilaterally sym-
metrical in the inguinal, hilar or axillary lymph nodes. The ob-
tained SPECT-CT results were compared with the data from the 
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previously conducted diagnostic imaging studies — computed 
tomography, magnetic resonance tomography, bone scintig-
raphy. The images were interpreted based on all other clinical 
and radiological data.

Follow-up SPECT-CT studies with[99mTc]Tc-PSMA-T4 were 
performed in 11/36 patients to monitor and evaluate the results of 
baseline scans and conducted treatment. 

Results

Normal biodistribution of the radiopharmaceutical with high 
activity background was observed in the liver, spleen, kidneys, 
lacrimal and salivary glands, oral and nasal mucosa, bowels and 
urinary bladder (Fig. 1).

Positive imaging for local relapse in the prostate bad was im-
aged in 21 patients, pelvic and extra pelvic lymph node metasta-
ses — in 16 cases, bone lesions — in 10 cases, visceral lesions — in 
3 cases: pulmonary metastases — in 2 cases, hepatic and adrenal 
suprarenal metastases — in one of them (Fig. 2–7). The smallest 
visualized positive lymph node was axial in size 9.2 mm (Fig. 2). 
All abnormal “hot” spots were scanned with intensive tracer uptake 
significant for PSMA overexpression.

There was a suspicion of local recurrence in the prostate bed 
in 4 patients with negative MRT imaging who were followed up after 
6 months. The presence of the pathological findings was confirmed 
by the performed control studies with [99mTc]Tc-PSMA-T4, as they 
were also positive by the computed tomography or magnetic res-
onance imaging carried out in parallel.

In 4 patients negative results were obtained for local recurrence 
of the prostate, no lymphogenic spread or hematogenous dissem-
ination of the disease was observed. In these cases, the level of 
the tumour marker PSA decreased in the control studies, for these 
reasons, the data from the imaging [99mTc]Tc-PSMA-T4 study were 
interpreted as truly negative (Fig. 4).

In 3 cases with multiple bone metastases, treated palliatively 
with radiotherapy and osteomodulators, tracer uptake was found 
only in some progressive bone lesions. There was a lack of activity 
in most osteosclerotic foci, probably due to a suppressed osteo-
blastic process after treatment (Figure 7). In one of these patients, 
the study with [99mTc]Tc-PSMA-T4was performed to exclude visceral 
and lymphogenic dissemination of the disease to plan treatment 
with Xofigo infusion (Fig. 8).

Targeted radiotherapy was performed in seven patients with 
a positive result for the development of local recurrence in the 

Figure 1. M/60yr with prostate cancer, pT2pN0M0, G2, Gl = 5 (3 + 2). Radical prostatectomy (2018). PSA = 0.5 ng/mL (01/2019). Whole-body 
scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed physiological tracer biodistribution in the liver, spleen, kidneys, lacrimal and 
salivary glands, oral and nasal mucosa, bowels and urinary bladder. Intensive [99mTc]Tc-PSMA-T4 uptake was visualized in the prostatic bed 
suspicious for local recurrence, follow-up was required. There was moderate symmetrical activity in the inguinal bilateral lymph nodes, which were 
visualized with normal structure and size, with well-depicted lymphocytic sinus, interpreted as reactive lymph nodes
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Figure 2. M/64yr with prostate cancer, pT3bpN1Mo, G3, Gl = 9 (5 + 4). Cytoreductive radiotherapy (01/2018), androgen deprivation therapy, 
chemotherapy. PSA = 2.157 ng/mL (01/2019). Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed local recurrence and 
enlarged bilateral obturator lymph nodes, common iliac lymph node on the right, periaortic with diameter 9.2 mm lymph node, paraesophageal 
retrotracheal lymph node and supraclavicular lymph node metastases with intensive tracer uptake

Figure 3. M/71yr with prostate cancer T3N0M0, G3, Gl = 8 (4 + 4). Radiotherapy definitive (09/2013). Androgen deprivation therapy. 
Chemotherapy and osteomodulators. PSA = 73ng/mL (02/2019). Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed 
multiple bone metastases and enlarged retroperitoneal lymph node metastases with intensive tracer uptake
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Figure 4. M/73yr with prostate cancer, T4N1M0, G3, Gl = 9 (4 + 5). Cytoreductive radiotherapy (03/2019) and androgen deprivation therapy. 
PSA = 0.30 ng/mL (06/2019). Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed enlarged prostatic gland and perivesical 
lymph nodes with intensive tracer uptake corresponding to MRT images. Disease persistence

Figure 5. M/70yr with prostate cancer, pT2N0M0, G2, Gl = 7 (3 + 4). Radical prostatectomy (2017) and radiotherapy. PSA = 0.24 ng/mL (06/2019). 
Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed local recurrence in the prostatic bed with intensive tracer uptake. 
Disease progression
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Figure 6. M/67yr with prostate cancer, pT3bpN1M0, Gl = 7 (4 + 3). Radical prostatectomy, radiotherapy (01/2018) and androgen deprivation 
therapy. PSA = 0.27 ng/mL (01/2019). Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed enlarged mediastinal lymph 
node metastases with intensive tracer uptake

prostate bed and pelvic lymphadenopathy. SPECT-CT images were 
used for contouring the gross tumour volume (GTV) and the clinical 
tumour volume (CTV) in the radiotherapy planning (Fig. 9, 10).

Negative results were found in 5 patients. They were followed 
up after 6 months, and no pathological lesions with tracer uptake 
were visualized in the second study. In this group, a continuing 
increase in serum PSA was observed: 

—— in the first patient the value of PSA before the baseline[99mTc]
Tc-PSMA-T4 study was 0.12 ng/mL and 6 months later: 
PSA = 1.42 ng/mL; 

—— in the second patient, PSA levels were 0.23 ng/mL and 
0.84 ng/mL respectively; 

—— in the third patient, PSA levels were 0.16 ng/mL and 0.25 ng/mL 
respectively;

—— in the fourth patient, PSA levels were 0.50 ng/mL and 
0.77 ng/mL respectively;

—— in the fifth patient, PSA levels were 0.24 ng/mL and 0.47 ng/mL 
respectively.
Due to the continuing biochemical progression and negative 

scan of the [99mTc]Tc-PSMA-T4study, the results in these cases were 

interpreted as false-negative images. In all patients in this group, 
the baseline PSA was less than or equal to 0.50 ng/mL.

Sensitivity of SPECT-CT study with [99mTc]Tc-PSMA-T4 for imag-
ing of recurrent prostate cancer in 36 involved patients was 84.37% 
(27/32), specificity — 100% (4/4) and accuracy — 86.11% (31/36). 
For the clinical application of this study, the following could be 
summarized:
1.	 SPECT-CT imaging with [99mTc]Tc-PSMA-T4 could be applied 

in patients with prostate cancer and biochemical progression 
if PSA ≥ 0.50 ng/mL for the diagnosis of recurrent disease to 
determine personalized treatment for each patient.

2.	  To follow-up of patients after complex therapy for restaging of 
the disease in cases with unclear and uncertain findings from 
other imaging methods.

3.	 For imaging of local recurrence and/or metastases after therapy 
to perform target radiotherapy or SRT (salvage radiation therapy). 

4.	 Specific uptake of this tracer, depicted by SPECT-CT imag-
es could have clinical importance of identifying and assessing 
PSMA expression before consideration of Radio Ligand Therapy 
(RLT) with [177Lu]Lu-PSMA.
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Figure 7A. M/79yr with prostate cancer, T3N0M0, G3, Gl = 10 (35 + 5). Radiotherapy (2017), androgen deprivation therapy, chemotherapy. 
PSA = 10.87 ng/mL (03/2019). Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed multiple osteosclerotic bone lesions, 
partially negative due to prior treatment; B. Bone scan performed 6 months previously with a positive result for bone metastases in the pelvis, Th12 
and left shoulder. New enlarged mediastinal lymph nodes and enlarged left adrenal gland, significant for metastases, were visualized. Disease 
progression

Discussion

The first results for clinical application of radiolabelled PSMA 
were published in 2013 [5] and this led to a qualitatively new nuclear 
medicine approach to this disease with the possibility of determining 
the optimal personalized therapy for patients [6, 10–12].

The cited sensitivity and specificity of the [68Ga]Ga-PS-
MA-11 studies are very high due to the better spatial resolution of 
the PET-CT camera [13]. Compared to them, the images obtained 
by SPECT camera are characterized by lower spatial resolution, 
which is significantly improved in the combined multimodal 
SPECT-CT devices with greatly increased quality of the obtained 
images [14].

The results received in the present prospective study of the 
clinical use of [99mTc]Tc-PSMA-T4 in recurrent prostate cancer 
are comparable to those cited in the scientific literature [13, 15].  
In a large study of 225 patients reported by Schmidkonz et al.  
[15], it was found that the detection capabilities of prostate cancer 

with the biochemical progression of [99mTc]Tc-MIP-1404 SPECT-
CT are comparable to those of 68Ga-PSMA PET-CT at levels of 
PSA > 2 ng/mL. At lower than these values and a smaller volume 
of the tumour tissue substrate, the sensitivity of SPECT-CT stud-
ies is reduced to 54% [16]. Liu et al. [17], report that at lower PSA 
values < 0.5 ng/mL the diagnostic value of [99mTc]HYNIC-PSMA 
SPECT-CT is 48.6%.

Another study showed that [99mTc]PSMA scanning was as sen-
sitive as [68Ga]Ga-PSMA-11 in 28 prostate cancer patients in 
terms of visualization of bone and lymphogenic metastatic foci, 
with PSA levels > 2 ng/mL. SPECT-CT detection was lower when 
local recurrence was detected in the prostate bed in patients with 
evidence of biochemical progression with PSA < 0.5 ng/mL [15].

Goffin et al. [18], published data that the diagnostic value 
of SPECT-CT studies with [99mTc]Tc-MIP-1404 correlated with the 
degree of differentiation of the primary tumour — Gleason score. 
In patients at intermediate risk and high-risk disease with Gl ≥ 7 
(3 + 4) detection rate reached 94% (86% for MRT); for visualization 
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of metastatic lymph nodes, the sensitivity and specificity were 90% 
and 67% respectively [18]. 

In patients with treated skeletal metastases and a negative 
[99mTc]Tc-PSMA(I&T) scan without lymphogenic and visceral 
secondary lesions, but with a progressive PSA elevation, control 
whole-body bone scintigraphy or follow-up by other standard visual 
methods is recommended. It would be appropriate to discuss the 
possibility of treatment with Xofigo in these patients [19].

Another clinical application of [99mTc]PSMA SPECT-CT, which 
is not discussed in the present study but is cited in recently published 
scientific articles, is the introduction of this method for selective 
radio-guided surgery of metastatic lymph nodes and/or local recur-
rence in the bed of the prostate. Initial data are very encouraging 
for the future use of a gamma probe for intraoperative detection of 
metastatic foci in the pelvis, previously imaged by SPECT-CT using 
[99mTc]Tc-PSMA(I&T) and [99mTc]Tc-PSMA-ALUG [20, 21].

Figure 8A. M/62yr with prostate cancer, T3bN1M1, G3, Gl = 10 (35 + 5). Radiotherapy (2017), androgen deprivation therapy, osteomodulators. 
PSA = 0.66 ng/mL (07/2019). Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed multiple osteosclerotic bone lesions, 
negative due to prior treatment; B. Bone scan was performed 6 months later due to increased PSA = 29 ng/mL, with a positive result for active 
multiple bone metastases in the thoracic and lumbar vertebrae, bilateral ribs, pelvic bones and synchondrosis, left shoulder. There were no 
evidence of local recurrence, lymphogenic and visceral targets. The patient was planned for Xofigo therapy
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Figure 9A. M/75yr with prostate cancer, pT2cpN0M0, G2, Gl = 7 (4 + 3). Radical prostatectomy, radiotherapy (2015) and androgen deprivation 
therapy. PSA = 0.57 ng/mL (03/2019). Whole-body scan and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed local recurrence in the prostate 
bed and enlarged single perirectal lymph node on the left with intensive tracer uptake; B. Gross tumour volume (GTV) and Clinical Tumour Volume 
(CTV) delineation based on the [99mTc]Tc-PSMA-T4 imaging results in radiotherapy planning. Radiation dose distribution in the region of the local 
recurrence and the single enlarge perirectal lymph node on the left in the same patient

A

B
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Figure 10. M/75yr with prostate cancer, pT2cpN0M0, Gl = 7 (4 + 3)г. Radical prostatectomy/2016/ PSA = 0.36 ng/mL (02.2019) Whole-body scan 
and target [99mTc]Tc-PSMA-T4 SPECT-CT imaging showed enlarged single iliac lymph node on the left with intensive tracer uptake. Gross tumour 
volume (GTV) and Clinical Tumour Volume (CTV) delineation based on the [99mTc]Tc-PSMA-T4 imaging results in radiotherapy planning. Radiation 
dose distribution in the region of the single enlarged iliac lymph node on the left in the same patient. The PSA value decreased to 0.05 ng/mL 
(м.10.2019) after radiotherapy

Conclusions

Based on these results and the review of the published litera-
ture, it could be summarized that the new [99mTc]Tc-PSMA-T4 tracer 
was shown to have favourable biodistribution and kinetic behav-
iour. This radiopharmaceutical can be prepared in a short time, 
technically easy to perform radiolabelling and quality control, with 
a significantly lower radiation dose for the patient. A whole-body 
scan with subsequent SPECT-CT imaging is recommended within 
one to three hours after intravenous administration. 

The use of [99mTc]Tc-PSMA-T4is a very good alternative as a di-
agnostic method in patients with prostate cancer in nuclear medi-
cine centres that cannot produce [68Ga]Ga-PSMA.

SPECT-CT study with [99mTc]Tc-PSMA-T4 is a promising imaging 
tool showing high sensitivity and specificity with great diagnostic 
potential in patients with recurrent prostate cancer due to intensive 
target uptake in the local relapse of the prostate gland, lymphatic, 
bone and visceral metastases with a high diagnostic accuracy of 
86.11%. These parameters make [99mTc]Tc-PSMA-T4 SPECT-CT 
studies an advanced visual method, cost-effective and widely 
applicable.
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Abstract

Cancer and cardiovascular disease are the most significant causes of morbidity and mortality worldwide. Although the cancer 
survival rate has increased due to improved treatment approaches, especially targeted therapy, some side effects such as 
cardiotoxicity decrease the efficiency of the clinical outcome. Radiation therapy and chemotherapy have a long-established 
history of potential cardiotoxic effects. A new multi-disciplinary and translational field known as cardio-oncology has been 
developed for the identification, prevention, and treatment of cardiovascular dysfunctions associated with cancer treatment 
approaches. One of the important tools for detecting and monitoring cardiotoxic effects is non-invasive nuclear cardiac imag-
ing techniques. Cardiac nuclear imaging modalities especially recent findings positron emission tomography (PET) tracers 
have a quintessential role in the early detection of cardiovascular disorders. Moreover, comprehensive studies are required 
to investigate novel nuclear medicine treatment approaches such as peptide receptor radionuclide therapy (PRRT), fibroblast 
activation protein (FAP), and chemokine receptor (CXCR) targeting probes for possible cardiac side effects that play important 
roles in the treatment of malignancies.
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[18F]MitoPhos; [68Ga]Galmydar
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Background

Cancer and cardiovascular disease are the most significant 
causes of morbidity and mortality worldwide [1]. Significant ad-
vances have been made in the early detection, treatment, and 
long-term survival of cancer patients. Importantly, each new ther-
apeutic development has encountered specific challenges such 
as multi-organ adverse events [2]. Therefore, cardiovascular 

diseases and malignancies may coexist in these patients because 
of using combination treatment approaches in molecular oncology 
for better patient management [3]. 

Cardiotoxicity as acute and occasionally lethal cardiac 
events (chronic) related to cancer therapeutic methods occurs ei-
ther during or immediately following treatment in patients exposed 
to mediastinal radiation therapy (RT) and anti-cancer drugs as well 
as decreases the efficiency of the patient’s health outcomes.  
It is categorized into different subtypes (Type I and II) includ-
ing cardiomyopathy, thrombosis, hypertension, left ventricular 
dysfunction, QT prolongation, oedema, arrhythmias, metabolic 
abnormalities, and capillary leak syndrome, which might lead to 
cardiovascular abnormalities, especially in elderly patients with 
pre-existing cardiovascular disease [4–9]. Some chemother-
apy agents such as vinblastine, anthracyclines, ramucirumab, 
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trastuzumab, cyclophosphamide, and 5-fluorouracil, can increase 
the risk of cardiovascular diseases in patients with different malig-
nancies (breast, sarcoma, lung, bladder, gastric, prostate, leukae-
mia, lymphoma, etc.) [10]. Moreover, there are different reasons for 
radiation-induced cardiovascular dysfunction such as damage to 
cardiomyocytes as well as stimulating an inflammatory process in 
cardiac cells leading to the acceleration of atherosclerosis [11]. 

Cardio-oncology is a multidisciplinary clinical approach that 
improves awareness of monitoring and treatment methods in pa-
tients with cardiovascular complications related to cancer treatment 
[12]. According to The American Society of Echocardiography and 
the European Association of Cardiovascular Imaging, cardiotoxicity 
defines as a 10–15% early reduction in global longitudinal strain 
index [13].

One of the important tools for early detection and monitoring 
cardiotoxic effects are non-invasive imaging techniques. These 
techniques also give opportunities for the classification of ther-
apeutic choices to improve patient management. Among these 
techniques, cardiac nuclear imaging modalities including planar 
multi-gated acquisition or multi-gated radionuclide angiography 
(MUGA), single-photon emission computed tomography (SPECT), 
and PET scans have demonstrated a significant role in the de-
tection, screening during treatment, and monitoring of cancer 
treatment-related cardiotoxicities [14, 15].

Heretofore, chemotherapeutic agents were extensively as-
sessed for cancer-therapy-related cardiotoxicity [9, 16]. On the 
other hand, recent developments in the field of nuclear medicine 
resulting in the introduction of new treatment modalities along with 
other common approaches require extensive investigations for 
probable side effects, including cardiotoxicity.

In this state-of-the-art review, the authors briefly present cancer 
treatment techniques that may induce cardiotoxicity and discuss nu-
clear cardiac imaging modalities used for detecting cardiotoxicity 
related to cancer treatment. New treatment modalities in the field 
of nuclear medicine are also evaluated in terms of potential car-
diotoxic effects.

Cancer treatment approaches inducing 
cardiotoxicity

One of the unexpected  adverse  events of mediastinal RT 
is cardiotoxicity. The most important risk factors for radiation-as-
sociated heart failure include a delivered dose of more than 30–35 
Gray (Gy), hyper-fractionated regimens including multiple dose 
fractions per day, exposure of an extensive volume of the heart to 
radiation, younger age, long-term survival, and some other patient 
characteristics such as obesity, family history of heart problems, 
diabetes, inactive lifestyle, dyslipidaemias, hypertension, and 
smoking [17]. Radiation-induced heart disease commonly occurs in 
patients with Hodgkin lymphoma, lung cancer, and breast cancer 
involving cardiac structures [18]. For many years, Hodgkin lympho-
ma patients used a traditional radiation therapy technique, known 
as the mantle technique, that induced cardiac disease and cardio-
toxicity [19]. However, more developments resulted in less cardiac 
exposure to ionizing radiation, but cardiotoxicity remains a major 
concern in Hodgkin lymphoma [20]. Moreover, radiation therapy, 
as an adjuvant or neoadjuvant technique, has been used in more 

than 50% of patients with breast cancer. In a meta-analysis carried 
out in 2005, the researchers found that cardiovascular-related 
mortality increased significantly (27%) in patients with combined 
treatment modalities including surgery and radiation therapy ver-
sus surgery as the only treatment modality [21]. Advanced modal-
ities of high-precision RT techniques including intensity-modulated 
radiotherapy (IMRT), volumetric modulated arc therapy (VMAT), 
helical tomotherapy, prone and isocentric lateral decubitus (ILD) 
positions, breath-hold techniques, and proton therapy result in 
dose homogeneity, less cardiac exposure, and delivering lower 
doses to the heart and reduce adverse effects. The suitable se-
lection of these techniques (alone or in combination) is based on 
the patient’s characteristics, RT regions, and accessibility [22–33]. 
Although long-term follow-ups are needed to confirm the definitive 
role of these new techniques, clinical findings have been confirmed 
the positive effects of new radiation therapy techniques resulting 
in more precise treatment plans and decreased life-threatening 
effects including cardiotoxicity [34, 35].

Additionally, cardiac dysfunctions occur in a significant propor-
tion of patients who receive chemotherapy. The pathophysiology 
of chemotherapeutic drug-induced cardiotoxicity is complex that 
involves multiple biochemical pathways and results in considera-
ble efforts that have been made for early detection of cardiotoxic 
events. The most common drug classes that induce cardiotoxicity 
are anthracyclines (such as doxorubicin), alkaline agents (such 
as cyclophosphamide, ifosfamide), antimetabolite agents (such 
as 5-Fluorouracil (5-FU), and vinblastine [36]. Cardiac abnormal-
ities mostly reduce left ventricular ejection fraction (LVEF) in more 
than 20% of the patients, which may not be detected until the final 
chemotherapy session [37, 38].

Monoclonal antibodies were developed as a basis for biolog-
ical therapeutics for many cancers by Kohler and Milstein [39]. 
The main strategy of these drugs is anti-angiogenic treatment 
methods involving many factors such as vascular endothelial 
growth factor (VEGF). Bevacizumab, trastuzumab, ramucirum-
ab, interleukin-2 (IL-2), and interferon-Alpha (INF) are the most 
common biological treatment agents for cancer patients that may 
cause cardiovascular toxicity (Tab. 1) [36, 40–43]. Some stud-
ies reported significant cardiotoxicity induced by bevacizumab 
in patients with breast cancer, renal cell carcinoma, and glioma 
[44–47]. Trastuzumab regimen is another monoclonal antibody 
that blocks the human epidermal growth factor receptor-2 (HER2 
or ErbB2) in breast and gastric cancers including HER-2 positive 
receptors. In addition to improved disease-free survival, this drug 
induces acute cardiac disorders such as congestive heart failure 
and LV dysfunction as well as result in partial impairment in mito-
chondrial function and increased levels of oxidative stress (Fig. 1) 
[43, 48, 49].

Systematic studies and evidence-based recommendations are 
required to determine the early biomarkers of toxicity, risk-as-
sessment models, monitoring, survivorship, prognostication of 
cardiotoxicity, and suitable treatment options for elderly people with 
malignancy that receive potentially cardiotoxic regimens.

Specifically, non-invasive and cost-effective diagnostic 
tools such as imaging have a high priority in detecting early cardi-
ovascular disorders and play an important role in risk stratification 
and accurate management of elderly patients with cancer.
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Nuclear cardiac imaging in cardio-oncology

Cardio-oncology balances correct patient-centred treatment 
procedures and cardiovascular disorders. Therefore, it needs a mul-
ti-disciplinary team including cardiologists, oncologists, and nuclear 
medicine specialists for the best efficiency in understanding, treat-
ing, and preventing cardiovascular disease [10, 50]. 

Non-invasive cardiovascular imaging modalities with their 
versatility have caused a revolution in this field. There are many 
imaging techniques, but the most common practical procedures are 
two-dimensional echocardiography and multi-gated acquisition im-
aging, which evaluate resting left ventricle ejection fraction. Nuclear 
medicine using different radiotracers has a long history in the identi-
fication and management of myocardial cardiotoxicity (Tab. 2) [15].

Table 1. Common anticancer agents with potential cardiotoxicity

Agent Drug class Cancer clinical use Type of cardiotoxicity

Doxorubicin Anthracyclines (Chemotherapeutic agent) Breast, sarcoma, lung, bladder, gastric, 

prostate, leukemia, lymphoma, others

LV dysfunction

Cyclophosphamide Alkylating (Chemotherapeutic agent) Sarcoma, SCT, lymphoma, myeloma, breast Myopericarditis, arrhythmias

Ifosfamide Alkylating (Chemotherapeutic agent) Testicular, sarcoma, lymphoma Arrhythmias, LV dysfunction

5-Fluorouracil (5-FU) Antimetabolites (Chemotherapeutic agent) Colon, pancreatic, breast, head and neck Coronary vasospasm, ischemia, arrhythmias

Vinblastine Antimicrotubule (Chemotherapeutic agent) Lymphoma, testicular, lung, melanoma Ischemia,

hypertension

Bevacizumab Antibody VEGF (Biologic agents) Colon, rectal, cervical, glioblastoma, 

ovarian, renal, endometrial, sarcoma

Hypertension, LV

dysfunction

Trastuzumab Antibody HER-2 (Biologic agents) Breast, gastric, gastro-esophageal LV dysfunction

Ramucirumab Antibody VEGFR-2 (Biologic agents) Colon, rectal, gastric, lung Hypertension, thromboembolism

Interleukin-2 (IL-2) Immune agent Melanoma, renal Capillary leak syndrome, hypotension, 

myocardial toxicity

Interferon-Alpha (INF) Immune agent Melanoma, renal, lymphoma Arrhythmias, ischemia

Figure 1. Trastuzumab is directed against the extracellular part of HER2 in HER-2 positive breast cancer patients. This agent causes the 
phosphorylation of tyrosine 845 (Y845) and 1248 (Y1248) at HER-1 and HER-2, respectively. This process activates the Erk/mTOR/ Ulk1 
signalling cascade that inhibits autophagy in the primary cardiomyocytes. Subsequently, autophagy inhibition increases the intracellular level of 
reactive oxygen species (ROS) leading to oxidative stress in cardiomyocytes, resulting in apoptosis or necrosis of cardiomyocytes. Additionally, 
trastuzumab alters ultrastructural formation, and also expression profile of genes and DNA repair. These structural and genetic changes increase 
myocardial increased myocardial oxidative and nitrative stress and potentially activates apoptotic pathways in cardiomyocytes
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[99mTc]Multi-Gated Acquisition Scan (MUGAs)

A multi-gated acquisition scan is reproducible and pro-
vides the most accurate radionuclide ventriculography to visualize 
the cardiac blood pool. [99mTc]erythrocyte camera scintigraphy, 
also known as equilibrium radionuclide angiocardiography, as-
sesses cardiac blood pool and its function for treatment response 
and collects prognostic information for patients with cardiac 
haemorrhage. One of the accepted cost-effective methods for 
cardiac monitoring of patients undergoing trastuzumab treatment 
is MUGAs. The results of the MUGA scan indicate cardiotoxicity if 
the LEVF decreases more than 10% (to a final ejection fraction of 
less than 50%) [51].

A study by Schwartz et al found the superiority of MUGA for 
monitoring cardiotoxicity and identifying cognitive heart failure in 
cancer survivors [52]. Additionally, MUGA is considered a promising 
choice for detecting the asymptomatic reduction of LVEF.

A serial cross-sectional study compared the use of three 
conventional cardiac imaging methods for chemotherapy-relat-
ed cardiotoxicity. The major disadvantages of MUGA were high 
radiation exposure and the inability to provide information about 
the right ventricular, valvular, or pericardial disease [13]. The use 
of the MUGA scan decreased between 2011 and 2014 and two 
imaging methods including echo and cardiovascular magnetic 
resonance imaging were used instead. These results may be due 
to increased knowledge of patients and physicians about radiation 
risks associated with serial radionuclide ventriculography scans. 
Moreover, the findings of serial radionuclide ventriculography are 
similar to the findings of echocardiography and cardiac magnetic 
resonance imaging [53].

Single-photon emission computed 
tomography (SPECT)

Three-dimensional gated blood pool SPECT is similar to the 
previous method, but it has the potential to differentiate cardiac 
chambers better than planar radionuclide ventriculography. Auto-
matic measurement of the LVEF by [99mTc]gated blood-pool SPECT 
(GBPS) provides accurate segmental wall motion analysis and 
estimates the cavity volume in a single examination [54, 55]. Nev-
ertheless, there is a good agreement in the rough calculation of 
LVEF between MUGA and GBPS methods [56].

Anthracycline drugs are used to treat many different malignan-
cies such as lymphoma, leukaemia, myeloma, breast carcinoma, 
lung, ovarian, and gastric. They are also induced cardiotoxicity 
inducing cardiomyopathy, valvular heart disease, coronary heart 
disease, and heart failure [57, 58]. Two important mechanisms cor-
related with anthracycline-cardiotoxicity are mitochondrial dys-
function and elevated oxidative stress [58, 59]. [99mTc]Sestamibi 
SPECT imaging is important in vivo molecular scan approach that 
enables interrogation of mitochondrial dysfunction and detection 
of doxorubicin-induced cardiotoxicity [60]. 

Moreover, myocardial abnormalities can be detected through 
123I-labeled metaiodobenzylguanidine ([123I]MIBG) scan before 
causing permanent excessive left ventricular impairment. [123I]MIBG 
is a norepinephrine analog radiotracer. This radiotracer shows ap-
propriate reproducibility and sensitivity for the evaluation of myo-
cardial adrenergic disorders. 

In a study using myocardial perfusion imaging with [123I]MIBG 
and [123I]BMIPP for patients undergoing anthracycline treatment 
agents, the results showed early detection of anthracycline-related 

Table 2. Important radiotracers in cardiac nuclear imaging for cardiotoxicity

Imaging modality Radiotracer Advantages Disadvantages

Planar MUGA Scintigraphy [99mTc]erythrocyte Superior accuracy and highly reproducibility 

versus 2D echo

Limited structural and functional information 

beyond LVEF/radiation exposure

SPECT [111In]antimyosin

[123I]MIBG

[99mTc]Sestamibi

[111In]Tz

[99mTc]annessin V

[123I]BMIP

[99mTc]tetrofosmin

Well-validated accuracy/Reproducibility/

High sensitivity and specificity/No inter- and 

intra-observer variability

Low sensitivity of EF for early diagnosis/ 

/less information about diastolic function

PET [18F]FDG

[11C]HED

[11C]phenylephrine

[18F]FDA

[18F]MitoPhos

[18F]12

[18F]DHMT

[68Ga]Galmydar

[11C]HED

[11C]EPI

[11C]CGP12177

[11C]CGP12388

[11C]GB67

Quantification/

Sensitivity/

Reproducibility/

3-dimensional pharmacokinetic analysis

Spatial resolution/

Myocardial metabolic and perfusion 

evaluation

Limited availability/

High cost

https://en.wikipedia.org/wiki/Scintigraphy
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cardiotoxicity through [123I]MIBG. Early diagnosis results in a lower 
incidence and intensity of heart damage in these patients [61–63]. 

Indium-111 labelled antimyosin antibody as the main marker 
of myocardial cell necrosis has been introduced for direct visual-
ization of myocyte damage. The myocardial uptake of this radio-
tracer correlates with the LVEF decrease in patients treated with 
an anthracycline. Additionally, 111In-antimyosin SPECT imaging can 
identify cardiotoxicity associated with anthracycline chemotherapy 
regimens in breast cancer patients as well as the doxorubicin reg-
imen in leukaemia, lymphoma, and other solid tumours [64–66]. 

Several preclinical results using the [99mTc]Annexin V scan 
confirmed the significant role of this radiotracer in the detection of 
myocardial apoptosis. [99mTc]Annexin V scintigraphy successfully 
detected apoptotic cells in myocarditis, acute myocardial infarction, 
the curative effect of anti-apoptosis medications in heart ischemia 
patients, unstable atherosclerotic plaque, cardiac transplant 
rejection, and a cardiotoxicity-related anthracycline [67–72]. Ad-
ditional clinical studies are needed to assess the common use of 
this radiotracer, especially for early detection of myocardial damage 
associated with anticancer drugs.

Long-chain fatty acids, as a vital nutrient for the myocardi-
um, are metabolized by β-oxidation. These fatty acids or related 
analogues can be used in specific imaging probes ([123I]labelled 
fatty acids) to assess oxidative differentiation in multiple cardiac 
diseases [73]. Nevertheless, this radiotracer has not been used 
in SPECT imaging due to its instability in vivo. Therefore, novel 
tracers such as 1231-15-(p-iodophenyl)-3-methyl pentadecanoic 
acid (BMIPP) have emerged, which have demonstrated promising 
results in nuclear cardiology [74, 75]. 

Some studies examined 111In-DTPA-trastuzumab imaging tech-
niques to visualize the human epidermal growth factor receptor 2 
(HER2) expressed by myocytes in breast cancer patients. Trastu-
zumab has been used as a monoclonal antibody to bind to HER2 
for curative purposes. This radiotracer has been used to detect 
patients potentially subject to trastuzumab-related cardiotoxicity. 
This technique may be helpful, especially in patients with high-risk 
cardiac failure [76–80]. Regardless of the predictive role of this ra-
diotracer, the data are limited, and this method has not yet been 
used in conventional clinical practice.

 Positron emission tomography (PET) 

More common imaging procedures, such as computed tomog-
raphy (CT) scan, nuclear magnetic resonance (NMR), and magnetic 
resonance imaging (MRI), define anatomic and physiological func-
tional properties; nonetheless, they cannot determine the autoge-
netic myocardial biochemistry. Positron emission tomography (PET) 
assesses both myocardial metabolism and perfusion with a better 
resolution and higher sensitivity [81, 82]. Moreover, PET myocardial 
tracers provide an extensive and detailed evaluation of early and 
reversible cardiotoxic effects of anticancer treatment regimens. The 
uptake of fluorine-18-fluorodeoxyglucose ([18F]FDG) increases in 
cardiomyocytes before the LVEF decrease in patients treated with 
anthracyclines [83]. 

Reactive oxygen species (ROS) have been involved in cell 
signalling, homeostasis. However, a high number of ROS caus-
es pathogenesis of a high number of human diseases and drug tox-
icities, so the development of imaging tools that able to characterize 

ROS biology in vivo has been recently considered and turned into 
a big challenge [84]. The 18F-12 microPET imaging of the heart in 
mice with Doxorubicin-induced cardiac inflammation indicated 
2-fold higher oxidation of this tracer compared to the control group. 
These findings showed that compound 12 is a suitable PET tracer 
for in vivo imaging of ROS [85]. Another PET tracer that evaluated 
superoxide production for early detection of doxorubicin-induced 
cardiotoxicity is 18F-DHMT. This tracer detected excessive pro-
duction of reactive oxygen species before a decrease in LVEF 
that may give a good chance for early cardiotoxicity detection in 
patients with malignancies [86]. Moreover, [68Ga]Galmydar is also 
evaluated as a potential radiotracer to monitor Doxorubicin-induced 
cardiomyopathy in different situations. MicroPET/CT scan showed 
a high-resolution non-invasive assessment of metabolic chang-
es related to Doxorubicin treatment using 68Ga-Galmydar at the 
earliest stages. Single-cell imaging and quantitative biodistribution 
demonstrated that Galmydar localized precisely in mitochondria of 
treated cells with Doxorubicin [87].

18F-MitoPhos as radiolabelled lipophilic cations was used 
for early detection of imaging cardiotoxicity in acute doxorubicin 
in the rat model. [18F]MitoPhos PET imaging demonstrated ap-
propriate pharmacokinetic parameters for cardiac imaging and 
was introduced as a promising radiopharmaceutical for imaging 
chemotherapy-induced cardiotoxicity [88].

It has been recently demonstrated that [82Rb]PET imaging could 
be a potential radiotracer for quantitative assessment of the myo-
cardial blood flow in patients that are at high risk for anthracycline 
cardiotoxicity [15, 89]. Several studies are investigating nuclear car-
diac imaging for the early detection of cardiotoxicity-related cancer 
therapy modalities. Important radiotracers used for investigating 
cardiotoxicity in cardiac nuclear imaging are summarized in Table 2.

Can treatment nuclear medicine 
modalities stimulate cancer therapy-
related cardiotoxicity?

Another important modality for the treatment of malignan-
cies is using injectable radiopharmaceuticals, which, similar to 
other treatment methods, require the assessment of possible side 
effects including cardiotoxicity. 

One of the important approaches in nuclear medicine is ther-
anostics, which combines diagnostic imaging and therapeutic 
methods through labelling the same molecule or the same agent 
with distinct radionuclides. More knowledge in genomics led to de-
tecting theranostic biomaterials to diagnosis and treatment of ma-
lignancies along with molecular imaging tools. Cancer lesions are 
heterogeneous and therefore common treatment approaches may 
not provide favourable results. Nevertheless, these lesions can be 
detected through theranostics. Therefore, this characteristic can 
be used to determine which patient will benefit from therapy and 
which patient may not receive conventional treatments.

Theranostics is currently considered as the recommended 
modality not only for diagnosis and treatment of malignancies but 
also for staging, follow-up, monitoring response to treatment, and 
restaging. An important characteristic of this approach is delivering 
high doses to tumours while sparing non-targeted tissues. 

Different theranostic probes have been developed from clinical 
experiments of radioactive iodine for evaluation of physiologic 
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metabolism and thyroid disorders to recent applications in neu-
roendocrine tumours and prostate cancer. Some pairs of radionu-
clides that have been used in theranostics include diagnostic gam-
ma or positron emission radionuclides such as 123I (t1/2 = 13.22 h), 
124I (t1/2 = 4.2 d), 68Ga (t1/2 = 68 min), 99mTc (t1/2 = 6h), 111In (t1/2 = 2.81 
d), and therapeutic high-dose radioactive materials such as 177Lu 
(t1/2 = 6.71 d) and 90Y (t1/2 = 64.02 h). Therapeutic radionuclides emit 
beta and alpha particles, causing damage to double-stranded DNA 
and death in cancer cells. The most common available pairs of 
theranostic radiopharmaceuticals include [68Ga]PSMA/[177Lu]PSMA 
for prostate cancer and [68Ga]DOTATATE/[177Lu]DOTATATE for 
neuroendocrine (NETs) (Fig. 2 and 3). 

Theranostics is a form of systemic endo-radiotherapy that de-
livers toxic radiation to target cells but some side effects including 
severe hematotoxicity and nephrotoxicity have been reported. 
Many studies evaluated early and late side effects of radioligand 
therapy, especially peptide receptor radioligand therapy (PRRT), 
and found that side effects were almost entirely limited, predicta-
ble, and/or reversible [90–96]. Nonetheless, a recent case-report 
study found cardiotoxicity related PRRT in patients with metastatic 
neuroendocrine tumours.

Different radiotracers have been used in nuclear medicine to 
visualize and treat neuroendocrine tumours. These tumours devel-
op in many tissues including the lungs, stomach, small intestine, 
appendix, colorectal tissue, and heart [97–99]. Somatostatin 
analogues are an inseparable component of diagnostic and treat-
ment policies in metastatic carcinoid tumours. Neuroendocrine 
tumours have the potential to be targeted with radiopeptides due 
to peptide receptor expression. Peptide receptor radionuclide 
therapy using [90Y]DOTATAC and [177Lu]DOTATATE have successful 
results in the treatment of inoperative and metastases liver cancers. 
PRRT can cause renal or haematological adverse effects, but the 
timely application of appropriate precautionary measures and safe 
dose administration decrease these toxicities [100, 101].

More than 50% of patients with advanced carcinoid tumours are 
prone to carcinoid heart disease [102]. At the time of carcinoid 
cardiac metastases, due to the expression of somatostatin recep-
tors in the cardiac tissue (sst1, sst2, sst4, and sst5), caution should 
be practised to target neuroendocrine tumour cells with somato-
statin-radioisotope compounds. [177Lu]DOTATATE is confirmed 
as an effective option in inoperative metastases of neuroendocrine 
tumours with symptomatic cardiovascular impairment [103]. 

In a case report study, a 51-year-old-man was diagnosed 
with neuroendocrine tumour lesions and received somatostatin 
analogue therapy. After a while, a [68Ga]DOTATATE scan was used 
to evaluate the patient. Imaging demonstrated that metastatic le-
sions spread in the axial skeleton, liver, and spleen as well as the 
right and even the left myocardium. The ejection fraction was normal 
(62%) in the beginning. After receiving two cycles of [177Lu]labeled 
PRRT, an echocardiogram showed a serious decrease in the left 
ventricular systolic function and left ventricular ejection fraction 
(34%). Therefore, PRRT stopped but it started again because the 
cardiac function continued to decline. In this case, the cardiac 
function was normal before treatment, but the patient developed 
cardiotoxicity after treatment due to the delivery of the radioactive 
isotope to metastatic lesions. This cardiotoxic effect should be 
considered as a precaution in a patient with neuroendocrine tumour 
and cardiac metastases receiving PRRT [104].

Moreover, recent advances in nuclear medicine imaging 
and therapy have shown that fibroblast activation protein (FAP) 
and chemokine receptor (CXCR) are promising targets for nu-
clear-labelled tumour probes. Different reports have indicated 
an effective role of [68Ga]pentixafor chemokine-directed imaging 
in some solid tumours such as glioblastoma, ovarian cancer, renal 
cell cancer, small cell lung cancer, and adrenocortical carcino-
ma. However, a study by Vag et al. questioned its possibility in 
other tumours including pancreatic cancer, sarcoma, and breast 
cancer [105–109]. 

Figure 2. A 68-year-old man with metastatic neuroendocrine tumours refractory to chemotherapy presented for PRRT. Pre-treatment FDG PET 
(A) showed no abnormal radiotracer uptake, while all lesions in the liver and mid-abdomen revealed significant SSTR expression on pre-treatment 
68Ga-DOTATATE PET/CT (B). The patients underwent 3 cycles of PRRT (22.2 GBq). The post-treatment scintigraphy after the 1st cycle (C) 
indicated intensive uptake of radiotracer in the above regions, which decreased significantly in number and size in post-treatment scintigraphy after 
the 3rd cycle (D, E)
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177Lu-pentixather has demonstrated outstanding CXCR4-tar-
geting properties and a favourable pharmacokinetic profile. Addi-
tionally, [68Ga]pentixafor/177Lu-pentixather based CXCR4-targeted 
theranostic approach delivers high doses to the tumour sparing 
healthy non-targeted cells [110]. Several malignant cells includ-
ing head and neck, breast, lung, pancreatic, and oesophageal, 
colorectal cancer have a high uptake of [68Ga]FAPI that can be 
used for non-invasive molecular imaging,  locating the primary 
site of unknown malignancies, and staging of tumours. On the 
other hand, [68Ga]FAPI tracers contain universal DOTA chelators. 
This property makes it possible to label the ligand with a suitable 
therapeutic radionuclide for a theranostic approach [106, 111].

However, although no life-threatening side effects have been re-
ported for these radioligands, concise studies should be performed 
to evaluated probable side effects and cardiotoxicity.

Conclusion

Cardio-oncology as a multi-modality approach has become 
a valuable strategy for improving treatment outcome and patient 
management through screening cardiotoxicity during cancer 
treatment. Several studies investigated cancer treatment cardiot-
oxicity in chemotherapy and external radiation therapy. In addition 
to the significant role of nuclear cardiac imaging procedures for 
early detection of cardiovascular changes, it is required to perform 
more comprehensive studies to investigate cancer treatment op-
tions such as PRRT, fibroblast activation protein, and chemokine 
receptor targeting probes for possible cardiac side effects that play 
important roles in the treatment of malignancies. Finally, it is required 
to establish a network of collaboration between oncologists, nuclear 
medicine specialists, and cardiologists to obtain optimal patient 
outcomes and decrease life-threatening cardiotoxicity.
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Abstract

SPECT/CT imaging is transitioning from solely qualitative applications to quantitative analysis. Quantitative SPECT/CT sys-
tems require proper calibration, optimization and quality control. Various types of modern SPECT/CT scanners have different 
software for calibration and quality control (QC). There is still no standardization in this regard for quantitative SPECT/CT. This 
issue hinders the exchange of obtained results across centers and stunts the development of repeatable and reproducible 
measurements. The unification and standardization of calibration and quality control techniques for quantitative SPECT/CT 
systems is currently a pressing need for nuclear medicine departments.

The present study presents three selected physical quantities characterizing the quality of quantitative SPECT/CT system and 
seven quantities, currently used in the literature, to assess the quality of quantitative SPECT/CT images. The measurement of 
these parameters requires the use of standard gamma camera software for QC, external programs for quantitative analysis of 
recorded data and clinical software. The authors hope this will help physicists who are willing to perform quantitative SPECT/CT 
in their departments.
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Introduction

During the last decades, nuclear medicine is undergoing 
a significant change, emphasizing the quantitative quality of single 
photon emission computed tomography (SPECT) images. The 
introduction of hybrid devices, combining SPECT gamma camer-
as with a computed tomography (CT) scanner, enabled quantitative 
evaluation of images thanks to CT-based attenuation correction. 
New techniques of images reconstruction, based on iterative meth-
ods, reduced errors in absolute quantification in SPECT thanks to 
scatter and attenuation corrections. This permitted the introduction 
of quantification of radiopharmaceuticals uptake in healthy and 
pathological tissues and it is commonly expressed as standardized 
uptake value (SUV). Moreover, quantitative SPECT/CT images play 
a crucial role in internal dosimetry used for individualized radionu-
clide treatment planning.

For positron emission tomography (PET)/CT systems, the Na-
tional Electrical Manufacturers Association (NEMA) has defined the 
standards which allow performing the quality control of quantitative 
images [1]. Such standards, though, are not defined for quantita-
tive SPECT/CT imaging, yet. This issue hinders the exchange of 
obtained results across centres and stunts the development of 
repeatable and reproducible measurements. 

While waiting for a set of standard procedures, active research 
is conducted to evaluate the accuracy and precision of quantitation 
[2–4]. To verify the quality of quantitative images obtained with 
SPECT/CT, many authors try to adopt the methods employed in 
PET or, if necessary, modify them as needed. According to Dickson 
et al. [5], now is the time to work together as a community to make 
this potential a reality. 

The present study reviews physical quantities, currently used in 
literature, to assess the quality of quantitative SPECT/CT images. 
The authors hope this will help physicists who are willing to perform 
quantitative SPECT/CT in their departments. 

Basic requirements for obtaining quantitative 
SPECT/CT images

The basic requirement for obtaining reliable results of quan-
titative image analysis is to perform acquisitions with SPECT/CT 
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systems, which have the correct results of periodic quality control 
and calibration tests recommended by the manufacturer and com-
pliant with NEMA guidelines. Standard instrument calibrations and 
quality control tests (including tests of uniformity, the centre of 
rotation, SPECT/CT spatial co-registration, as well as CT system 
tests) should be performed regularly, following the schedule recom-
mended by producers. The clinical use of gamma cameras that do 
not show the stability of the measured parameters forces users to 
test and calibrate the systems more often.

Quantitative image reconstructions must be performed by 
iterative methods such as maximum likelihood expectation max-
imization or ordered subsets expectation maximization (OSEM), 
because only these reconstruction methods allow to perform 
attenuation and scatter corrections. The exact correction for at-
tenuation is performed based on the attenuation maps, calculated 
from the transmission images of a patient, obtained with the CT 
component of the SPECT/CT system during one hybrid imaging 
session. Low-dose CT acquisitions, used to ensure radiological 
protection of the patient, are sufficient to correct the attenuation in 
SPECT images. The attenuation corrections are introduced at the 
stage of reconstruction of the scintigraphic slices.

A popular and relatively accurate method of scattered pho-
ton correction is acquisition with the triple energy window [6].  
It allows evaluating the number of scattered photons based on 
the measurement of the counts in the projections collected in two 
additional energy windows, placed on both sides of the photopic. In 
the software of modern gamma cameras, the scattering correction 
is built directly into the reconstruction algorithm.

The correction of the gamma camera’s resolution recovery 
is not necessary, because it does not affect the accuracy of the 
quantitative measurement of the activity distribution. Nevertheless, 
it is recommended since improving the resolution of the images fa-
cilitates the segmentation process.

Selected quantities characterizing the 
quality of quantitative SPECT/CT system

The physical quantities described in this work are the quanti-
ties most frequently reported in the literature that characterize the 
quantitative SPECT/CT quality.

Sensitivity
Each manufacturer of gamma cameras recommends a spec-

ified, repeatable technique for measuring the sensitivity of the 
gamma cameras. For example, Siemens, before the quantitative 
acquisition of scintigraphic images, requires a one-time volume 
sensitivity measurement using a cylindrical phantom filled with a ho-
mogeneous radioisotope solution. Afterwards, the monthly planar 
measurement of the sensitivity of the point source in a dedicated 
test tube should be performed. GE Healthcare recommends planar 
measurement of the detectors’ sensitivity using a flat plastic dish 
(e.g., standard Petri dish), containing a homogeneous radioisotope 
solution. Commercial gamma camera software, within the set of 
programs for quality control, contains dedicated applications for 
measuring the sensitivity of the system. To compare the sensitivity 
of different types of gamma cameras, one should follow the recom-
mendations of NEMA 1-2018 [7] regarding the measurements of 

planar sensitivity test of detectors and volume sensitivity test of 
SPECT system.

Cross-calibration
To enable quantitative measurements, all SPECT images re-

constructed in counts per pixel must be converted to the activity 
concentration (Bq/mL) units. In this way, it is possible to analyse 
the data by applying the SUV. There are two ways to convert it. 

Firstly, the reconstructed counts in the SPECT volume can 
be directly related to the acquired counts in the projection data.  
In this situation, calibration is related to the absolute value 
of the camera sensitivity from the planar measurement, in units of 
counts per second per kBq (cps/kBq).

Another method uses the cross-calibration factor (CCF), which 
is determined from a reconstructed image, relating the counts to 
the radioactivity concentration. The CCF can be evaluated using 
a cylindrical homogeneous phantom and is defined by

		  (1)

where m is the total counts in VOI in the reconstructed image, 
t is the time per projection, n is the number of projections, v is the 
VOI volume, Ac and is the true activity concentration in the phantom.

In the Q.Dose software [8], the calibration is performed using 
the Scaling Factor, which is the reciprocal of the CCF

		  (2)

Spect reconstructed spatial resolution
An important quantity to assess the quality of quantitative 

tomographic imaging is the reconstructed spatial resolution, 
measured in air and a dispersion medium. The reconstructed 
spatial resolution of the SPECT system is defined as the full-width 
at half-maximum (FWHM) of the line spread function (LSF) or of the 
point spread function (PSF) with an imaging collimator installed. 
This measurement should be completed with the full width to the 
tenth of the maximum because the PSF or LSF may deviate from 
the Gaussian distribution. NEMA [7] recommends the use of 3 
capillary tubes (e.g., syringe needles) with an inner diameter  1 mm 
as radioactive sources. They should be positioned parallel to the 
principal orthogonal axes of the camera to avoid broadening the 
LSF. Measuring the Reconstructed Spatial Resolution with Scatter 
requires placing 3 capillary tubes in a cylinder of water. Following 
NEMA guidelines, cross-sections through source centres (slices of 
thickness 10 ± 3 mm) should be reconstructed using the filtered 
back-projection technique with the ramp filter.

Dead-time
Imaging studies of patients who have just received radionu-

clide therapy, where relatively high activities of radionuclides are 
usually administered, may be affected by considerable dead time 
(DT) effects. These are caused mainly by the pile-up in the gamma 
camera detector and electronics. Therefore, for any post-therapy 
imaging study where quantitative information is required (e.g., for 
image-based dosimetry calculations, tumour staging and evaluation 
of therapy outcomes), DT corrections should be performed.
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Ryu et al. [4] measured the DT effect of the SPECT system 
using a cylindrical phantom with high initial activity for [99mTc] and 
177Lu. The DT constants were estimated based on the concepts of 
paralyzable (tp) and non-paralyzable (tNP) DTs and the correspond-
ing two-component model introduced by Cranley et al. [9]. The 
DTs in the two-component model can be easily determined through 
a least-squares fitting for the decaying source method. To evaluate 
the paralyzable and non-paralyzable components of the system DT, 
the authors fitted eq. (3) to the observed data,

		 (3)

where r’ is the observed count rate, r is the true count rate, tp 
is the paralyzable and tNP the non-paralyzable constant. The fitting 
was stopped when R2-value was equal to 1.0.

Quantities describing the quality of the 
quantitative SPECT/CT image

Accuracy of activity recovery
The accuracy of activity recovery is simply the ratio between the 

activity concentration, measured in the reconstructed SPECT image 
(ac), and the true activity concentration (Ac), measured during phan-
tom preparation. This quantity can be measured for the cylindrical 
homogeneous and the anthropomorphic phantoms. Depending on 
the chosen phantom, the regions of interest (ROIs) can be defined 
in the background or in the spheres, when an anthropomorphic 
phantom, for example, NEMA/International Electrotechnical Com-
mission (IEC) NU2 phantom, is used. 

The background calibration factor (Bg.cal) is defined as

		   (4)

where ac,bg is the activity concentration measured in the re-
constructed SPECT phantom background and Ac,bg is true activity 

concentration inside the phantom. Gnesin et al. [2] determined ac,bg 

as the average on 5 circular ROIs of 16 cm diameter centred on 
the cylinder axis, placed at different axial locations as in Figure 1. 

For spheres, recovery coefficients (RCs) are defined as

		 (5)

		  (6)

where j is the number of the sphere, acsph j,max is the measured 
maximum voxel value (in terms of activity concentration) for a given 
spherical insert, Ac,sph is the true activity concentration in the sphere,  
acsph j,A50 is the average voxel value for each hot insert VOI defined 
by a 3D isocontour at 50% adapted for background [10].

In their study, Peters et al. [11] determined the RC for each 
sphere performing five measurements and, then, they evaluate the 
repeatability of these measurements using the median absolute 
deviation (MAD) for each sphere diameter according to

		  (7)

where RCi is the recovery coefficient of measurement i and RC 
is the median recovery coefficient of all five measurements.

The white paper published by GE Healthcare [12] shows a mod-
ified equation for the accuracy,

 	 (8)

Image noise
The coefficient of variation (COV) is a parameter used to evalu-

ate image noise. It is expressed as the ratio between the standard 
deviation (σbg) and the mean value of activity concentration meas-
ured in the phantom background (a–c,bg),

Figure 1. Reconstructed image of Phantom Well Counter Calibration Uniform Cylindrical performed in Q.Metrix software from GE Healthcare. 5 
circular ROIs of 16 cm diameter centred on the cylinder axis were placed at different axial locations and used to calculate Bg.cal
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The background mean value of activity concentration is deter-
mined as the mean value of several different ROIs and σbg is the 
standard deviation of the mean of these ROIs.

Koopman et al. [13] in placed three rectangular ROIs within 
the phantom background in three axial planes, obtaining nine 
ROIs. For each ROI, the image COV was determined using eq. 
(9). The COV for a reconstructed image was obtained by taking the 
average of the nine measured COVs. The technique of delineating 
ROIs is presented in Figure 2.

This quantity can be measure for the cylindrical homogene-
ous phantom and the NEMA/IEC NU2 phantom.

Total activity deviation 
The total activity deviation is defined by 

		  (10)

where Atot,rec is the total activity in the phantom measured in the 
reconstructed image, and Atot is the true total activity of radionuclide 
measured during phantom preparation.

This quantity can be measured for the cylindrical homogene-
ous phantom and the NEMA/IEC NU2 phantom.

Contrast recovery
To evaluate the contrast recovery, the NEMA/IEC NU2 phantom 

with hot spheres should be used. The hot contrast  for each hot 
sphere  is calculated by

		  (11)

The ideal ratio is equal to 100%.

Residual error in scatter and attenuation 
corrections

The relative error in the lung, DClung, allows evaluating the 
residual error in scatter and attenuation corrections using an an-
thropomorphic phantom with lung insert and it is defined as

		  (12)

where ac,lung is the average activity concentration measured 
in a cylindrical VOI, with a 3 cm diameter and a length of 16 cm, 
placed into the lung insert [2].

Discussion

Quantitative analysis of SPECT/CT images is a difficult task. 
Many physical effects hinder proper quantification. Among the 
most important ones are blurring introduced by the collimator 
response function, the limited spatial resolution and associated 
partial volume effect, photon attenuation and the contribution in 
the images of events arising from photons scattered in the objects. 
There are, however, algorithms and methods used to compensate 
for these effects.

Despite these limitations, SPECT/CT is transitioning from solely 
qualitative applications to quantitative analysis. 

Seret et al. [14] investigated four SPECT/ CT systems focusing 
on their quantitative capabilities. They found that, in objects whose 
dimensions exceeded the SPECT spatial resolution by several 
times, quantification seemed to be feasible within 10% error limits. 
A partial-volume correction strategy remains necessary for smaller 
structures. In a study performed by Zeintl et al. [15], they report 
an average quantitative accuracy within 3.6% in phantoms with 
different-sized spheres and 1.1% in patients with a focus on the 
bladder when using [99mTc].

Figure 2. Reconstructed image of NEMA Body Phantom/IEC NU2 performed in Q.Metrix software from GE Healthcare. Three rectangular ROIs 
in three different axial planes within the phantom background were used to calculate COV. COV — coefficient of variation; IEC — International 
Electrotechnical Commission; NEMA — National Electrical Manufacturers Association
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Dead-time is an important effect in quantitative SPECT. In 
terms of radionuclide therapy, where injected activities are very high, 
dead-time losses can be substantial and cause an underestimation 
of the doses received by organs. It is essential to correct for this ef-
fect during dosimetric studies. Dead-time correction is particularly 
important for radionuclides with multiple photon emissions such 
as 131I, as photons not included in the energy window also contrib-
ute to dead time. In a study on the dosimetric impact of dead-time 
correction after a 4 GBq therapeutic injection of 131I, correction for 
count losses led to an 11% increase in whole-body time-integrated 
activity [16]. For descriptions of practical methods for calculating 
corrections for DT effect for quantitative studies using high 177Lu 
activities, see articles [17, 18].

In a study from 2012, Dewaraja et al. [19] showed that a planar 
measurement of a point source is sufficient for accurate calibra-
tion of the sensitivity of a gamma camera. It is necessary to use 
the same collimator and to set the same energy windows like the 
ones that will be used in the acquisition protocols of the examined 
patients. In a work from 2017, Matsumoto et al. [20] confirmed that 
the quantitative calibration of the gamma camera made based on 
a planar sensitivity measurement (using a Petri dish) is burdened 
with a lower measurement error than the calibration based on the 
measurement and reconstruction of a homogeneous cylindrical 
phantom (CCF method).

Even though a correct cross-calibration is performed, some 
differences in quantitative measurements might occur between 
centres because of the differences in applied image reconstruction 
parameters. Reconstructions should be performed with correc-
tions for attenuation, scatter and resolution recovery. Therefore, it 
is necessary to standardize the method of image reconstruction 
for CCF and then to standardize the technique of quantitative 
SPECT/CT systems calibration.

The study performed by Gnesin et al. [2] shows that relative 
lung errors were comparable to PET levels, which suggest the 
efficient integration of attenuation and scatter corrections. Its value 
was less than 10% in the case of background activity concentra-
tions > 12 kBq/mL. However, the value increased with lower statistic 
and was found to be approximately 20% for background activity 
concentrations of 1.5 kBq/mL.

Recovery coefficient (or Accuracy) is a very helpful quantity 
to assess the effectiveness of SPECT/CT quantitative analysis. 
By plotting RC curves for phantom hot spheres of various sizes, 
the optimal quantitative image reconstruction technique can be 
easily established. A phantom containing hot spheres is required 
to measure RC, Accuracy and contrast recovery measurements. 
A cylindrical phantom filled with a homogeneous radioisotope solu-
tion is sufficient to determine the background calibration factor, total 
activity and image noise. Relative error measurement requires the 
use of an anthropomorphic phantom with a lung insert.

The accuracy of the quantitative SPECT/CT technique 
has been evaluated with phantom experiments in many works. 
The results show that it is possible to obtain reproducible meas-
urements. The study performed by Peters et al. [11] shows that 
absolute SPECT quantification is achievable in a multi-centre 
and multi-vendor setting. The variation between centres is mainly 
caused by the use of different reconstruction algorithms and/or 
settings. Based on their research, the authors confirmed that the 
OSEM iterative method with 5 iterations and 15 subsets, without the 

3D post-reconstruction filter, is the optimal clinical method for the 
reconstruction of quantitative images obtained with the NM/CT850 
gamma camera [21, 12]. On the other hand, for the gamma camera 
Symbia Intevo, Gnesin et al. [2] chose the iterative reconstruction 
technique with 16 iterations and 4 subsets and Gaussian smoothing 
of FWHM 7.5 mm (for foci with a diameter greater than 24 mm) 
as the optimal method. 

The next step should be to establish the equivalence be-
tween the corresponding reconstruction techniques for gamma 
cameras from different manufacturers, for analogous acquisition 
parameters. The aim of the work should be focused on finding 
equivalent techniques of image reconstruction and filtering, which 
should ensure the same level of accuracy in the measurements of 
activity concentration for different SPECT/CT systems. 

The further aim should be to unify and standardize calibration 
and quality control procedures for all types of new QSPECT/CT 
systems.

Summary

Quantitative SPECT/CT requires proper calibration, optimi-
zation and quality control. Various types of modern SPECT/CT 
scanners have different software for calibration and quality control 
of imaging. There is still no standardization in this regard for quan-
titative SPECT/CT. This paper presents three selected physical 
quantities characterizing the quality of quantitative SPECT/CT 
system: sensitivity, SPECT Reconstructed Spatial Resolution and 
dead-time. The measurement of these parameters requires the use 
of standard gamma camera software for image acquisition and, 
also, external programs for quantitative analysis of recorded data. 
Seven values characterizing the quality of quantitative SPECT/CT 
images were also presented: background calibration factor, re-
covery coefficient, the accuracy of measurements, coefficient of 
variation for image noise evaluating, total activity deviation, contrast 
recovery and residual error in scatter and attenuation corrections. All 
seven parameters can be determined using only clinical software.

The authors believe that the standardization of the quantitative 
SPECT/CT technique could be significantly accelerated by the unifi-
cation of quantitative acquisition techniques, reconstruction, image 
analysis, as well as quality control procedures in all commercial 
quantitative SPECT/CT systems.
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Abstract

Gastric cancer (GC) is a common cause of cancer-related deaths in the world. In addition to the patient’s clinical history and 
clinical examination, nuclear medicine tools are required for diagnosis. [18F]FDG PET/CT has been commonly used for cancer 
patients for staging, restaging, evaluation of treatment response. This study aimed to review the current literature on the role 
of [18F]FDG PET/CT for GC management.
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Introduction 

Gastric cancer (GC) is a common neoplasm and GC is the 
third most widespread cause of cancer-related deaths worldwide. 
GC generally affects men higher than women. Various factors such 
as Helicobacter Pylori, bad diet habits and smoking give rise to 
GC [1]. GC is a cancer type usually diagnosed at an advanced 
stage. Patient history, physical examination, endoscopy and biopsy 
is essential for the diagnosis of this disease. Diagnostic imaging 
modalities including endoscopic ultrasound (EUS), computed to-
mography (CT), magnetic resonance imaging (MRI) and positron 
emission tomography/computed tomography (PET/CT) are used 
for the initial evaluation of GC. Fluorine-18 fluoro-2-deoxy-D-glu-
cose ([18F]FDG) PET/CT is recommended if there is no evidence 
for metastasis and if clinically indicated according to National 
Comprehensive Cancer Network (NCCN) guidelines. PET/CT might 
be useful for the evaluation of therapy response before surgery, 
recurrence and determination of occult metastatic tumour [2].  
In this review article, the role of [18F]FDG PET/CT for GC manage-
ment is evaluated in light of the current literature.

Detection of primary tumours  
and prediction of prognosis

A cancer screening programme for detecting GC found that 
FDG-PET had 37.9% sensitivity. Furthermore, FDG-PET had lower 

sensitivity than endoscopy. FDG-PET demonstrated early-stage GC 
in some cases. However, many of them were shown with a com-
bination of endoscopy. Therefore, the combination of endoscopy 
was helpful for the detection of tumours at an early stage [3].

Dual time point imaging (DTPI) [18F]PET/CT was analysed to 
differentiate malignant and benign disease of GC patients (n = 74) 
with focal increased gastric uptake on imaging. The maximum 
standardized uptake value (SUVmax) of the early PET/CT imag-
ing was 5.0 ± 1.4, the SUVmax of the delayed PET/CT imaging 
was 5.9 ± 2.7. The study concluded that DTPI can play an important 
role in differentiating malignant disease from the benign gastric 
disease [4]. 

The utility of [18F]FDG PET/CT was investigated for detecting 
primary GC in suspected GC patients (n = 68). After fasting whole-
body PET/CT imaging, the patients drank a measured amount of 
milk with Diatrizoate Meglumine. Local gastric PET/CT imaging 
was also performed. Whole-body PET/CT had 92.9% sensitivity, 
75.0% specificity, 94.5% PPV, and 69.0% negative predictive value 
(NPV) for detecting primary tumour. Local gastric PET/CT had 
91.1% sensitivity, 91.7% specificity, 98.1% PPV, and 68.8% NPV. 
The mean ratio of the tumour’s SUVmax/the adjacent gastric wall 
SUVmax was significantly increased with local gastric PET/CT.  
It was concluded that gastric distention might be useful for tumour 
visibility. However, gastric distention may not significantly improve 
diagnostic accuracy [5]. 

[18F]FDG uptake was investigated for the detection of regional 
lymph nodes (LNs) in preoperative GC patients (n = 156). Tumour 
size (≥ 3 cm) and LN metastasis were significantly associated 
with [18F]FDG uptake in LN. When the SUVmax of the primary tu-
mour > 3.75, PET/CT had 73.5% sensitivity and 74.5% specificity 
for the detection of LN metastasis. While the SUVmax of the pri-
mary tumour > 4.35 and FDG uptake of LN was positive, PET/CT 
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had 58.8% sensitivity and 91.6% specificity for the prediction of 
non-curative surgery [6]. 

Histopathologic characteristics of primary GC affect the FDG 
uptake and tumour detection rate on FDG PET/CT. In a study of 50 
patients with preoperative locally advanced gastric adenocarcino-
ma (GA), FDG uptake of the primary tumour was investigated. Re-
sults were correlated with histopathologically. The poorly cohesive 
type according to the WHO classification, diffuse type according to 
the Lauren classification and infiltrative type according to the Ming 
classification had low FDG uptake in these patients. Therefore, the 
correlation between FDG uptake and histopathologic characteris-
tics might be useful for FDG PET/CT imaging in GC patients [7]. 

Diagnostic accuracy of whole-body [18F]FDG PET/CT and re-
gional [18F]FDG PET/CT after water gastric inflation was assessed 
in preoperative GC patients (n = 44). The sensitivity of whole-body 
PET/CT (50%) was augmented by regional PET/CT (75%) for primary 
tumour detection. Furthermore, the sensitivity of whole-body PET/CT 
(24.6%) for LN metastasis was significantly increased by regional 
PET/CT (36.1%). Regional PET/CT can be used to improve FDG 
uptake in GC patients [8]. 

The utility of [18F]FDG PET/CT was evaluated for progres-
sion-free survival (PFS) before therapy in GC patients (n = 321). 
The Low SUVmax group (≤ 5.74) had a longer mean PFS than that 
of the high SUVmax group (> 5.74). Stage, depth of tumour inva-
sion, presence of LN metastasis and SUVmax (> 5.74 vs ≤ 5.74) 
were associated with recurrence. High SUVmax (> 5.74) and high 
metabolic tumour volume (MTV) (> 16.42) were poor prognostic 
factors for PFS [9]. 

The prognostic role of baseline and interim [18F]FDG PET/CT 
during chemotherapy was examined in patients (n = 44) with 
recurrent/metastatic advanced gastric cancer (AGC). Initial and 
change of metabolic parameters (MP)-MTV, tumour lesion glycoly-
sis (TLG) and SUVmax and SUVmean were measured. Decreased 
percentage of SUVmax and SUVmean on interim PET/CT and initial 
values of volumetric parameters (MTV and TLG) were significant 
predicting factors for chemotherapy response. Furthermore, the 
decreased percentage values of metabolic parameters as well 
as maximum and mean SUV were important prognostic factors for 
overall survival (OS) and PFS [10]. 

The prediction of prognosis was investigated SUVmax of 
metastatic LNs using [18F]FDG PET/CT in preoperative GC pa-
tients (n = 151). Results were confirmed histologically. Nodal 
SUVmax was an independent prognostic factor for recurrence-free 
survival (RFS) and OS [11]. 

The metabolic affinity of primary tumours or metastatic LNs on 
[18F]FDG PET/CT was studied for the prediction of survival in pa-
tients (n = 168) with AGC. [18F]FDG PET/CT had 73.8% sensitivity 
for the detection of advanced pT ≥ 3 stages. Furthermore, [18F]FDG 
PET/CT had 92.2% specificity for the detection of the advanced pN 
(≥ 2) stage. Data showed that the [18F]FDG affinity of LNs was an in-
dependent prognostic factor for RFS [12]. 

TNM Staging

Imaging of LN metastasis and accurate staging is needed for 
effective therapy before surgery. However, accurate staging with 
conventional diagnostic imaging modalities such as CT is not 
enough due to its low sensitivity and low specificity. Therefore, 

nuclear medicine imaging methods with high specificity such 
as [18F]FDG PET/CT are necessary to detect metastasis [13].

In a comparative retrospective study, the effect of FDG-PET 
for the staging of Gastric adenocarcinoma (GA) was analysed in 
608 patients who had biopsy-proven GA and 207 patients who 
had both CT and FDG-PET. FDG-PET identified primary tumour 
(PT) (125 vs 120) more than CT alone. Furthermore, FDG detected 
distant lymph node disease (DLN) (41 vs 25) more than CT alone. In 
addition, FDG-PET up-staged 31 patients and down-staged 17 pa-
tients. PET/CT was more helpful than CT for the staging of GA [14]. 

In another comparative study, FDG PET/CT was researched 
in 97 histologically proven GC patients. It was reported that FDG 
uptake in both tumour and LN were related to poor OS. In contrast to 
FDG PET/CT, lymphadenomegaly was not related to OS on CT. FDG 
PET/CT had more prognostic importance than CT for staging [15]. 

A study (n = 90) reported that FDG PET/CT had 78.9% sen-
sitivity for detecting primary GC. It was noted that T3/T4 disease 
had higher SUVmax than T1/T2 disease (9.0 vs 3.8) on PET/CT 
imaging. The SUVmax of the primary tumour was associated with 
tumour size. FDG-PET/CT had 64.5% sensitivity, 85.7% specificity, 
71.1% accuracy, 90.9% PPV, and 52.2 % NPV for evaluation of local 
LN metastasis [16]. 

[18F]FDG PET/CT was examined in non-junctional GC pa-
tients (n = 279). 80.6% of the primary tumour was FDG-avid. PET/CT 
detected 7% of patients that could not be shown with other imaging 
methods. For metastatic disease, PET/CT had 49.3% sensitivity, 
97.1% specificity, 85.0% PPV, 85.4% NPV. This recent study reported 
that PET/CT should be used for staging and it should have a place 
in guidelines [17].

[18F]FDG PET/CT was analysed to image metabolically positive 
lymph nodes (MPLN) in patients (n = 50) with locally AGC. The 
numbers of MPLN were associated with the numbers of histolog-
ically positive LNs . The numbers of MPLN, PET/CT positive LN, 
SUVmax of LN (> 2.8), TNM stage were correlated with OS. There-
fore, the number of MPLN is an important parameter for predicting 
the prognosis of locally AGC [18]. 

The relationship between FDG uptake in the primary tu-
mour/LNs and clinicopathological factors, especially pStage III/IV 
were evaluated in AGC patients (n = 117). FDG uptake in primary 
tumour and LNs were related with pStage III/IV. FDG PET/CT had 
22.7% sensitivity, 90.5% specificity for LN metastasis. FDG PET/CT 
had 80.4% sensitivity for the detection of pStage III/IV disease. 
As a result, PET/CT was a helpful modality for the evaluation of 
pStage III/IV [13]. 

In a retrospective study (n = 45), the role of F-FDG PET/CT 
for staging GC was compared with contrast-enhanced computed 
tomography (CECT). There was no significant statistical difference 
found between PET parameters and histotype, grading, and site 
of the gastric lesion. FDG PET/CT had higher specificity for both 
LN and distant metastasis [19]. 

In another retrospective study, clinicopathologic parame-
ters that were related to [18F]FDG avidity was examined. Large 
tumour size, non-signet ring cell carcinoma type, and glucose 
transporter 1-positive expression on immunohistochemistry were 
strong predictive factors about [18F]FDG avidity. PET scoring sys-
tem which was developed from these parameters detected [18F]
FDG-avid cancer and it had 85% sensitivity and 71% specificity 
[20]. 
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[18F]FDG PET/CT was compared with CECT in 45 GC pa-
tients for staging. While CECT had 92.11% sensitivity, 57.14% 
specificity; [18F]FDG PET/CT had 81.58% sensitivity, 85.71% spec-
ificity for detection of GC. Whereas CECT had 70.83% sensitivity, 
61.90% specificity; [18F]FDG PET/CT had 58.33% sensitivity, 95.24% 
specificity for LN involvement. While CECT had 80% sensitivity, 
62.86% specificity; [18F]FDG PET/CT had 60% sensitivity, 88.57% 
specificity for distant metastases. The authors stated that [18F]FDG 
PET/CT was helpful for the assessment of GC for the detection of 
the primary tumour, LN and distant metastasis [19]. 

[18F]FDG PET/CT was compared with CECT for staging in lo-
cally AGC patients (n=106). The combination of [18F]FDG PET/CT 
on CECT provided better diagnostic accuracy for imaging of both 
distant LN metastasis and bone metastasis [21]. 

Curability

The utility of FDG PET/CT was evaluated for predicting the cur-
ability of endoscopic submucosal dissection (ESD) for early GC in 
a first research study. EGCs (n = 210) of 199 patients were included. 
The detection rate of early GC with FDG PET/CT was 37.1%. In 
contrast to that, the detection of early GC which were not curable 
by ESD had 79% sensitivity, 91% specificity. It was concluded that 
FDG PET/CT might be a useful method secondary to endoscopy 
for this purpose [22]. 

Detection of recurrent tumours

Diagnostic performance of FDG PET/CT for surveillance was in-
vestigated in asymptomatic 190 GC patients (early GC patients: 
n = 115; AGC patients: n = 75) after surgery. FDG PET/CT had 
good diagnostic performance with 84.2% sensitivity and 87.7% 
specificity [23]. 

In another study, the diagnostic  performance  of [18F]FDG 
PET/CT was evaluated in AGC patients (n = 46) who were asymp-
tomatic and negative on conventional imaging. Final verification 
was performed using clinical follow-up, tumour markers, CT, en-
doscopy and with/without a histopathologic diagnosis. [18F]FDG 
PET/CT had 100% sensitivity, 88.1% specificity, 44.4 % PPV and 
100 % NPV in the patient-based analysis irrespective of the recur-
rence site [24]. 

FDG PET/CT was retrospectively compared with CECT to detect 
gastric carcinoma recurrence. The recurrence group (60 patients) 
and control group were (60 patients) were included. There was no 
significant difference found between these two methods for the 
detection of patient-based overall recurrence. On the other hand, 
CECT had higher sensitivity (96%) than PET/CT (50%) for imaging 
peritoneal carcinomatosis. Furthermore, on pathology-based 
analysis CECT had higher sensitivity (98%) than PET/CT (80%). 
Therefore, CECT might be a primary method for the detection of 
tumour recurrence [25]. 

Diagnostic performance of PET/CT was investigated in 
[18F]FDG-avid AGC patients (n = 368) for detection of recurrence. 
PET had higher sensitivity (81.0%) for [18F]FDG-avid tumours than 
both non-avid tumours and nonanastomosis site recurrences (52.4%). 
PET had high specificity (97.1% and 97.5%) in both groups [26]. 

In a meta-analysis study (828 patients in 14 studies) diag-
nostic accuracy of [18F]FDG PET for detection of GC recurrence 

was examined. On a per-patient basis analysis, [18F]FDG PET had 
85% sensitivity. On per-lesion basis analysis, [18F]FDG PET had 
75% sensitivity [27]. 

The diagnostic utility of FDG PET/CT was evaluated in 279 
patients. The primary tumour was FDG-avid in 80% of patients. 
PET/CT detected unsuspected metastases in 7% of patients. In 
addition, these metastases could not be detected by conventional 
staging without PET/CT in 5% of patients. Patients with FDG-avid 
nodes had an incurable disease. This retrospective study sug-
gested that PET/CT should be considered in international recom-
mendations [17]. 

Therapeutic response evaluation

Investigators evaluated the importance of PET imaging using 
[18F]FDG and [18F]fluoro-3’-deoxy-3’-Lfluorothymidine (FLT) for early 
metabolic response in AGC patients (n = 64) who were treated 
with chemotherapy. PET imaging was performed at baseline and 
14 days after therapy beginning. FDG PET had 70% sensitivity 
and 83% specificity for predicting clinical response. FDG PET had 
58% sensitivity and 100% specificity for predicting disease control 
status using with total uptake value reduction percentage (d-SUV) 
value. In contrast to FDG, the d-SUV value of FLT-PET was not 
useful for both predicting clinical response and disease control 
status. Decreased FDG uptake in liver metastasis helped predict 
both clinical response and disease control status [28]. 

The accuracy of FDG PET/CT to predict early pathologic 
response after neoadjuvant chemotherapy was analysed in 44 
patients with locally advanced GC or esophagogastric junction 
II/III. PET/CT had 90.9% sensitivity, 47.3% specificity, and 63.3% 
accuracy for prediction of response [29]. 

Diffusion-weighted MRI (DW-MRI) and [18F]FDG PET/CT were 
compared for therapy response in patients with locally advanced GA 
(n = 17). Apparent diffusion coefficient (ADC) value and SUVmean 
corrected for partial volume effect were evaluated and compared 
with histopathological tumour regression grade. It was concluded 
that DW-MRI was more helpful than FDG-PET/CT for the evaluation 
of therapy response [30]. 

In a prospective study, therapy response in AGC pa-
tients (n = 74) who had lesions (n = 620) with > 1 cm on CT 
were included and each lesion was also assessed with [18F]FDG 
PET. Poorly cohesive carcinomas exhibited lower SUVmax than 
adenocarcinomas. Human epidermal growth factor receptor 2 
(HER2)-positive tumours had higher SUVmax in comparison with 
HER2-negative tumours. The changes in SUVmax and total lesion 
glycolysis (TLG) owing to chemotherapy were associated with the 
changes in tumour size. Patients with a decrease in both tumour 
size and SUVmax had a better prognosis than patients who had 
only a decrease in tumour size or SUVmax [31]. 

Prediction of HER2 status

Surgery is often a part of the treatment of GC. However, 
surgery is not efficient especially for inoperable or metastatic GC 
patients. As a result of this, other therapy options are required 
for these patients [32]. Well or moderately differentiated GA, ex-
press HER2 more than poorly differentiated GA [33]. This is impor-
tant to predict HER2 status for HER2-targeted molecular therapy. 
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PET/CT plays a leading role in predicting the therapy response of 
various cancers [32]. 

Association between [18F]FDG uptake and HER2 expression 
was evaluated in 64 GC patients. SUVmax and tumour differentia-
tion was correlated with HER2 expression. When a SUVmax = 6.2 
as a cut off value was used, [18F]FDG PET/CT had 64.4% accuracy 
for predicting the HER2 expression. [18F]FDG PET/CT also might 
help predict HER-2 targeted therapy response. However, further 
prospective studies are still needed to understand its potential [32]. 

In a research study, it was found that (n = 124) HER2-positive 
GCs had higher SUVmax (median = 12.1) than HER2-negative (me-
dian = 7.4) GCs. FDG PET/CT volume-based parameters can play 
a role in both HER2-positive GCs and HER2-negative cancers for 
predicting the prognosis of AGC [34]. However, in another study 
(n = 31), that firstly compared SUVmax and HER2 status in age-
matched and sex-matched patients with GC and gastroesophageal 
junction adenocarcinomas (GEJC), SUVmax was not correlated with 
HER2 status of both cancer types. High SUVmax was correlated 
with decreased OS. Nonetheless, larger cohort studies are still 
needed to validate this result [35]. 

Conclusions

GC still has high mortality and is responsible for cancer-related 
deaths worldwide. Patients are asymptomatic at an early stage 
of GC. Early screening tests have vital importance for cancer 
patients. Unfortunately, there is no routine screening test for GC in 
daily clinical practice. On the other hand, new various screening 
biomarkers in the blood are still in progress and these studies are 
could not be applied to patients. Therefore, most of the cases di-
agnosed at the late stage which patients had an incurable disease. 
Even though diagnostic imaging modalities improved with current 
technology in this century, early and accurate detection of GC is still 
challenging for clinicians. Accurate staging and assessment of 
treatment response are important for a patient’s lifetime. PET/CT 
is a noninvasive imaging modality that is important for TNM staging 
especially for detection of distant metastasis, evaluation of thera-
py response, curability, detection of recurrent tumours. However, 
some pathological types of gastric tumours are not FDG avid and 
these tumours may not be detectable on PET/CT images. Although 
this disadvantage, PET/CT hybrid imaging method has a great 
contribution to the management of these patients.
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Presentation of genital tuberculosis 
detected on [18F]FDG PET-CT scan 
resembling a primary gynaecological 
tumour and metastases
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Abstract

This report presents [18F]Fluorodeoxyglucose ([18F]FDG) positron emission tomography-computed tomography (PET-CT) 
findings of a 33-year-old woman before and after tuberculostatic therapy. Tuberculosis (TB) should be kept in mind in the 
differential diagnosis of [18F]FDG avid lesions in the genital tract.

KEY words: genital tuberculosis; [18F]FDG PET/CT; extrapulmonary tuberculosis; therapeutic response to tuberculostatic 
treatment
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A 33 -year-old female presented at the hospital with a complaint 
of pelvic pain and tenderness in the right lower quadrant. Abdominal 
Computed Tomography (CT) revealed multiple enlarged abdominal 
lymph nodes.

18F-Fluorodeoxyglucose ([18F]FDG) positron emission to-
mography-computed tomography (PET-CT) was performed with 
suspicion of malignancy. 

Maximum intensity projection (MIP) PET images (Fig. 1G) and 
sectional CT and PET-CT images showed increased radiotracer 
uptakes at right ovoadnexal mass with a Maximum Standardised 
Uptake Value (SUV max) of 15.70 and endometrial wall thickening 
and intracavitary mass that extends to vagina with SUV max of 
15.09. Additionally, several enlarged nodes with increased FDG 
uptakes prominently in abdominopelvic regions (Fig. 1A–D) and 
diffuse reticulonodular infiltrates and nodules randomly distrib-
uted in both lungs. prominently in upper lobes with mild FDG 
uptakes (Fig. 1E–F) were detected.

Histopathological examination of the cervical biopsy showed 
granulomatous inflammation (Fig. 2). Findings suggested multi-
systemic tuberculosis.

Follow-up PET-CT examination after 9 months of tuberculostatic 
treatment showed diminished nodal uptakes and a complete 
metabolic response in endometrium and right adnexal mass. 
There was also regression in most of the lung parenchymal le-
sions (Fig. 3A–G).

Genital tuberculosis (TB) is frequently seen among women of 
reproductive age. It is mostly transmitted to the genital tract hae-
matogenously from pulmonary or other sites of TB. The fallopian 
tubes are mostly affected organs followed by endometrial and 
ovarian involvement. Vagina, vulva and cervix are rarely involved. 
Atypical clinical signs such as infertility, menstrual irregularities and 
pelvic pain may be seen. Standard anti-tuberculous drugs are used 
to treat genital TB and higher response rates are reported.

[18F]FDG accumulates at the sites of infection and inflammation 
via increased glucose metabolism of activated inflammatory and 
infectious cells. So, [18F]FDG PET-CT is an additive, useful imaging 
modality in both diagnosis and monitoring response to therapy of 
infectious-inflammatory diseases such as tuberculosis. This case 
is discussed in order to emphasize the importance of considering 
the possibility of tuberculosis in the differential diagnosis of [18F]FDG 
avid malignant appearing lesions in the genital tract detected on 
[18F]FDG PET-CT scan.
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Figure 1. [18F]FDG PET-CT scan showing increased [18F]FDG uptakes at right ovo adnexal mass, endometrium [Maximum Standardised Uptake 
Value (SUVmax)] 15.70 and 15.09 respectively; A–D. Thin white and black arrows; lymph nodes at several regions prominently in abdominopelvic 
regions (SUVmax 13.16); C, D. White and black thick arrows and parenchymal lung lesions (SUVmax 9.96); E, F. Arrows; Intense accumulation of 
[18F]FDG in multiple lymph nodes, both lungs and genital tract can completely be seen on Maximum intensity projection image (MIP) of [18F]FDG 
PET/CT scan (G)

Figure 2. Cervical biopsy showing granulomatous inflammation

Figure 3. Follow-up [18F]FDG PET-CT scan showing prominent metabolic response to tuberculostatic treatment
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Abstract

A 33-year-old female with a history of total thyroidectomy for papillary thyroid carcinoma was referred to the nuclear medicine 
department for ablative radioiodine therapy. Post ablation scan showed an area of intense iodine uptake on the left side of 
the pelvic region, corresponding to the large well-defined heterogeneous mass in the left ovary in the SPECT/CT images. The 
radiologic features of this lesion were compatible with a dermoid cyst, previously unrecognized. Eventually, the lesion was 
laparoscopically removed, and a typical dermoid cyst was confirmed through histopathologic assessment. 
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Introduction

A whole-body scan (WBS) with 131-radioiodine is a sensitive 
procedure for detecting thyroid remnants and metastatic disease 
in differentiated thyroid cancer. However, there are several potential 
pitfalls that can cause misinterpretation. This report presents the 
incidental finding of a dermoid cyst with radioiodine uptake on 
post-ablation radioiodine scan. This case underlines the importance 
of performing a post-ablation SPECT/CT scan in finding the poten-
tial causes of abnormal or unusual uptake patterns in 131-WBS.

Case report

The patient, a 33-year-old female with a history of total thyroidec-
tomy for papillary thyroid carcinoma (pT1bN0aMx with extrathyroidal 

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles 
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

extension), was referred to the nuclear medicine department for 
ablative radioiodine therapy. At the time of radioiodine therapy 
(RIT), stimulated serum thyroglobulin and anti-thyroglobulin anti-
bodies were 21 ng/mL and 36, respectively. Eight days after oral 
administration of 150 mCi (5550 MBq) of I-131, WBS was performed 
by a dual-head variable angle gamma camera (GE Healthcare) 
equipped with a high-energy parallel-hole collimator. The post-ther-
apy WBS showed areas of intense iodine uptake in the midline of 
the neck and on the left side of the pelvic region (Fig. 1). SPECT/CT 
images confirmed central neck uptake in the thyroid tissue and the 
thyroglossal duct remnant (Fig. 2) and also localized a focal intense 
uptake in the left pelvic fossa to the well-defined heterogeneously 
mass (5 × 6 cm) in the left ovary, which was containing fat, fluid, 
and calcification. The radiologic features of this lesion were com-
patible with the teratoma ovary, previously unrecognized (Fig. 3). 

In this case, due to ectopic thyroid tissue, the level of serum 
thyroglobulin was unreliable in the follow of the thyroid carcinoma. 
The metastatic papillary thyroid carcinoma or malignant transfor-
mation of the ectopic thyroid tissue cannot be distinguished from 
normal thyroid tissue in the ovarian cyst [1–3]. Considering this is-
sue and unpredictable thyroglobulin level, the patient was referred 
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for surgery. The lesion was laparoscopically removed, and a typical 
dermoid cyst was confirmed by histopathologic assessment. Serum 
thyroglobulin dropped to normal levels about one month after the 
surgery (< 0.04 ng/mL).
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Figure 2. SPECT/CT images revealed a focal zone of iodine uptake in the midline of the upper cervical region, compatible with the thyroglossal 
duct remnant

Figure 3. SPECT/CT images revealed a focal zone of iodine uptake on the left side of the pelvic cavity, corresponding to the well-defined 
heterogeneous mass (5 × 6 cm), which was containing fat, fluid, and amorphous calcification in the left ovary in the CT slices

Figure 1. A whole-body iodine scan demonstrated two focal zones of 
radio-iodine uptake in the midline of the neck and left side of the pelvic 
region. Also, the scan showed Horizontal line uptake on both sides of the 
neck, compatible with the hair contamination in the SPECT/CT images
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Abstract

Double primary lung cancer (DPLC) is a rare occurrence of primaries of different histologies or the same histology in different 
lobes in absence of advanced nodal or distant metastasis. It could be synchronous or metachronous. They are frequently 
misdiagnosed as metastasis or recurrence. This study presents the staging [18F]Fluorodeoxyglucose positron emission tomog-
raphy-computed tomography findings in a case of a 74-year-old man with DPLC of different histologies.
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A 74-year-old man presented at the hospital with a history of 
cough of 6-week duration. There was no fever or weight loss. He 
was a heavy smoker but had quit smoking 18 years back. Chest 
X-ray showed two large, rounded lung opacities, one in the left 
lower zone and another in the right lung mid-zone. A transbronchial 
needle sampling was performed from the left lung mass, which 
showed small cell lung cancer (SCLC), positive for synaptophysin 
and chromogranin A. Bronchoalveolar lavage from the left lung 
was negative for malignant cells. Contrast-enhanced [18F]Fluoro-
dexoyglucose ([18F]FDG) positron emission tomography-computed 
tomography (PET-CT) was subsequently performed for staging. 
Maximum intensity projection PET images (A) showing two round-
ed areas of intense [18F]FDG uptake in the thorax, one in the right 
lung (arrow) and another in the left lung, close to mediastinum 
(broken arrow) (Fig 1). No other abnormal focus of [18F]FDG uptake 
is seen in the rest of the body. Transaxial CT (B) and PET-CT (C) 
images of the thorax showing a peripheral, thick-walled, cavitary 
mass in the posterior segment of the right lung upper lobe, meas-
uring 3.4 × 2.5 cm and showing intense [18F]FDG uptake (arrow, 
SUV max 15.4). Transaxial CT (D) and PET-CT (E) images of the 

thorax also show another solid soft tissue mass in the left lung 
lower lobe anteromedial segment, measuring 4.9 × 4.5 cm with 
intense [18F]FDG uptake (broken arrow, SUV max 16.3). There 
was no nodal or distant metastasis. Based on the PET-CT findings, 
especially because of different morphological characteristics of two 
lung masses and lack of nodal or distant metastasis, suspicion of 
double primary lung carcinoma (DPLC) was raised. A CT guided 
biopsy from the right lung mass was then performed which showed 
non-small cell lung carcinoma (NSCLC), squamous cell type. Thus, 
the final diagnosis was synchronous DPLC with different histologies, 
SCLC of the left lung (limited stage) and NSCLC of the right lung 
(stage IB). The patient was treated with chemo-radiotherapy for 
right lung squamous cell carcinoma and chemotherapy followed 
by primary cranial irradiation for left lung SCLC.

DPLC is an unusual occurrence of either primary lung cancers of 
different histologies and/or molecular features, or the appearance 
of the same histological lung primary in different lobes, but with-
out N2/3 nodal or distant metastasis. Depending on the temporal 
evolution, DPLC can be either synchronous or metachronous. 
The reported incidence of synchronous DPLC is about 0.5%. 
It is often misdiagnosed as metastasis or recurrence. Since these 
patients usually don’t have advanced nodal or distant metastasis, 
this misdiagnosis puts them into therapeutic arms with palliative 
rather than curative intent. It has been shown that aggressive 
treatment in DPLC can yield good survival. [18F]FDG PET-CT is now 
an integral part of the management of lung carcinoma for staging, 
response evaluation, restaging and surveillance. Therefore, when 
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evaluating PET-CT images in such clinical scenarios, the possibility 
of DPLC should be kept in mind and pointed out as was done in 
the present case, as that can have a significant impact on man-
agement and prognosis.
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Figure 1. Positron emission tomography-computed tomography (PET-CT) images of the patient
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Incidental detection of COVID-19 
associated pneumonia by [99mTc]UBI 
scintigraphy
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Abstract

A 31-year-old woman who had multiple orthopedic surgeries on the left lower limb and recently suffered from pain and redness 
in the lateral left lower thigh was referred to the hospital to rule out osteomyelitis by [99mTc]UBI scintigraphy. Except soft tissue 
inflammation in the mentioned region, the scan showed significant and diffuse both lungs uptake incidentally. The patient 
had experienced symptoms of COVID-19 disease recently. Chest HRCT scan also revealed multiple segmental ground-glass 
opacities (GGOs) which were typical features for lung involvement of COVID-19 associated pneumonia.
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The authors report a case of a 31-year-old woman with a history 
of multiple orthopaedic surgeries on the left lower extremity and 
insertion of hardware implant in the left femur due to limb deformity 
in the past years. She surgically had been removed femoral device 
about 4 years ago. Recently she developed pain, redness and 
oedema in the lateral left lower thigh. Laboratory assays revealed 
high erythrocyte sedimentation rate (ESR) (68 mm/h) and C Re-
active Protein (CRP) (21 Mg/L) levels, normal WBC count, without 
specific finding on plain radiography of left femur and knee. She 
was referred to rule out osteomyelitis by [99mTc]Ubiquicidine (UBI) 
scintigraphy. 

UBI scan was performed immediately after IV injection of 
740 MBq (20 mCi) [99mTc]UBI, dynamic images of bilateral femora 
and knees were obtained for 30 minutes followed by whole-body 
and static images in 30 minutes, 1 and 2 hours. The scan revealed 
soft tissue inflammation of the lateral aspect of the left lower thigh, 
without evidence of osteomyelitis. In whole-body planar images sig-
nificant, diffuse [99mTc]UBI uptake in both lungs fields was observed 
incidentally. (Fig. 1A, B) Regarding the patient’s history, she and 
her family had experienced typical symptoms of COVID-19 in the 

last 2 months. The patient underwent an HRCT scan of the chest. 
Multiple segmental ground-glass opacities (GGOs) with super-
imposed inter- and intralobular septal thickening were noticed in 
both lungs which were interpreted as a typical feature for COVID-19 
pneumonia (Fig. 2) [1, 2].

In December 2019 an aggressive disease emerged and caused 
severe acute respiratory syndrome (SARS-CoV-2) and spread glob-
ally, becoming a pandemic [3]. A combination of clinical features, 
imaging findings and laboratory results of COVID-19 (RT-PCR) 
should be used for confident diagnosis [4]. Although nuclear 
medicine modalities don’t play an important role in the primary 
diagnosis of COVID-19, the disease may be detected incidentally 
in asymptomatic but infected patients undergoing routine imaging 
(SPECT or PET scans) for other indications [5]. Here, COVID-19 
— associated pneumonia was found in an asymptomatic patient 
who underwent UBI scintigraphy for another reason, by chance. 
The aim of this case presentation was to make nuclear medicine 
physicians aware of this possibility to improve their knowledge 
about COVID-19 findings features in different imaging, especially 
in regions with high COVID-19 prevalence [6–8].
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Figure 1. A. Whole-body planar images in anterior and posterior views (30 minutes and 1 hour) of UBI scintigraphy showed significant bilateral 
and diffuse lungs uptake (red arrows). Also mild soft tissue inflammation in the lateral aspect of the left lower thigh (blue arrow). B. Delayed 2 hours 
static images of chest and knees confirm the activity of lungs and lateral aspect of left lower thigh
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Figure 2. Trans axial Chest HRCT showed multiple bilateral ground-
glass opacities (GGOs) with superimposed inter- and intralobular 
septal thickening, more located peripherally
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Abstract

This report presents a case of a 49-year-old woman with complaint of sore throat and front neck pain, who referred to a hos-
pital for thyroid scan due to suppressed TSH level (0.005 mU/L). Diffuse and bilateral lungs uptake in the scan was noticed 
incidentally. The patient had positive history of covid-19 symptoms. Multifocal and bilateral ground-glass opacities (GGOs) in 
both lungs were compatible with typical features of lung involvement in COVID-19-associated pneumonia. 
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A 49-year-old female was presented with complaints of sore 
throat and front neck pain for 1 month. She referred to the nuclear 
medicine department to perform a thyroid scan. The thyroid gland 
was tender on physical examination. Also, the laboratory assay 
showed suppressed TSH level (0.005 mU/L). 15 minutes after 

Intravenous injection of 185 MBq [99mTc] pertechnetate, an anterior 
planar image of the neck was obtained. The scan revealed diffusely 
decreased radiotracer uptake throughout the thyroid with poor 
delineation of the thyroid gland which was suggestive of subacute 
thyroiditis (Fig. 1). Moreover, significant, diffuse and bilateral [99mTc] 

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles 
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Figure 1. [99mTC] pertechnetate thyroid scan. Anterior planar image of the neck revealed diffusely decreased radiotracer uptake throughout the 
thyroid with poor delineation of the thyroid gland and decreased thyroid to background ratio. Also, significant, diffuse and bilateral uptake in both 
lungs is noted
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patients who undergo routine SPECT/CT or PET/CT scans during 
this pandemic, especially in high COVID-19 prevalence areas [6–8].
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Figure 2. Transaxial chest HRCT scan showed bilateral and multifocal 
patchy ground-glass opacities (GGOs), (more in the right lung), 
predominantly located in the peripheral of the chest

pertechnetate in both lungs fields caught our attention. After that, 
the patient was asked about experiencing any infectious symptoms. 
She had fever, cough, dyspnoea and myalgia for the past 40 days, 
which were typical symptoms of COVID-19 pneumonia [1, 2].  
The patient underwent a chest high-resolution CT scan (HRCT) that 
revealed multifocal and bilateral ground-glass opacities (GGOs), 
predominantly distributed in the peripheral. These findings were 
compatible with typical findings of COVID-19-associated pneu-
monia (Fig. 2) [3, 4].

COVID-19 disease causes severe acute respiratory syndrome. 
SARS-CoV-2 was first recognized at the end of 2019 and became 
a global concern very soon [5]. Nowadays, many people around the 
world have experienced a range of clinical manifestation, from no 
symptoms to critical illness. The purpose of this presentation is to 
spread awareness among nuclear medicine physicians to develop 
their knowledge about incidental detection of COVID-19 disease in 
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Aortic graft infections are very serious complications of arterial 
reconstructive surgery. The described in literature longest interval 
between primary reconstruction and aortic graft infections was 20 
years [1].

This research reports a case of a 60-year-old man with a sus-
pected infection of an aortobifemoral bypass graft implanted 20 
years ago due to an aneurysm of the abdominal aorta. He was re-
ferred to a nuclear medicine department for scintigraphic detection 
or exclusion of active infection within the stent-graft.

The patient had many comorbidities: renal failure, arterial hy-
pertension, hypertensive cardiomyopathy, ischemic heart disease. 
This year, the patient underwent thrombosis of the left saphen-
ous vein with cellulitis of the left leg and was treated surgically due 
to an abscess of the left buttock. Laboratory tests revealed: leuko-
cytosis, significantly elevated CRP and anaemia. Enterococcus fae-
calis susceptible to ampicillin, teicoplanin and vancomycin were 
grown on venous blood cultures. Despite the implementation of 
antibiotic therapy, no significant improvement in the patient’s clinical 
condition was achieved. The computed tomography examination 
showed changes suggesting infection of the vascular prosthesis.

Due to the high risk of the surgery, it was decided to operate 
after obtaining scintigraphic detection of infection within the stent-
graft.

The examination was performed with Technetium-99m labelled 
leukocytes using HMPAO.

The patient was examined 1, 4 and 24 hours after radiotracer 
injection using Symbia Intevo with a protocol including SPECT/CT 
with LEHR collimator, low-dose CT.

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles 
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Figure 1. Whole-body WBC scan performed 4 hours after the 
administration of the radiotracer, no obvious foci of pathological 
accumulation 99mTc-HMPAO labelled leukocytes in stent-graft
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Planar examination of the whole body performed 4 hours after 
the administration of the radiotracer — no obvious foci of patho-
logical accumulation of the radiotracer in stent-graft. Discreet accu-
mulation of labelled leukocytes was visible in the projection of the 
left shank, which might be a consequence of the patient’s history 
of left saphenous vein thrombosis. The enlarged liver was also 
visible in Figure 1.

On SPECT after 4 hours there was a small focus on the level 
of L4/L5 intervertebral space and slightly to the left of the midline 
of the body Figure 2.

In SPECT-CT acquisition, pathological accumulation of the ra-
diotracer localized in the aorta (within the stent-graft) was detected 
in Figure 3 A–C.

After scintigraphic examination, the patient was operated on. 
During the operation, infection of stent-graft was confirmed. Modern 
gamma camera using high-resolution SPECT/CT can detect small 
foci invisible on the planar scan. It can be essential for final diagnosis. 

Conflict of interest

The authors report no conflicts of interest.

References 

1.	 Treska V, Certik B, Molacek J. Management of aortic graft infections - the 

present strategy and future perspectives. Bratisl Lek Listy. 2016; 117(3): 

125–132, doi: 10.4149/bll_2016_024, indexed in Pubmed: 26925740.

Figure 2. SPECT after 4 hours there was a small focus on the level of L4/L5 intervertebral space and slightly to the left of the midline of the body

http://dx.doi.org/10.4149/bll_2016_024
https://www.ncbi.nlm.nih.gov/pubmed/26925740


117www.journals.viamedica.pl/nuclear_medicine_review

Chrabanski, Golab, Infection of aortobifemoral bypass graft implanted 20 years ago proved by labeled leukocytes SPECT-CT

Clinical 
vignette

Figure 3 A–C. In SPECT-CT acquisition after 4 h, pathological accumulation of labelled leukocytes localized in the aorta stent-graft confirm infection
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Abstract

[99mTc]MIBI thyroid scintigraphy is a useful tool to differentiate benign from malignant thyroid nodules. This report aims to 
show the diagnostic performance of [99mTc]MIBI scintigraphy used in an 83-year-old woman who had a thyroidectomy about 
7 years ago. She had a mass of thyroid which was very large, non-homogenous and painless. [99mTc]MIBI scintigraphy could 
be a pre-surgical method to investigate the follicular nodules and predicting the malignant form of thyroid nodules. Also, it will 
provide tissue information for [99mTc]MIBI images in thyroid lesions.
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Introduction

The prevalence of thyroid nodules is about 5% even in areas with 
adequate iodine intake [1]. The risk of thyroid nodules is about 3–5% 
[2]. Thyroid cancer has been one of the most diagnosed forms of 
cancers around the world in the past few decades [3]. The 2nd most 
common thyroid cancer is follicular thyroid cancer, and it is a higher 
incidence of distant metastases. Therefore, the prognosis is worse than 
the more common papillary thyroid carcinoma [4–6]. Thyroid gland 
follicular neoplasm comprises follicular carcinoma and adenoma. 

Case presentation

An 83-year-old woman came for a nuclear thyroid scan. After 
examination of her neck, the mass of thyroid was non-homogenous, 
enlarged, difficult to be examined and firm and painless. She had 
a thyroidectomy 7 years ago but did not know the details of whether 
it was a total or hemithyroidectomy. After 4 years of recurrence, 
the physician advised her to have another surgery, but the patient 
was not satisfied. After scanning of the patient’s thyroid with [99mTc]
pertechnetate, it was observed that this mass had no uptake, 

Therefore, performing a [99mTc]MIBI was decided. In this case report 
were performed both [99mTc]pertechnetate and 99mTC-MIBI scintig-
raphy in anterior projection. The study showed poor delineation of 
the thyroid gland in [99mTc]pertechnetate thyroid scan (Fig. 1). In the 
[99mTc]MIBI scan, an area of increased uptake is noticed on the left 
lobe of the thyroid corresponding to a palpable nodule. The left 
lobe of the thyroid was enlarged with a rather in-homogenous ra-
diotracer uptake. There was no significant radiotracer activity in 
the right lobe of the thyroid (due to previous surgery) (Fig. 2). With 
the patient’s history (previous thyroidectomy), scan findings (MIBI 
avid lesions of the left lobe) showed highly tumour recurrence and 
after following up she was diagnosed with follicular carcinoma.  

[99mTc]MIBI and [99mTc]pertechnetate 
scintigraphy 

Twenty minutes after IV injection of 111 MBQ (3 MCI) [99mTc]
pertechnetate and twenty minutes after IV injection of 148 MBQ 
(4 MCI) [99mTc]MIBI, thyroid imaging was performed in anterior 
projection.

Discussion

[99mTc]MIBI scans have been used to study myocardial perfu-
sion since 1989, but the uptake of this radiopharmaceutical into 
tumours has led to its use in the study of breast, bone, thyroid, 
parathyroid, and brain tumours [7]. Numerous studies examining 
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thyroid scans with [99mTc]MIBI show conflicting results [8].  
In a study of 34 operated thyroid nodules, it was concluded that 
the rate of absorption of [99mTc]MIBI in the thyroid nodule is mainly 
a sign of thyroid tissue viability and is not specific to malignancy 
[9]. But another study [7] on thyroid nodules found that high up-
take of [99mTc]MIBI significantly increased the risk of malignancy. 
The researchers suggested routine use of [99mTc]MIBI scan with 
fine-needle aspiration in the diagnosis of cold thyroid.

Nowadays, fewer than 25% of nodules (follicular neoplasm) 
show malignant features at histological examination [10, 11]. 
Some studies expressed that [99mTc]MIBI scintigraphy is a reliable 
procedure to improve the accuracy of diagnostic thyroid fine-needle 
aspiration cytology (FNAC) [2, 12 13]. Several authors observed that 
[99mTc]MIBI scintigraphy is positive in both malignant and benign 
thyroid lesions [13, 14] and [99mTc]MIBI thyroid scintigraphy is highly 
accurate in the differential diagnosis of nodules with indeterminate 
cytology finding [15].

We can conclude that [99mTc]MIBI scintigraphy could be 
a pre-surgical method to investigate follicular nodules and pre-
dicting the malignant thyroid nodules. Therefore, the scintigraphy 
of [99mTc]MIBI provides tissue information for these scintigraphy 
images in thyroid nodules. 
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Abstract

SARS-CoV-2 (COVID-19) infection is a current public health problem that has been shown to cause multiple complications, 
including pulmonary thromboembolism. The first presented case is a 59-year-old woman with a history of COPD, paroxysmal 
atrial fibrillation and COVID-19 infection in September 2020, consultation in December 2020 for atypical chest pain with suspected 
PE, AngioCT of pulmonary vessels was performed negative for emboli, subsequently [99mTc]Tc MAA SPECT/CT was indicated 
with a report of multiple triangular defects concerning acute pulmonary thromboembolism. A second case is a 70-year-old man 
with a history of dyslipidaemia, presented COVID-19 infection in September 2020 with a complication of PE with involvement of 
the left pulmonary artery, followed by [99mTc]Tc MAA SPECT/CT report multiple triangular and not triangles defects concerning 
pulmonary thromboembolism with signs of reperfusion.
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SARS-CoV-2 (COVID-19) infection is a current public health 
problem that has been shown multiple complications, including 
pulmonary embolism. This study presents the case of a 59-year-
old woman with a history of COPD, paroxysmal atrial fibrillation and 
COVID-19 infection in September 2020, consultation in December 
2020 for atypical chest pain, ruling out cardiac, vascular and 
infectious ischemic causes, finding in TT echocardiogram sign 
of precapillary pulmonary hypertension. PE was suspected and 
therefore negative AngioCT of pulmonary vessels was indicated, 
although the clinical doubt persisted, starting anticoagulation and 
7 days later [99mTc]Tc MAA planar images and SPECT/CT were in-
dicated (Fig. 1 A, B) evidence of triangular defects in the left upper 
lobe apicoposterior segment, upper and lower lingular and non-tri-
angular hypoperfusion areas of the lower left lobe posterior basal 

segment and upper right lobe apical and lateral segments without 
related morphological alterations, making a diagnosis of acute 
PE according to MSKCC Q-SPECT/CT Criteria [1] with signs of 
reperfusion.

The second case is a 70-year-old man with a history of dyslip-
idaemia, presented COVID-19 infection in September 2020 during 
hospitalization. AngioCT of pulmonary vessels was made evidence 
pulmonary embolisms in the left pulmonary artery, anticoagulation 
was started and in December 2020 requested control with [99mTc]Tc 
MAA planar images and SPECT/CT (Fig. 2 A–B) triangular defect 
in right upper lobe apical segment and non-triangular upper left 
lobe apicoposterior segment without morphological alterations con-
cerning PE according to MSKCC Q-SPECT/CT Criteria [1] with 
signs of reperfusion.

It is currently known that viral infections, especially by SARS- 
-CoV-2 (COVID-19), can predispose to pulmonary thromboembolic 
events, the active systemic inflammatory cascade that leads to 
a procoagulant state due to endothelial dysfunction and hypoxia, 
in the case of pulmonary involvement generates bronchoalveolar 
haemostasis with a generation of microthrombi [2, 3].
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In the same way, it has been described that the affectation 
in these individuals is due to pulmonary artery thrombosis sec-
ondary to the phenomena referred to in the previous paragraph 
that generates severe pulmonary inflammation that triggers a hy-
percoagulable state instead of serious thromboembolism, ve-
nous aetiology [3].
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Introduction

The Na+/I- symporter (NIS) is an intrinsic plasma membrane 
glycoprotein that mediates the active uptake of I- in the thyroid 
and other tissues such as salivary glands, gastric mucosa and 
lactating mammary gland. Physiologically, NIS is expressed in the 
breast exclusively during gestation and lactation. In vitro and in 
vivo studies confirmed that lactogenic hormones, including pro-
lactin, can induce functional NIS expression in mammary tissue. 
Hyperprolactinemia is common in patients with end-stage renal 
disease (ESRD).

Clinical case

A 42-year-old woman with papillary thyroid cancer and ESRD 
treated with haemodialysis underwent 131I adjuvant therapy after 
rh-TSH (Thyrogen®) stimulation. 

After 131I application, the patient underwent dialysis sessions in 
the nephrology department every second day after 131I therapy. 
A posttherapy whole-body scan performed 96 hours after adminis-
tration of 100 mCi/3700MBq 131I showed radioiodine accumulation 
in thyroid bed and chest (Fig. 1), that in single-photon emission 
computed tomography fusion imaging (SPECT/CT) was confirmed 
as intense and symmetrical breasts uptake (Fig. 2). The patient 
had her last menstruation 5 years ago and denied galactorrhoea. 
The prolactin level measured after 131I therapy was 100.98 ng/mL 
(reference range 5.18–26.53 ng/mL). 

The ultrasound of the mammary glands and conventional 
mammography was without any abnormalities. 

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles 
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Figure 1. Post therapeutic 131I planar whole-body scan showed 
symmetric and intense iodine uptake in mammary glands
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Discussion 

Due to NIS expression in lactating mammary tissue breast-
feeding is an absolute contraindication to radioiodine therapy.  
The time interval between completed breastfeeding and radioiodine 
treatment should be at least six weeks. NIS expression has been 
also demonstrated in benign and malignant breast lesions, however, 
that was not the case of the presented patient. 

The major causes of hyperprolactinemia in patients with ESRD 
is the reduced renal clearance of prolactin (which level does not 
decrease significantly in response to haemodialysis) and enhanced 
prolactin secretion by the pituitary due to lactotrophic resistance 
Although each year about 10 patients on haemodialysis are treated 
with radioiodine, this was the first patient on haemodialysis and 
radioiodine uptake in breasts. The explanation for it could be the 
young age of the patient since the other ones were much older 
(median 60 years of age). One cannot exclude that the mammary 
gland in younger women is more sensitive to prolactin stimulation 
due to the increased amount of epithelial tissue. 

Prolactin measurement and stimulation of the D2 receptor 
with dopamine agonists should be considered in young female 
patients with ESRD who are planned for radioiodine treatment. 

Conflict of interest

The authors report no conflicts of interest.

Figure 2. Image fusion of CT and iodine SPECT scan of the thoracic 
region clearly demonstrated the radioiodine uptake in the breasts
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Abstract

Bilious pleural effusion or cholethorax is a rare type of exudative pleural effusion. Here is presented a case of right-sided cho-
lethorax, in which the direct communication between the pleural effusion with the biliary duct was visible only on the posterior 
images of dynamic hepatobiliary scintigraphy with [99mTc]mebrofenin.
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Cholethorax (ChT, bilious pleural effusion; biliothorax) is very 
rare. The authors report a case of right-sided ChT in which the 
continuity of intrathoracic fluid collection with the biliary ductal 
system was visualized only in posterior images of dynamic 
hepatobiliary scintigraphy (HBS) with technetium-99m [99mTc]
mebrofenin.

A 51-year-old male with a history of decompensated alco-
holic cirrhosis underwent orthotopic liver transplantation. Four 
weeks after the procedure, the patient presented with right 
upper abdominal and pleuritic chest pain, mild dyspnoea, and 
fever. Chest X-ray revealed a new right-sided pleural effusion 
(confirmed by computed tomography; CT, which also showed 
unspecific intraabdominal fluid collections, Fig. 1). The patient 
underwent HBS after intravenous administration of 185 MBq of 
[99mTc]mebrofenin. Synchronous dynamic imaging in anterior and 
posterior projections was performed with a dual-head γ-camera 

This article is available in open access under Creative Common Attribution-Non-Commercial-No Derivatives 4.0 International (CC BY-NC-ND 4.0) license, allowing to download articles 
and share them with others as long as they credit the authors and the publisher, but without permission to change them in any way or use them commercially.

Figure 1. Axial CT image of the lung bases (mediastinal window) 
shows right pleural fluid collection
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at a rate of 1 min/frame for 48 min focused on the abdomen, 
followed by the second acquisition of dynamic images, to 
include the entire chest in the field of view, for an additional 
12 min. The anterior views revealed a linear area of increased 
tracer accumulation extending from the superolateral aspect 
of the right hepatic lobe to the right hemithorax, confirming 
the diagnosis of ChT. In these views, there was no evidence of 
a direct connection between the pleural effusion with the biliary 
tract (Fig. 2). However, the posterior images demonstrated the 
presence of biliopleural communication, showing radiophar-
maceutical emanating from the region of the biliary duct to the 
superior segments of the right lobe of the liver with subsequent 
passage into the right chest cavity (Fig. 3). Right-sided thoracen-
tesis was performed; biochemical analysis revealed an exudative 
pleural effusion with bilirubin at 16.5 mg/dL (serum 0.5 mg/dL), 

a finding consistent with ChT. A chest drain was placed, and the 
patient’s symptoms improved. 

Despite the rarity of its occurrence, ChT should not be over-
looked in the differential diagnosis of patients with pleural effusion, 
particularly after biliary or hepatic surgery or abdominal trauma. 
This case illustrates the clinical usefulness of [99mTc]mebrofenin 
HBS for the etiological diagnosis of pleural fluid collection. It also 
highlights the importance of simultaneous dynamic anterior and 
posterior imaging, compared with the standard anterior views; in 
the presented case, the posterior views defined the direct commu-
nication between the pleural space with the biliary pathway.
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Figure 2. Anterior dynamic images of [99mTc]mebrofenin HBS 
(reformatted for display at 3 min/frame) reveal increased tracer activity 
extending from the superolateral surface of the right hepatic lobe to 
the right chest. In the last row of images, the findings are much more 
pronounced in the thorax (which is included in the field of view)

Figure 3. Posterior dynamic images of [99mTc]mebrofenin HBS 
directly delineate the presence of biliopleural communication. Tracer 
accumulation is clearly visible from the region of the bile duct, 
ascending to the superior segments of the right hepatic lobe, and 
extending into the right chest cavity
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Review

Erratum

In the Original Article entitled “Patterns of vascular graft infection in 18F-FDG PET/CT” published in the Nuclear Medicine Review 2020, 
23, 2: 63–70 there were errors in the fourth and fifth row of the Table 2. The authors apologize for these errors.

The corrected table is attached below.

Table 2. SUV max in the area of suspected of infection

Prosthesis n SUV max in area suspected of infection

median MAX MIN

All 24 9.0 21.5 4.2

EVAR 7 8.3 13.0 4.2

Open mode 17 14.4 21.5 4.8

Abdominal 20 10.2 21.5 4.2

Thoracic 4 9.3 12.5 4.8
EVAR — endovascular aortic repair
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