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Dear Sir,
We read with interest the Letter to the Editor “It is time 

for the nuclear medicine community to define a unit for 
the total lesion glycolysis (TLG) and similar metrics” by 
Duarte and Sapienza [1]. We have had a related reflection 
in the context of the ongoing accelerated developments in 
the fields of molecular imaging and theranostics. Volumetric 
metrics of tumour burden (e.g. metabolic tumour volume, 
MTV, as well as TLG and its multiple name variants) are 
indeed increasingly used imaging biomarkers and found 
to be even more useful than those of uptake intensity (e.g. 
standardized uptake value, SUV) in a number of applica-
tions, including in theranostics [2, 3].

18F-fluorodeoxyglucose (FDG)-PET has had a dominating 
presence for decades. Hence, references to metabolism and 
glucose consumption have claimed and narrowed down the 
concepts behind MTV and TLG [4]. In fact, these metrics 
are increasingly used in imaging of non-metabolic radiop-
harmaceuticals, including theranostic ones, not only with 
PET but also with SPECT [3, 5]. Regarding MTV, we find 
that a simple renaming such as molecular tumour volume 
would appropriately define the tumour volume defined by 

a non-metabolic ligand. An added benefit is that it leaves 
the familiar MTV acronym intact. Conversely, TLG needs a 
rebranding. To define the product of  SUVmean and MTV, we 
suggest total lesion activity (TLA), which is a more neutral 
term, as activity does not refer to the specific type of target 
involved.

As for the units of each metric, that of SUV needs to 
be sorted out first. There is an ongoing disagreement in 
the community as to whether SUV has for unit g/mL or is 
unitless under the assumption that the average body den-
sity is close to 1 g/mL, i.e. the density of water. Even the 
two authors of this letter are divided on this question, one 
preferring the former (AR) and the other the latter scheme 
(JMB)! To solve this issue, we propose to explicitly insert 
the constant reflecting the assumption (i.e. 1 g/mL) in the 
denominator of the SUV formula, thus cancelling the units 
of SUV. Accordingly, not only MTV, but also TLG and TLA 
(i.e. the product  SUVmean and MTV) could all be expressed 
in a unit of volume. In fact, TLG and TLA can be seen as 
a normalized tumour volume (i.e. the tumour volume if its 
SUV was normalized to 1). Although a trivial issue, if we 
had to choose one such unit, we would favour mL over  cm3 
or cc, since Bq/mL is the common activity concentration 
unit in PET DICOM headers. As a side note, online search 
returns significantly more results when searching “metabolic 
tumor volume” or “total lesion glycolysis” with “mL”, rather 
than with “cm3” or “cc”, suggesting a general preference for 
the former.

More importantly, we wish to propose a practical, alter-
nate metric for molecular tumour burden: total lesion frac-
tion (TLF). TLF is the total integrated activity, say in Bq, 
in the lesion (whether a single lesion or a collection, e.g. 
whole-body tumour burden) divided by decay-corrected 
administered activity (in same units as above). In current 
viewing software, this can easily be obtained by dividing 
TLG or TLA by the estimated body volume in mL (based on 
either body weight or lean body weight as used to compute 

This article is part of the Topical Collection on Letter to the Editor

 * Jean-Mathieu Beauregard 
 Jean-Mathieu.Beauregard@crchudequebec.ulaval.ca

1 Department of Radiology and Nuclear Medicine, and Cancer 
Research Centre, Université Laval, Quebec City, Canada

2 Department of Medical Imaging, CHU de Québec–Université 
Laval, Quebec City, Canada

3 Oncology Axis, CHU de Québec–Université Laval Research 
Centre, Quebec City, Canada

4 Departments of Radiology and Physics, University of British 
Columbia, Vancouver, Canada

5 Department of Integrative Oncology, BC Cancer Research 
Institute, Vancouver, Canada

/ Published online: 13 November 2021

European Journal of Nuclear Medicine and Molecular Imaging (2022) 49:424–426

1 3

http://orcid.org/0000-0003-2123-145X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-021-05613-8&domain=pdf


SUV and TLG or TLA). TLF is a unitless metric with a 
predefined and intuitive scale, that is, from 0 to 100%. By 
contrast, the TLG or TLA scale is different for each patient, 
as it theoretically spans up to the estimated patient volume.

We propose to routinely report TLF in addition to other 
metrics such as MTV and TLA. A feature of TLF is that it 
is independent of body habitus indices. TLF may in fact bet-
ter illustrate the relative importance of the tumour burden 
for patients of different sizes and thus facilitate interpatient 
comparisons. For example, two patients having an identi-
cal TLA of 10,000 mL would be deemed to have the same 
tumour burden by this metric. However, if these patients 
weigh 50 kg and 100 kg, they will have TLFs of 20% and 
10%, respectively. In such a scenario, TLF may better convey 
that the former patient has a larger relative tumour burden 
and may thus have potentially poorer outcome given rela-
tively smaller reserve by the body to encounter the tumour 
load, which can be investigated in different outcome predic-
tion studies. In other words, it is plausible that TLF may 
improve prediction of outcome relative to TLA (and other 
metrics such as SUV), and by more routinely reporting this 
metric, such a hypothesis can be further evaluated for differ-
ent diseases and radiopharmaceuticals. Furthermore, when 
used to assess whole-body tumour burden, TLF becomes 
a straightforward measure of the tumour sink effect, that 
is, the fraction of administered activity sequestered in the 
tumour that is not available for uptake by healthy tissues 
[6]. This has implication for radiopharmaceutical therapy, 
as a large burden of radiopharmaceutical-avid tumour is 
associated with decreased healthy tissues absorbed doses 
per unit administered activity, leaving room for escalation 
of administered activity (and thus of tumour absorbed dose) 
in a personalized approach [7].

Metabolic response using FDG-PET is commonly based 
on change in maximum or peak SUV, as in PERCIST [8]. 
However, SUV may not be as appropriate to assess molecu-
lar response using theranostic radiopharmaceuticals, and 
variations in MTV, TLA and potentially TLF appear more 
promising for this purpose [2, 3]. In line with this, we 
recently proposed the Theranostic Response Criteria In Solid 
Tumours (THERCIST) that is applicable to both PET and 
quantitative SPECT [9]. Interestingly, we have found that the 
early TLF-based response assessed with 177Lu-DOTATATE 
post-treatment quantitative SPECT accurately predicted the 
late MTV-based response assessed with 68Ga-DOTATATE 
PET [10].

In conclusion, to widen the scope of MTV and TLG 
beyond FDG-PET, we propose replacing metabolic with 
molecular within MTV and renaming TLG to TLA (and to 
express all these in mL). Furthermore, we propose TLF as a 

simple, unitless and intuitive way to further quantify overall 
tumour avidity especially in the era of theranostics.

Jean-Mathieu Beauregard.
Arman Rahmim.

Declarations 

Ethics approval This article does not contain any studies with human 
participants or animals performed by the authors.

Conflict of interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Duarte PS, Sapienza MT. Letter to the Editor: It is time for the 
nuclear medicine community to define a unit for the total lesion 
glycolysis (TLG) and similar metrics. Eur J Nucl Med Mol Imag-
ing. 2021;48(8):2312–3.

 2. Schmidkonz C, Cordes M, Schmidt D, Bauerle T, Goetz TI, Beck 
M, et  al. 68Ga-PSMA-11 PET/CT-derived metabolic param-
eters for determination of whole-body tumor burden and treat-
ment response in prostate cancer. Eur J Nucl Med Mol Imaging. 
2018;45(11):1862–72.

 3. Schmuck S, von Klot CA, Henkenberens C, Sohns JM, Chris-
tiansen H, Wester HJ, et al. Initial Experience with volumetric 
68Ga-PSMA I&T PET/CT for assessment of whole-body tumor 
burden as a quantitative imaging biomarker in patients with pros-
tate cancer. J Nucl Med. 2017;58(12):1962–8.

 4. Larson SM, Erdi Y, Akhurst T, Mazumdar M, Macapinlac HA, 
Finn RD, et al. Tumor treatment response based on visual and 
quantitative changes in global tumor glycolysis using PET-FDG 
imaging. The visual response score and the change in total lesion 
glycolysis. Clin Positron Imaging. 1999;2(3):159–71.

 5. Gustafsson J, Sundlöv A, Sjögreen Gleisner K. SPECT image 
segmentation for estimation of tumour volume and activity con-
centration in 177Lu-DOTATATE radionuclide therapy. EJNMMI 
Res. 2017;7(1):18.

 6. Beauregard JM, Hofman MS, Kong G, Hicks RJ. The tumour sink 
effect on the biodistribution of 68Ga-DOTA-octreotate: implica-
tions for peptide receptor radionuclide therapy. Eur J Nucl Med 
Mol Imaging. 2012;39(1):50–6.

 7. Beauregard J-M, Buteau F-A, Beaulieu A, Arsenault F, Del Prete 
M, Lafrenière N, et al. Planning of personalized 177Lu-octreotate 
PRRT with 68Ga-octreotate-PET/CT: the tumor sink effect and 

425European Journal of Nuclear Medicine and Molecular Imaging  (2022) 49:424–426

0123456789)1 3

http://creativecommons.org/licenses/by/4.0/


the renal uptake as predictors of renal dosimetry. J Nucl Med. 
2019;60(Suppl. 1):628.

 8. Wahl RL, Jacene H, Kasamon Y, Lodge MA. From RECIST to 
PERCIST: evolving considerations for PET response criteria in 
solid tumors. J Nucl Med. 2009;50(Suppl. 1):122S-S150.

 9. Beauregard J-M, Cadieux P, Buteau F-A, Beaulieu A, Guérin 
B, Turcotte É. Development of Theranostic Response Criteria 
In Solid Tumors (THERCIST) and tumor burden quantification 
methods for 68Ga-PET/CT and 177Lu-QSPECT/CT. J Nucl Med. 
2019;60(Suppl. 1):626.

 10. Beauregard J-M, Forget V, Desy A, Benesty OB, Buteau F-A, 
Beaulieu A, et al. Quantitative 177Lu-SPECT (QSPECT) during 
second cycle predicts 68Ga-octreotate-PET/CT molecular response 
to 177Lu-octreotate PRRT. J Nucl Med. 2020;61(Suppl. 1):411.

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

426 European Journal of Nuclear Medicine and Molecular Imaging  (2022) 49:424–426

1 3


	Harmonization of nomenclature for molecular imaging metrics of tumour burden: molecular tumour volume (MTV), total lesion activity (TLA) and total lesion fraction (TLF)
	References


