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§ Development of whole body imaging tools for…
– Translation of in vitro research to in vivo setting
– Clinical diagnosis

§ Imaging molecular processes, gene expression
– Cancer, cardiovascular disease, dementia etc.
– Including molecular processes associated with immunity

§ Cell tracking
– Immune cell trafficking, transplant medicine, cell based therapy



Zr-89-Oxine
Cu-64

F-18 FDG

Imaging Agents for Whole Body Cell Tracking
MR, PET/SPECT, optical…

I-125,I-123, I-131
TcO4, ReO4
BF4, I-124
luciferase

Reporter gene
Sodium/Iodine Symporter
Thymidine Kinase

Radionuclides (SPECT, PET) have most utility for human use
Sensitivity
Depth penetration
Quantification

Radiolabelled
nanoparticles



Whole body cell tracking…
§ …is	not	new:	routine	in	nuclear	medicine	since	1980s:	gamma	

camera	imaging	of	radiolabelled	leukocytes	to	detect	
inflammation/infection

§ Revolution in	regenerative	medicine/cell	based	therapy	–
stem	cells,	immune	cells,	beta	cells	- requires	revolutionary
cell	tracking

Figure 3. Focal pulmonary uptake in a woman with left lower lung pneumonia. (a) Labeled leukocyte image shows
intense segmental accumulation. (b) Chest radiograph obtained the same day is unremarkable. This pattern is the
exception; in patients with pneumonia, usually both the radiograph and the labeled leukocyte image are abnormal.

Figure 4. Segmental-lobar pattern of pulmonary up-
take in a 15-year-old boy with cystic fibrosis but stable
respiratory status. (a) Labeled leukocyte image shows
intense, multifocal, bilateral pulmonary uptake.
(b) Chest radiograph demonstrates diffuse fibrotic
changes, large bronchiectatic cavities, and airspace in-
filtrates. (c) CT scan shows a honeycomb pattern with
severe bronchiectatic changes. The chest radiograph
and CT scan were unchanged from previous images.
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111In-labelled leucocytes: Focal pulmonary uptake in left lower 
lung pneumonia. Love et al. Radiographics 2002

• Autologous leukocytes isolated from 
patient’s peripheral venous blood

• Labelled with 111In (gamma emitter, 
half life 2.8 days) using oxine
complex

• Lipophilic metastable complex 
enters cells passively, dissociates, 

• 111In3+ binds to intracellular 
macromolecules

• Cells re-injected
• Image typically 3 h and 24 h



Imaging human autologous eosinophils in asthmatics

99mTc-labelled purified eosinophils; 30 min dynamic SPECT scan

New (human) application of old methods

Allergen Challenge 
+ SteroidsAllergen Challenge No Allergen challenge

Lukawska, Mullen, Corrigan et al JACI, 2013
Similar human study now underway with purified CD4+ T cells

Lung…
…liver

Lung…
…liver/spleen

Lung…
…liver/spleen

Neutrophils

Eosinophils

1 min 5 min 15 min 25 min 120 min

Lung

Liver Spleen

Neutrophils

Eosinophils

• Eosinophils clear	from	normal	lung	
much	faster	than	neutrophils

• Steroid	treatment	reduces	delay	in	
clearance	of	eosinophils from	lung	
caused	by	allergen	challenge

delayed	lung	clearance



Next generation cell tracking
§ Revolution in	regenerative	medicine/cell	based	therapy	– stem	cells,	immune	cells,	beta	cells… -

requires	revolution	in	cell	tracking:
• Higher	resolution
• Higher	sensitivity	(smaller	cell	numbers)	
• More	prolonged	(weeks-years),	
• Lower	toxicity

• Strategy	for	innovation
• Replace	SPECT	with	new	long	half-life	PET	– Zr-89,	Mn-52
• Combine	modalities:	PET/SPECT,	MRI,	optical
• Combine	direct	labelling	(pre-injection)	with	reporter	gene	imaging	(sodium/iodide	
symporter,	NIS:	[18F]BF4,	[18F]SO3F)

• Work	towards	exploiting	the	next	generation	of	scanning	hardware:	PET/MR,	whole	body	PET

Charoenphun…Blower EJNMMI 2014; Fruhwirth…Blower…Mullen, J Nucl Med 2014; Jauregui-
Osoro…Blower, EJNMMI 2010; Khoshnevisan…Blower, J Nucl Med 2016; O’Doherty, Jaruegui-

Osoro…Blower…Lewington J Nucl Med 2017



Next generation methods: Zr-89 PET

§ Longer half life (3.5 days) positron emitter 
§ Metallochemistry analogous to In-111
§ Forms 4+ ions rather than 3+
§ Similar ligand preferences
§ Could exploit same mechanism as In-111-oxine: metastable lipophilic

complex, intracellular dissociation



Myeloma cells labelled with Zr-89 and In-111: in vivo comparison

Levente Meszaros,
Putthiporn Charoenphun

111In-oxine
• Kidney uptake 

signals leakage

89Zr-oxine
• Longer tracking (14 d)
• Better retention
• Lower toxicity
• Better resolution
• Better quantification



Zr-89 labelled cells: Comparison with In-111 and 
validation in vivo
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Myeloma cells i.v. injection 
7 days p.i.

Less kidney for Zr-89: more stable

Zr-89 labelled myeloma cells: GFP+
Tissues homogenised at 2 d and 7 d
FACS Sorted by green fluorescence
Cells collected and activity counted

By 7 days: 
Activity remains in GFP+ cells
Labelled cells still living

Flow cytometry/FACS



Zr-89 cell labelling: emerging applications

Cytotoxic T lymphocytes…
Liver, spleen

Dendritic cells…
Spleen, lymph nodes

NCI/NIH
Sato et al. Zr-89-Oxine Complex PET Cell 
Imaging in Monitoring Cell-based therapies. 
Radiology 2015;275:490-500

Radiology: Volume 275: Number 2—May 2015 n radiology.rsna.org 497

MOLECULAR IMAGING: 89Zr-Oxine Complex PET Cell Imaging Sato et al

Figure 6

Figure 6:  MicroPET/CT images show differential trafficking of DCs and naïve CTLs over 7 days in wild-
type mice. (a) DCs migrated to the spleen and liver after transiting the lungs (representative images of five 
experiments). (b) Naïve CTLs mainly homed to the spleen and lymph nodes (representative images of three 
experiments). Arrows indicate examples of lymph node accumulation of CTLs.

NK cells, the effect of cell modification 
on tumor-targeting properties has clear 
implications for the success of these ther-
apies. With bone marrow transplanta-
tion, modifying cells, conditions, or both 
to increase engraftment in the bone mar-
row and reduce graft-versus-host disease 
are desirable goals. Visualization and 

quantification of these therapeutic cells 
labeled with 89Zr-oxine complex at PET 
could provide direct feedback on whether 
modifications to cells, delivery methods 
(eg, injection route), and conditioning of 
the recipient (eg, cytokine injection) aug-
mented the migration of the cells to the 
target organ or tissue.

The synthesis of 89Zr-oxine complex 
was accomplished in an aqueous solu-
tion with simple steps of mixing, which 
resulted in more than 97% of 89Zr being 
converted to the complex, allowing us 
to add the resulting solution to the cell 
suspension for labeling without further 
purification. Synthesis performed in an 
aqueous solution has substantial advan-
tages over synthesis methods that use 
an organic solvent and require time-con-
suming procedures to evaporate the sol-
vent and collect the lipophilic product 
with another solvent, as was recently 
reported (33). Our method eliminated 
the long preparation time and equip-
ment required for these procedures. In 
addition, the previously described syn-
thesis yield was limited to about 60% 
versus the greater than 97% yield for 
the technique described in our article.

We have shown that 89Zr-oxine 
complex can be used to label various 
cell types with sufficient efficiency to 
enable imaging. The labeling efficiency 
and specific activity seemed mainly de-
termined by cell size. Since labeling oc-
curred at 4°C, we infer that 89Zr-oxine 
complex does not require active cellular 
incorporation and supports the concept 
that neutral and lipid-soluble oxine con-
jugates permeabilize the cell membrane 
(20,34). Use of complete medium de-
creased the labeling efficiency, possibly 
due to interfering serum proteins and 
lipids that bind the 89Zr-oxine complex 
via transient noncovalent bonding, 
such as hydrogen bonds, p effect, and 
hydrophobic bonds. At 37°C, nonspe-
cific interaction of the complex and the 
cells would become weaker, leading to 
lower labeling efficiency. Once labeled, 
89Zr stably remained within live cells. 
Because interference with cellular func-
tionality could cause a discrepancy be-
tween the localization of cells detected 
with imaging and the actual trafficking 
when cells were not labeled, we used 
DCs and CTLs, two major cell types 
used in immunotherapy, to conduct var-
ious assays to investigate if 89Zr-oxine la-
beling interferes with cellular function. 
Our in vitro and in vivo data showed 
that the labeled cells maintained their 
functionality when the optimal specific 
activity of less than 88.8 kBq/106 cells 



Reporter genes: imaging repeatedly over a lifetime
sodium/iodide symporter

§ NIS: imports iodide, couple to 2 x Na+ import
§ Driven by Na+ gradient maintained by Na+/K+ ATPase
§ Expressed in thyroid, stomach, salivary glands
§ Can be imaged with radioiodine: 123I-, 125I-, 131I- (gamma), 124I- (positron)
§ …and 99mTcO4

- (gamma)

§ Other reporter genes feasible

2Na+ 

I- 2Na+ 

1I
- 
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Imaging therapeutic Tregs in skin transplant model
NIS reporter gene approach and SPECT/CT imaging: Mullen, Lombardi PLOS1 2012 

O=cervical lymph nodes (LNs), white arrow=axillary LNs, st= stomach, sa = thyroid and salivary glands , Tx=transplanted skin, 
TL=skin transplant LNs, *=inguinal LNs, black arrow=mesenteric LNs, □=pelvic LNs.



NIS-based reporter gene for combined modality cell tracking 

• Orthotopic breast cancer expressing 
hNIS-tagRFP and CXCR4-GFP

• Imaging tumour development and 
metastasis – weeks

• Primary and metastases detected with 
99mTcO4

- SPECT 
• Only primary detected with 18F-FDG
• Cross validation: All metastatic nodes 

detected by PET/SPECT confirmed by 
fluorescence microscopy…

• …all nodes negative by SPECT were 
negative by fluorescence microscopy

• Method for longitudinal in vivo study of 
metastasis and response to therapy

Doi: 10.2967/jnumed.113.127480
Published online: March 6, 2014.
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(11), which was recently reported to interfere with 18F-FDG imag-
ing (10). We established 3E.D-NIS tumors and grew them to pal-
pable sizes before animals were randomly divided into treatment

and control cohorts and subjected to either
etoposide or vehicle, followed by longitu-
dinal 18F-FDG– and NIS-based imaging
(Fig. 5A). Etoposide administration led to
a decrease of tumor volumes for 2 d after
treatment (Fig. 5A), and the size of treated
tumors on day 12 (15.4 6 5.2 mm3) was
significantly lower than that of control
tumors (39.0 6 3.3 mm3; P 5 0.0003).
During the following days, etoposide-trea-
ted tumors recovered and resumed growing
until the next dose of etoposide was admin-
istered (day 17). However, tumor sizes on
day 17 were still significantly smaller in the
treatment group (72.6 6 13.2 mm3) than in
the control group (147.0 6 13.8 mm3; P 5
0.0001) (Fig. 5A). Three hours after admin-
istration of the second etoposide dose, we
repeated SPECT/CT imaging using per-
technetate. To facilitate g counting of har-
vested tissues after the final 18F-FDG PET/
CT scan, we waited for a further 48 h be-
cause of the longer half-life of 99mTc (6.01 h).
Although during this period tumor sizes
increased in the control group (18.1%
[159.6/147.6], Fig. 5B), because of inferior
contrast this did not facilitate their locali-
zation in the 18F-FDG PET image (Fig. 2).
In both untreated and etoposide-treated ani-
mals (Fig. 5B), tumors were difficult to lo-
cate (control) or undetectable (etoposide).
In contrast, they were always clearly iden-
tified using NIS imaging. Although in un-
treated animals active caspase 3 staining
was minimal, there was a strong signal de-
tected in tumor sections from etoposide-
treated animals; its subcellular localization
was predominantly nuclear (Fig. 5C), which
is in agreement with earlier reports (38) and
confirms etoposide efficacy.
Importantly, NIS imaging allowed fol-

lowing of the etoposide response longitu-
dinally, and we found the occurrence of
distant metastasis in etoposide-treated ani-
mals using NIS but not by 18F-FDG imag-
ing (Fig. 5B, right). These data clearly show
that although etoposide treatment leads to
a reduction of primary tumor volumes in
the first days after administration, it does
not interfere with metastatic spread in this
model.
Furthermore, we checked whether the

imaging results were reflected in quantita-
tive organ-harvesting and g-counting mea-
surements with both tracers. The experiment
was performed according to the schedule in
Figure 6 including a positive or negative
classification SPECT/CT scan (day 17) with

subsequent randomization of animals into 2 cohorts (99mTcO4
2,

18F-FDG). We harvested tumors, axillary and inguinal LNs, heart,
kidneys, blood, stomach, and trachea with thyroid glands and

FIGURE 3. NIS-based metastasis model allows reliable and sensitive detection of metastasis.
(A) Representative maximum-intensity-projection image (overlaid in CT slices) of a 99mTcO4

−

SPECT/CT scan of animal growing primary tumor established from 3E.D-NIS cells (19 d after
orthotopic implantation). Both thyroid and salivary glands and stomach were identified because
of endogenous NIS expression. Arrows originate at sites of interest and include the following
objects: right axillary LN (negative for metastasis in A), left axillary LN (positive), liver metastasis
(positive), metastatic nodule in peritoneal cavity (positive), left inguinal LN (positive, draining LN),
and primary tumor. (B) Positivity or negativity for metastasis was determined from SPECT/CT
scans, and tissues were subsequently harvested, γ counted, and sectioned; confocal micros-
copy confirmed classifications in all cases. LN images were obtained at low magnification to
show positivity or negativity for metastasis and their respective sizes and at high magnification to
show plasma membrane localization of both fusion proteins (second-level gray arrows, bottom).
(C) 99mTcO4

− biodistribution expressed as SUV as determined by γ counting after tissue harvest-
ing. Pooled data (n 5 4 animals) with error bars representing SEM. S 5 stomach; Th 5 thyroid
and salivary glands.
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18F-BF4
-: a PET tracer for NIS reporter gene imaging

• Sodium/iodide symporter
• Tracers: 123I-, 131I-, 124I-, 

metabolised
• 99mTcO4

- 188ReO4
-… SPECT, 

therapy, not metabolised
• 18F-BF4

-, PET, not metabolised

2Na+ 

I- 2Na+ 

1I
- 

Maite Jauregui-Osoro, Dave Berry, 
Phil Blower, EJNMMI 2010



Multimodality imaging with 18F-BF4
- PET

Orthotopic breast cancer expressing
hNIS-tagRFP and CXCR4-GFP

(as before)
All metastatic nodes detected by PET
All non-metastatic nodes true-negative
Very sensitive – detects a few hundred cells 
in a lymph node; ideal for human PET

Pre-metastatic

metastatic

Gilbert Fruhwirth, Seckou Diocou









Clinical translation: 
[18F]BF4

- clinical trial in thyroid cancer

Lewington et al., St Thomas’ Hospital PET Centre, King’s College London; J Nucl Med 2017



Son of 18F-BF4
-

§ 18F-PF6
-

§ 18F-PO2F2
-

§ 18F-SO3F-

PF6
-

PO2F2
-

SO3F-

TcO4
-

BF4
-

I-

Alex Khoshnevisan, Phil Blower, J Nucl Med 2017



Son of BF4
-: fluorosulfate

first PET tracer with a S-F bond

§ 18F-PF6
-

§ 18F-PO2F2
-

§ 18F-SO3F-

§ Simple synthesis

§ Spec. ac. > 50 GBq/µmol

Uptake of 
[18F]SO3F- in 
HCT116-C19 
and HCT116 
cells, with and 
without 
perchlorate 
blocking 

Alex Khoshnevisan
O
S

O F
O-



containing the human thyroxine-binding globulin (TBG) promoter and
two copies of the a1-microglobulin/bikunin enhancer (referred to as
TBG throughout) (F1 Fig. 1A) (25). To test the efficacy of this vector
in vivo, we first transplanted donor Fah−/−mouse hepatocytes that were
transduced with LV-Fah into syngeneic Fah−/− mice by intrasplenic
injection (Fig. 1B). NTBC was withheld periodically (mice were on
NTBC from days 15 to 20 and 43 to 48 after transplant) to allow expan-
sion of transplanted cells (26). Twomice were euthanized, and the livers
were harvested at three time points: days 14, 40, and 148 after trans-
plantation (Fig. 1B). All recipient Fah−/−mice showed engraftment of
LV-transduced hepatocytes, and there was substantial, albeit non-
homogeneous, expansion of the cells at the two later time points, in-
dicating differences in initial engraftment of cells between lobes (Fig. 1,
C and D). In mouse livers harvested at day 148, there was almost

complete repopulation of the host tissue by LV-transduced hepato-
cytes. Liver cell repopulation correspondedwith normalization of bio-
chemical indicators of liver function in Fah−/− mice, whereas mice
receiving no cell transplants had severely impaired liver function
and disease (Fig. 1E).

AQ8Ex vivo hepatocyte gene therapy in four Fah−/− pigs
On the basis of promising results in mouse models of HT1, we proceeded
to testing ex vivo gene therapy in the pig model of HT1 ( F2Fig. 2A). Our
group had previously demonstrated the benefit of dexamethasone in
increasing LV transduction in mouse hepatocytes ex vivo (9). Using this
protocol, ~80% of primary pig hepatocytes were transduced with an LV
at a multiplicity of infection (MOI) of 2000 physical lentiviral particles
(LPs), and ~60% of cells were transduced at an MOI of 500 LPs (Fig. 2B).

A total of four Fah−/− pigs underwent
ex vivo gene therapy for this study (table S1
and Fig. 2A). Animals underwent a partial
liver resection by midline laparotomy.
About10%of the liverwas removedandhe-
patocytes were isolated, with cell viability af-
ter purification ranging from 88 to 92%.
Hepatocytes were transduced with one or
both of LV-Fah and LV-Nis (to use to track
the cells noninvasively) in suspension. Via-
bility and plateability of hepatocytes were
confirmed after LV transduction, and no
differences were observed between control
and transduced cells (Fig. 2C). FAH expres-
sion was confirmed in transduced hepato-
cytes from all four donors (Fig. 2D). After
LV transduction, between 350 and 864mil-
lion live cells were injected through the por-
tal vein, either by direct catheterization of
theportal veinor usingultrasoundguidance
to inject hepatocytes percutaneously (fig. S2
and movie S1). No adverse events were
encountered with the surgery, and all
animals were ambulatory and feeding with-
in 24 hours.

LV-transduced hepatocytes engraft
and proliferate in vivo in pigs
All animals remained on NTBC for 48
hours after surgery (Fig. 2A).At this point,
NTBCwas removed from the diet to stim-
ulate expansion of transplanted cells. Ani-
mals were cycled on and off NTBC until
weight stabilization occurred. From this
point on, animals did not receive NTBC.
Two animals (Y707 andY846)were eutha-
nized early in the study to test the efficacy
of the ex vivo gene therapy approach in
pigs and to determine whether a selective
advantage for FAH+ cells exists in thismod-
el. Both animals appeared to achieve weight
stability off NTBC ( F3Fig. 3A), indicating that
expansion of transplanted cells had oc-
curred. In contrast to a nontransplanted

Fig. 2. Ex vivo gene therapy approach in Fah−/− pigs. (A) Schematic of the six steps involved in ex vivo
gene therapy and liver repopulation in Fah−/− pigs: (1) partial hepatectomy was performed, and (2) hepa-
tocyteswere isolatedby collagenase digestion. (3) Ex vivo gene therapywith an LVwas performedbefore (4)
retransplantation of the autologous cells. (5) NTBC was periodically withdrawn from the diet to stimulate
expansion of the FAH+ cells. (6) Clinical evaluation, serum biochemistry analysis, and liver histopath-
ological analysis were performed 2 (n = 1 pig), 4 (n = 1 pig), and 12 (n = 2 pigs) months after transplanta-
tion. (B) Percentage of green fluorescent protein (GFP)–positive hepatocytes detected by flow cytometry
after transduction of cells with an LV expressing GFP at MOIs of 0, 500, and 2000 LPs. Flow cytometry was
performed 72 hours after transduction. Data are means ± SD (n = 3 replicates). P values versus 0MOI were
determined using a two-tailed t test. Representative fluorescent images are also shown. Scale bars, 100 mm.
(C) In vitroWestern blot data confirming expression of FAH protein in pig hepatocytes after transduction
ex vivo with LV-Fah (+) or untransduced cells (−) from the same animal. b-Actin served as loading con-
trol. (D) Representative images of plated hepatocytes from pig Y842 that were untransduced with LV
(−LV) or were transduced with LV (+LV-Fah + LV-Nis). Scale bars, 100 mm.
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Fig. 6. NIS labeling of cells permits noninvasive detec-
tion of repopulating hepatocytes. (A) The percentage of
GFP+ and/or RFP+ hepatocytes after transduction with or
without LV-GFP and LV-RFP at anMOI of 500 LPs. Flow cytom-
etry was performed 72 hours after transduction. Data are
means ± SD (n = 3 replicates). (B) In vitro uptake of 125I,
measured in counts per minute (cpm), in LV-Nis–transduced
hepatocytes and control hepatocytes frompig Y842. Data are
means ± SD (n= 3 replicates). P valuewas determined using a
two-tailed t test. (C) Representative transverse PET/CT images
of a control WT pig and pig Y842 after injection of [18F]TFB.
Different positions of the liver are shown from head (left side)
to feet (right side) of the animals. The relative intensity of [18F]
TFB uptake is representedby low (blue) to high (red). The liver
is outlined in purple, and the spleen is outlined in white.

Fig. 7. Ex vivo gene therapy prevents onset of severe fibrosis in Fah−/−

pigs. Representative Masson’s trichrome–stained liver sections from pigs
Y842 and Y845 are shown at the time of hepatectomy (before transplant)
and 12 months after transplantation. A control fibrotic liver from a Fah−/−

pig (14) and WT control are included for comparison. Scale bars, 700 mm.
Fibrosis (collagen) in pigs Y842 and Y845 before transplantation (pre) and
12 months after transplantation (post) was quantified and compared to un-
treated Fah−/− animals with fibrosis (n = 3) and normal WT (n = 3) controls
[data for controls are from Hickey et al. (12) and Mao et al. (14)AQ19 ]. Data are
means ± SD. P values were determined using a two-tailed t test.

R E S EARCH ART I C L E

www.ScienceTranslationalMedicine.org 27 July 2016 Vol 8 Issue 349 349ra99 7

MS no: RAaaf3838/S/MEDICINE

fumarylacetoacetate
hydrolase–deficient 
(Fah−/−) pigs

Partial liver resection

Gene replacement/
transplant therapy

Portal infusion of 
modified cells

Withdraw protective 
drug

Monitor regeneration by 
PET

Hickey et al., Mayo Clinic, Science Translational Med 2016

Curative ex vivo liver-directed gene therapy in a pig model of 
hereditary tyrosinemia type 1 

Collagenase digestion

Lentiviral transduction
Fah, NIS under thyroxine-
binding globulin promoter)

PET imaging, 
8 months
[18F]BF4 (NIS 
substrate)



Combined direct and reporter gene labelling: 
Tracking immune cell tumour therapy with γδ-T cells 

• Gamma-delta (γδ) T cells: subset of immune cells with potent anti-tumour activity 
used successfully in early clinical trials in cancer immunotherapy 

• Direct cell labelling with 89Zr(oxine)4 in a breast cancer model shows effect of 
liposomal Alendronate in improving tumour accumulation of γδ-T cells 

Man, Lim, Shmeeda, Draper, Parente-Pereira, Gabizon, Blower, Fruhwirth, de Rosales 2017



Next steps..
§ Improve Zr-89 user-friendliness, labelling efficiency; find the right opportunity to 

translate to first in human study
§ NIS reporter gene PET imaging – first in human?
§ Mn-52 (PET, >5 day half life) (new chemistry needed – Blower, Long, Torres)
§ New Tc-99m direct labelling (wider availability) (Ma)
§ Cell surface labelling (Yan, Mullen, Ma)
§ New reporter genes (Fruhwirth, Blower, Gee)

– Non-NIS: PSMA, dopamine transport (BBB)
§ Nanoparticles (Torres)

– Combined modality – MR, PET/SPECT, optical; 
§ Radiobiology (Terry)

– Effects of labelling on survival/phenotype/trafficking; intracellular vs cell surface, 
radionuclide type

§ EXPLORER project – whole body PET
§ Applications, collaborations and clinical translation…



New engineering/physics

§ Whole body PET (EXPLORER) (Cherry et al.)
– 40x increase in sensitivity, 6x S:N ratio, (Resolution?) (at 5-6x cost!)
– Smaller tumours
– Dynamic imaging of whole body at once
– Longer dynamic imaging (e.g. weeks with Zr-89 cell tracking; several hours for C-11)
– Lower doses (to whole body and to tracked cells)
– Multiple scans with different tracers in one session – O-15, Rb-82, N-13, Cu-62, C-11 –

complex phenotyping of tumours, heterogeneity, metabolic profiling, systems biology
– Foetal/neonatal/paediatric PET
– High throughput scanning: 30 sec for FDG scan! (c.f. 20 min conventional PET)

Now… 2018
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