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Confidence in differentiating low and high-grade brain tumors
Amide Proton Transfer (APT) weighted imaging is an emerging MRI method
that generates image contrast different from conventional MRI. APT weighted
imaging is a chemical exchange saturation transfer (CEST) MRI method and
its signal is based on the concentration of endogenous proteins and peptides
typically present in high-grade brain tumor tissue. Therefore, APT weighted
imaging does not require any contrast agent administration.
Physicians at Phoenix Children’s Hospital (PCH) have been studying the value of
APT in clinical practice to investigate to what extent APT weighted imaging could
be used in the diagnostic and post-therapy imaging of children with brain tumors.
Their results suggest APT weighted imaging has the potential to provide higher
confidence in determining both the grade of tumor and the extent of residual
tumor post-surgery. Many treatment pathways rely on accurate determination
of the aggressiveness or “grade” of tumors for the optimal selection amongst
treatment options to offer the best possible care choice for patients.
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Looking for improved confidence in brain
tumor diagnoses
MRI is widely used for visualizing primary brain tumors and
secondary lesions in oncology patients. Its excellent soft tissue
contrast and functional imaging provide radiologists information
on the location, size, morphology, composition and physiology
of lesions to help them in diagnosing and staging. Still, there are
cases where radiologists would like to have additional capabilities
for their diagnosis, for instance in distinguishing high-grade
and low-grade tumors with more confidence and ultimately for
performing the numerous follow-up MRI exams without contrast
administration in children after brain tumor resection.

welcome innovative tools to support their current means and
strategies. One of these may be adding APT weighted imaging
to the MRI exam. APT contrast correlates with the presence of
proteins and peptides that may be related to cell proliferation.
Since cell proliferation is a feature of tumors, APT color maps can
be useful in identifying and quantifying tumor tissue.[3,4]

In the United States alone, nearly 80,000 new cases of primary
brain tumor are expected to be diagnosed in 2017, including more
than 26,000 primary malignant brain tumors.[1] Gliomas represent
75% of all malignant tumors, and 55% of these are glioblastoma
with 12,930 cases predicted for 2017.[1,2]
Given that incidence, and the impact of the correct diagnosis
and appropriate treatment paths, oncologists and radiologists
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APT reflects concentration of endogenous proteins in brain tumor
In APT weighted imaging and other CEST methods, the MRI signal
is generated by a mechanism different from that of basic MRI.
These CEST techniques are based on the chemical exchange of
hydrogen atoms. The signal of amide protons of peptide bonds in
proteins is too low to be measured in normal MRI. The hydrogen
(proton) exchange between protein amide groups and surrounding
water allows a different way to measure these amide protons.

In APT a narrow RF prepulse (saturation pulse) at the amide
hydrogen’s frequency is given to attenuate its MR signal. Because
the amide group and water continually exchange hydrogen atoms,
the number of saturated protons will build up in water, so that the
measured water signal will become lower. The change of the MRI
signal of water provides an indirect way to measure the presence
of amide. APT images are usually presented as color maps,
created by using an asymmetry calculation so that presence of
APT is shown as a positive colored signal.

Proteins with amide protons surrounded by water
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MR signal of water is reduced due to the proton
exchange. In APT, this signal change is used to
calculate an APT map that is sensitive to the
concentration of the protein.

Studies have shown that the APT signal correlates with the concentration of a protein that is related to cell proliferation. The
concentration of this protein, and thus the APT signal strength responds to the grade of malignant tumors.[5-7] APT contrast can
potentially highlight tumors that wouldn’t be seen otherwise.

“Some high-grade tumors demonstrate no gadolinium enhancement
and certain low-grade tumors occasionally enhance”

Tumor grading can affect critical decision
making
The choice of treatment paths often strongly depends on the
tumor grade. Common treatment options for high-grade tumors
include surgical tumor resection followed by additional therapy
such as radiation and or chemotherapy. Quick and decisive action
is desirable in these cases as median survival for glioblastoma, for
instance, is between 12.6 and 14.6 months, although longer rates
have been reported.[8,9]
Given the lower tumor growth rate of low-grade tumors, a range
of potential treatment options exist for these cases. The selection
of the most appropriate treatment is based on the balance of
therapeutic benefits and side effects. At times, surveillance
imaging may play a role while the choices of definitive therapy
are being considered.[10]
MR imaging is often used by radiologists and physicians in
estimating the grade of brain tumors, but there is sometimes
still uncertainty.[9,11] Differentiating between low-grade and
high-grade tumors is not straightforward, even for the highly
experienced radiologist. Gadolinium enhancement is not always

specific for tumor grade, as some high-grade tumors demonstrate
no gadolinium enhancement and certain low-grade tumors
occasionally enhance (e.g. DNET). Gadolinium enhancement also
occurs in any area of a blood-brain barrier disruption, such as
treatment-related injury.[12]

The power of APT for grading brain tumors
with MRI
While the gold standard for grading of gliomas is histopathology
after biopsy, MRI is often used in monitoring glioma patients, and
APT can be a valuable addition to the MRI exam in these patients.
Tumor grade and APT signal have been observed to be commonly
positively correlated: high-grade tumors tend to exhibit a high
APT contrast.[12-15] APT images can be seen to visualize tumor
with more emphasis than post-contrast images, resulting in a
scan that may be easier to interpret. Scientific studies comparing
tumor grades with APT signal in adult glioma suggest that APT can
support tumor grading, separating high-grade from low-grade,
even when traditional MRI is inconclusive.[5,13,14]

APT imaging of high-grade tumor
Tumor evaluation in a 1-year-old child with medulloblastoma. This aggressive tumor type is very solid and homogeneous. The high APT
signal corresponds with the post-contrast image of this high-grade tumor.
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APT may be a powerful addition to grade
tumors with MRI
Dr. Jeffrey Miller, pediatric radiologist at PCH also noticed the
relation between APT contrast and tumor grades in the studies
done at his hospital. “In several cases we have seen a high APT
signal in high-grade tumors and moderately increased APT signal
in cases with intermediate and low-grade tumors that have the
characteristic of high signal change on T2 and FLAIR, and no
contrast enhancement.”
He points out the potential clinical implications of this
observation. “When we’re faced with patients where the diagnosis
is a little bit ambiguous, we often have to make choices and
value judgements, which could mean either just following up the
tumor or lesion, with the risk that it could change when we were
wrong and there could be time lost. Or we have to go into invasive
situations where we have to biopsy.”
“It would be very impactful and valuable to have a sequence like
APT weighted imaging, which could assist us in making those
decisions with more confidence. That would be meaningful for
the individual patients and take out some ambiguity in what we
are doing.”
“However, in order to reach that lofty goal, we will need more
investigation, use the sequence in a larger population, and gain
more understanding of situations and conditions where APT has
its maximal value.”

“It would be impactful to have a sequence
like APT, which could assist us in making
those decisions with more confidence”

APT may illuminate post-resection images
with crucial information
MRI may be performed after tumor resection, to look for residual
tumor or tumor regrowth. Also here, the different contrast
mechanism of APT may help in diagnosis. Dr. Miller remembers a
particular case.
“After a very good resection, we saw small changes on the postcontrast T1-weighted and the T2-weighted images that looked
like a post-surgical little bit of fluid. Interestingly, however, we saw
a focal area of APT signal, right in the center of that abnormality.
As we usually do when a bit unsure, we followed it up and,
unfortunately, found tumor regrowth in that region,” Dr. Miller
says. “Cases like this motivate me, and others who care about this
population, to investigate how this APT method could be used on
large scale in this population and help us in providing high value
diagnostic information.”
The hospital’s physicians also saw a case where APT had a
negative predictive value. Following the resection of a highgrade tumor, they saw a similar small change in the images of this
patient. However in this case, the APT signal was rather low. In a
recent rescanning of this patient, no recurrence was seen.

“Cases like this motivate me to investigate how this APT method
could be used on large scale”

APT imaging of low-grade tumor
Low-grade glioma in a 5-year-old patient with neurofibromatosis 1. This low-grade lesion does not enhance on the post-contrast
images, but does show an intermediate APT signal. The lesion stability over time confirms that it is a low-grade pathology.
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“In many cases, we have seen that APT is positive when postcontrast T1-weighted imaging is positive”

APT MRI study encouraging for the youngest
tumor patients
Radiologist John Curran, MD, has been the main researcher in
studying APT weighted imaging at Phoenix Children’s Hospital.
“At this time, APT has been added to approximately 70 MRI
studies of children with brain tumor and we have seen some
encouraging early results,” says John Curran, MD, radiologist at
Phoenix Children’s Hospital (PCH). “We will need larger studies
with more patients to accurately assert the correlation. However, it
doesn’t need to be a 100% correlation to be useful in brain tumor
follow-up scans, because we also look at the FLAIR and at other
images. The goal is to catch something before it gets too big, if
it needs new surgery or new therapy and if we see something
suspicious – as opposed to definite recurrence – it is often not a
matter for immediate action, but for follow up.”
The PCH physicians involved in the trial overall express cautious
optimism that APT weighted imaging may someday greatly
reduce the need for contrast injection in pediatric patients. “If we
can bring APT forward as a reasonable substitute, particularly in
our follow-up brain tumor cases that would be of great benefit,”
says Dr. Curran. “Use of contrast agent is tightly controlled in
our general neuroradiology imaging, and contrast agent is only
administered when it is really needed. So, our study focuses on
determining if we in the future could use APT to diminish the use
of contrast agents.”

“APT was added to about 70 MRI exams of
children with brain tumor and we saw some
encouraging early results”

Promising results with APT inspire further
plans
Dr. Curran has been comparing APT weighted imaging to postcontrast MRI in children with brain tumor history. “In many
cases, we have seen that APT is positive when post-contrast
T1-weighted imaging is positive. So, we’ve been trying to assess
if that relationship holds up well enough to possibly use APT
instead of giving a child contrast agent in certain circumstances.”
The study uses APT research software that was developed by
Philips in a research collaboration.
“Brain tumor MRI usually includes post-contrast imaging. So, in
our young patient population, our concerns relate to the need to
administer gadolinium-based contrast agent in follow-up scans
in children after brain tumor resection. A study published by my
colleague Dr. Miller showed that if a tumor is resected in a young
child, by the time that child is at young adult age, an appreciable
amount of gadolinium has been deposited in the brain.[16] APT
does not require any contrast agent. So, if we can bring APT
forward as a reasonable substitute, particularly in our follow-up
brain tumor cases, that would be of great benefit.”
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This 10-year-old patient underwent
Ewing’s sarcoma tumor resection 7 years
ago, but was found to now have a large
metastatic lesion in the brain. This lesion
shows clearly increased APT signal.

Immediately post resection MRI was
again performed. T2-weighted and postcontrast T1-weighted images are quite
inconclusive for distinguishing residual
tumor tissue from postoperative tissue
changes. On the APT image some high
signal is still seen, which would suggest
residual tumor tissue.

Follow-up over time
In later follow-up scans the post-contrast
T1-weighted images suggest recurrent
tumor growth. So, it would be interesting
to study the predictive value of APT in a
large patient group.

Looking forward to further research on the potential of APT
According to Dr. Curran, the main APT research focus at PCH has so far been on
investigating its capabilities in visualizing brain tumors and its potential for reducing
the need for contrast. “We hope that APT in future can help us in further characterizing
tumors with MRI, but more research will need to be done before we fully know what is
possible and effective. By looking at specific aspects of tumors that are APT positive, we
hope to correlate APT signal to more precise histology or tumor markers.”
“We look forward to in future have a test to help us with the direction of therapy, such as
choosing chemotherapy agents, plus or minus radiation and so forth. Perhaps APT may
in future have a potential to help us there in some way,” Dr. Curran says. “The possibilities
seem very broad.”
Dr. Miller concludes by summarizing “We’ve had some really good experience in using an
APT method in a clinical situation. We have learned a lot in the process and see a lot of
potential for it in the future.”

“We’ve had some really good experience in using an APT method in
a clinical situation”
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