
New insights into molecular behaviour have allowed researchers led by Dr Dan J Kadrmas at 
the University of Utah to develop imaging technology that provides a much fuller picture of disease

Could you begin by explaining the 
background and objectives of your research 
on positron emission tomography (PET)?

The driving objective of my research is to 
improve patient care by developing new 
imaging technologies that empower physicians 
to select the most effective therapies and 
monitor their effi cacy. This moves beyond 
diagnostic imaging, making PET/CT an 
integrated feature of personalised medicine.

What key aspects of disease status would 
multiple PET tracers be able to characterise 
in a single scanning session?

The idea is to provide an array of imaging 
biomarkers that thoroughly characterise 
disease status, providing much more insight 
than any single imaging measure alone. For 
cancer imaging, this might include tumour 
glucose metabolism, blood fl ow, rate of cellular 
proliferation, and the level of hypoxia. For 
cardiac imaging, we can characterise both rest 
and stress myocardial blood fl ows, and hope to 
integrate information regarding viability of the 

heart muscle and/or its metabolic activity. This 
would provide a complete diagnostic picture, 
including blood fl ow, fl ow reserve, viability and 
wall motion analysis, in a single scan.

How have you tested the feasibility of the 
technique and what have these initial tests 
revealed?

We have spent several years testing the 
feasibility of multi-tracer PET techniques, 
revealing several features and limitations. 
First and foremost, multi-tracer PET imaging 
cannot provide exactly the same information as 
conventional separate scanning of each tracer – 
some information is irretrievably lost. However, 
the more pertinent question is whether or not 
the clinically relevant information about each 
tracer is accurately recovered. The answer here 
is more promising. With well-designed imaging 
protocols, we’ve found that two to three 
carefully-selected PET tracers can be reliably 
imaged in one scan. The key is to stagger 
injection of the tracers in time, and in the 
proper order, to ensure that the most important 
information about each tracer is retained. 
Unfortunately, this also means that different 
multi-tracer protocols need to be designed and 
tested for each tracer combination and imaging 
application.

In your multi-tracer PET imaging approach, 
some information about each tracer will be 
lost. How will this loss of information affect 
your data and the reliability of this method?

The key is to make sure that the desired 
clinically-relevant information is not lost. For 
example, for most blood fl ow tracers there 
is a parameter called K1 that can quantify 
blood fl ow in a tissue in mL/min per gram 
of tissue. This parameter is calculated by 
applying a kinetic model to the image of the 
tracer. The model typically includes several 

other parameters (fB, k2, k3). We’ve found 
multi-tracer protocols that reliably recover 
the K1 parameter, but they fail to accurately 
recover k2 or k3. In effect, the K1 information 
is retained but the k2 and k3 information is 
lost in this example. If the goal of imaging the 
blood fl ow tracer is to measure K1, then this 
multi-tracer technique is reliable even though 
some of the other information was lost. One of 
the major challenges in our research is to select 
the appropriate tracers and design the correct 
imaging protocols so that the important 
information about each tracer is reliably 
recovered. This design, testing, and validation 
process needs to be performed for each tracer 
combination and imaging application before 
the multi-tracer PET technique can be used.

How far along are you in making multi-
tracer PET available for routine use? 

Application of our multi-tracer techniques 
to single-scan rest/stress cardiac perfusion 
imaging is maturing quite rapidly. We’ve 
tested the technique in patient studies for 
two different PET tracers, and the results are 
very promising. Current efforts are focused on 
thoroughly evaluating the technique in detail, 
automating the algorithms to reduce the need 
for user input, ensuring the methods are robust 
for all imaging situations, and developing 
quality-control measures to verify that correct 
results are obtained. If successful, we hope to 
have this technique ready for routine use within 
the next year. Application of multi-tracer PET 
to cancer imaging applications is considerably 
more complex, with both more variables and a 
wider array of tracers to study. Our efforts here 
are focused on fi rst developing multi-tracer 
techniques of value for clinical research studies. 
Once such techniques are established over 
the next couple of years, the most promising 
techniques will be translated into new clinical 
tools designed for routine use.

Multi-tracer PET: 
a powerful clinical tool
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POSITRON EMISSION TOMOGRAPHY !PET" 
is one of the most powerful tools available to 
clinicians seeking to understand the underlying 
processes of disease. By imaging these 
processes at the molecular and functional level, 
PET offers unparalleled diagnostic capabilities 
and provides sophisticated insights into 
disease characteristics. Injecting patients with 
a ‘radiotracer’ – a drug containing a short-lived 
radioactive isotope – and scanning images of 
this compound as it travels through the body, 
allows clinicians to obtain specifi c information 
about their chosen target. PET tracers 
can image glucose metabolism, fatty acid 
metabolism, blood fl ow, cellular proliferation 
and a variety of neuroreceptors, among many 
other things. In combination with CT, PET/CT 
is the leading tool for diagnosing and staging 
cancers, and offers powerful imaging for 
cardiac and neurological disorders as well.

However, despite its value as a clinical tool, PET 
is presently limited to only a single radiotracer 
per scan, meaning that only one disease 
characteristic can be imaged per session. “In 
most cases, the time and expense necessary to 
obtain more than one PET scan using different 
tracers, coupled with patient trepidation in 
undergoing even a single scan (much less two to 
four scans over several days) has kept even major 
research centres from imaging more than one 
PET tracer per patient,” says Dr Dan J Kadrmas, 
Associate Professor of Radiology at the Utah 
Center for Advanced Imaging Research. Working 
with the Huntsman Cancer Institute, Kadrmas 
is leading a team that is overcoming these 
limitations by developing multi-tracer scanning 
techniques. “From a clinical perspective, the 
ability to image two to four PET tracers in a 
single scan provides a wealth of knowledge 
regarding disease status that has hitherto been 
unavailable,” he explains. This knowledge would 
allow clinicians to optimise treatment courses, 
selecting the best targeted therapies and more 
quickly discerning their effi cacy.

Further benefi ts afforded by simultaneous 
multi-tracer PET include reduced radiation 
exposure and ensuring the correct alignment 
of the images for each tracer. Moreover, it 
makes the process considerably easier on the 
patient, as Kadrmas observes: “The prospect 
of undergoing a single 90 minute to two hour 
long procedure, while daunting, is still much 
more palatable than undergoing two or three 
such procedures over several days. This is 
especially benefi cial for outpatients that need 
to travel to the imaging centre for their scans”.

EXPLOITING NEW 
MOLECULAR KNOWLEDGE

PET tracers are labelled with radioisotopes 
that decay by giving off an antimatter electron 
called a positron. This positron then annihilates 
with a nearby electron to produce two photos 
emitted in opposite directions. These photons 
are picked up on the PET scanner to produce 
the imaging signal. Because all radiotracers 
produce the same kind of photons, 
practitioners have commonly believed that 
only one disease aspect can be imaged in any 
one scan, since there is no obvious way of 
identifying which tracer belongs to which set 
of events. The result, it was assumed, would 
be an image in which it was impossible to 
distinguish separate tracers.

The work of Kadrmas and his group exploits 
new knowledge about the kinetic behaviour 
of these radiotracers, and combines this with 

advances in the imaging technology itself to 
allow individual tracers to be distinguished in 
the same scan: “Our work is based on several 
key insights regarding the bio-kinetics of PET 
tracers, coupled with the ultra-high quality 
of modern PET/CT scanners that produce 

much better images than even a few years 
ago”. Using dynamic imaging techniques with 
specifi c tracer combinations, constraints on 
each tracer’s behaviour can be used to recover 
relevant individual measures. The computing 
power now more routinely available has helped 
make this a more practical reality: “Multi-tracer 
PET techniques are quite complex and require 
meticulous image processing schemes that 

are very computationally demanding,” asserts 
Kadrmas. “Modern computing workstations 
can now meet these demands cost-effectively.”

These advances in both technological 
capability and scientifi c knowledge have 

Towards genuinely 
personalised medical care

 Application to single-scan rest/stress cardiac perfusion imaging 
is ongoing, with potential to include other tracers to characterise 

myocardial viability or fatty acid metabolism

The pursuit of effective personalised medicine requires a detailed 
exploration of disease status, but multiple scans involve prohibitive 
expense, time and patient discomfort. New research into multi-tracer PET 
offers a solution, by capturing a range of disease aspects in a single scan BRAIN TUMOUR METABOLISM, 

PROLIFERATION, AND BLOOD FLOW

PET/CT OF THE CHEST

MYOCARDIAL PERFUSION PET
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INTELLIGENCE
MULTI!TRACER PET/CT IMAGING

OBJECTIVES

When coupled with X-ray computed 
tomography (CT), PET/CT provides an 
unparalleled image of combined structure and 
function that offers new insights into disease 
processes. The ability to rapidly and accurately 
image multiple PET tracers would open the 
door to even greater promise by characterising 
multiple aspects of disease status in a single 
scanning session. This is the vision of Dan 
Kadrmas and his group at the University of 
Utah Center for Advanced Imaging Research 
(UCAIR) and the Molecular Imaging Program 
at the Huntsman Cancer Institute.

KEY COLLABORATORS

John Hoffman, MD, Huntsman Cancer 
Institute, University of Utah
Paul Christian, CNMT, Huntsman Cancer 
Institute, University of Utah
Arkadiusz Sitek, PhD, Brigham and Women’s 
Hospital
G Lawrence Zeng, PhD, UCAIR, University of 
Utah
Burgrahan Oktay, PhD, UCAIR, University of 
Utah
Thomas Rust, PhD, UCAIR, University of Utah

FUNDING

NIH – NCI R01CA135556
NIH – NHLBI R21HL106474

CONTACT

Dan J Kadrmas, PhD
Associate Professor of Radiology, Utah 
Center for Advanced Imaging Research, and
Associate Director – PET Physics, Molecular 
Imaging Program, Huntsman Cancer Institute

University of Utah
729 Arapeen Drive
Salt Lake City, UT  84108, USA

T +1 801 581 5937
F +1 801 585 3592
E kadrmas@ucair.med.utah.edu

www.ucair.med.utah.edu/
FacultyKadrmas/Kadrmas.html

DAN J KADRMAS, PhD has performed medical 
physics research in imaging technologies at 
the University of Utah for the past 15 years. 
His appointments include Associate Professor 
of Radiology in the Utah Center for Advanced 
Imaging Research, and Associate Director – PET 
Physics in the Molecular Imaging Program, 
Huntsman Cancer Institute.

enabled the researchers to progress far beyond 
the state of the art, making multi-tracer PET 
a reality for research studies; they are now 
refi ning the techniques for routine clinical 
use. This work depends, however, on obtaining 
patient datasets for validating the techniques – 
something that presents an ongoing challenge. 
“Acquiring datasets requires dynamic imaging 
studies in various patient populations, where 
the patients undergo multiple PET scans 
over several days. It’s amazing that patients 
diagnosed with cancer or heart disease are 
willing to volunteer their time for these 
studies, which are critical for evaluating the 
multi-tracer techniques,” muses Kadrmas. 
“Numerous studies need to be performed 
to validate each potential application. My 
colleagues at the Huntsman Cancer Institute 
have been a tremendous help in this area.”

Indeed, the research team has benefi ted from 
a richly collaborative research environment 
that has aided them in this respect. The 
group resides within both the Utah Centre 
for Advanced Imaging Research (UCAIR) and 
the Molecular Imaging Program at Huntsman 
Cancer Institute, allowing access to both multi-
modal imaging technologies and molecular 
imaging applications. 

TRANSFERRING EXPERTISE 
TO THE COMMERCIAL SECTOR 

The goal now for the researchers is to make 
multi-tracer PET techniques available for 
widespread use in both research and clinical 
practice. “One challenge of performing 
research in new technologies is to translate 
advances to clinical use,” notes Kadrmas. 
“Without a commercial driving force, many 
promising technologies progress through the 
basic science stage but then lie idle without 
being widely adopted.” To avoid this pitfall, the 
research team at the University of Utah have 

established a technology start-up company, 
MultiFunctional Imaging (MFI), to turn their 
scientifi c advances into a readily-available 
clinical reality. MFI provides a means for 
Kadrmas’s team to transfer their expertise 
from the research context into the commercial 
sector: “The overall objective is to take 
promising new technologies and transform 
them into commercially viable products that 
offer a clear advantage over currently-available 
devices in the marketplace”.

These advantages are evident. The technology 
clearly holds much potential for personalised 
oncology, but the researchers are also excited 
about its utility in cardiology, neurology and 
a range of other specialities which would 
benefi t from a fuller picture of disease status. 
“Application to single-scan rest/stress cardiac 
perfusion imaging is ongoing, with potential 
to include other tracers to characterise 
myocardial viability or fatty acid metabolism,” 
Kadrmas points out. PET is also widely used in 
neurology, and multi-tracer technology holds 
great potential for dementia, brain tumours, 
epilepsy and movement disorders.

In helping realise the potential of molecular 
science in medicine, Kadrmas and his 
colleagues are at the forefront of a world of 
new biomedical possibilities in the treatment 
of these diseases. Moreover, by harnessing 
their research to a commercial driving force, 
the team are making genuinely personalised 
care a reality for patients. “Biomedical research 
is providing a host of new tools and targeted 
therapies that attack specifi c molecular 
targets,” Kadrmas comments in conclusion. 
“Image-guided personalised medicine has 
the potential to determine which therapy or 
group of therapies will be most effective for 
each individual patient, enabling physicians to 
select the best tool for the job and provide the 
best care possible.”

PET CYCLOTRON FOR TRACER SYNTHESIS
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