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Editorial

it’s winter time 2021. One of the worst crises in the World 
seems it doesn’t end: COVID-19 pandemia developing in the 
world, Capitol assault in the United States Brexit in Europe a few 
days ago. Heavy times… But there is the light seen in the end of 
the tunnel. The vaccination against COVID-19 has already started, 
democracy and peace won in U.S., what about U.K.? We will see. 
Good luck! Nevertheless, I am happy introducing the first issue of 
“Nuclear Medicine Review” in 2021. The Japanese authors open 
the chapter “Original articles” with paper Effect of position and 
volume of space-occupying liver lesions on liver function index in 
99mTc-GSA scintigraphy. They conclude that, a three-dimensional 
quantitative index is a more accurate quantitative indicator of he-
patic reserve than the dynamic planar image and is expected to 
facilitate future clinical research. 

The second article by Hungarian investigators concluding that: 
Age and Body Mass Index proved to be general, and diabetes re-
gional predictor of brain hypoperfusion. BMI appeared to be a novel 
factor affecting brain perfusion. In addition they found difference 
between the obese and the diabetic group in the insula. 

The Review part consists of the general state of knowledge 
concerning Breast Cancer and PET Imaging by scientist Ismet 
Sarikaya from Kuwait.

In chapter Clinical vigniette there are discussed four interesting 
clinical cases from Kolumbia, Iran, India, Bosnia and Herzegovina 
and Poland.

At the end of my letter some feelings from the bottom of my 
heart. Polish poet and priest Jan Twardowski [1915–2006] said: 
let’s hurry to love people, they leave so early… In memoriam on 
incredible Professor Anna Celler by her friends Prof. Bożena Birken-
feld and Prof. Renata Mikołajczak ends this issue. 

Grzegorz Kamiński

Editor-in-Chief 
Nuclear Medicine Review

Yours,

Dear Sirs and Madams,
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Abstract

Background: The authors aimed to elucidate the effect of liver space-occupying lesions (SOL) on the quantitative index of the 
hepatic reserve, calculated using the dynamic planar image (LHLplanar), and a three-dimensional quantitative index (LHLSPECT) 
calculated using quantitative combined modality single-photon emission computed tomography (SPECT/CT). 
Material and methods: Water balloons of different volumes that simulated liver SOL were placed in various positions in the 
combined cardiac-liver phantom to examine the effects of liver SOL on visualization and quantitative indicators (LHLplanar and 
LHLSPECT). A 200 mL water balloon was placed in the anterior right, posterior right, left medial and left lateral lobes in the liver 
phantom to compare LHLplanar and LHLSPECT values with and without liver SOL at each position. Subsequently, volumes of 
those in the front of the right lobe were changed to 50 mL, 100 mL, 200 mL, and 400 mL, followed by statistically comparing 
LHLplanar and LHLSPECT values in the presence and absence of liver SOL.
Results: Despite the variation in the degree of defect accumulation with the location of the balloon when using frontal planar 
imaging, quantitative SPECT/CT imaging identified all defects. Multiple comparison analysis revealed that unlike LHLSPECT, 
the LHLplanar values changed according to liver SOL position and volume. 
Conclusions: Liver SOL position and volume may affect the hepatic reserve assessments performed using LHLplanar values. 
In contrast, LHLSPECT is calculated using quantitative SPECT/CT and considers the effects of scattering and attenuation cor-
rections. Therefore, LHLSPECT is a more accurate quantitative indicator of hepatic reserve than LHLplanar and is expected to 
facilitate future clinical research.

KEY words: galactosyl human serum albumin; LHL15; SPECT-CT; Liver SOL

Nucl Med Rev 2021; 24, 1: 1–10

Introduction

It is imperative to preserve liver function during hepatectomies, 
the indication of which is determined via the preoperative assess-
ment of hepatic reserve [1–3]. 99mTc-galactosyl human serum albu-
min (99mTc-GSA) specifically accumulates in the asialoglycoprotein 
receptor and is typically used to evaluate hepatic functional reserve 
[4–7]. Several analytical methods have currently been reported to 
evaluate hepatic functional reserve using preoperative 99mTc-GSA 
receptor scintigraphy [8–11]. However, two of the most commonly 

used indices that are easy to calculate and less device-dependent 
are LHL15 and HH15. The former can be calculated as a count 
ratio [L15/(H15+L15)] of the liver activity (L) to the heart activity 
[H] + liver activity [L] at 15 minutes after injection, while the latter 
can be calculated as a count ratio (H15/H3) of the heart activity 
(H) at 15 minutes (H15) to that at 3 minutes (H3) after injection. 
Typically, these indices are calculated using only the frontal planar 
images, which are acquired by using a gamma camera. However, 
the application of attenuation and scatter correction is difficult, 
considering the lack of depth or anatomical information in a frontal 
planar image. Also, a dynamic planar image cannot get enough 
counts due to time constraints. Therefore, scatter correction is not 
generally used in the dynamic planar image because it can cause 
increased statistical errors due to decreased counts. Additionally, 
it may demonstrate poorer accuracy in assessing liver functional 
reserve, because counts emitted from the liver are attenuated or 
scattered by the liver space-occupying lesions (SOLs). Moreover, 

https://orcid.org/0000-0001-5778-2363
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the degree of the effect of attenuation depends on the location of 
the liver SOL [12, 13].

It has been reported that the diagnostic ability to occupy le-
sions can be improved by using SPECT [14, 15]. Furthermore, 
recent studies have reported that attenuation and scatter can be ac-
curately corrected by using a correction algorithm for single-photon 
emission computed tomography in combination with computed 
tomography (SPECT/CT) [16–18]. In addition, Hasegawa et al. 
[19] reported a method to calculate an accurate index (LHLSPECT) 
of liver function reserve, which includes information about the re-
serve by using an attenuation and scatter corrected SPECT image 
for 99mTc-GSA receptor scintigraphy. However, there have been no 
reports on the clinical accuracy concerning the influence of liver 
SOL on the liver function reserve evaluation via LHL15.

We aimed to elucidate the effect of liver SOLs on the 
LHL15-based index of the liver functional reserve and to evaluate 
and compare the usefulness of SPECT-CT imaging with planar 
imaging.

Material and methods

Equipment and acquisition conditions
The unique phantom configuration, which included the heart 

and the liver, was devised to simulate a human model of 99mTc-GSA 

distribution. First, the phantom heart was constructed by combin-
ing the cardiac phantom (model: RH-2, Kyoto Science Co., Ltd, 
Kyoto, Japan) and the outer cylinder of the National Electrical 
Manufacturers Association (NEMA) body phantom (Data Spec-
trum Co., Ltd. North Carolina, USA). Fixing components made 
with a three-dimensional (3D) printer were used to fix the phantom 
heart to the outer cylinder of the NEMA body phantom. There-
fore, the position of the heart did not change across multiple 
acquisitions. Furthermore, two bubble wraps that simulated the 
lung field  approximately -980 Hounsfield Unit were inserted and 
fixed on both sides of the phantom heart within the NEMA body 
phantom. A plastic tube of diameter 3 cm injected with dipotas-
sium hydrogen phosphate was used to simulate the spine and 
was subsequently fixed with an adhesive tape [20]. Finally, the 
inside of the outer cylinder was filled with water. Figure 1 shows the 
components of the cardiac phantom and the appearance after 
assembly.

The outer cylinder of Flanged Jaszczak ECT Phantom ((Data 
Spectrum Co., Ltd. North Carolina, USA) was used for the trunk of 
the phantom liver. The liver portion of the liver/renal phantom (model: 
LKS, Kyoto Science Co., Ltd.) was fixed to the outer cylinder using 
a fixing component made with a 3D printer. Similar to the phantom 
heart, a plastic tube of 3 cm diameter injected with dipotassium 
hydrogen phosphate was placed on the dorsal side of the trunk and 

Figure 1. Appearance of cardiac phantom before (a) and after (b) assembly (c) schemas layout

Figure 2. Appearance of liver phantom before (a) and after (b) assembly (c) schemas layout
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fixed with an adhesive tape. Figure 2 shows the components of the 
phantom liver and the appearance after assembly.

A 99mTc solution of 100 kBq/mL corresponding to the clinical 
liver radioactivity concentration was filled in the liver phantom 
(1600 mL) based on the study by Toritsuka et al. [21] as the ref-
erence for All data acquisition. Since the normal value of LHL15 
is approximately 0.900, the cardiac phantom (133 mL) was filled 
with 16.0 MBq of 99mTc solution, and the theoretical value of LHL15 
was adjusted to 0.909. 

All data acquisition was performed using a SPECT/CT scan-
ner named Symbia T6 (Siemens Healthcare Co., Ltd, Munich, 
Germany) equipped with a low-energy high-resolution collimator 
Hole length 24.1 mm, Septal thickness 0.16 mm, Hole diameter 
across the flats 1.11 mm. Data acquisition in planar imaging 
was performed using parameters of matrix size 128 × 128, zoom 

1.0, and pixel size 4.8 mm. Dynamic planar imaging was per-
formed for 18 minutes at 10 seconds/frame × 108 frames under 
conditions identical to the authors’ clinical protocol. Following this, 
SPECT imaging was performed at 128 × 128 matrix, zoom 1.0, 
pixel size 4.8 mm, 360-degree acquisition (60 directions, 6-degree 
steps), and 12 seconds/step. Even though scatter correction 
was not performed in the dynamic planar imaging, the triple energy 
window (TEW) method was used for the same in SPECT imag-
ing. In this method, the main window was set at 140 keV ± 10%, 
along with a 7% energy width of two sub-windows located on both 
sides of the main window. CT-based attenuation correction method 
was used for attenuation correction. Furthermore, CT scanning 
was performed at 130 kV for the tube voltage, Quality Reference 
was set at 120 mA with auto exposure control for the tube current, 
1.0 s/rot for the scan time, and 4 mm for the image slice thickness. 
Image reconstruction and count analysis were performed using 
the Syngo MI Apps version VA60C (Siemens Healthcare Co., Ltd, 
Munich, Germany). The SPECT images were reconstructed us-
ing a 3D ordered subset expectation-maximization algorithm with 
collimator aperture correction called Flash-3D. The SPECT image 
reconstruction parameters of Flash-3D were set to 10 subsets and 
6 iterations, and then image filtering for noise reduction was per-
formed using a 3D Gaussian post-filtering function with 9.6 mm 
full width at half maximum.

Calculation of LHLplanar and LHLSPECT

LHLplanar was calculated using regional counts of planar imag-
ing of the heart (Hplanar) and liver (Lplanar) at 15 minutes, as follows:

LHLPlanar = LPlanar/(LPlanar+HPlanar )	 (1)

Here, Lplanar and Hplanar were obtained by regions of interest 
(ROI) that were manually drawn on both the liver and the heart, 
respectively, on the two-dimensional planar image. All measure-
ments were performed by three radiological technologists). Figure 
3 shows an example of the ROI placed on the planar image.

LHLSPECT was calculated using regional counts of SPECT-CT 
imaging of the heart (HSPECT) and liver (LSPECT) as follows: 

LHLSPECT = LSPECT/(LSPECT+HSPECT )	 (2)

Figure 3. Regions of interest (ROI) setting in liver phantom

Figure 4. Volume of interest (VOI) setting at the center slice of the liver phantom
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Here, LSPECT and HSPECT are obtained by volume of interest (VOI) 
that was manually drawn on both the liver and the heart, respectively, 
on the SPECT-CT image. Both LHLplanar and LHLSPECT were measured 
10 times by three radiological technologists, following which each 
median value was calculated. Figure. 4 shows an example of the 
VOI placed on the SPECT-CT image.

Evaluation of position dependency
A balloon containing 200 mL of water simulating liver SOL 

was placed at different positions in the anterior right, posterior right, 
left medial and left lateral lobes in the liver phantom to change the 
distribution of radioactivity within the liver. When the water balloon 

was inserted, a certain amount of water was withdrawn from the liver 
phantom and the theoretical value of LHL15 was always adjusted 
to 0.909 by injecting 160 MBq of 99mTc solution. The water balloon 
was secured to the liver phantom using a hook and loop fastener 
to ensure repeatability. Figure 5 shows the appearance of a liver 
phantom with a secured water balloon.

After changing the position of the water balloon, both frontal 
planar and SPECT-CT imaging were performed, and LHL15 calcu-
lated using each imaging method was compared. Bland-Altman 
plots were constructed to assess measurement agreement between 
equivalent measurements [22]. When the confidence interval 
does not include 0, it is determined that there is a fixed error if the 

Figure 5. Liver phantom with water balloons

Figure 6. planar imaging (a) and SPECT-CT imaging (b) obtained using phantoms with liver space-occupying lesion (SOL) placed at different 
positions
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measured value exists in either the positive direction or the nega-
tive direction. The software used to create the Bland-Altman plot 
was Microsoft Excel version 2016 (Microsoft Corporation Co., Ltd, 
Redmond, State of Washington).

Evaluation of volume dependency
The water balloon was fixed at the front of the right lobe and 

its volume was changed to 50, 100, 200 and 400 mL. Planar im-
aging and SPECT-CT imaging were performed for each volume. 
Bland-Altman plots were constructed to assess measurement 
agreement between equivalent measurements.

Statistical Analysis
LHLplanar and LHLSPECT values with the water balloon placed at 

each position in the liver phantom were independently compared 
with those without SOLs as the standard reference. The Kruskal-Wal-
lis test was used for the comparison, and the Mann-Whitney U test 
was performed for the multiple comparison test, which was cor-
rected using the Bonferroni method. The significance level was set 
at p < 0.05. Statistical analysis software used was EZR version 1.37 
(Jichi Medical School Saitama Medical Center, Saitama, Japan) [23].

Results

Position dependency evaluation
Figure.6 shows the images obtained with each imaging tech-

nique, changing the position of the water balloon.
Changes in the degree of defect accumulation associated with 

the location of the balloon are depicted via frontal planar imaging 

(Fig. 6a). A visual assessment revealed that defects were clearly 
visible when the water balloons were placed in the right upper, 
left medial, and left lateral lobes, even though the defect was only 
identified as a low accumulation region in cases where the water 
balloon was placed in the posterior right lobe. However, since 
both attenuation and scatter correction were applied to SPECT-CT 
imaging, it was able to clearly identify all defects regardless of the 
position of the water balloon.

Table 1 shows the average of total ROI counts of the heart and 
the liver, LHLplanar, and LHLSPECT for each water balloon position.

The position dependency effect of each LHL15 is shown by 
a box and whisker plot in Figure 7.

The median LHLplanar values calculated by planar imaging were: 
0.911, 0.909, 0.902, 0.906, and 0.909 in the absence of a water bal-
loon, water balloon at the anterior right lobe, posterior right lobe, left 
medial lobe, and left lateral lobe, respectively. The Kruskal-Wallis test 
demonstrated a significant difference (p < 0.001), and LHLplanar 
showed a significant difference in the anterior right lobe (p < 0.001) 
and the left medial lobe (p = 0.012) compared to without water 
balloon. Additionally, the anterior right lobe showed a significant 
difference compared to the left medial lobe (p < 0.001). However, 
no significant difference in the posterior right lobe (p = 0.262) and 
the left lateral lobe (p = 0.618) was observed.

The median values of LHLSPECT calculated by SPECT/CT imag-
ing were: 0.912, 0.911,0.910, 0.911, and 0.911 in the absence 
of a water balloon, water balloon at the anterior right lobe, the 
posterior right lobe, the left medial lobe, and the left lateral lobe, 
respectively. There was no significant difference according to the 
Kruskal-Wallis test (p = 0.266).

Table 1. LHLplanar and LHLSPECT calculated by phantom with space occupying lesions of liver located in different positions

Water balloon position None Posterior right lobe Anerior right lobe Left medial lobe Left lateral lobe

LHLplanar 0.911 0.909 0.902 0.907 0.909

Heart counts 822233 814951 811176 813525 81286

Liver counts 8411452 8150716 7428690 7918294 8151403

LHLSPECT 0.912 0.911 0.911 0.911 0.911

Heart counts 1311653 1304817 1299157 1288636 1335552 

Liver counts 13567975 13401944 13231695 13292786 13668551

Figure 7. Effect of liver space-occupying lesion (SOL) position on LHLplanar (a) and LHLSPECT (b)
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Figure 8 shows Bland–Altman plots for ROI comparisons from 
LHLplanar and LHLSPECT for each water balloon position.

 According to Bland-Altman analysis, there was a fixed bias in 
the anterior right lobe and left medial lobe.

Volume dependency evaluation
Figure  9 shows the images obtained by each imaging method 

with different water balloon volumes.
In the planar phantom images, the degree of defect changed 

according to the changes in the water balloon volumes, whereas the 
degree of the defect was equivalent in the SPECT/CT phantom 
images, and the area was accurately depicted. Furthermore, 
SPECT/CT imaging was able to depict the liver uniformly.

Table 2 shows the average of total ROI counts of the heart and 
liver, LHLplanar, and LHLSPECT for each water balloon volume.

The volume dependency effect of each LHL15 is shown by 
a box and whisker plot in Figure 10.

Median LHL plane values calculated by frontal planar imaging 
were 0.911 in the absence of a water balloon and 0.912, 0.910, 0.901 
and 0.892 for 50, 100, 200 and 400 mL water balloons, respectively. 
The Kruskal-Wallis test showed a significant difference (p < 0.001), 
and LHLplanar showed a significant difference in 200 mL (p < 0.001) 
and 400 mL (p < 0.001) water balloons compared with the one with-
out the water balloon. However, no significant difference was found 
with the 50 mL (p = 1.000) and 100 mL (p = 1.000) water balloons.

In contrast, median LHLSPECT values obtained with SPECT-CT 
imaging were 0.912 without the water balloon and 0.911, 0.910, 
0.911 and 0.910 for the 50, 100, 200 and 400 mL water balloons, 
respectively. The Kruskal-Wallis test showed no significant differ-
ence (p = 0.157).

Figure 11 shows Bland–Altman plots for ROI comparisons from 
LHLplanar and LHLSPECT for different water balloon volumes.

According to Bland-Altman analysis, there was a fixed bias in 
the 200 mL and 400 mL water balloons.

Table 2.  LHLplanar and LHLSPECT calculated by phantom with different volume of space occupying lesions of liver 

Water balloon volume None 50 mL 100 mL 200 mL 400 mL

LHLplanar 0.911 0.912 0.910 0.901 0.891

Heart counts 822233 819828 834696 810514 819583

Liver counts 8411452 8511024 8462878 7411870 6725406

LHLSPECT 0.912 0.911 0.910 0.911 0.911

Heart counts 1311653 1361975 1389435 1340746 1342052

Liver counts 13567975 13950857 14072066 13658601 13670859

Figure 8. Bland-Altman plots for regions of interest (ROI) comparisons from LHLplanar and LHLSPECT for each water balloon position
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Discussion

99mTc-GSA specifically accumulates in asialoglycoprotein 
receptors on the surface of hepatocytes, and the accumulation 
reflects liver function. It is also known that 99mTc-GSA does not 
accumulate in tumours without the asialoglycoprotein receptor or 
in highly fibrotic hepatocytes. The hepatic clearance of 99mTc-GSA 
receptor scintigraphy performed preoperatively has been reported 
as a useful index to predict postoperative liver function [7]. Several 
centres currently evaluate hepatic reserve by LHLplanar imaging. 
However, hepatic reserve assessment using the frontal planar 
image cannot take depth or anatomical information into account. 
Furthermore, the position and volume of the liver SOL influence 
the result of the assessment. In this study, the authors evaluated 
the effect of the position and volume of liver SOL on LHLplanar and 
examined how these effects were improved by SPECT-CT imaging 
with various corrections.

In the position dependency evaluation using the frontal pla-
nar image, the water balloon was visualized as a defect when 
it was present in the right anterior lobe in the liver phantom. 
However, the visibility of the defect changed with a change in the 
position of the water balloon. This suggests that it is not possible 
to detect the counts from the normal liver present behind the 
liver SOL (simulated with a water balloon) causing attenuation 
or scattering at the frontal detector. This is also apparent from 
the fact that LHLplanar showed no significant decrease from the 
theoretical value of 0.909 when the water balloon was placed in 
the right anterior and left medial lobe, whereas LHLplanar was sig-
nificantly reduced when the water balloon was placed in the right 
posterior and left lateral lobes. Furthermore, LHLplanar decreased 
when the balloon was placed in the right anterior rather than left 
medial lobe, suggesting that a larger normal liver volume in the 
presence of a liver SOL was associated with a greater possibil-
ity of attenuation or scattering. Similarly, in the Bland-Altman 

Figure 9. planar imaging (a) and SPECT-CT imaging (b) obtained using phantoms with liver space-occupying lesion (SOL) with different volumes

Figure 10. Effect of liver space-occupying lesion (SOL) volume on LHLplanar (a) and LHLSPECT (b)



Nuclear Medicine Review 2021, Vol. 24, No. 1

www.journals.viamedica.pl/nuclear_medicine_review8

Original

analysis, was observed a fixed bias only in the right posterior 
and left lateral lobes.

Alternatively, in the phantom images obtained by SPECT/CT 
imaging, all of the liver and defect parts were correctly imaged by 
a certain degree of correction, regardless of the attenuation or scat-
tering associated with the position of the water balloon. Additionally, 
LHLSPECT demonstrated nearly theoretical values regardless of the 
attenuation or scattering associated with the position of the water 
balloon. Furthermore, there was no statistically significant difference 
among different water balloon positions. This could be attributed 
to the fact that position dependency was eliminated by imaging 
from 360 degrees and photon attenuation or scatter caused by 
the water balloon placed within the liver region was corrected by 
attenuation correction using CT images and scatter correction. 
Additionally, since the liver is located to the right of the trunk, the 
resolution recovery effect may have contributed to the improvement 
of dependency.

considering the evaluation of volume dependency, the phan-
tom images obtained by frontal planar imaging demonstrated 
an increase in the defect area with an increase in the water balloon 
volume. Similarly, Bland-Altman analysis reported the presence of 
a fixed bias only in 200 mL and 400 mL water balloons. This implied 
an increase in the uncounted area of normal hepatocytes present 
behind the liver SOL, suggesting that the attenuation or scatter-
ing effect was volume dependent. However, the phantom image 
obtained through SPECT/CT imaging was able to correctly image 
both the liver and the defect region as in the position-dependent 
evaluation regardless of the volume of a water balloon, and LHL-

SPECT reported nearly the same outcomes as the theoretical value. 
This result revealed that the effects of attenuation and scattering 

were accurately corrected by the CT attenuation correction and 
scatter correction method (TEW method) applied by the SPECT-CT 
scanner used in this study.

LHLplanar with dynamic planar imaging has been widely used 
to assess hepatic reserve. However, this study suggests that in 
the case of hepatic reserve evaluation using only planar imaging, 
the measurement results changed depending on the position and 
volume of the liver SOL. This may be a technical limitation of ac-
curate clinical evaluation of hepatic reserve using planar imaging. 
However, LHLSPECT values that were calculated using SPECT/CT 
imaging in this study were not affected by the position and volume 
of liver SOL, suggesting that SPECT/CT imaging is preferable to 
99mTc-GSA receptor scintigraphy to assess hepatic reserve. Con-
sidering this approach can further improve the clinical significance 
of SPECT/CT imaging in indexing the liver functional reserve. 
A statistically significant decrease in LHL15 may affect the indica-
tions for surgery in patients with decreased liver function. In the 
future, high-precision indicators calculated by SPECT/CT should 
be considered as a method to replace or compensate traditional 
planar imaging methods with position and volume dependency 
as elucidated by the presented study. However, dynamic imaging 
using SPECT/CT was inferior to dynamic imaging via a frontal planar 
image in time resolution. Furthermore, it is imperative to carefully 
monitor the patient to ensure safety during the examination because 
the detector rotates multiple times around the patient when using 
dynamic SPECT/CT imaging.

This study is only a phantom experiment and does not con-
sider actual pharmacokinetics. The first limitation of this study 
is the LHLplanar reported in this study may be different from the 
existing indicators (e.g. LHL15) used in clinical practice. Further 

Figure 11. Bland-Altman plots for regions of interest (ROI) comparisons from LHLplanar and LHLSPECT for different water balloon volumes
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studies comparing the two approaches using clinical data would 
be required. SPECT-CT has reportedly been considered an indi-
cator of regional accumulation in the liver [8, 24–25]. Although 
these studies used SPECT alone, which may include position and 
volume dependencies, it is possible to reduce these dependen-
cies by using SPECT-CT imaging similar to this study. The second 
limitation of this study is the position and size of the water balloon 
in the right lobe. The phantom volume was not large enough to 
precisely move the water balloon, contrary to what is observed in 
actual clinical practice, SOL may exist in the middle of the right 
lobe. Also, in clinical practice, the effect of SOL size depends on 
liver activity. The third limitation is the calculation method of LHL15. 
LHL15 is usually calculated using only the frontal planar images, 
but additional views from the posterior planar images may improve 
the position- and volume-dependent dependence and should be 
considered.

Conclusions

Accuracy of the quantitative indicator was limited because 
LHLplanar, which is an index to evaluate hepatic functional reserve 
using planar imaging, demonstrated position and volume-based 
dependencies due to the presence of liver SOL. However, LHLSPECT 
obtained by SPECT-CT imaging with some corrections did not show 
the position or volume dependencies by liver SOL, highlighting the 
high degree of accuracy of LHLSPECT as a quantitative indicator to 
assess hepatic functional reserve in clinical practice.
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Abstract

Background: Cerebral blood flow abnormalities are supposed to be potential risk factors for developing cognitive dysfunction 
in the general population. Aging, obesity and type 2 diabetes mellitus are associated with perfusion abnormalities leading to 
cognitive impairment, neurodegeneration and future development of dementia. In our study, we aimed at identifying independ-
ent factors that contribute to the appearance of regional brain perfusion changes besides those that are already known. 

Material and methods: Forty-three type 2 diabetic and twenty-six obese patients were enrolled. After the intravenous adminis-
tration of 740 MBq 99mTc-hexamethylpropylene amine oxime (HMPAO), all subjects underwent brain perfusion SPECT imaging 
applying AnyScan S Flex dual-head gamma camera (Mediso, Hungary). Using Philips Achieva 3T scanner brain resting-state 
functional MRI was also performed. The SPECT and MRI images were co-registered and transformed to the MNI152 atlas 
space so that data of the following standard volumes of interest (VOIs) could be obtained: frontal lobe, parietal lobe, temporal 
lobe, occipital lobe, limbic region, cingulate, insula, basal ganglia, cerebrum, limbic system and brain stem. Using the SPSS 
25 statistical software package, general linear regression analysis, Student’s t-test, and Mann-Whitney U-test were applied for 
statistical analyses. 

Results: Multivariate linear analysis identified that BMI and age are significantly (p < 0.0001) associated with perfusion, and 
patient group was slightly above threshold (p = 0.0524). We also found that the presence of diabetes was an independent 
significant predictor of normalized regional brain perfusion only in the insula (p < 0.001). Other independent predictors of 
normalized regional brain perfusion were: age in the insula (p < 0.001) and in the limbic region (p < 0.01), and BMI in the 
brain stem (p < 0.01). 

Conclusions: Age and BMI proved to be general, and diabetes regional predictor of brain hypoperfusion. BMI appeared to 
be a novel factor affecting brain perfusion. In one specific region, the insula, we detected a difference between the obese and 
the diabetic group. These findings may be significant in the understanding of the development of cognitive impairment in 
metabolic diseases. 

Key words: brain perfusion; SPECT; type 2 diabetes mellitus; obesity; insula; limbic region; brain stem

Nucl Med Rev 2021; 24, 1: 11–15

Introduction

Cerebral blood flow alteration is supposed to be a potential risk 
factor for developing cognitive dysfunction in the general popula-
tion [1, 2]. Aging, obesity, and type 2 diabetes mellitus (T2DM) 
are associated with perfusion abnormalities leading to cognitive 

impairment, neurodegeneration and future development of de-
mentia. 

Recent data pointed out particular brain areas with perfusion 
deficit related to aging. Aanerud et al. [3] detected the magni-
tudes of regional cerebral blood flow (rCBF) and cerebral metabolic 
rate of oxygen (CMRO2), two significant parameters character-
izing brain aging, in areas of cerebral cortex in a PET study with 
sixty-six healthy volunteers enrolled aged between twenty-one 
and eighty-one [4]. The inferior parietal lobules showed perfusion 
deficit in cognitively normal aging subjects by Okonkwo et al. [5]. 
In a 99mTc-HMPAO study with forty healthy young and twenty-eight 
aged subjects involved, Catafau et al. [6] found significantly lower 
rCBF ratios in aged subjects than in the young in the left frontal 
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lobe and the posterior region of the left temporal lobe. Aging is as-
sociated with vascular pathology such as cortical microinfarcts, 
grey matter lacunae and irreversible endothelial dysfunction 
[7–13]. These vascular alterations contribute to the appearance of 
age-related brain hypoperfusion that probably leads to the develop-
ment of neurodegenerative diseases. 

Metabolic conditions such as obesity and T2DM that frequently 
appear and progress together with aging are also linked to brain 
perfusion abnormalities that may lead to future neurodegeneration. 

According to Bissels et al. [14] the risk of dementia is 73% 
higher in type two diabetic patients than in patients without T2DM. 
The Italian Longitudinal Study on Aging in which patients with mild 
cognitive impairment and metabolic syndrome were studied sup-
ports the connection between obesity and dementia [15]. Birdsill 
et al. [16] detected a 15 per cent lower mean grey matter cerebral 
blood flow in subjects with metabolic syndrome that could be 
associated with decreased memory function. Cui Y. et al. [17] 
found decreased CBF in T2DM in the posterior cingulate cortex, 
precuneus and bilateral occipital lobe. Willeumier K. et al. [18] 
indicated that higher body mass index (BMI) in healthy individu-
als is associated with decreased rCBF in the following Brodmann 
areas: 8, 9, 10, 11, 32, and 44 that are brain regions involved in 
attention, reasoning, and executive function. They also pointed 
out that an elevated BMI is connected to decreased rCBF in the 
prefrontal cortex in a group of healthy subjects.

In our study, we aimed at identifying independent factors that 
contribute to the appearance of regional brain perfusion altera-
tions besides those factors that are already known. 

Material and methods

A total of forty-three type 2 diabetic and twenty-six obese pa-
tients were enrolled. The main anthropometric characteristics of 
the subjects are shown in Table 1. Among the diabetics there were 
seventeen female and twenty-six male, while in the obese group 
eighteen female and eight male subjects were involved.

Patients were all recruited from the Department of Internal 
Medicine of the University of Debrecen as well as a Private General 
Practice from the city of Miskolc. 

Patients were selected based on the following inclusion 
criteria: age between 18 and 70, manifest obesity (BMI > 30) 
or controlled type 2 diabetes, and no history of mental or brain 

disorders. Exclusion criteria included: gravidity, breastfeeding, 
acute or chronic inflammatory disease, severe liver disease, on-
going steroid treatment, hyperthyroidism, retinoid intake, history 
of malignant diseases with the exception of basal cell carcinoma, 
crural ulcer, change in the therapy in the previous 6 months and 
anticoagulant treatment.

All procedures followed were in accordance with the ethical 
standards of the responsible national committee on human experi-
mentation (OGYEI/2829-4/2017). Before enrolment, subjects were 
given detailed information concerning the aims of the study as well 
as the examinations. Informed consent was collected from all 
patients involved.

Single-photon emission-computed tomography 
(SPECT) image acquisition

AnyScan S Flex (Mediso, Hungary) dual-head gamma-camera 
equipped with low-energy high resolution parallel hole collima-
tors was used to image brain perfusion. Patients were not prone 
to stress or heavy emotional burden before the actual examination. 
Half an hour before the injection of the radiopharmaceutical sub-
jects were given one perchlorate capsule per os to block thyroid 
uptake. 740 MBq 99mTc-hexamethylpropylene amine oxime (HMPAO) 
was administered into the right cubital vein after a ten-minute rest 
in the dimly-lit examination room. 

The main characteristics of SPECT examinations were the fol-
lowing: 120 views, 128 x 128 matrix with 2.36 mm pixel size, 30 sec 
projection time, with auto body contour. 

Brain magnetic resonance imaging (MRI)
Brain resting-state functional MRI was carried by a Philips Achieva 

3T scanner. T1-weighted 3D images (voxel size: 0.5 x 0.5 x 1 mm, 
matrix size: 480 x 480 x 175) were obtained. The T1-weighted 3D 
turbo field echo protocol was applied for image acquisition with 
8 ms repetition time (TR) and 3.7 ms echo time (TE). 

Image processing
First, the 99mTc-HMPAO SPECT image of each subject was reg-

istered to his/her T1-weighted MRI image by rigid transformation, 
using the FMRIB’s Linear Image Registration Tool (FLIRT) linear reg-
istration software. Then we transformed T1 weighted MRI images of 
the patients by elastic transformation to the MNI152-space (2 x 2 x 
2 mm voxel size) using the advanced normalization tools (ANTS) 

Table 1. Most important anthropometric parameters of patients involved

 Obes Diabetes    

  median SD median SD test P

Age 53.5 ± 9.89 50 ± 8.59 t > 0.1

Height (cm) 168 ± 11.70 170 ± 8.77 t > 0.1

Body weight (kg) 103 ± 18.10 95 ± 21.48 t 0.045

BMI 35.68 ± 5.58 32.41 ± 5.28 M-W < 0.01

Blood glucose level (mmol/L) 5.8 ± 0.58 7.2 ± 1.72 M-W < 0.0001

(Tests: M-W: Mann-Whitney; t: Student’s t)

BMI — body mass index; SD — standard deviation



13www.journals.viamedica.pl/nuclear_medicine_review

Zita Képes et al., Age, BMI and diabetes as independent predictors of brain hypoperfusion

Original

linear and non-linear image registration [19]. The combination of 
both transformations was applied to the SPECT image to transfer it 
to the MNI space, so that data of the following standard volumes of 
interest (VOIs) could be obtained: frontal lobe, parietal lobe, tem-
poral lobe, occipital lobe, limbic region, cingulate, insula, basal 
ganglia, cerebrum, limbic system and brain stem. The aggregated 
brain regions that were used for VOIs are demonstrated in Figure 1.

Statistical analyses
The SPSS 25 statistical software package (SPSS Inc.) was used 

for data analysis. To identify influencing factors, general linear 
regression analysis was performed with Hochberg’s correction 
for multiple regions. Student’s t-test was used to compare param-
eters with normal distribution while Mann-Whitney U test was applied 
for the comparison of parameters with non-Gaussian distribution. 

Results

We investigated factors that may be associated with cerebral 
perfusion (normalized to the occipital region) by the general linear 
model. First, we included the patient group (DM or obese) and 
gender as factors and age, blood glucose and BMI as covariates. 
BMI (Mann-Whitney: p = 0.004) and glucose level (Mann-Whitney: 
p < 0.0001) were integrated in the model since these param-
eters were significantly different in the two observed groups as seen 
in Figure 2. However, based on Student’s t-test there was no sta-
tistically significant difference between the two groups regarding 
age (Fig. 2), because of previous findings in the literature, we also 
included age in the analysis. Since the effect of blood glucose level 
on brain perfusion was far from significant both in the multivariate 
model and in all regions (p > 0.1), we eliminated it from the model. 

Figure 2. Box-and whiskers plots showing the most important continuous parameters in both groups: BMI, serum blood glucose level and age. 
BMI — body mass index

Figure 1. Showing aggregated brain regions created on the basis of 
Harvard-Oxford atlas



Nuclear Medicine Review 2021, Vol. 24, No. 1

www.journals.viamedica.pl/nuclear_medicine_review14

Original

From the remaining variables, multivariate analysis with all brain 
regions as dependent variables identified that BMI and age are 
significantly (p < 0.0001) associated with perfusion; and patient 
group was slightly above threshold (p = 0.0524). 

Univariate contrast of the group in all but one brain region 
was negative (normalized perfusion was lower in DM), but after 
applying Hochberg’s correction for multiple comparisons, we found 
that the presence of DM was an independent significant predictor of 
normalized regional brain perfusion only in the insula (p < 0.001).

Other independent predictors of normalized regional brain 
perfusion were:

age in the insula (p < 0.001) and in the limbic region (p < 0.01)
BMI in the brain stem (p < 0.01)

Discussion

We detected age-dependent hypoperfusion specifically in the 
region of the insula and in the limbic region. The direct connection 
between aging and the involvement of these two specific brain 
regions is not exactly known.

Age is considered to be an important predictor of hypoperfu-
sion [20]. In the long run cerebral hypoperfusion results in cognitive 
dysfunction. Bonthius D. J. et al. [21] stated that the limbic region 
is much more burdened with neurofibrillary tangles than other brain 
regions. This finding supports the connection between cognitive 
dysfunction and limbic perfusion abnormality. Since we examined 
patients with normal cognition we speculate that the early involve-
ment of the limbic region could be characteristic in patients who 
might be at risk for Alzheimer’s disease (AD) even without manifest 
clinical signs actually present. Since both the insula and the limbic 
region are related to AD pathology, the involvement of these brain 
areas in the process of brain aging may predict the appearance 
of future dementia. 

Cerebral perfusion defects induced by aging could be trig-
gered by both obesity and T2DM. We suppose that these meta-
bolic disorders could enhance vascularly triggered age-related 
cognitive deficit. Our finding is in coherence with the findings of 
Leanne et al. [22] who detected lower cerebral blood flow in type 
2 diabetic patients with mild cognitive impairment in the insula, 
medial temporal lobes and in the frontal lobes compared to type 
2 diabetic patients without mild cognitive impairment and healthy 
controls. Further, they also reported association between regional 
cerebral blood flow measurements and Addenbrooke’s Cognitive 
Assessment (ACE-R) score in the insula, thalamus and medial 
temporal lobes. 

Our second finding was BMI-associated hypoperfusion spe-
cifically in the brain stem. To our knowledge, there is no similar 
finding in the literature. The reason behind this result is unclear yet. 
We presume that an excessive amount of adipose tissue in that 
brain area possibly has a compressive effect on the vasculature 
of the brain stem. This may induce and accelerate brain stem 
hypoperfusion together with high BMI-induced altered insulin 
regulation, leptin-resistance, inflammatory processes, and vascu-
lar abnormalities. Further, obesity-related endothelial dysfunction 
and disrupted smooth muscle function could be other causes of 
cerebral hypoperfusion in obesity. All these factors are strongly 
connected to neurodegeneration. We speculate that BMI-related 

hypoperfusion in the brain stem may contribute to the development 
of future dementia. Obesity-induced cerebral blood flow reduction 
promotes amyloid-beta production that causes endothelial dys-
function leading to cognitive impairment [22, 23]. This could be 
in line with the findings of Gunstad J. et al. [25] who detected that 
people with elevated BMI have reduced executive function. The 
outcomes of Gustafson et al. [26] also support this hypothesis. 
They evaluated the connection between BMI and brain atrophy, the 
main marker of neurodegeneration. They showed that the risk of 
temporal atrophy increased by 3% per 1.0 kg/m2 increase in BMI 
that could predict the development of cognitive decline. 

Finally, we found that the presence of diabetes was an inde-
pendent significant predictor of normalized regional brain perfu-
sion only in the region of the insula. We speculate that insular 
perfusion may be affected much earlier by diabetes, and insula 
is much more vulnerable to metabolic changes than other brain 
regions. This could be one reason for the unique involvement of 
disease-related insular perfusion alteration. Although, the fact that 
we examined well-controlled diabetic patients might also explain 
why we only detected perfusion difference in the insula. Insula 
is involved in the pathophysiology of AD [21]. Consequently, 
our finding puts the emphasis on the elevated risk for dementia 
in diabetics. Additionally, hyperglycemia characterizing diabe-
tes causes altered endothelial dependent cerebral vasodilation, 
oversecretion of vasoconstrictor endothelin-1 and blood-brain 
barrier impairment [27]. These factors could also strengthen the 
link between hyperglycemia, diabetes and chronic cerebral hy-
poperfusion which is an important element of vascular cognitive 
impairment [27]. 

However, the discrepancy can be detected in the literature 
concerning the association between diabetes and brain hypop-
erfusion. Recent research has pointed out that studies involving 
a small number of patients with severe symptoms tend to detect 
hypoperfusion in T2DM [28]. In addition, these researchers do not 
take atrophy into account that could possibly explain hypoperfusion. 

There are important limitations to our study worth noting. First, 
we did not include a healthy control group due to ethical reasons. 
Second, we involved well-treated diabetic patients taking different 
types of medications (antidiabetics with different mechanisms of 
action, antihypertensive and lipid-lowering drugs, and antidiuretics). 

Conclusions

We managed to detect three factors that influence brain perfu-
sion. Age, - and BMI proved to be general, and diabetes regional 
predictor of brain hypoperfusion. Our result regarding the effect 
of age on cerebral perfusion that is well known from the literature 
is in line with previous studies. Based on multiparametric linear 
analysis BMI appeared to be a relatively new factor influencing 
brain perfusion. Further, in one specific region, in the insula, we 
detected difference between the obese and the diabetic group. 

Our findings put the emphasis on the multi-aetiological nature 
of cerebral hypoperfusion. We emphasize that it is important to 
identify independent factors affecting brain perfusion. This could 
be essential to help understand the pathological mechanisms that 
occur behind the elevated risk of developing cognitive impairment 
in metabolic diseases.
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Abstract

Breast cancer is the most common malignancy in women and among the most common indications of oncologic positron 
emission tomography (PET) studies. In this review article, updated anatomical, pathological, and clinical information about 
breast cancer were provided for Nuclear Medicine physicians to better understand breast cancer and interpret PET images 
and a review of the literature on the use of PET imaging in breast cancer was summarized. 

KEY words: Breast cancer; PET, FDG; NaF; FES

Nucl Med Rev 2021; 24, 1: 16–26

Introduction

Breast cancer is the most common malignancy in women 
worldwide (2.1 million women each year) [1]. Approximately 627,000 
women died from breast cancer in 2018 [1]. Breast cancer rates are 
higher in western countries but also increasing in the rest of the 
world. Breast cancer incidence and death rates generally increase 
with age. Survival is affected by the stage of the disease as well 
as histological and molecular subtypes and genomic profile of the 
breast cancer and ranges from 99% to 27% [2]. 

Breast cancer is among the most common oncologic in-
dications of clinical Positron emission tomography/computed 
tomography (PET/CT) studies. Among various PET radiotracers, 
18F-fluorodeoxyglucose (FDG) and 18F-sodium fluoride (NaF) are the 
main radiotracers used in clinical PET studies for initial staging of 
locally advanced invasive and inflammatory breast cancers, to as-
sess response to treatments and to detect and localize the recurrent 
disease. More specific PET radiotracers, such as 18F-fluoroestradiol 
(FES/oestrogen receptor binding), 18F-fluorothymidine (FLT/cell 
proliferation), 89Zr-trastuzumab (human epidermal growth factor 
receptor 2 (HER2) binding) 18F-galacto-RGD (angiogenesis), 18F-an-
nexin-V (apoptosis), 89Zr-anti-gH2AX-TAT (cell death), 18F-FMISO 
(hypoxia) are mainly used for investigational purpose. 

This review article aims to provide practically useful information 
about breast cancer and the role of PET/CT in the management 
of breast cancer. 

Anatomy and Histology of the Breast
Breasts overly the pectoralis major muscles with a fascia in 

between them. The mammary gland is an exocrine gland composed 

of mammary lobules and network of ducts. Each mammary lobule 
consists of small glandular structures (acini) which open into the ter-
minal duct (terminal duct lobular unit, TDLU). Ducts and mammary 
lobules are surrounded by connective tissue which is composed of 
blood and lymphatic vessels, nerves, adipose and fibrous tissue [3]. 

Breasts have 2 superficial (cutaneous and subcutaneous) 
and 2 deep (mammary-glandular and fascial) intercommunicating 
lymphatic plexi. Superficial lymphatics drain the skin, whereas deep 
lymphatics drain the breast parenchyma, areola and the nipple. 
The density of the lymphatic plexus is higher in the subareolar 
region (Sappey’s plexus). In 1874, Sappey suggested that axillary 
nodes receive lymphatic drainage from the entire breast via the 
subareolar plexus. However, the role of the subareolar plexus in the 
lymphatic drainage of the breast is still controversial [4]. Approxi-
mately 75% of breast lymphatic drainage is directed to the axilla and 
25% to the internal mammary nodes [5]. However, internal mam-
mary node drainage was seen in 28–44% of all patients with breast 
carcinomas on lymphoscintigraphy studies [6]. There are three 
levels of lymph nodes in the axilla. Level I nodes are inferolateral to 
the pectoralis minor, level II nodes are behind the pectoralis minor, 
and level 3 nodes are superomedial to the pectoralis minor. Axil-
lary lymphatic drainage generally proceeds in a stepwise fashion 
from level I to level II, to level III and finally into the thoracic duct. 
When there is an obstruction in the axillary lymphatic flow or after 
the axillary dissection, alternative pathways may become important 
for the lymphatic drainage (altered lymphatic drainage) through 
various lymph nodes such as internal mammary, presternal, ret-
rosternal, transpectoral, retro pectoral, posterior intercostal and 
subdiaphragmatic (Gerota’s route) nodes. The lymph nodes be-
tween pectoralis minor and major muscles (interpectoral) are called 
rotter space nodes.

Diagnosis of Breast Cancer
For women at average breast cancer risk, American Cancer 

Society (ACS) recommends yearly screening mammogram for 
women 45 to 54-year-old [7]. Women 55 year and older can have 
a mammogram yearly or every other year [7]. For women at high 
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breast cancer risk, ACS recommends yearly breast magnetic reso-
nance imaging (MRI) and a mammogram, typically starting at age 
30 [7]. High risk includes having a family history of breast cancer, 
history of radiation therapy to the chest between the ages of 10 
and 30 years, and patient or 1st degree relative to have a BRCA1 or 
BRCA2 gene mutation, Li-Fraumeni syndrome, Cowden syndrome, 
or Bannayan-Riley-Ruvalcaba syndrome [7]. 

Screening mammograms mainly search for calcification and 
masses and also assess the density of the breast. Macro-calcifica-
tions are usually due to benign conditions. Micro-calcifications are 
more concerning than macro-calcifications. Thirty per cent of 
patients with breast micro-calcifications showed malignancy on 
histopathology [8]. Dense breasts are linked to a higher risk of 
breast cancer. Dense breast tissue can also prevent the detec-
tion of cancers on a mammogram. To describe mammogram 
findings, a standard system is used (Breast Imaging Reporting 
and Data System (BI-RADS)) [7]. BI-RADS scores range from 0 
to 6; 0: Incomplete study, additional imaging and/or comparison 
to prior mammograms is needed, 1: Negative study, 2: Benign 
findings, 3: Probably benign findings with follow-up in 6 mos, 
4: Suspicious findings, biopsy should be considered, 5: Highly 
suggestive of malignancy, biopsy should be considered, and 6: 
Known biopsy-proven malignancy. 

Breast ultrasound helps to differentiate simple cysts from solid 
masses and guide biopsy. Breast MRI has a limited role in the 
screening of breast cancer, but it should be considered in women 
who have a high risk of breast cancer. After the diagnosis of breast 
cancer, MRI is useful to assess the primary tumour (tumour size, 
multifocal vs multicentre disease) and chest wall invasion. 

Classification of Breast Cancers
Most breast cancers are adenocarcinoma and arise from the 

epithelial cells of the TDLU. A small number of breast cancers arise 
in the other tissues such as fat, muscle, and connective tissue. 
As the glandular tissue is more abundant in the upper outer quad-
rant of the breast, half of the breast cancers occur in this region [9].

Histological classification of breast cancers includes in-situ 
carcinoma (cancerous cells remain in the place and have not spread 
yet) and invasive or infiltrating carcinoma (cancer cells spread 
beyond the layer of tissue in which they developed). 

In situ carcinomas are classified as ductal carcinoma in 
situ (DCIS or intraductal carcinoma) and Paget’s disease. DCIS 
is a non-invasive, pre-invasive breast cancer where proliferations of 
malignant ductal epithelial cells remain confined within intact breast 
ducts. Paget’s disease is a rare type of breast cancer involving 
the skin of the nipple. Paget’s disease is usually linked to DCIS or 
invasive ductal carcinoma (IDC). Lobular carcinoma in-situ is treated 
as a benign entity and has been removed from TNM staging. 
It is considered as a proliferative disease with associated risk for 
developing breast cancer in the future [9].

The invasive breast carcinomas are classified as ductal, inflam-
matory, medullary, medullary with lymphoid stroma, mucinous, 
papillary (predominantly micropapillary pattern), tubular, lobular, 
infiltrating Paget’s disease, undifferentiated, squamous cell, ad-
enoid cystic, secretory, and cribriform [10]. If the tumour has no 
specific differentiating features, it is called invasive carcinoma not 
otherwise specified (NOS). Invasive mammary cancer has fea-
tures of both ductal carcinoma and lobular carcinoma. IDC is the 

most common invasive tumour of the breast which comprises 72–80 
% of all invasive breast cancers [11]. Invasive lobular carcinoma 
(ILC) accounts for 5–15 % and inflammatory breast cancer ac-
counts for 1% to 2% of all invasive breast cancers [2, 11]. IDC 
is further sub-classified as well-differentiated (grade 1), moderately 
differentiated (grade 2) or poorly differentiated (grade 3) based on 
the levels of nuclear pleomorphism, glandular/tubule formation and 
mitotic index [12]. Inflammatory carcinoma is characterized by dif-
fuse erythema and oedema (peau d’orange) in the skin of the breast 
with a rapid evolution [9]. Inflammatory carcinoma is a clinical-stage 
T4d cancer and the most aggressive presentation of breast cancer 
[13]. An underlying mass may or may not be palpable and there 
may be a detectable mass on the imaging [9]. Changes in the 
skin may be due to lymphedema caused by tumour emboli within 
dermal lymphatics [9,]. ILC of the breast shows low histological 
grade and low mitotic count [14]. 

Hormone receptor (oestrogen receptor (ER) and progesterone 
receptor (PR)) and human epidermal growth factor receptor 2 
(HER2) expressions of breast cancer are assessed via qualitative 
and/or semi-quantitative immunohistochemistry technique on 
biopsied tissues. 

Through molecular analysis and gene expression profiling, 
breast cancer is sub-classified into luminal A (ER+/PR+), luminal 
B (ER+/PR+/HER2 + or -, Ki67+), HER2 enriched (HER2+) and 
basal-like (triple-negative, ER-/PR-/HER2-). 

ER+ tumours comprise up to 75% of all breast cancer patients. 
ER+ tumours largely well-differentiated and less aggressive [15]. 
PR+ tumours are mostly ER+ [16]. ER+PR- tumours are less re-
sponsive to endocrine treatment than ER+PR+ tumours [16]. HER2 
positivity is associated with poor differentiation and aggressive 
tumour and seen in 13% to 20% of IDC [16]. HER2 positivity is very 
rarely seen in low-grade IDC or traditional ILC. ILC is generally 
positive for hormone receptor and negative for HER2, p53 and 
basal marker [14].

Ki67 is the most widely used proliferation marker in breast can-
cer which is predominantly present in cycling cells. It is associated 
with aggressive tumours, worse prognosis and survival. 

P53 is a tumour suppressor gene. Mutation in p53 caus-
es loss of control of cell proliferation. p53 is the most frequently 
mutated gene in invasive breast cancer which is seen in 30-35% of 
all cases, and approximately 80% of triple-negative tumours [17]. 

Genomic assays or tests analyse the tumour tissue to deter-
mine if there are certain genes which can affect the cancer growth, 
spread and recurrence. Genetic testing should not be mistaken 
for genomic testing. In genetic testing, blood, saliva or other tis-
sues are analysed to determine if there is abnormal change or 
mutation in a gene which is linked to high risk of cancer develop-
ment. There are several genomic assays for breast cancer such 
as OncotypeDx, Mammaprint, Endopredict, PAM50 (Prosigna) 
and Breast cancer Index [9]. OncotypeDx is the only multigene 
panel included to classify pathological prognostic staging of breast 
cancer. The OncotypeDx test analyses the activity of 21 genes and 
calculates a recurrence score. 

Staging of Breast Cancer
Traditional staging (TNM, tumour: T, lymph nodes: N, and distant 

metastases: M) is still used in places where biomarker tests are not 
available (Tab. 1) [9]. TNM staging is classified as Clinical “c” and 
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pathological “p” staging. Clinical staging uses information such 
as patient history, physical examination, and any imaging performed 
before the surgery and neoadjuvant treatment. Clinical staging 
can use biopsy results such as fine-needle aspiration (FNA), core 
biopsy or sentinel lymph node (SLN) biopsy. Pathological staging 
uses information defined at the surgery. It does not apply to pa-
tients treated with systemic or radiation treatment before surgery. 
Following neoadjuvant systemic therapy, post-therapy pathological 
staging is defined as “yp”.

In prognostic staging (clinical and pathological), biomarker 
tests are integrated into TNM staging [9]. Biomarker tests include 
histological grade, ER, PR, HER2, proliferation markers (Ki-67 or 
mitotic count) and genomic assays. 

Definition of Locally Advanced Disease
Per National Comprehensive Cancer Network (NCCN), lo-

cally advanced breast cancer describes a subset of invasive 
breast cancer where the initial clinical and radiologic evaluation 
documents advanced disease confined to the breast and regional 
lymph nodes [10]. Locally advanced breast cancer is also further 

classified as operable (Clinical stage T3, N1, M0) and inoperable 
(Clinical stage IIIA [except T3, N1 M0], IIIB, and IIIC). Definition of 
regional lymph nodes for staging purpose is ipsilateral axillary level 
1 and 2, 3, internal mammary, intramammary and supraclavicular 
nodes [9]. NCCN and the American Joint Committee on Cancer 
(AJCC) considers level 3 axillary nodes as infraclavicular nodes. 
Lymph node metastases other than regional lymph nodes (including 
cervical or contralateral internal mammary or contralateral axillary 
lymph nodes) is considered as distant metastases. 

Breast Cancer Metastases
A seed-and-soil hypothesis is believed to be the mechanism 

for metastases in breast cancer [18]. Disseminated cancer 
cells (seeds) reach a microenvironment (soil) and proliferate. Bone, 
lung, liver, and brain are the common sites for metastatic spread of 
breast cancer. Breast cancer subtypes are associated with different 
metastatic patterns. In triple-negative tumours, there is a higher 
rate of metastases to visceral organs, such as brain, lung and liver, 
and a lower rate of metastases to bone, whereas bone is a major 
site of metastasis in ER+ breast cancer and HER2+ subtypes are 
significantly associated with higher rates of liver, brain, and lung 
metastases [19–22]. The metastatic patterns of lobular and ductal 
carcinoma of the breast are also different. Gastrointestinal system, 
gynecologic organs such as ovary, and peritoneum-retroperitoneum 
metastases are markedly more prevalent in lobular carcinoma 
[23, 24].

The main treatments for breast cancer metastasis are standard 
chemotherapy and targeted therapy. Targeted therapies include hor-
mone therapy, immunological therapy and antiangiogenic therapy. 
In bone metastases, bone-targeted antiosteoclast agents are also 
given with antitumor therapy.

Breast Cancer Survival Rates
Per Surveillance Epidemiology and End Results (SEER) data-

base, 5-year relative survival rates for localized, regional and distant 
involvement are 99%, 86% and 27%, respectively [2]. In localized 
disease, there is no sign that cancer has spread outside of the 
breast. In regional disease, cancer has spread outside the breast 
to nearby structures or lymph nodes.

Per MD Anderson analysis, based on risk profile (tumour grade, 
ER, PR, HER2), 5-year overall survival ranges from 93.8 to 97% for 
stage 1, 88.2 to 97.1% for stage IIA, 91.5 to 100% for stage IIB, 
68.6 to 100% for stage IIIA, and 33.3 to 84.4% for stage IIIC breast 
cancer [9]. There were insufficient numbers of cases with Stage 
IIIB cancer for analysis. 

Hormone receptor (HR)+/HER2- subtype shows the best 
survival (92.5% at 4 years), followed by HR+/HER2+ (90.3%), 
HR-/HER2+ (82.7%), and finally worst survival for triple-negative 
subtype (77.0%) [25].

ILC is generally associated with a good prognosis and a good 
response to endocrine therapy.

Role of PET/CT Imaging in Breast Cancer
FDG PET and NaF PET
Initial Staging

Per NCCN, FDG PET/CT (FDG PET) is not indicated in the stag-
ing of early breast cancer [clinical stage I, II and operable stage III 
(T3 N1 M0)[ cases [10]. FDG PET is most helpful in situations where 

Table 1. Summary of AJCC TNM staging (clinical T, pathological N)

Tis DCIS or Paget

T1 Tm size ≤ 20 

T2 Tm size > 20 mm, ≤ 50 mm 

T3 Tm size > 50 mm

T4 T4a Extension to chest wall* 

T4b Ulceration or macroscopic nodules in the skin

T4c T4a + T4b

 T4d Inflammatory carcinoma

*Chest wall: Ribs, intercostal muscles and serratus anterior muscle. 

Adherence/invasion to the pectoralis muscle is NOT extension to the chest wall

N0 No regional lymph node metastasis or ≤ 0.2 mm

N1 Nmi: Micromet (approximately 200 cells, > 0.2 

mm, < 2 mm)

N1a: Met in 1–3 axillary nodes*

N1b: Micromet or Macromet (> 2mm) in ipsilateral IM 

nodes by SLN biopsy

N1c: N1a + N1b

N2 N2a: Met in 4–9 axillary nodes*

N2b: Met in ipsilateral IM nodes by imaging, axilla 

negative

N3 N3a: Met in ≥ 10 axillary nodes* or in level 3 

(infraclavicular) axillary nodes

N3b: Met in IM nodes by imaging with 1 or more level 1 

and 2 axillary nodes

N3c: Met in ipsilateral supraclavicular nodes

* at least one metastasis larger than 2.0 mm

M0 No clinical or radiographic evidence of distant 

metastases or < 0.2 mm*

cM1 Clinical or radiographic evidence of distant metastases

pM1 Histologically proven metastases in distant organs (> 

0.2 mm)

*detected by microscopic or molecular techniques

Distant metastasis: Metastasis to distant organs and non-regional lymph nodes
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standard staging studies are equivocal or suspicious for stage III 
and stage IV invasive breast cancer, and inflammatory breast cancer 
(Fig. 1) [10]. FDG PET may help identify the unsuspected regional 
nodal disease and/or distant metastasis in locally advanced breast 
cancer when used in addition to standard imaging studies [10]. 
FDG PET may be a useful adjunct to standard imaging of inflam-
matory breast cancer due to increased risk of lymph node and 
distant metastases [10]. Equivocal or suspicious sites identified on 
PET/CT should be biopsied. FDG PET/CT is not indicated in early 
breast cancer (Tl and T2 unifocal tumours with clinically negative 
lymph nodes). In early breast cancer, sentinel lymph node (SLN) 
biopsy with or without SLN scintigraphy is performed to determine 
the pN status. In the authors’ recent study, a combined assessment 
of SLN SPECT/CT and FDG PET/CT images helped to determine 
FDG uptake particularly in the SLN [26]. However, due to the lim-
ited resolution of PET scanners in detecting small-sized tumours, 
this technique does not seem feasible currently but may be useful 
in the future with the improvement in PET resolution. 

FDG uptake shows a correlation with the tumour grade, histo-
logical and molecular subtypes of breast cancer and various other 
factors. FDG uptake is higher in higher-grade tumours than lower 
grade tumours [27–29]. FDG uptake is higher in IDC than ILC 
histological subtype [27–29]. Inflammatory breast cancers show 
diffuse or focal high FDG uptake. Mean SUVmax of IDC was 7.7, 
which ranged from 2.1 to 18.8 [30]. FDG uptake is positively 
correlated with the tumour size, tumour cell proliferation (Ki67 
expression), nuclear atypia, mitosis counts, tumour invasive size 

and lymph node metastasis [28, 29, 31–34]. FDG uptake is nega-
tively correlated with the hormonal receptor status of the tumour 
[28, 31]. ER-, PR-, and triple-negative subtypes show higher FDG 
uptake than ER+, PR+, ER+PR+HER2+, or ER+PR+HER2- 
subtypes [28,29, 31, 35, 36]. FDG uptake was significantly higher 
in carcinomas with a high score of HER2 expression and high 
levels of p53 [27, 28]. 

DCIS usually show low FDG uptake but symptomatic and 
large DCIS (≥ 20 mm) are often visualized on FDG PET [37, 38]. 
Tumour cell density appears to be strongly correlated to the 
detection of DCIS by FDG PET [38]. FDG uptake is higher in 
DCIS with microinvasion than pure DCIS [36]. DCIS with micro 
invasions are larger, show poor prognostic factors (high grade, 
comedo necrosis and ER negativity), and have a worse outcome 
than pure DCIS [39, 40]. DCIS often coexists with IDC (IDC-DCIS) 
[41, 42]. DCIS is recognized as the non-obligate precursor of 
IDC when it coexists with IDC [43]. Studies have reported that 
IDC with coexisting DCIS shows lower metastatic potential and 
recurrence and better overall survival than pure IDC [44, 45]. In 
a recent study, FDG PET/CT findings of IDC-DCIS to pure IDC 
[30] were compared. Multifocal breast FDG uptake and the mul-
tifocal tumour was more common in IDC-DCIS than pure IDC but 
there was no significant difference in standardized uptake value 
(SUV) of the primary tumour in IDC-DCIS and pure IDC. However, 
axillary metastases appeared to be more common in pure IDC 
than IDC-DCIS cases. In an unpublished analysis of IDC-DCIS 
was found a positive correlation between primary tumour grade 

Figure 1. A 66-year-old female with newly diagnosed invasive ductal breast carcinoma. FDG PET/CT images show a large hypermetabolic 
(SUVmax 13.3) left breast mass invading the overlying skin and pectoralis muscle with multiple additional foci of activity within the breast and in 
the skin, multiple hypermetabolic lymph nodes in the left axilla, both side of the mediastinum, left supraclavicular and right retro-crural regions, 
multiple hypermetabolic lung nodules, multiple hypermetabolic bone lesions some with lytic changes and some without changes on CT, and 
a hypermetabolic focus adjacent to right caudate nucleus in the brain, all consistent with metastatic disease
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and nuclear grade of the coexisting DCIS but no correlation 
between primary tumour SUV with the nuclear grade and the 
architectural subtype of the coexisting DCIS. 

Bone-specific radiotracers are also known to accumulate in 
the breast tumours which may be due to hydroxyapatite deposition 
[46]. They have low sensitivity in detecting the primary tumour. In 
a recent study, the authors assessed NaF uptake in the primary 
breast tumours [47]. Fourteen of 31 IDC (45%) and 3 of 4 DCIS were 
visible on NaF PET and 5 ILC, 2 invasive mammary carcinomas, 
and 1 mucinous carcinoma were not visible. In the same study, 
there was no correlation between NaF SUV and FDG SUV of the 
primary tumours. 

Bone is the most common site of distant metastasis in pa-
tients with breast cancer. Bone metastases of breast cancer are 
most often osteolytic but can be osteoblastic or mixed and some-
times may not show any changes in CT [48]. Radionuclide bone 
imaging has high sensitivity in detecting bone metastases and 
recommended in patients with bone pain or elevated alkaline 
phosphatase [10]. Radionuclide bone imaging can be omitted if 
FDG PET/CT is positive for bone metastases [10]. NaF PET/CT 

provides greater spatial resolution and better image qual-
ity, resulting in better sensitivity and specificity than bone scan. 
In a meta-analysis study, the pooled sensitivity, and specificity 
of NaF PET/CT for the detection of bone metastases were 0.98 
and 0.90, respectively with a higher overall diagnostic performance 
over bone scan and bone SPECT [49]. Radionuclide bone imaging 
is more sensitive for the detection of sclerotic osseous metasta-
ses whereas FDG PET is more sensitive for the detection of lytic 
osseous metastases. In untreated patients, bone metastases of 
ILC were more commonly sclerotic and demonstrated low FDG 
uptake, whereas bone metastases of IDC were more commonly 
lytic and showed higher FDG uptake [50]. 

CT has higher sensitivity than PET and PET/MR in detecting 
pulmonary lesions, particularly subcentimetric lesions [51]. PET un-
derestimates the metabolic activity of the subcentimetric lung nod-
ules due to partial volume averaging. Small lung nodules located 
in the periphery of the lungs, particularly near the diaphragm, may 
also be affected by respiratory motion which causes misregistration 
of CT and PET images and sub-optimal attenuation correction with 
underestimation of metabolic activity of the nodules. 

Figure 2. FDG PET/CT images on hormone therapy with an aromatase inhibitor (before chemotherapy) and after treatment with a combination of 
aromatase inhibitor and chemotherapy (targeted therapy with an inhibitor of the cyclin-dependent kinases CDK4 and CDK6) (after chemotherapy) 
in a 41-year-old female with inflammatory breast cancer. PET images before chemotherapy show diffuse infiltration of the left breast with markedly 
increased metabolic activity and multiple lytic and hypermetabolic bone metastases. Note also a hypermetabolic focus in the right breast laterally. 
Following chemotherapy, there is a resolution of the primary tumour on both PET and CT images with only mild diffuse chest wall activity which 
is probably due to inflammatory changes although residual tumour cannot be excluded. There is also the resolution of hypermetabolic bone 
metastases and most of the lytic bone lesions become sclerotic after the treatment
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Figure 3. A 72-year-old female with a history of invasive ductal breast cancer operated and received chemotherapy 4 years before the PET 
scan. The patient has clinical symptoms and radiological findings highly suspicious for tumour recurrence. FDG PET/CT images show extensive 
metastatic disease in the liver and multiple foci of hypermetabolic bone metastases and multiple bilateral lung metastases. There is also reduced 
uptake in the right thalamus posteriorly and increased uptake adjacent to left caudate, highly suspicious for metastases. NaF PET images show 
multiple bone metastases and focal uptake corresponding to the area of reduced uptake in right thalamus on FDG PET. Uptake pattern in the bone 
metastases is different on FDG and NaF PET images with NaF PET showing uptake in sclerotic lesions (arrow) whereas FDG PET in lytic lesions 
(not shown in the figure)  
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In autopsy studies, brain metastases were present in 15% to 
35% of patients with breast cancer, and some of them were asymp-
tomatic before death [52]. Due to high FDG uptake in the grey 
matter of the brain and low metabolic activity of some of the brain 
metastases of breast cancer, the sensitivity of FDG PET is lower than 
diagnostic CT, MRI and PET/MR [53–55]. Cerebellum and frontal 
lobes are reported to be the most common sites of metastasis [56] 
Breast cancer metastasis in the brain could be hypermetabolic, 
ring-like or hypometabolic [54, 55]. 

Liver metastases develop in approximately 50% of patients with 
breast cancer [57]. MRI and PET/MR has higher sensitivity than 
diagnostic CT and FDG PET/CT in detecting small liver metas-
tases [53, 58, 59]. Breast carcinoma metastases are generally 
hypo-vascular, but occasionally they can be hyper-vascular on 
contrast-enhanced MRI [60]. Background liver activity on FDG PET 
may reduce the detection of small metastatic foci. Dual time point 
FDG PET imaging may increase the detection of liver metastases of 
breast cancer [61]. 

Assessing Response to Treatment
PET/CT imaging is very useful for prediction of treatment re-

sponse as early as after the first cycle of chemotherapy and after 
completion of chemotherapy (Fig. 2). 

Studies have shown that FDG PET imaging early in the course 
of the chemotherapy helps to differentiate responders from 
non-responders [62–66]. A reduction in tumour FDG uptake 
supports the efficiency of the treatment whereas no change or 
further increase in tumour FDG uptake indicates that the treat-
ment is ineffective. 

To assess early treatment response, a period of 1 ± 2 weeks be-
tween completion of the chemotherapy cycle and FDG PET scan 
is recommended to avoid transient increases and decreases in tu-
mour FDG uptake [67]. To assess the complete treatment response, 
International Harmonization Project (IHP) recommends waiting 6–8 
weeks after the last cycle of chemotherapy [68].

Positron Emission Tomography (PET) Response Criteria in Solid 
Tumours (PERCIST) recommends a ≥ 30% decrease in tumour SUV 
as compared to baseline PET study as a cut-off value for partial 
metabolic response in solid tumours [69]. 

Definition of FDG tumour response in malignancies by Euro-
pean Organisation for Research and Treatment of Cancer (EORTC) 
[67]:

Progressive metabolic disease: Increase in tumour SUV 
greater than 25% and visible increase in the size of the tumour 
(> 20% in longest diameter) and appearance of new lesions as com-
pared to baseline FDG PET scan. 

Stable metabolic disease: Decrease in tumour SUV less than 
15% or increase in tumour SUV less than 25% and no visible change 
in tumour size.

Partial Metabolic Response: A reduction of minimum 
15–25% in tumour SUV after 1 cycle of treatment and greater than 
25% after more cycles of treatment. 

Complete response: Complete resolution of tumour FDG up-
take so that it was indistinguishable from surrounding normal tissue.

Currently, there is not an effective study for accurate assess-
ment of response to therapy of bone metastases of breast cancer. 
Lytic lesions usually become sclerotic after systemic treatment. 

Non-FDG avid sclerotic lesions may represent treated metasta-
sis and healing response rather than the active tumour. Several 
studies have suggested that a change in SUV on FDG PET can 
predict disease response or progression. In a study of sequential 
FDG PET/CT imaging for monitoring bone metastasis of breast can-
cer during therapy, an increase in FDG uptake was correlated with 
lytic changes on the CT images and indicated progression of the 
disease [70]. However, early metabolic flare can also be seen with 
FDG PET. Increase in FDG uptake was observed 7–10 days after 
initiation of tamoxifen therapy in the majority of the metastatic bone 
lesions of the breast cancer responders [71]. Flare phenomenon 
is a significant problem in radionuclide bone imaging studies with 
temporary increases in activity and size of lesions or appearance 
of new lesions. To avoid misinterpretation of the flare reaction it 
is recommended to wait 6 months before evaluating the response, 
by MD Anderson criteria, or repeating the study [72]. Due to long 
waiting time, radionuclide bone imaging is not useful in early re-
sponse assessment to treatments. It is also not useful in lytic or 
diffuse sclerotic (super scan) disease when assessing response 
to treatment [72]. Per EORTC, whole body or axial skeleton, MRI 
offers the best single modality of assessing response to therapy in 
bone metastases from breast cancer [72]. MRI is also not affected 
by flare response and has a potential for early response assessment 
to treatments [73]. As the changes in bone lesions are often difficult 
to assess on plain or cross-sectional radiology or radionuclide 
bone imaging, clinical symptoms and serum tumour markers (e.g., 
CEA, CA15-3, CA27.29) can help to determine if there is disease 
progression in bone-dominant metastatic disease [10].

Detecting Tumour Recurrence
Various factors affect breast cancer recurrence. Tumour size 

larger than 2 cm, axillary lymph node involvement, negative oes-
trogen and progesterone receptor status, and high tumour grade 
is associated with increased risk of loco-regional recurrence and 
metastases [74]. Breast cancer recurrence rate is approximately 
30%, depending on the initial extent of the tumour and various other 
factors [75]. 

Studies have shown that FDG PET/CT imaging is superior 
to conventional imaging in detecting breast cancer recurrence 
(Figure 3). In breast cancer patients with rising Ca 15-3 tumour 
marker with negative conventional imaging, FDG PET/CT detected 
tumour deposits in 40 of 89 patients, in the chest wall, internal 
mammary nodes, lungs, liver and skeleton [76]. The sensitivity 
and specificity of FDG PET and conventional modalities were 84% 
and 78% versus 63% and 61%, respectively, in breast cancer pa-
tients with suspicion of recurrence [77]. In patients with confirmed 
breast cancer recurrence, conventional imaging was positive in 
88% of the cases, whereas FDG PET/CT was positive in 95% 
[78]. FDG PET/CT had also a higher negative predictive value 
(86% versus 54%) and positive predictive value (95% versus 70%) 
than conventional imaging in the same study. In another study, 
FDG PET/CT was better than conventional imaging  in detecting 
locoregional disease or distant metastases in breast cancer pa-
tients suspected of tumour recurrence [79]. In a study comparing 
FDG PET/CT to whole-body MRI, PET/CT detected more lymph 
node metastases (21 vs 16) whereas whole-body MRI was more 
precise in the detection of distant metastases (154 vs 147) [80]. 
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However, a meta-analysis study showed that mediastinal and 
loco-regional lymph nodes represented the most common site for 
false-positive FDG PET/CT [81]. In 17 patients with breast cancer 
recurrence, FDG PET/MR and FDG PET/CT were positive in all 
patients with slightly more lesions detected by FDG PET/MR [82]. 
Per NCCN recommendation, FDG PET/CT can be performed at the 
same time as diagnostic CT and is most helpful in situations where 
standard studies are equivocal or suspicious [10].

Predicting Prognosis and Survival
Studies have shown that baseline FDG PET imaging 

has a prognostic value. Tumours with high SUV showed higher 
relapse and mortality rate compared to those with low SUV [28]. 
In ER+/HER2- M0 patients, tumour SUV and total lesion glycoly-
sis were associated with shorter event-free survival [83]. Three-year 
event-free survival was 49% in patients with tumour  SUV of 10 
versus 92% in patients with tumour SUV < 10 [83]. FDG-PET de-
termined parameters (maximum SUV, peak SUV and total lesion 
glycolysis) appeared to provide prognostic survival information in 
patients with recurrent breast cancer [84]. In patients with low and 
high metabolic tumour volume, 5-year progression-free survival 
was 81.0 and 14.3%, and 5-year overall survival was 88.5% and 
43.6%, respectively [85].

Other PET Tracers
ER expression is associated with a more favourable progno-

sis in breast cancer. ER status of the tumour predicts the likeli-
hood of response to ER-targeted therapy [86]. 18F-fluoroestradiol 
is an investigational PET tracer which binds to ER receptors. FES 
PET helps to determine the presence and amount of ER expres-
sion and predicts response to hormone therapy [87]. FES uptake 
is influenced by the site of metastasis. FES uptake in bone metas-
tases was higher than in lymph node and lung metastases [88]. 
As the FES is highly extracted and metabolized by the liver, FES 
PET may have low sensitivity in detecting liver metastases. Stud-
ies suggest that up to 30% of patients may lose ER expression after 
undergoing endocrine therapy.

Approximately 20% of invasive ductal breast malignan-
cies are classified as HER2-positive [89]. HER2+ breast cancer re-
ceives specific targeted HER2 therapies (humanized mAbs against 
HER2). 89Zr-trastuzumab (radiolabelled herceptin) binds with high 
affinity to the extracellular domain of the HER2 receptor. In a clinical 
trial, 89Zr-trastuzumab showed excellent tumour uptake and visuali-
zation of HER2-positive metastatic lesions [90]. 

18F-Fluorothymidine (FLT) is a biomarker reflecting cell prolif-
eration. There is a good correlation between the FLT uptake and 
the Ki-67 labelling index in breast cancer [91]. FLT PET seems to 
be a good predictor of response to treatment, particularly early 
response [92].

There are various other potential PET radiotracers such 
as 18F-galacto-RGD for angiogenesis, 18F-annexin V for apoptosis, 
89Zr-anti-gH2AX-TAT for cell death, and 18F-FMISO for hypoxia. RGD 
PET parameters were found to be significantly higher in HER2-pos-
itive patients [93]. RGD PET identified all invasive carcinomas, with 
SUVs ranging from 1.4 to 8.7 [94]. Lymph-node metastases were 
detected in 3 of 8 patients and SUVs in distant metastases were 
heterogeneous [94]. FMISO PET/CT was found to be useful for 
predicting primary endocrine resistance in ER+ breast cancer [95].

It was reported that 60% of breast cancer cases exhibited 
PSMA-positive endothelia with higher expression rates in the higher 
grade, NST subtype, HER2 +, and hormone receptor-negative 
tumours [96]. 68Ga-PSMA ligand uptake was reported in primary 
breast tumour and its metastases [97]. In 19 patients with breast 
cancer, there was PSMA uptake in 84% of tumour lesions with higher 
uptake in distant metastases than primary or local recurrence [98].

Conclusion

Breast cancer is the most common cancer among women 
and also one of the most common indications of PET imaging. 
FDG and NaF are commonly used PET tracers in breast cancer 
mainly for initial staging, treatment response assessment and in 
detecting tumour recurrence. Various other more specific PET trac-
ers targeting ER, HER2, cell proliferation, angiogenesis, cell death, 
apoptosis and hypoxia are at investigational level. 
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Introduction

Ameloblastic carcinoma, a malignant odontogenic tumor that 
combines the histological characteristics of ameloblastoma with 
cytological atypia (OMS), is extremely rare and mainly affects men 
in the mandible and maxillary region (2/3 of cases) without a spe-
cific age.

Its etiology is unknown, although most cases are de novo and 
to a lesser extent develop from residual epithelial tissue to dental 
development such as ameloblastoma or odontogenic cyst.

The diagnosis is often difficult and is based on histopathologi-
cal characteristics.

Clinical case

26-year-old man, in 2016 refers 3 years progressive growth in 
the right half of face indicating CT of the temporomandibular joint 
with evidence of odontogenic cyst that compromises the angle, as-
cending branch, mandibular condyle and right coronoid process of 
the mandible, drainage was performed.

By 2019 the lesion associated with pain and swallowing limita-
tion reappears (Fig. 1). The CT sean of the temporomandibular joint 
where a predominantly cystic tumor mass with an over-aggregated 
lytic process is observed affecting the angle of the right side of the 
mandible as well as posterior dental structures of the lower jaw. 
The biopsy reported involvement of ameloblastic carcinoma with 
associated tumor necrosis.

Bone scintigraphy with SPECT and fusion image with CT scan 
as extension study is indicated, showing right mandibular lesion 

with peripheral increase uptake and low-uptake center, with no 
evidence of metastatic lesions (Figs. 2, 3 and 4).

Discussion

Ameloblastic carcinomas are usually aggressive entities with 
significant local involvement, recurrent and metastatic to cervical 
lymph nodes, lungs, bone, liver and brain [1, 3].

The diagnostic images allow an adequate initial staging prior 
to surgical treatment, allowing better planning [3, 4].

Figure 1. Physical examination of the patient with evidence of a large 
mass in the right half of the face
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CT or MRI allows to improve locoregional staging with the dif-
ficulty of evaluating disease at a distance; for this reason, in recent 
years have been used the 2- [18F]-FDG PET/CT as a study for initial 
staging and monitoring, because hypermetabolism is found in the 
primary lesion and metastatic sites.

Bone scintigraphy with [99mTc] Tc-MDP allows the exclusion 
of metastatic bone lesions, especially when the primary tumor 
has an early spread. However, it has a limited role in lytic lesions that 
are reflected as photogenic areas which are associated with oste-
onecrosis, hypovascularity and aggressive tumor invasion.
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Figure 3. Single photon emission computed tomography (SPECT) image of the skull evidenced a lesion described in the right mandibular region

Figure 4. Single photon emission computed tomography (SPECT) image of the skull with CT fusion locating lytic lesion in the right mandible angle 
with extension to dental structures

Figure 2. Whole body bone scintigraphy shows an area of peripheral 
increase uptake and a low-uptake center can be seen in the right 
mandibular region, also to the right glenohumeral joint has an increase 
uptake that when interviewing the patient refers to trauma at this level 
being considered of inflammatory origin
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Abstract

We reported 99m-Tc phytate accumulation in the pyelocalyceal system of the kidney in the lymphoscintigraphic images of a 3.5 
months-old male infant with chylous ascites, which was mistaken with the site of lymph leakage. SPECT/CT localized activity 
in the para-aortic region to the renal pelvis and on delayed images, this was disappeared. Our case illustrates the added value 
of SPECT/CT for the differentiation of possible false-positive findings in lymphoscintigraphy.
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Introduction

A lymphoscintigraphy can demonstration chyloperituneum and 
localize the chyle leakage focus, which enables the surgeon to 
establish a suitable operative plan for the injured lymphatics. In all 
cases, it is important to recognize pitfalls to prevent misinterpreta-
tion. Herein, we representation a momentous pitfall, that has been 
resolved by SPECT/CT and has not been mentioned hitherto in 
the literature.

Case report

A 3.5 months-old male infant with a history of esophageal 
atresia and repaired imperforate anus, presented with slowly pro-
gressive abdominal distention. Because the ascites was chylous in 
nature, the patient was referred to our nuclear medicine department 
to identify the possible primary site of chylous leakage.

Planar and SPECT/CT images from the thoraco-abdominopel-
vic region were performed 20 and 120 minutes after 2mCi subcuta-
neous injections of 99m-Tc phytate (in two divided aliquotes, 0.2 mL 
for each injection) in thighs. A dual-head variable angle gamma 
camera (GE healthcare) with LEHR (low energy high-resolution) 
collimator (using 99m-Tc photopeak with 20% window) was used 

for imaging. The planar images showed a focal zone of activity 
on the right side of the paravertebral region (plane A in Fig. 1); 
which was compatible with the right pyelocalyceal system in the 
SPECT/CT adjacent to the 12th thoracic and 1st lumbar vertebrae 
(plane B in Fig. 1), while, we were wrong with the site of lymph 
leakage on planar images. 

Delayed lymphoscintigraphic images of the thoraco-abdomin-
opelvic region were also performed 2 hours post-injection with the 
same imaging protocol. The activity disappeared (Fig. 2). 

Discussion

99m-Tc phytate is commonly used for liver and spleen scan 
and sentinel node mapping of many solid tumors [1–3]. Besides, 
lymphoscintigraphy with 99m-Tc phytate can demonstratie chylo-
perituneum and can be used to evaluate the site of leakage in 
chylous ascites, which is very hard to localize by a conventional 
imaging modality like computed tomography (CT) scan [4–8]. 
Renal excretion of this radiotracer (most likely due to renal excre-
tion of a 99m-Tc phytate metabolite), can cause a misdiagnosis on 
lymphoscintigraphy images [1, 9].

Our case showed a focal area of activity on the right side of the 
paravertebral region that was interpreted as a possible site of chyle 
leakage. This focal activity was confined to the right pyelocalyceal 
system by SPECT/CT. Our case showed the role of SPECT/CT in 
resolving the diagnostic interference of normal biodistribution of 
the 99m-Tc phytate, which can be misleading in the interpretation of 
the lymphoscintigraphy images. 
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Figure 1. A. Whole-body Planar images in anterior and posterior view. 
The suspicious focus for the site of the leak (black arrow) was seen in 
the right paravertebral region. B. SPECT/CT axial, coronal, and sagittal 
images confirm the focal activity to the right pyelocalyceal system 
(white arrow)

Figure 2. Delayed whole body Planar images in anterior and posterior view. The activity disappeared (arrow), but inguinal lymph nodes remained 
on both sides. Two foci of activity in the right injection site are due to patient movement during image acquisition (arrowhead)
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Abstract

Fever of Unknown Origin (FUO) is a vexing clinical problem. Diagnosis of aetiology is essential for definitive management. 
A wide array of infective, inflammatory, malignant and miscellaneous pathologies can cause FUO. Hybrid imaging with 
18F-Fluorodeoxyglucose (18F-FDG) positron emission tomography-computed tomography (PET-CT) is now an integral part of 
FUO management because of its ability to demonstrate the cause in a large proportion of cases.  The authors present the case 
of a 42-year-old male, where an infected fistula-in-ano was detected as the cause of FUO on 18F-FDG PET-CT.

Key words: FUO; FDG; PET-CT; fistula-in-ano
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A 42-year-old male presented at the hospital with complaints of 
multiple episodes of low to moderate grade fever for the past 
6 months. The fever subsided either spontaneously or with empirical 
antibiotic therapy. He was hypertensive but had no other known 
comorbidity. The episode this time was for 7-day duration, with 
peak fever of 101oF. There were no localising symptoms. Clinical 
examination was unremarkable. Blood parameters were all nor-
mal, except for a mild neutrophilic leucocytosis (Total leucocyte 
count-12.000/mL; 91% Neutrophils) and raised C-reactive protein 
(25 mg/L). 18F-Fluorodeoxyglucose (18F-FDG) positron emission 
tomography-computed tomography (PET-CT) (Fig. 1) was done 
to localise the cause of fever. Maximum intensity projection (MIP) 
PET images (A) showed focal increased radiotracer uptake in lower 
pelvis in the midline (arrow), apart from left renal pelviectasis (broken 
arrow). Sectional CT and PET-CT (B-G) images showed an 18F-FDG 
avid tract (arrow) extending from the anal sphincter to perianal 
skin posteriorly in the midline in subcutaneous plane, with some 
fat stranding around the distal part (SUV max 9.1). Findings sug-
gested an infected fistula-in-ano. Subsequent local examination 
revealed no definite cutaneous opening of fistula but a focal scar 

in this region and mild tenderness. On anoscopy, small internal 
haemorrhoids were seen. Also noted was the internal opening of the 
fistula. The patient was started on antibiotics and became afebrile. 
Magnetic resonance imaging (MRI) was performed later which 
confirmed infra-levator translate-sphincteric fistula and underwent 
surgery for the same.

Fistula-in-ano is an abnormal communication between the anal 
canal and the perianal skin. It originates in anal glands, which when 
blocked and infected form an abscess which then opens into the 
adjacent skin, forming a fistula. The patients usually present with 
discharge, pain, tenderness and at times fever. Diagnosis is made 
with clinical examination and anoscopy, while MRI is the best 
modality for mapping the fistula tract before surgery, which is the 
treatment of choice. 18F-FDG PET-CT is now an integral part of FUO 
management for localising the cause. Because of the non-specific 
nature of 18F-FDG, it is taken up by leukocytes as well as malignant 
cells, thereby allowing demonstration of a wide range of malignant, 
infective and inflammatory diseases which could present with FUO. 
In the present case, an infected fistula-in-ano was demonstrated 
as the cause of fever.
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Figure 1. Images from a computer tomograph



33

Nuclear Medicine Review 2021, 24, 1: 33–34
DOI: 10.5603/NMR.2021.0008
Copyright © 2021 Via Medica

ISSN 1506–9680

www.journals.viamedica.pl/nuclear_medicine_review

Clinical 
vignette

Correspondence to: Ivan Jurić,  
Ulica Kralja Tvrtka bb, 88000 Mostar,  
BiH +38736341972, vnjuric5@gmail.com

Papillary thyroid carcinoma  
in a hyper-functional thyroid nodule
Ivan Jurić●iD, Ana Mijatović●iD, Damir Rozić●iD, Joško Petričević●iD
Sveučilišna Klinička Bolnica Mostar, Bijeli Brijeg bb, 88000 Mostar, Bosnia and Herzegovina

[Received 8 X 2020; Accepted 18 XII 2020]

Abstract

The authors reported the case of 69 years old woman presented with subclinical hyperthyroidism. 99m-Tc pertechnetate scan 
showed the abnormal focus of hot uptake in the left lobe, suggestive of a hyperfunctioning toxic thyroid nodule. Surgical 
treatment was advised because of the size of the nodule as a more applicable solution. Histological findings showed papillary 
thyroid carcinoma.

Key words: papillary thyroid carcinoma; hot nodule; carcinoma of the thyroid
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Introduction

A toxic adenoma is a thyroid solitary node that produces and 
secretes increased amounts of the hormones thyroxine and trii-
odothyronine and causes hyperthyroidism. Clinically, the most com-
mon finding is a palpable node that appears hot on the scintigram 
with radioiodine or technetium pertechnetate, while the remainder 
of thyroid parenchyma is suppressed and faintly visible. The hot 
nodule is very unlikely to be malignant, and less than 1% of them 
are reported to harbour malignancy. 

Case report

A 67-year-old women came to the clinic in 2017 and presented 
with heat intolerance and palpitations. She had a past medical 
history of arterial hypertension and atrial fibrillation. There was no 
previous history of neck radiation. 

Physical examination revealed an enlarged left thyroid lobe with 
no associated lymphadenopathy. Her pulse rate was 90 BPM. She 
had no tremor, sweaty palms or eye signs. 

Thyroid hormones were in the reference range. Thyroid 
ultrasonogram showed a hypoechoic, large, dominant nodule, 
occupying almost the entire left thyroid lobe (size 37 mm x 
36 mm x 25 mm) which was sharply delineated from the rest of 
the parenchyma. USG also showed two 5-mm hypoechoic nod-
ules in right thyroid lobe. There was no calcification or cervical 
lymphadenopathy. 

99m-Tc pertechnetate scan showed the abnormal focus of hot 
uptake in the left lobe, suggestive of a hyperfunctioning toxic 
thyroid nodule (Fig. 1). Considering the normal range of thyroid 
hormone, the follow-up hormone control in 6 months was advised. 
On follow-up visit she made thyroid hormones, TSH was sup-
pressed 0.132 (normal: 0.35-4.94) while fT3 and fT4 were in the 
normal range. 

Ultrasound showed an increase in nodal dimension and a fine 
needle aspiration cytology (FNAC) was made. Considering her new 
symptoms such as weight loss and insomnia, a therapy was intro-
duced, thiamazole 5 mg daily.  

Figure 1. Abnormal focus of hot uptake in the left lobe
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Because the node was growing and narrowing trachea, surgical 
treatment was advised as a more applicable solution. Subsequently, 
the patient brought the result of an FNAB which showed some 
peripheral blood and a few macro thyrocytes (Bethesda I).

With thyrostatic therapy, she became euthyroid and decided 
for thyroid surgery — total thyroidectomy.

A month later, she brought a histological finding. Histological 
examination revealed multiplicated follicles of the eosinophilic 
cytoplasm inside the thyroid tissue, nuclei of the appearance 

of ground glass with focally visible intranuclear inclusions cre-
ating an image of the papillary carcinoma-oncocytic variant. 
There was no clear penetration or infiltration of the surrounding 
parenchyma. 

After seeing the histological findings, the patient prepared for 
therapy with 50 mCi I-131. Increased accumulation of radiopharma-
ceutical in the thyroid bed, suggesting thyroid remnant, was visible 
on the post-treatment scintigrams. No distant metastases were 
seen.
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Coronavirus disease 2019 (COVID-19) most often presents with 
mild symptoms, but it can also present with viral pneumonia and 
acute respiratory distress syndrome, which predispose to throm-
boembolic disease.  There is an increasing number of case stud-
ies which report the significance of ventilation/perfusion scintigraphy 
in the diagnosis of pulmonary embolism in COVID-19 patients [1, 2]. 
Since most of the patients in Poland were managed in an outpatient 
setting, this population has been excluded from many studies and 
its characteristics are not well-documented. Dhawan et al. [3] 
emphasize the importance of the evaluation of the prevalence and 
extent of perfusion abnormalities in survivors of COVID-19 through 
the whole spectrum of illness, from non-hospitalised patients to 
those in the intensive care unit (ICU).

We report a case series of three patients after recovery from 
COVID-19, who underwent lung perfusion SPECT/CT. Scintigraphic 

examinations were performed after administration of 99mTc-Mak-
ro-Albumon with an activity of about 2 MBq/kg of patient’s body 
weight. All patients were examined using Symbia Intevo Bold 
with a protocol including SPECT/CT acquisition with the following 
parameters: LEHR collimator, 360 degrees, 120 projections, time 
per projection 15 sec, matrix 128x128; low-dose CT protocol. The 
examinations were performed to assess lung lesions in these pa-
tients. All patients were diagnosed through RT-PCR for SARS-CoV2 
and were presenting mild-to-moderate symptoms. Treatment 
was symptomatic, including paracetamol and ibuprofen in all 
patients and additional azithromycin in case of  Patient 1. None of 
them required hospitalization.

Data and perfusion SPECT/CT findings of the patients are 
presented in the Table 1 below. Figure 1 and 2 show SPECT/CT 
findings of Patients 1 and 3, respectively.

Table 1. Data, symptoms and lung perfusion SPECT/CT findings of three patients

Age [years] Sex COVID-19 
symptoms

Time from RT-
PCR results to 

SPECT/CT 
examination

CT findings Lung 
perfusion

Patient 1 65 Male Tiredness, fever for 

a week with maximum 

38,7°C, loss of appetite, 

headache, dry cough

4 weeks Multilobar consolidative 

opacities with mostly subpleural 

distribution, reticular bronchial 

adhesions with traction 

bronchiectasis

Preserved

Patient 2 40 Male Tiredness, fever for 5 

days with maximum 

38.0°C, dry cough

5 weeks Subpleural reticulations with 

posterior distribution in both lungs

Preserved

Patient 3 40 Female Tiredness, fever for 5 

days with maximum 

39.0°C, headache, dry 

cough

5 weeks Discrete, bilateral ground-

glass opacification (GGO) with 

a posterior distribution

Preserved
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Figure 1. Lung perfusion SPECT and CT transverse slices show 
preserved perfusion and consolidative opacities in Patient 1

Even though these patients present different pulmonary 
involvement in the unenhanced CT scans, the perfusion of all 
three patient was preserved, which excludes clinically significant 
perfusion deficit. In another series of cases, Cobes et al. [1] report 
that the areas affected by COVID-19 were most often responsible 
for ventilatory anomalies with a relatively preserved perfusion. In 
more serious cases of pneumonia, both perfusion and ventilation 
were reduced. 

Reports about the prevalence of the thromboembolic disease 
among non-hospitalised COVID-19 patients have been published 
[4, 5], however, the extent to which there is a risk of hypercoagulabil-
ity in the outpatient setting is still poorly-documented. Dhawan et al. 
[3] propose a follow-up strategy to evaluate residual clot burden, 
with perfusion imaging as a key triage tool, which can help to un-
derstand the different characteristics of the ventilatory and perfusion 
patterns related to COVID-19 pneumonia and can be important in 
the future to evaluate long-term outcomes of this disease.

Figure 2. Lung perfusion SPECT and CT sagittal slices show 
preserved perfusion and GGO in Patient 3
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Letter  
to Editor

In memoriam  
– Prof. Anna Celler

Dear Colleagues,

We are very sad to inform you of the recent passing on 24 De-
cember, 2020, in Vancouver, Canada of prof. Anna Celler – a friend 
of Polish Nuclear Medicine, and a wonderful person and beautiful 
woman. Anna was generous, enthusiastic about life and science, 
and a loving wife, mother of two children and grandmother of five 
grandchildren.

Anna was very much a people person and a message to col-
leagues from her two children Peter and Katherine (Kasia) following 
her passing perhaps summarises this aspect best:

“As you probably know, people were the most important thing to 
Anna. I almost never heard her speak about publications or experi-
mental results, but she frequently recounted anecdotes involving her 
collaborators, colleagues, and students. Anyone who worked in, or 
closely with, the MIRG (Medical Imaging Research Group) would 
know about how she insisted on hosting annual Christmas par-
ties and summer BBQs at her home, and I know she always wanted 
my sister and I to attend with our children as well, so that she could 
introduce her group to her family, and vice versa. In fact, I believe 
her students were her greatest source of professional pride. Their 
new positions, achievements, and accolades were the first thing 
she would point to when asked about her career”.

Anna was a professor in the Department of Radiology at the 
University of British Columbia (UBC) in Vancouver, Canada. She 
was also the founder and Head of the Medical Imaging Research 
Group (MIRG), associated with the Vancouver Coastal Health 
Research Institute, an Adjunct Professor at the Department of 
Mathematics, Simon Fraser University and an Associate Member 
at the Department of Physics and Astronomy, UBC. Her main 
expertise was in nuclear and medical physics, quantitative and 
dynamic image reconstruction and analysis, dosimetry for radionu-
clide therapies, cyclotron production of medical radioisotopes and 
use of sophisticated mathematics in different aspects of imaging. 
She was the author of more than 350 peer-reviewed articles, ab-
stracts and book chapters and served on many committees and 
review boards. During her career, she was awarded more than 
12 million dollars in research funding as principle or co-investigator. 

Anna served as a strong mentor for many students. She supervised 
or co-supervised 15 postdoctoral fellows, 16 PhD and 15 MSc 
students.

In 2018, Anna was recipient of the Canadian Organization of 
Medical Physicists (COMP) Gold Medal Award. It is the highest 
award given by COMP in recognition of an outstanding career and 
significant contributions to the field of medical physics in Canada. In 
particular, the Gold Medal recognizes leadership in medical physics, 
and is awarded for adding knowledge which alters the practice of 
medical physics and has an outstanding influence on the profes-
sional development and careers of medical physicists in Canada. 

Anna’s academic career began in Warsaw, Poland. In 1974 she 
received her MSc in nuclear physics and in 1980 her PhD in 
nuclear physics from the University of Warsaw. She then spent 
several years in various research laboratories in Poland, Finland 
and France. In the summer of 1984, Anna, with her husband 
Zbigniew (also physicist) and son, immigrated to Vancouver. She 
start working at TRIUMF – Canada’s particle accelerator center 
with the Charge Exchange Group using high-energy spectros-
copy to investigate spin and isospin excitations of the nucleus. 
In 1991 she entered the realm of medical physics and joined the 
nuclear medicine department at the Vancouver General Hospital. At 
the same time she founded the Medical Imaging Research Group 
(MIRG) – a team of physicists, mathematicians and computer sci-
entists working in collaboration with medical personnel to provide 
scientific support for diagnostic nuclear medicine imaging and for 
radionuclide therapies.

Anna devoted most of her professional life to exploring diag-
nostics and internal radionuclide therapy from the physicist’s per-
spective. Curiosity and passion inseparably motivated her to 
deeply investigate various aspects of dosimetry. As new applica-
tions of medical isotopes appeared, Anna took up the challenge of 
understanding and describing the influence of the physical char-
acteristic of the isotope decay emissions on the quality of SPECT 
or PET images and on therapy planning. None of the medical 
radionuclides, among them rhenium-188, gallium-67, indium-111, 
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and, in recent years also yttrium-90 and lutetium-177, held any 
secrets from her. Of note is Anna’s input into the development of 
technetium-99m production using a cyclotron. This was pioneer 
research initiated when shortages in nuclear reactor-produced 
molybdenum-99 forced scientists to search for alternative meth-
ods for obtaining technetium-99m. In a cyclotron, technetium-99m 
can be made by bombardment of molybdenum (enriched in mo-
lybdenum-100) with a proton beam, causing the transmutation of 
some of the molybdenum-100 nuclei into technetium-99m. Anna 
and her collaborators demonstrated that the yields of techne-
tium-99m using this method are sufficient, so that even medical 

cyclotrons designed to produce PET radionuclides can produce 
sufficient quantities of technetium-99m to meet local needs, as she 
described in an interview for Physics World (https://physicsworld.
com/a/cyclotrons-could-boost-technetium-supply/). This ground-
breaking work paved the way to implementation of the cyclotron 
production method, its radiopharmaceutical validation, and, 
ultimately, the approval of cyclotron-produced technetium-99m 
for human use. 

Anna’s broad interests in the field of dosimetry resulted in 
a number of scientific papers and practical solutions for dosimetry 
problems. With her vast experience she became an internationally 
recognized expert. Within the scope of her international activity one 
notable contribution is MIRD Pamphlet No. 26: Joint EANM/MIRD 
Guidelines for Quantitative 177Lu SPECT Applied for Dosimetry 
of Radiopharmaceutical Therapy. This document pointed out 
that the accuracy of absorbed dose calculations in personalized 
internal radionuclide therapy is directly related to the accuracy of 
the activity (or activity concentration) estimates obtained at each 
of the imaging time points. The guidelines outline data acquisition 
protocols and image reconstruction techniques recommended 
for quantitative lutetium-177 SPECT imaging in order to reach 
that accuracy. 

Working in close proximity and cooperation with clinical de-
partments, she focused her efforts on making the life of nuclear 
medicine physicians easier. That was the stimulus and background 
for the development of an internal dosimetry software package 
which provided an assortment of tools for every step in the dose 
calculation process, eliminating the need for manual data transfer 
between various programs. The software saved time and minimized 
user errors, while offering a versatile method of efficiently perform 
patient-specific internal dose calculations in a variety of clinical 
situations. This software package was developed by Anna and 
her MIRG group at UBC, Vancouver. Not everyone knows that it 

Anna Celler and her first PhD student Glenn Wells – after the COMP Gold Medal 
Award ceremony on 14 September, 2018, Montreal

XVI Polish Society of Nuclear Medicine Symposium, Szczecin 23–26 May, 2018, Dosimetry Workshop
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was then licensed by UBC to the company ABX-CRO of Germany, 
which turned it into the commercially-offered dosimetry tool called 
QDOSE. Nowadays QDOSE constitutes an important support for 
nuclear medicine departments in their routine dosimetry assess-
ments, for example in patients under peptide receptor radionuclide 
therapy. 

It was Anna’s dream to share her knowledge and experience 
with clinical teams worldwide, particularly in Poland. She gave 
lectures at the biannual meetings of the Polish Society of Nuclear 
Medicine and was involved in several projects with the Polish 
Nuclear Medicine departments. The last time she visited Poland 

was on the occasion of the Dosimetry Workshop organized during 
the XVI Polish Society of Nuclear Medicine Symposium in Szczecin.

During this workshop, she taught us the basics of dosimetry. 
In our discussions the need arose for deeper insight into the opti-
mization of radiation doses delivered within the mixed lutetium-177 
and yttrium-90 therapy of neuroendocrine tumors. Notably, for that 
purpose the QDOSE software package could be utilized. Both the 
vision and the appropriate tools for its fulfillment – that is the legacy 
that Anna has left for us. She would be happy to see that we make 
good use of it, with a sincere smile on her face – that is how we 
will remember her. 

Bożena Birkenfeld
Renata Mikołajczak
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