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18F-FDG PET as a Candidate for ‘‘Qualified
Biomarker’’: Functional Assessment of Treatment
Response in Oncology

In this issue, The Journal of Nuclear
Medicine publishes National Cancer
Institute (NCI) guidelines that are
a step on the path toward qualifying
18F-FDG PET as a biomarker to assess
treatment response during NCI-sponsored
trials. These guidelines, written by
Shankar et al. (1), were developed in
recognition of the growing use of 18F-
FDG PET in clinical trials sponsored
by the NCI and of the importance of
standardizing methodology for such
use. Broad representation was obtained
in the drafting of these guidelines by
including PET experts throughout the
country, as well as representatives from
the U.S. Food and Drug Administra-
tion and Center for Medicare Studies.

See page 1059

The authors write, ‘‘With, this increas-
ing clinical experience, it is becoming
clear that 18F-FDG PET may have an
important role as a surrogate endpoint
for assessing the clinical efficacy of
novel oncologic therapies. At the same
time, it has become equally clear that
the potential of 18F-FDG PET as
such a tool will not be achieved unless
standard protocols are developed so
that data can be accumulated and
compared across multiple clinical sites.
Today, the methods of obtaining 18F-
FDG PET scans and assessing 18F-

FDG metabolism and uptake vary. . . .’’
The guidelines focus on ‘‘patient
preparation, image acquisition, image
reconstruction, quantitative and semi-
quantitative image analysis, quality
assurance, reproducibility, and other
parameters important in 18F-FDG PET
studies before and after a therapeutic
intervention.’’ They cover the practical
issues of 18F-FDG PET in detail and
therefore provide a valuable reference
for a generally accepted approach to
incorporating PET into clinical trials.

These guidelines are remarkable for
the fact that they are the result of dis-
cussions by an NCI-supported consensus
panel and were preceded by 2 summaries
of similar provenance on the potential
usefulness of 18F-FDG PET (2) and by
a review of the potential of molecular
imaging for monitoring treatment re-
sponse (3). The guidelines were preceded
by a similar review by our European
colleagues on the use of 18F-FDG PET
in evaluating treatment response (4).
Thus, in the last few years, it is as though
a pendulum has swung, allowing us to
begin to look objectively on PETas a tool
for the imaging of treatment response.

Why now? Formal recognition by the
NCI of the potential importance of 18F-
FDG PET in monitoring treatment
response has been motivated by the
search for biomarkers as endpoints of
clinical trials to help reduce the growing
cost of obtaining new drug approvals.
The hope is that 18F-FDG PET may be
a true surrogate that can be used in place
of classic endpoints in evaluating treat-
ment response. A second motivation
has been dissatisfaction with the classic
anatomy-based imaging methods for
assessing treatment response, such as
the WHO criteria or the Response

Evaluation Criteria in Solid Tumors
(RECIST) (5). A third motivation has
been the growing evidence in major
cancers that 18F-FDG uptake represents
important underlying cancer biology
and is a predictor of aggressive tumor
behavior and treatment response.

Oncology Biomarker Qualification
Initiative (OBQI)

The cost of developing a drug runs to
hundreds of millions of dollars, and only
1 in 5 drugs that enters clinical trials
successfully emerges as a product. For
this reason, the pharmaceutical industry
and key federal agencies are interested
in new approaches to drug discovery,
development, and regulation that will
reduce costs and shorten the process (6).

With this concern in mind, the Food
and Drug Administration, Center for
Medicare Studies, and NCI have
entered into a Memorandum of Un-
derstanding (http://www.fda.gov/oc/
mous/domestic/FDA-NCI-CMS.html)
with a goal of ‘‘improving the clinical
utility of biomarker technologies as
diagnostic and assessment tools that
facilitate the development of safer and
more effective cancer therapies.’’ These
agencies will focus on biomarkers as
possible endpoints of clinical trials.
Biomarkers are biologic indicators of
disease or therapeutic effects that can
be measured through dynamic imag-
ing tests and tests on blood, tissue, and
other biologic samples. This initiative
will bring together the strength of
these 3 agencies, with the strong col-
laboration of the pharmaceutical in-
dustry, to determine the optimal use of
biomarkers to evaluate treatment re-
sponse. A February 2006 press release
that accompanied the announcement
of this initiative stressed the following
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potential applications of biologic
markers: they can determine if a pa-
tient’s tumor is likely to respond at all
to a specific treatment; they can assess
after 1 or 2 treatments whether a pa-
tient’s tumor is responding to treatment;
they can determine more definitively
if a tumor is dying, even if it is not
anatomically shrinking in size; they
can identify which patients are at high
risk of tumor recurrence after therapy;
and they can efficiently evaluate
whether an investigational therapy is
effective for tumor treatment. Accord-
ing to the press release, ‘‘The goal of
OBQI is to validate particular bio-
markers so that they can be used to
evaluate new, promising technologies
in a manner that will shorten clinical
trials, reduce the time and resources
spent during the drug development
process, improve the linkage between
drug approval and drug coverage, and
increase the safety and appropriate-
ness of drug choices for cancer pa-
tients.’’

Limitations of Current Response
Assessment Methods

Current guidelines for anatomic as-
sessment of response rely on surrogates
for tumor measurements, such as 1-
dimensional measurement of the longest
tumor axis on an axial slice or the cross
product of the longest tumor axis and the
greatest perpendicular. Certain therapies
may not exhibit an adequate degree of
tumor shrinkage to be ‘‘captured’’ as
a response according to these criteria,
and many questions may arise about the
use of 1- or 2-dimensional tumor mea-
surement itself as a surrogate. The rules
of RECIST governing response assess-
ment may be of limited value in certain
clinical settings and with certain tumor
types (5,7). Additional, more complete
consideration of volumetric parameters
may be more useful (8).

18F-FDG PET as a Window on
Cancer Biology

In human tumors, 18F-FDG PET
uptake correlates with the rate of
glycolysis, which is known to be mark-
edly greater in neoplastic tissues than
in the normal tissues from which
neoplasia arises. Both qualitative and

quantitative information is useful in
18F-FDG PET (9). Among the many
available quantitative parameters, a
variant of the standardized uptake value
is most widely used, and its calcu-
lation is included in the standard
software provided by all major man-
ufacturers of PET scanners.

18F-FDG PET has been found to be
useful in numerous malignancies, and
the Center for Medicare Studies has
approved reimbursement, primarily for
staging and detection of recurrence, for
8 tumor types. It is estimated that in
2005 in the United States alone, more
than a million patients were studied
with 18F-FDG PET, primarily for on-
cologic indications.

One intriguing aspect of 18F-FDG
uptake is the strong correlation with
biologically aggressive behavior in
numerous tumor types. The maximum
standardized uptake value has been
shown to predict prognosis in lung
cancer (10), esophageal cancer (11),
and thyroid cancer (12) and to assist in
differentiation between indolent and
aggressive lymphomas (13).

Rapidly accumulating data indicate
that 18F-FDG PET may be useful in
treatment response as well, and this
topic is now the focus of intense study.
More than 600 articles can be found in
PubMed using ‘‘18F-FDG’’ and ‘‘treat-
ment response’’ as search terms. A few
examples illustrate the breadth of appli-
cation: An early paper by Wahl et al.
indicated the potential utility of 18F-FDG
PET in breast cancer (14); a study found
that a change in maximum standardized
uptake value in esophageal cancer pre-
dicted the effectiveness of neoadjuvant
therapy (15); a paper proposed the use of
18F-FDG PET as an outcome measure in
advanced prostate cancer (16); and other
papers proposed the use of 18F-FDG PET
in lymphoma as a guide to the complete-
ness of response and possible alternative
therapies (17,18).

Prentice’s Criteria for Surrogate
Biomarkers

It is not easy to qualify a particular
marker as a surrogate endpoint. The
surrogate marker must meet rigid
standards, including Prentice’s crite-

ria, which state that on a statistical
basis, in order to be a true surrogate,
the endpoint must be a prognostic fac-
tor and explain all the disease-specific
mortality (19). Also, it is important to
evaluate each specific response param-
eter on its own merits. For example, in
a 919-patient study reported by
D’Amico et al., changes in prostate-
specific antigen after treatment did not
qualify as a surrogate marker, but a
doubling time of less than 3 mo for
prostate-specific antigen did meet the
criteria (20).

In summary, the NCI guidelines
provide an excellent starting point for
standardization of the use of 18F-FDG
in clinical trials. The guidelines em-
phasize the technical performance of
studies in order to avoid spurious
results unrelated to the response of
tumors to treatment and to enhance the
reliability and reproducibility of the
imaging test. Obtaining optimal results
from such trials will require that great
care be exercised in selecting patients
who are in a well-defined clinical state
and in timing the imaging such that the
secondary effects of treatment, such as
inflammation, do not interfere with
accurate interpretation of the treat-
ment response of tumors. The worthy
intention of the guidelines is to pre-
pare for the widespread testing of 18F-
FDG PET in multicenter, adequately
powered, NCI-sponsored clinical trials
of treatment response.

Steven M. Larson
Lawrence H. Schwartz

Memorial Sloan-Kettering Cancer Center
New York, New York
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Erratum

In the article ‘‘Procedure Guideline for Tumor Imaging with 18F-FDG PET/CT 1.0’’ by Delbeke et al. (J Nucl Med.
2006;47:885–895), Table 1 contained an error. The corrected table appears below:

TABLE 1
18F-FDG Radiation Dosimetry for Adults and Children

Patient Intravenously administered activity

Organ receiving the

largest radiation dose,

mGy/MBq (rads/mCi)

Effective dose,

mSv/MBq (rems/mCi)

Adult 370–740 MBq (10–20 mCi) Bladder, 0.16* (0.59) 0.019 (0.070)

Child (5 y old) 5.18–7.4 MBq/kg (0.14–0.20 mCi/kg) Bladder, 0.32y (1.2) 0.050 (0.18)

*Voiding interval, 3.5 h. Changes in bladder wall dose are approximately linear with changes in voiding interval; therefore, for

a voiding interval of 2.0 h, dose to bladder wall would change by a factor of 2/3.5.
yVoiding interval, 2.0 h.

Data are from International Commission on Radiological Protection. Radiation Dose to Patients from Radiopharmaceuticals.
St. Louis, MO: Elsevier; 2000:49. ICRP publication 80.

In addition, the affiliation for one of the authors, Scott Holbrook, is listed incorrectly. The correct affiliation is
Precision Nuclear, Gray, Tennessee.
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