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Molecular imaging with FLT: a case of Cassandra’s curse?
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In Homer’s classic tale of the downfall of Troy, names like
Paris, Helen, and Achilles are widely recognized as tragic
figures but perhaps the saddest character is Cassandra, the
daughter of Troy’s king, Priam, and the sister of its great-
est hero, Hector. Cassandra was a priestess given the gift
of prophesy by Apollo, but then, after rejecting the god’s
amorous advances, cursed by him to not be believed. While
regulatory authorities, and many clinicians, are obsessed
with the ability of imaging to find sites of disease, the abil-
ity to predict future events, which we call prognostication
rather than prophecy, is largely ignored. As such, molecular
imaging, in general, seems to have suffered as Cassandra did.

When the PET tracer FLT was first described [1], there
was great excitement that it would overcome one of the
major limitations of FDG by not being subject to false posi-
tive results related to inflammatory processes. In canine
imaging studies, there was uptake almost exclusively in
the bone marrow. However, in a preliminary human evalu-
ation in this seminal paper, it was noted that while there
was high uptake in a lung cancer, as well as in the bone
marrow, there was also high uptake in the liver, suggesting
altered handling of this tracer by the human liver compared
to that in the dog. The authors pointed out the possibility
that this would limit detection of metastases in these tissues
that represent amongst the most common sites of cancer
dissemination. This biodistribution was to largely spell the
doom of this tracer as a diagnostic agent. Although FLT was
able to detect one of the relatively rare aggressive cancers
to lack significant FDG-avidity, diffuse gastric cancer [2],
the inability of complement staging information has been
a limitation. A further issue for the tracer has been uptake
in active germinal centres of reactive lymph nodes [3]. An
exception to the general superiority of FDG in detecting
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disease has been in identifying brain metastases and high-
grade primary brain neoplasms, based primarily on the very
low background activity of FLT in normal brain tissue. How-
ever, C-11 methionine and F-18 fluoro-ethyl-tyrosine (FET)
may perform as well or better by detecting disease based on
amino-acid transport into varying grades of tumour [4] and
because its uptake is not impaired by an intact blood brain
barrier [5]. Nevertheless, preliminary data supported the
utility of FLT in grading of gliomas, which is an important
prognostic indicator [6, 7].

Although increased cellular proliferation is one of the
hallmarks of cancer, not all cancers have high rates of
growth, despite having metastatic potential. Neuroendocrine
neoplasia (NEN) is a case in point wherein the majority of
metastatic cases are still low-grade, as assessed by a tissue
biomarker of proliferation, Ki-67. While most NEN patients
have G1 disease characterized by a Ki-67 <3%, even in a
population of NEN patients with predominantly G2 or G3
disease, FLT was positive in only 37% of cases [8]. Accord-
ingly, its role in detecting sites of disease is compromised in
an era when somatostatin receptor imaging, combined with
FDG PET/CT for higher-grade NEN, has become a routine
part of the diagnostic paradigm, at least in some parts of
the world [9]. Similarly, in metastatic phaeochromocytoma/
paraganglioma, FLT uptake was minimal in even progressive
lesions compared to FDG [10].

Nevertheless, cellular proliferation is clearly important
prognostically and the ability to suppress proliferation is
likely to prolong progression-free survival and, in highly
aggressive tumours, this may impact overall survival. At ini-
tial staging, diseases that have heterogeneity in proliferation
may benefit from prognostic stratification based on cellular
proliferation. An obvious scenario is follicular lymphoma
(FL), which not only has various grades but also is prone
to transformation to aggressive lymphoma, particularly dif-
fuse large B-cell lymphoma (DLBCL). The latter has been
shown to be positive on FLT PET with higher SUV being
an adverse prognostic indicator for response to the R-CHOP
treatment regimen [11]. However, higher uptake of FDG
fills a similar role in detecting transformed lymphoma and
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FDG PET/CT now widely used for both the staging and
response assessment of lymphoma [12]. A comparison of
FDG and FLT in 114 patients demonstrated that there was
a more marked difference in SUVmax between DLBCL
and FL with FDG than with FLT [13]. Following treatment
of lymphoma, residual masses are relatively common. An
early comparison of FLT and FDG demonstrated that lack of
uptake on either was associated with longer median overall
and progression-free survival but failed to indicate a benefit
of FLT over FDG in this clinical setting [14].

Despite these somewhat discouraging results, in a
study involving 54 patients with DLBCL, an evaluation
of the change in FLT uptake, based on either SUVmax or
SUVmean between a baseline scan and another done in the
first week of R-CHOP, was greater in patients who subse-
quently achieved a complete response than those who didn’t
and was also predictive of survival [15]. Similar results were
found in a study involving 61 patients with DLBCL treated
with R-CHOP, in which SUVmax after one cycle of treat-
ment was predictive of 5-year overall survival and better
able to stratify prognosis than FLT findings at either baseline
or the end of treatment [16]. A further study in 65 DLBCL
patients using FLT PET/CT after 1-2 cycles of R-CHOP
supported the ability to predict both progress-free survival
(PFS) and overall survival (OS) [17]. However, in this study
wherein 4 cycles of R-CHOP were followed by a relatively
aggressive consolidation regimen of 3 cycles of ICE chemo-
therapy, the positive predictive value of an early scan was
considered by the authors to be insufficient to warrant even
more aggressive treatment intensification.

These prior studies provide useful background to assess-
ing the significance of a recent study in the European Jour-
nal of Nuclear Medicine and Molecular Imaging, which
has provided further support for the use of FLT PET/CT in
monitoring response [18]. In this prospective trial involving
92 patients with DLBCL treated with either of two stand-
ard chemotherapy regimens combined with rituximab, all
cases were evaluated after 2 cycles of treatment by both
interim FDG PET/CT (iFDG) and FLT PET/CT (iFLT).
Due to logistic and funding constraints, no baseline FLT
was acquired and therefore the primary analysis of FLT was
based on visual assessment with positive lesions being con-
firmed by demonstration of a higher SUVmax in detected
lesions than the SUVmean in left atrial blood pool. There
are few data to indicate whether these are the appropriate
interpretation criteria for FLT PET. A visual scoring sys-
tem based on comparison to normal organ uptake, some-
what similar to that used for the Deauville score (DS), has
been proposed for assessing malignancy in lung lesions [19],
but this has not been validated in lymphoma. Neither has
an absolute SUV been defined for defining a positive scan.
Therefore, the simplicity of the assessment criteria used
in this trial is somewhat appealing for translation into the
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clinical setting and the lack of requirement for an additional
baseline scan would potentially allow substitution for iFDG,
which is now widely integrated into response evaluation.
The primary rationale for this in aggressive lymphoma is to
identify patients in whom treatment might need to be esca-
lated to diminish treatment failure rates and thereby improve
survival.

The case for substitution of iFDG by iFLT is potentially
supported by the finding by Miamimoto and co-workers that
a substantially higher proportion of patients were negative
after 2 cycles of treatment (73% versus 58%), and the relapse
rate in the patients with a positive iFLT was substantially
greater than in those with a positive iFDG based on DS
(56% versus 30.8%). Further, they found that the PFS in
iFLT negative patients was statistically significantly longer
than in those with a positive iFLT, whereas this was not the
case for iFDG positive patients. On multivariate analysis
that included various analysis methods of FDG response,
only iFLT was predictive of 3- and 5-year PFS. Together,
these data suggest that less patients would need to be con-
sidered candidates for treatment escalation, but for those that
are positive on iFLT, the adverse prognostic implications of
the scan would provide a stronger incentive to potentially
increase the toxicity of treatment in order to reduce the like-
lihood of treatment failure.

Like Cassandra, iFLT PET/CT seems to predict the future
but whether the information will be heeded and used to avoid
tragic outcomes by translation into the clinic remains in the
hands of the gods!

Declarations

Ethics approval Institutional Review Board approval was not required
because the paper is an Editorial.

Informed consent Not applicable.

Conflict of interest The author declares no conflicts of interest relevant
to this article.

References

1. Shields AF, Grierson JR, Dohmen BM, Machulla HJ, Stayanoff
JC, Lawhorn-Crews JM, et al. Imaging proliferation in vivo
with [F-18]FLT and positron emission tomography. Nat Med.
1998;4:1334-6.

2. Herrmann K, Ott K, Buck AK, Lordick F, Wilhelm D, Souvatzo-
glou M, et al. Imaging gastric cancer with PET and the radiotrac-
ers 18F-FLT and 18F-FDG: a comparative analysis. J Nucl Med.
2007;48:1945-50. https://doi.org/10.2967/jnumed.107.044867.

3. Troost EG, Vogel WV, Merkx MA, Slootweg PJ, Marres HA,
Peeters W1J, et al. 18F-FLT PET does not discriminate between


https://doi.org/10.2967/jnumed.107.044867

European Journal of Nuclear Medicine and Molecular Imaging (2021) 48:2687-2689

2689

10.

11.

12

reactive and metastatic lymph nodes in primary head and neck
cancer patients. ] Nucl Med. 2007;48:726-35. https://doi.org/10.
2967/jnumed.106.037473.

Galldiks N, Lohmann P, Albert NL, Tonn JC, Langen KJ. Cur-
rent status of PET imaging in neuro-oncology. Neurooncol Adv.
2019;1:vdz010. https://doi.org/10.1093/noajnl/vdz010.
Nowosielski M, DiFranco MD, Putzer D, Seiz M, Recheis W,
Jacobs AH, et al. An intra-individual comparison of MRI, [18F]-
FET and [18F]-FLT PET in patients with high-grade gliomas.
PLoS ONE. 2014;9:€95830. https://doi.org/10.1371/journal.pone.
0095830.

Backes H, Ullrich R, Neumaier B, Kracht L, Wienhard K, Jacobs
AH. Noninvasive quantification of 18F-FLT human brain PET for
the assessment of tumour proliferation in patients with high-grade
glioma. Eur J Nucl Med Mol Imaging. 2009;36:1960-7. https://
doi.org/10.1007/s00259-009-1244-4.

Yamamoto Y, Ono Y, Aga F, Kawai N, Kudomi N, Nishiyama
Y. Correlation of 18F-FLT uptake with tumor grade and Ki-67
immunohistochemistry in patients with newly diagnosed and
recurrent gliomas. J Nucl Med. 2012;53:1911-5. https://doi.org/
10.2967/jnumed.112.104729.

Johnbeck CB, Knigge U, Langer SW, Loft A, Berthelsen AK, Fed-
erspiel B, et al. Prognostic value of 18F-FLT PET in patients with
neuroendocrine neoplasms: a prospective head-to-head compari-
son with 18F-FDG PET and Ki-67 in 100 patients. J Nucl Med.
2016;57:1851-7. https://doi.org/10.2967/jnumed.116.174714.
Hicks RJ. Use of molecular targeted agents for the diagnosis, stag-
ing and therapy of neuroendocrine malignancy. Cancer Imaging.
2010;10 Spec no A(1A):S83-91. https://doi.org/10.1102/1470-
7330.2010.9007.

Blanchet EM, Taieb D, Millo C, Martucci V, Chen CC, Merino M,
et al. 18F-FLT PET/CT in the evaluation of pheochromocytomas
and paragangliomas: a pilot study. J Nucl Med. 2015;56:1849-54.
https://doi.org/10.2967/jnumed.115.159061.

Herrmann K, Buck AK, Schuster T, Junger A, Wieder HA, Graf
N, et al. Predictive value of initial 18F-FLT uptake in patients with
aggressive non-Hodgkin lymphoma receiving R-CHOP treatment.
J Nucl Med. 2011;52:690-6. https://doi.org/10.2967/jnumed.110.
084566.

Barrington SF, Mikhaeel NG, Kostakoglu L, Meignan M, Hutch-
ings M, Mueller SP, et al. Role of imaging in the staging and
response assessment of lymphoma: consensus of the International
Conference on Malignant Lymphomas Imaging Working Group. J

13.

14.

15.

16.

17.

18.

19.

Clin Oncol. 2014;32:3048-58. https://doi.org/10.1200/jco.2013.
53.5229.

Wang R, Zhu H, Chen Y, Li C, Li F, Shen Z, et al. Standardized
uptake value based evaluation of lymphoma by FDG and FLT
PET/CT. Hematol Oncol. 2014;32:126-32. https://doi.org/10.
1002/hon.2093.

Kasper B, Egerer G, Gronkowski M, Haufe S, Lehnert T, Eisenhut
M, et al. Functional diagnosis of residual lymphomas after radio-
chemotherapy with positron emission tomography comparing
FDG- and FLT-PET. Leuk Lymphoma. 2007;48:746-53. https://
doi.org/10.1080/10428190601113568.

Herrmann K, Buck AK, Schuster T, Abbrederis K, Blumel C,
Santi I, et al. Week one FLT-PET response predicts complete
remission to R-CHOP and survival in DLBCL. Oncotarget.
2014;5:4050-9.

Lee H, Kim SK, Kim YI, Kim TS, Kang SH, Park WS, et al.
Early determination of prognosis by interim 3’-deoxy-3’-18F-
fluorothymidine PET in patients with non-Hodgkin lymphoma. J
Nucl Med. 2014;55:216-22. https://doi.org/10.2967/jnumed.113.
124172.

Schoder H, Zelenetz AD, Hamlin P, Gavane S, Horwitz S, Matasar
M, et al. Prospective study of 3’-deoxy-3’-18f-fluorothymidine
PET for early interim response assessment in advanced-stage
B-cell lymphoma. J Nucl Med. 2016;57:728-34. https://doi.org/
10.2967/jnumed.115.166769.

Minamimoto R, Fayad L, Vose J, Meza J, Advani R, Hankins J,
et al. F-Fluorothymidine PET is an early and superior predictor of
progression-free survival following chemoimmunotherapy of dif-
fuse large B cell lymphoma: a multicenter study. Eur J Nucl Med
Mol Imaging. 2021. https://doi.org/10.1007/3500259-021-05353-9.
Beauregard JM, Giraudet AL, Aide N, Hofman MS, Blum R,
Drummond E, et al. Evaluation of a new visual uptake scoring
scale for 18F-fluorothymidine positron emission tomography
in the diagnosis of pulmonary lesions. Nucl Med Commun.
2013;34:521-6. https://doi.org/10.1097/MNM.0b013e3283
606669.

Publisher’s note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.2967/jnumed.106.037473
https://doi.org/10.2967/jnumed.106.037473
https://doi.org/10.1093/noajnl/vdz010
https://doi.org/10.1371/journal.pone.0095830
https://doi.org/10.1371/journal.pone.0095830
https://doi.org/10.1007/s00259-009-1244-4
https://doi.org/10.1007/s00259-009-1244-4
https://doi.org/10.2967/jnumed.112.104729
https://doi.org/10.2967/jnumed.112.104729
https://doi.org/10.2967/jnumed.116.174714
https://doi.org/10.1102/1470-7330.2010.9007
https://doi.org/10.1102/1470-7330.2010.9007
https://doi.org/10.2967/jnumed.115.159061
https://doi.org/10.2967/jnumed.110.084566
https://doi.org/10.2967/jnumed.110.084566
https://doi.org/10.1200/jco.2013.53.5229
https://doi.org/10.1200/jco.2013.53.5229
https://doi.org/10.1002/hon.2093
https://doi.org/10.1002/hon.2093
https://doi.org/10.1080/10428190601113568
https://doi.org/10.1080/10428190601113568
https://doi.org/10.2967/jnumed.113.124172
https://doi.org/10.2967/jnumed.113.124172
https://doi.org/10.2967/jnumed.115.166769
https://doi.org/10.2967/jnumed.115.166769
https://doi.org/10.1007/s00259-021-05353-9
https://doi.org/10.1097/MNM.0b013e3283606669
https://doi.org/10.1097/MNM.0b013e3283606669

	Molecular imaging with FLT: a case of Cassandra’s curse?
	References


