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Clinical PET/CT is a well-known useful tool for the in vivo
noninvasive quantitative imaging of physiologic and path-
ologic processes [1]. Actually, the key role of PET/CT in
cancer staging and therapeutic responses to personalized
treatments is well established; it is an essential imaging
modality not only in oncology but also in neuroscience
and in all the applications of molecular imaging. In recent
years, there have been multiple advances in PET/CT scan-
ners: new hardware, software, and acquisition methods to
improve image quality [2]. Nevertheless, till now PET de-
tectors have been mainly based on photomultiplier tubes
(PMT), which have well-known advantages but also sev-
eral limitations that affect, in particular, small lesions de-
tection [3]. The introduction of digital detectors in PET/CT
scanners may represent an important improvement in this
diagnostic technology [4].

In this issue of EJNMMI, Lopez-Mora et al. [5] present a
step forward in this field, comparing image quality and lesion
detection capability between a digital (d) and an analog (a)
PET/CT system in 100 patients with oncologic diseases who
were prospectively included in this study. The patients con-
secutively underwent a single day, dual imaging protocol (d
and aPET/CT) after a i.v. injection of either FDG or
fluorocholine. The first PET/CT was performed 60 min after
the i.v. injection of the radiopharmaceutical, and the second
imaging dataset was acquired with a mean time delay of 50
± 14min. In the patients referred for an initial assessment (n =

58), the dPET/CT was performed first, while in the patients
who were evaluated for therapy monitoring, the aPET/CTwas
firstly acquired. Three nuclear medicine physicians evaluated
image quality using a 4-point scale (−1, poor to 2, excellent)
and detection capability by counting the number of lesions
with increased uptake of the radiopharmaceutical. In 54% of
patients, dPET/CT allowed a better image quality than aPET/
CT; in the remaining 46 patients, image quality did not signif-
icantly differ between both devices. Regarding lesion detec-
tion capability, dPET/CTwas able to visualize lesions in three
patients in whom the a system resulted negative; moreover, in
19 out of 80 cases which were positive at aPET/CT imaging,
the dPET/CT detected more lesions. In these 22 patients, all
the lesions visualized only by means of the dPET/CT were <
1 cm in size: eight were in the lungs, eight in lymph-nodes, six
in the liver, four in bones, and one in seminal vesicles, in the
breasts and in the skin, respectively. It is worth noting that
dPET/CT changed staging in 32% of these patients (7 out of
22).

In the same group of 100 oncological patients, another
recent study was conducted to assess whether dPET/CT im-
pact on the quantification of SUVmax in target lesions (the
most metabolically active in each case) and in reference re-
gions (liver and mediastinal blood pool) in comparison to
aPET/CT [6]. The findings of this paper indicate that
SUVmax of the target lesions and mediastinal blood pool
measured by the d system were significantly higher than with
those obtained by the a one, whereas liver mean SUVmax did
not differ between the two devices. These results were obtain-
ed in the patients in whom aPET/CTwas performed first, and
in those in whom dPET/CT was acquired first. This is an
interesting issue, considering the impossibility of doing both
studies at the same time, and so the influence of delayed in-
creased radiopharmaceutical uptake cannot be excluded.
These results suggest that the d scanner has higher sensitivity
than the a system, and this feature has to be taken into account
in daily clinical practice before interchangeable use of either
PET/CT scanner in patients’ follow-up studies.

This Editorial Commentary refers to the article https://doi.org/10.1007/
s00259-019-4260-z.
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In an initial study on dPET/CT [7], a prototype was used in
21 oncological patients and compared with an aPET system
with time-of-flight (TOF). Two experienced nuclear medicine
physicians firstly reviewed the two PET datasets separately
for overall image quality on a 4-point scale (1, poor to 4,
excellent), and then compared the two datasets side by side
for lesion conspicuity, sharpness, and diagnostic confidence
using a 5-point scale (1, much worse to 5, much better), all
aware of the scanner type. Six patients were at staging/initial
diagnosis and 15 at restaging; the time delay between start of
aPET and digital dPETwas 22.6 + 12 min. The overall image
quality was scored higher with dPET (median 4) than with
aPET (median 3). In a visual side-by-side comparison, lesion
conspicuity, lesion sharpness and diagnostic confidence re-
sulted better for dPET with respect to aPET. Moreover,
dPET was able to identify all the lesions seen by aPET, and
to detect eight additional positive sites in five out of 21 pa-
tients, leading to upstaging in two patients evaluated for initial
staging. It is worth nothing that these additional lesions had a
median size of 0.5 cm (range, 0.5–0.9 cm), with a SUVmax of
1.0 (range, 0.8–2.2) for aPET and 1.5 (range, 1.2–3.4) for
dPET. Based on these results, the study conclusions were that
dPET in oncological patients, providing better image quality,
diagnostic confidence, and accuracy than aPET, may be most
beneficial in detecting and characterizing small lesions and in
disease staging by contributing to upstaging.

The same authors recently reported a comparison in tumor
volume delineation between dPET and aPET [8]. In the 11
patients included in the final analyses showing FDG avid le-
sions greater than physiologic liver uptake, the median size of
the 24 measured sites was 1.6 cm. The lesion volume at dPET
was smaller at both 35% SUVmax and 50% SUVmax thresh-
olds compared with that of aPET, with a mean difference of
−3680.0 mm3 at 35% SUVmax and − 835.3 mm3 at 50%
SUVmax. The smaller volume definition and the improved
lesion conspicuity and sharpness of dPET allow this device
to be more accurate in tumor rendering compared with aPET,
not only for radiotherapy planning but also in prognostication
and treatment monitoring. These findings open new perspec-
tives for dPET in tumor quantification and characterization.

The physical performance of two PET systems [9], one
based on new-generation detectors of digital silicon
photomultipliers (SiPM) and the other one with PMT and
TOF, were evaluated using NEMA NU 2 (published by the
National Electrical Manufacturers Association (NEMA)), pro-
vided by the vendor for each PET/CTscanner, allowing repro-
ducible and accepted measurement standards for evaluating
the physical performance of PET systems [10]. The SiPM-
PET/CT demonstrated higher sensitivity, better performance
under high count-rate conditions and better image quality than
the conventional PMT-PET/CT system. These findings sug-
gest that better-quality images might be achieved under rou-
tine scanning schedules with dPET/CT, thus enabling

shortening acquisition time or reducing radiotracer dose.
With a substantial decrease in patient exposure to radioactiv-
ity, we have an opportunity to utilize PET more broadly in
non-oncologic applications, such as neuroscience, cardiovas-
cular disease, and infection-inflammation imaging. All these
benefits are very synergistic with the development of new
PET radiopharmaceuticals or new applications for existing
radiotracers.

A recent study has evaluated the performance of a new
dPET/CT, with SiPM-based detectors with 3.2-mm lutetium
oxyorthosilicate (LSO) crystals and full coverage of the scin-
tillator area [11]. Spatial resolution, sensitivity, count-rate per-
formance, accuracy of attenuation and scatter correction, TOF
performance, and image quality have been determined.
Measurements were directly compared to results from its
aPET/CT predecessor, using existing literature. The dPET
outperforms the aPET in every NEMA test: it shows a trans-
verse (resp. axial) spatial resolution of 3.7 mm (resp. 3.8 mm)
at 1 cm offset from the center of the field of view (measured
with a FDG source), compared to 4.3 mm (resp. 4.3 mm)
shown by the aPET. Furthermore, an increase in sensitivity
of 70.3%, a 65% higher peak noise equivalent count-rate,
and a higher contrast recovery were reached with respect to
the aPET; the timing resolution improved from 540 ps on the
aPET to 210 ps on the dPET.

A pilot study [12] had compared semi-quantitative mea-
surements between d and aPET/CT in 50 patients included
for initial diagnosis and/or staging (n = 9), or subsequent
treatment strategy (therapy monitoring, restaging and de-
tection of suspected recurrence, n = 41). Standard aPET/
CT images were acquired 43.3 ± 112.6 min (mean ± SD:
64.4 ± 13.5) after FDG injection; dPET/CT scans started
at 71.2 ± 142.2 min (mean ± SD: 102.1 ± 17.4 min) after
radiopharmaceutical administration, with a delay time be-
tween beginning of aPET/CT and dPET/CT of 17.5 ± 75.1
(mean ± SD: 37.7 ± 13.9). Images were reviewed and ana-
lyzed independently by two blinded nuclear medicine phy-
sicians. The dPET/CT was able to visualize all the 107
lesions seen by the standard aPET/CT, and 37 additional
lesions in 14 out of 50 patients, indicating that it is more
sensitive and can better detect smaller lesions. As a matter
of fact, the SUVmax measurements for the 107 lesions
were higher on dPET/CT compared with aPET/CT, and
not correlated to the acquisition delay of dPET data.

The influence of acquisition time on image quality in a
dPET/CT scanner has been recently reported in a group of
58 subjects with cancer [13]. PET datasets were acquired in
list mode, then they were reprocessed to produce these sets of
sinograms: 30, 60, 90, and 120 s per bed. The reference stan-
dard acquisition time was 180–210 s per bed, depending on
the patients’ body mass index (BMI). Two experienced nucle-
ar medicine physicians reviewed blindly all PET reconstruc-
tions for image quality, that was rated using a 5-point scale (1,
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non-diagnostic to 5, excellent) in which a score of 3, 4, or 5
was considered to provide diagnostic value. The average
scores ± SD of the readers were 2.61 ± 0.83, 3.70 ± 0.92,
4.36 ± 0.82, 4.82 ± 0.39, and 4.91 ± 0.91 for the 30, 60, 90,
and 120 s/bed and at standard acquisition time, respectively.
These findings suggest that, even in a patient population with
average BMI > 25, images can be acquired as fast as 90 s/bed
using the dPET/CT and still result in very good quality (aver-
age score > 4).

Because the resolution and quantitation accuracy of tracer
uptake in PETare highly influenced by several factors, includ-
ing the reconstruction method, Lindström et al. [14] have
assessed the performance of a new penalized-likelihood re-
construction algorithm and its impact on image quality and
SUV measurements on a TOF dPET/CT scanner. Data from
whole-body FDG PET/CTscans of 11 patients were examined
(8 oncologic and 3 patients studied because of suspected in-
flammatory disease). Two nuclear medicine physicians visu-
ally analyzed image quality, blindly rating several aspects;
moreover, noise level, signal-to-noise ratio (SNR), signal-to-
background ratio (SBR), and SUV were evaluated. When
compared with the standard nonregularized ordered-subsets
expectation maximization (OSEM) reconstruction,
penalized-likelihood reconstruction algorithm allowed an in-
creased tumor SUVmax and an improved SNR and SBR at a
matched level of noise. Furthermore, the findings of this study
suggest that the acquisition time can be reduced from 3 to
2 min/bed position when penalized-likelihood reconstruction
is used instead of TOF OSEM, with a mean saving of 5 min
for a PET scan of 5 bed positions.

The clinical implication of using the above cited recon-
struction algorithm on image quality in a dPET/CT scanner
has been studied in 45 patients undergoing FDG imaging for
initial lung cancer staging [15]. The quality of each recon-
structed image dataset was evaluated by two readers using a
5-point scale (1, poor to 5, excellent); thereafter, the same
persons scored the images for sharpness and lesion conspicu-
ity by means of another 5-point Likert scale. Quantitative
imaging analysis was made by a third reader in a separate
reading session: the SUVmax of each primary lung tumor
was recorded using a standard volume of interest (VOI) tool;
then, background SUVs were assessed in the right liver lobe
(parenchymal organ background) and within the descending
aorta (bloodpool background) at the level of the carina, with
spherical VOIs. The reconstruction algorithm used allowed to
obtain, when compared to OSEM, higher SUVmax of lung
tumors up to +28%, and higher SBR and contrast-to-
background ratio of lung tumor, and higher SNR and
contrast-to-noise ratio. This increased quantitative accuracy
led to a better image quality, image sharpness, and tumor
lesion conspicuity, with significant clinical implications.

The compliance of a dPET/CT system to the EANM
Research Ltd. (EARL) accreditation specifications for tumour

imaging with FDG has beeen reported in a phantom study
using a NEMA NU2-2001 image quality phantom with six
fillable spheres [16]. According to the EANMguidelines. PET
using digital photon counting technology meet EARL stan-
dards when using an OSEM reconstruction with 4 × 4 ×
4 mm3 voxels, no point spread function modelling and includ-
ing a Gaussian post-smoothing filter of 2–4 mm. These pa-
rameters are important for using dPET/CT scanners in nuclear
medicine research and multi-centre studies.

The reduction of FDG dose in clinical PET imaging by
using SiPM detectors was assessed in 74 patients with differ-
ent oncologic diseases who underwent sequential whole-body
TOF-PET/CT and TOF PET/MR imaging [17]. SiPM detec-
tors, which enable TOF in PET/MR hybrid devices, are more
sensitive than the LYSO crystals of conventional TOF-PET/
CT; therefore, this property can be used to lower the injected
dose of radiopharmaceuticals. In this study, PET image quality
with simulated 60% of the standard injected dose (reduction of
up to 40%) of FDG at TOF-PET/MR imaging with SiPM
detectors was found to be clinically adequate and comparable
to that at standard TOF-PET/CT with LYSO detectors. Thus,
substantially lower radiation doses compared with those at
conventional PET/CT can be achieved in PET imaging with
SiPM detectors.

The above cited articles indicate that dPET/CT technology
is the latest evolution of clinical PETwhich enables advanced
molecular imaging capabilities and supports new opportuni-
ties for personalized nuclear medicine. This system demon-
strates excellent performance characteristics, which lead to
more precise localization of the annihilation events and con-
tribute to reduction in partial volume effect, thus making high
definition PET imaging feasible. This improved image quality
can be used to optimize administered radioactivity and/or scan
duration. In clinical PET/CT imaging, these factors should be
considered and harmonized to generate the best possible im-
age quality and a low radiation dose to the patient as well as
reasonable acquisition times to get a fast workflow. Rapid
PET/CT imaging acquisition might be particularly important
in pediatric patients (reducing anaesthesia or sedation time) or
for sick patients who cannot remain still for long periods.

In the near future, in addition to dPET/CT, the effective
sensitivity of PET could be enhanced by increasing the geo-
metric coverage to encompass the whole body. As a matter of
fact, although the radiopharmaceutical distribution is system-
ic, current PET systems contain only a small portion of the
body within the field of view. For studies in which the entire
body or multiple organs are of interest, the world’s first total-
body PET/CT scanner is currently being constructed to
achieve a sensitivity increase of a factor of about 40 for imag-
ing the whole body [18].

In conclusion, PET image quality has not fundamentally
changed over the last two decades, but now dPET/CT seems
to be a new relevant opportunity not only for this issue, but
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also for improving lesion detectability and diagnostic confi-
dence. How these encouraging initial findings could be trans-
lated rapidly into the patient care paradigm, and improve it, is
a matter for further studies in larger populations. We really
hope that dPET/CT can expand current, and more importantly
open new, translational health-care applications for nuclear
medicine molecular imaging in the study of human disease
as part of the developing vision of precision, personalized,
systems-based medicine [19].
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