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18F-FDOPA PET for the Noninvasive Prediction of
Glioma Molecular Parameters: A Radiomics Study

TO THE EDITOR:We have read with interest the paper by Zara-
gori et al. about the role of PET using 6-18F-fluoro-L-DOPA (18F-
FDOPA) in the prediction of molecular parameters by radiomics
(1). We agree that radiomics is a promising approach to improve
the accuracy of amino acid PET (2). This has been demonstrated,
for example, for the differentiation of recurrent tumor from treat-
ment-related changes (3,4).
Zaragori et al. report that radiomics features of static and dynamic

18F-FDOPA data in patients with a neuropathologic diagnosis of
grade II, III, or IV glioma were able to predict IDH mutations and
the 1p/19q codeletion with an area under the curve of 0.831 and
0.724, respectively. The authors conclude that 18F-FDOPA PET
using a full set of radiomics features is an effective tool for the non-
invasive prediction of IDH mutations and for prediction of the 1p/
19q codeletion in routine practice.
Althoughwe have no doubt about the quality of the study, wewould

like to point out a problem with the preselection of patients. For this
study, 74 patients with grade II–IV gliomas were retrospectively
selected from a larger collective. The authors assume that the results
of the study are valid for the noninvasive prediction of molecular
parameters in patients with suspected glioma, that is, in the setting of
preoperative diagnostics in which, apart from clinical and radiologic
parameters, no information is available about the histology of the
tumors.
Previous studies investigating the final diagnosis of patients referred

for amino acid PETwith suspected brain tumor, however, reported that
20%–40% had benign lesions or nonglial tumors (e.g., inflammation,
ischemia, or lymphoma) (5–7). The radiomic features of these lesions
were not considered in the present analysis and could significantly
affect the results of the study. Therefore, the validity of the study for
noninvasive prediction of molecular parameters in the setting of preop-
erative diagnostics is at least doubtful.
A similar issue could also be observed in another recently published

study (8),which investigated the prediction of TERTpmutation status in
IDH wild-type (IDHwt) high-grade gliomas using pretreatment
dynamic O-(2-18F-fluoroethyl)-L-tyrosine (18F-FET) PET radiomics.
In that study, patients with IDHwt tumors were selected from a mixed
population of patients, and the authors reported that radiomics based
on time-to-peak images extracted from dynamic 18F-FET PET scans
could predict the TERTp mutation status of IDHwt diffuse astrocytic
high-grade gliomas with high accuracy preoperatively. Since the IDH
mutation status in the preoperative population is not known, the analysis
is considerably affected by the IDH-negative gliomas and benign
lesions, and the validity of this study also—in the setting of preoperative
diagnostics—has to be viewed with great caution.
Summarizing, we would like to point out that image analysis

methods aiming at noninvasive prediction of molecular parameters
have to be based on a representative preoperative population. Prese-
lection of such populations based on postoperative histologic data
leads to an erroneous and not clinically useful conclusion.

We conclude that the results of such studies can be considered
only as hypotheses and have no relevance for clinical practice.
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Reply: 18F-FDOPA PET for the Noninvasive
Prediction of Glioma Molecular Parameters:
A Radiomics Study

REPLY:We read with interest the letter to the editor by Langen and
colleagues in response to our recent study published in The Journal
of NuclearMedicine (1).We agree with them that radiomics analysis
is a promising approach for PET imaging in neurooncology,
although its application in clinical practice needs to be defined
more precisely on the basis of the clinical question at hand. The
added value of 6-18F-fluoro-L-DOPA (18F-FDOPA) PET radiomics
over conventional static analysis, derived from SUV parameters,
appears to hold more promise for the initial diagnosis (1) than for
detecting recurrent disease (2). Extensive effort is also needed to
study these radiomics tools prospectively, including in a real clinical
setting of nonglioma lesion, as well as to make these tools available
and amenable to accurate interpretation by nuclear physicians in
clinical routine practice. We would like to respond to this letter by
raising 3 points.
First, and from a methodologic point of view, radiomics analysis

needs to be compared with a robust benchmark (3,4). Immunohisto-
logic analysis of tumor samples is still considered the gold standard
for defining brain tumors at the initial diagnosis. Although theseCOPYRIGHT� 2022 by the Society of Nuclear Medicine andMolecular Imaging.
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analyses are considered as the reference in oncology, we know that
they suffer from several limitations. Information extracted from
immunohistologic analysis is representative of only the region
from which the sample was taken and of only the time of collection,
which means that this type of analysis is both spatially (5–7) and
temporally limited (8). In this vein and for lack of a better alternative,
the recently published retrospective amino acid PET radiomics stud-
ies exploring the prognostic benefits of molecular parameters of
brain tumors at initial diagnosis were, similarly to ours, all based
on immunohistologic analyses (9–11). In differential diagnoses,
brain tumors, brain inflammatory lesions, ischemia, or primary cen-
tral nervous system lymphomas are typically “do not touch” lesions
(12), with correspondingly very low rates of available histologic
analyses, which restricts their inclusion in these types of retrospec-
tive studies. In their study, Renard et al. (13) underline that less
than one third of their pseudotumor patients had available histology.
Second, PET imaging in neurooncology needs be interpreted in

the era of multimodal and multiparametric approaches as advocated
by the current European guidelines, which recommend amino acid
PET at the initial tumor diagnosis as an adjunct to MRI (14).
High-grade gliomas may be accurately distinguished from primary
central nervous system lymphomas using morphologic MRI (15),
with recentMRI technical advances expected to further increase per-
formance in differentiating from inflammatory brain lesions (16).
These improvements in MRI-based brain lesion characterizations
will allow more specific identification of the best candidate brain
lesions to refer for amino acid PET imaging. Moreover, conven-
tional static analysis of 18F-FDOPA PET imaging is also useful in
discriminating between pseudotumoral and tumoral lesions (13).
Finally, the 2 amino acid PET studies mentioned by Langen and

colleagues (1,11) reported the prognostic significance of dynamic

parameters, obtained from VOI-based or
voxel-based extractions combined with
radiomics analysis, for respectively predict-
ing IDH and TERTp mutations. As already
extensively discussed elsewhere (17),
aggressive brain gliomas are associated
with high tracer uptake within the first few
minutes after injection followed by a
decrease in the uptake curve, whereas less
aggressive gliomas typically show a slow
increase in amino acid uptake, with the
highest values observed at later time
frames. Amino acid PET imaging of brain
inflammation is also associated with a con-
sistently increasing SUV curve (14). Figure
1 provides representative 18F-FDOPA PET
images of a brain inflammation case. Other
dynamic amino acid PET studies also sug-
gest that lymphomas (18) and benign lesions
(19) show dynamic patterns similar to the
ones observed in less aggressive gliomas.
Dynamic PET imaging of brain lesions at
the initial diagnosis, in addition to conven-
tional static analysis (13), should therefore
help identify nonglioma brain lesions. This
possibility will, of course, need to be further
confirmed by well-designed prospective
studies.
To summarize, radiomics analysis of

amino acid PET imaging has the potential to emerge as a truly effective
tool for the noninvasive characterization of gliomas, provided thatmul-
timodal and multiparametric imaging is used. Currently, the primary
aim of radiomics analyses in neurooncology is to generate hypotheses
with promising results, to consider in a next step toward prospective
evaluation in the real clinical setting.
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Single–Time-Point Tumor Dosimetry Assuming
Normal Distribution of Tumor Kinetics

TOTHEEDITOR:An excellent recent review by Sgouros et al. on
the multifaceted complexities of tumor dose–response was highly
informative (1). However, it did not address a practical aspect—
how to routinely implement tumor dosimetry in the context of
today’s stifling economic mantra of “cheaper, better, faster.” The
fine balancing act between clinical needs and health-care economics
is an everyday challenge in any busy clinic. But there is hope, in the
form of single–time-point dosimetry as a compromise for resource-
intensive multiple–time-point imaging.
Previous work by H€anscheid et al. on single–time-point dosime-

try works well for normal organs, but its application to metastases is
questionable because of widely heterogeneous tumor biology (2).
Tumors are, by definition, inherently abnormal. Therefore, the effec-
tive half-life (Teff) of any tumor type will have a wide spread of val-
ues. This means that a single average Teff defined for a tumor type
might not be sufficiently personalized to an individual patient.
An alternative framework for single–time-point tumor dosimetry

is proposed here to complement that by H€anscheid et al. (2). It
assumes a normal distribution of tumor Teff around its mean and
uses 61 SD to rationalize tumor Teff values for faint (poor), mild
(weak), moderate (good), and intense (excellent) tumor avidity.
Whichever method of single–time-point tumor dosimetry the user

eventually chooses will depend on whether each method’s assump-
tions are reasonably valid for the patient at hand.
To illustrate this alternativemethod, let us consider 131I-avid bone

metastases from differentiated thyroid cancer. For this exercise, it is
necessary to quote preliminary data. From a very small dataset of
8 bone metastases by 2 studies (6 lesions) and 2 lesions from our
own data, the mean tumor Teff in

131I-avid bone metastasis prepared
by thyroid hormone withdrawal was approximately 4.07 6 2.52 d
(3,4). Its wide SD reflects the highly heterogeneous biology of
metastases.
Next, we invoke the central-limit theorem to assume a normal dis-

tribution of tumor Teff around itsmean. This assumption is obviously
false in the current example of only 8 lesions but will eventually
trend closer to the truth with future additional data. Within this nor-
mal distribution framework, bone metastases that are visually
assessed to have faint 131I avidity will be to the left of 21 SD
(Teff,,1.55 d),mild aviditywill be at21 SD (Teff, 1.55 d),moderate
avidity will be at themean (Teff, 4.07 d), and intense avidity will be at
11 SD (Teff, 6.59 d). The visual classification of

131I avidity may be
referenced to the liver, analogous to the Krenning score (5).
Lesionmass ismeasuredby sectional volumetry.Lesion activity at

time t (d) after administration of 131I is measured by calibrated scin-
tigraphy. Finally, the tumor-absorbed dose (Gy) may be calculated
by themethod described by Jentzen et al., which assumes a linear ini-
tial time–activity concentration rate and a time to peak tumor uptake
of 8 h, followed by monoexponential clearance in accordance with
tumor Teff (6). This alternative method of single–time-point dosime-
try could also be applied to 131I-avid soft-tissuemetastases, with pre-
liminarydata suggesting that themean tumorTeff prepared by thyroid
hormone withdrawal could be approximately 2.556 0.35 d (7,8).
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Reply: Single–Time-Point Tumor Dosimetry
Assuming Normal Distribution of Tumor Kinetics

REPLY:We thank Dr. Kao for carefully reading our article (1) and
for illustrating the value of single–time-point imaging in the practi-
cal implementation of patient-specific dosimetry for radiopharma-
ceutical therapy. We chose to focus on fundamental knowns and
unknowns, particularly tumor dose–response relationships, rather
than addressing the admittedly challenging logistics of patient-
specific dosimetry. As noted in Dr. Kao’s letter, single–time-point
formulations exist that may be applied to normal-organ and tumor-
absorbed doses, although due to the potentially larger variability in
tumor kinetics there may be larger error associated with application
to tumor.However, the error in the tumor activity quantification step,
depending on tumor size, likely dominates the uncertainty in the
dose calculations. Overall, the uncertainty associated with single–
time-point methods is unlikely to be clinically impactful. Clinical
experience suggests that a severalfold difference in tumor-absorbed
dose is needed to overcome the impact of differences in tumor radio-
sensitivity, dose distribution within the tumor, dose-rate differences,
and other biologic effects that impact tumor response to therapy in
patients.
Recognizing the imperative of achieving the right balance, we

would promote an approach that enables the treating physician—
in establishing treatment doses—to consider the multifaceted trade-
offs among absorbed dose accuracy, health economics, the chal-
lenges of a busy clinic, and the clinical aspects of the disease. By
defining a level of certainty or uncertainty in all calculated absorbed
dose values, including those obtained by reduced–time-point or sin-
gle–time-point methods, the treating physician is provided the infor-
mation needed to make what is ultimately a clinical decision for a
specific patient. If, on the basis of the disease extent and endpoints
to be achieved, the physician seeks greater precision in the nor-
mal-organ and tumor-absorbed dose estimates, an extended multi-
ple–time-point imaging protocol may be devised in conjunction
with the medical physicist.
It is encouraging that in addition to the work described in the let-

ter, the loss of accuracy associated with using a single imaging time

point compared with using multiple time points has been recently
investigated. Among the ever-growing list of papers in this area,
we note the early work on peptide receptor radionuclide therapy
by Madsen et al. (2) and H€anscheid et al. (3) and the more recent
extension of this approach to other RPTs by Hou et al. (4) and Jack-
son et al. (5).
We thank Dr. Kao and The Journal of Nuclear Medicine

editor-in-chief for giving us the opportunity to address this impor-
tant topic.

REFERENCES

1. Sgouros G, Dewaraja YK, Escorcia F, et al. Tumor response to radiopharmaceutical
therapies: the knowns and the unknowns. J Nucl Med. 2021;62(suppl 3):12S–
22S.

2. Madsen MT, Menda Y, O’Dorisio TM, O’Dorisio MS. Technical note: single time
point dose estimate for exponential clearance.Med Phys. 2018;45:2318–2324.

3. H€anscheidH,LapaC,BuckAK,LassmannM,WernerRA.Dosemapping after endor-
adiotherapy with 177Lu-DOTATATE/DOTATOC by a single measurement after 4
days. J Nucl Med. 2018;59:75–81.

4. Hou X, Brosch J, Uribe C, et al. Feasibility of single-time-point dosimetry for radio-
pharmaceutical therapies. J Nucl Med. 2021;62:1006–1011.

5. Jackson PA,HofmanMS,Hicks RJ, ScalzoM,Violet J. Radiation dosimetry in 177Lu-
PSMA-617 therapy using a single posttreatment SPECT/CT scan: a novel methodol-
ogy to generate time- and tissue-specific dose factors. J Nucl Med. 2020;61:1030–
1036.

George Sgouros*
Yuni K. Dewaraja
Freddy Escorcia

Stephen A. Graves
Thomas A. Hope

Amir Iravani
Neeta Pandit-Taskar

Babak Saboury
Sara St. James

Pat B. Zanzonico
*Johns Hopkins University

Baltimore, Maryland
E-mail: gsgouros@jhmi.edu

Published online Mar. 10, 2022.
DOI: 10.2967/jnumed.121.263717

804 THE JOURNAL OF NUCLEAR MEDICINE � Vol. 63 � No. 5 � May 2022


