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Tumor burden influences prognosis in lymphoma, with unidi-
mensional bulk used for risk assessment and decisions about radio-
therapy consolidation (1). Total metabolic tumor volume (TMTV)
using 18F-FDG PET emerged 10 y ago as a promising biomarker
(2) that was superior to bulk (3). However, until now, metabolic
tumor volume (MTV) has not been used in clinical practice or trial
design. We attribute this to lack of common methodology, the per-
ception that measurement is difficult, and the unavailability of
software tools. Consensus is also required about which tumor
areas to include (4). Furthermore, MTV has been evaluated in
datasets providing binary cutoffs to divide patients into prognostic
groups, which are data-driven and population-dependent (5).

WHAT IS CHANGING?

A New Benchmark Method Has Been Established
Because prognostication and interobserver agreement are equally

good irrespective of the measurement method (6), choice should reflect
ease of use. One method has emerged as simple, quick to perform
using academic and commercial software, and closely matching the
visual perception of nuclear medicine reads from 6 published methods
in diffuse large B-cell lymphoma (DLBCL) (7) and Hodgkin lym-
phoma (8). The delineation method uses an SUV of at least 4.0 and a
minimum individual lesion volume of 3 cm3. The SUV of 4.0 limits
physiologic uptake that requires editing compared with lower thresh-
olds and reduces underestimation of heterogeneous lesions compared
with percentage SUV thresholds. The 41% SUVmax threshold, although
frequently studied, has increased variability across software depending
on whether SUVmax is defined as the maximum in the TMTV or as
lesional. If lesional, the clustering algorithm can influence how lesions
are outlined. The minimum volume reduces measurement complexity
without significantly influencing TMTV. The method using an SUV of
4.0 is insensitive to uptake time and to the presence or absence of later
progression in patients (7) and is the least sensitive to reconstruction
method, including ultra-high-sensitivity reconstructions (9) used in
advanced technologies such as total-body PET/CT. In approximately
80% of DLBCL cases, minimal reader interaction was required—for
example, removing physiologic uptake with single clicks, achievable in
2–3min (7) with additional manual editing in 20% of cases.

The vision for standardization of MTV measurement was outlined
in this journal (4) with a proposal for a benchmark dataset using a
common method with consensus MTV values and segmentations as
outputs. Data from the MTV road map have been presented involv-
ing 12 readers from 9 countries using 3 academic software programs.
Readers analyzed 60 cases from 3 lymphoma subtypes (10). TMTV
measurement was unaffected by the software used, with close reader
agreement in 52 of 60 cases. Disagreement was mainly due to inter-
pretation of diffuse splenic uptake with smaller, less clinically rele-
vant differences due to manual editing of physiologic uptake.
The benchmark will soon be made publicly available so readers

can check the reliability of MTV measurements using local soft-
ware and their clinical interpretation. New measurement methods,
including artificial intelligence approaches, can be evaluated
against the benchmark, with both being tested in the same dataset
provided patient outcomes are known, to determine whether newer
methods improve prognostication, reduce reader time, or improve
agreement. The benchmark can also be used to explore questions
such as the prognostic relevance of the spleen.
A concern about the transition to one method could be whether

research using other methods might be wasted and that the method
using an SUV of 4.0 has not been widely tested in indolent, albeit
less common, subtypes. A statistical method for combining batches
(ComBat) of data using different methods (11) has been successfully
applied in retrospective trial datasets (12). Nonetheless, having a
standardized approach for prospective study in aggressive lymphoma
is a critical step for universal adoption of MTV as a biomarker.

New Prognostic Indices Have Been Incorporated
Other major developments are testing of TMTV in large data-

sets, expression as a continuous variable, and incorporation with
established risk factors.
The method using an SUV of 4.0 was explored in 1,214 patients

with newly diagnosed DLBCL (13) by the Positron Emission
Tomography Reanalysis (PETRA) consortium in 5 international
trials. First, the best statistical relationship was derived to associate
MTV with progression-free and overall survival. The relationship
was a linear spline with 2 coefficients, such that the same incremen-
tal change had different impacts on survival above and below the
median. MTV performed better than the International Prognostic
Index (comprising binary cutoffs for age, lactate dehydrogenase,
stage, performance status, and more than one extranodal site) (14).
Most International Prognostic Index factors proved redundant when
combined with MTV. The optimal “International Metabolic Prognos-
tic Index” included 3 factors: MTV and age (as continuous variables)
and stage (I–IV). Its continuous nature means progression-free

Received Dec. 15, 2023; revision accepted Jan. 29, 2024.
For correspondence or reprints, contact Sally Barrington (sally.barrington@

kcl.ac.uk).
Published online Feb. 22, 2024.
COPYRIGHT� 2024 by the Society of Nuclear Medicine andMolecular Imaging.
DOI: 10.2967/jnumed.123.267022

IS MTV IN LYMPHOMA REALLY HAPPENING? � Barrington et al. 1

 Journal of Nuclear Medicine, published on February 22, 2024 as doi:10.2967/jnumed.123.267022

mailto:sally.barrington@kcl.ac.uk
mailto:sally.barrington@kcl.ac.uk
https://doi.org/10.2967/jnumed.123.267022


survival can be predicted for individual patients by entering MTV,
age, and stage in a simple Excel (Microsoft) spreadsheet (https://
petralymphoma.org/impi). The International Metabolic Prognostic
Index allows for intelligent trial design, selecting a progression-free
survival cutoff at which the benefit of a novel treatment will likely
outweigh the risk of standard treatment in high-risk patients. The
integration of MTV with patient factors has also been explored in
2,174 patients from trial and real-world datasets, with performance
status being identified as an independent risk factor and MTV plus
performance status outperforming the International Prognostic Index
(12). Optimal selection of high-risk patients is relevant because new
treatments such as CAR T-cell therapy and bispecific monoclonal
antibodies are being tested in phase III trials in first- and second-line
DLBCL.

HOW SHOULD WE BUILD ON THE SUCCESS OF MTV?

The success of MTV has generated interest in other radiomic fea-
tures, which can be measured once TMTV is delineated. The inde-
pendent prognostic value of disease dissemination—for example, the
maximum distance between lesions—was first reported by Cottereau
et al. (15). Biologic explanations for this phenomenon were recently
explored in Hodgkin lymphoma (16). The PETRA consortium sug-
gested the potential to replace “stage” in the International Metabolic
Prognostic Index by “Dmaxbulk,” the maximum distance between
the bulkiest and the furthest lesion, with a small incremental benefit
for a radiomics score that also included performance status and
SUVpeak (17). Preliminary reports that integrate PET with emerging
molecular markers in circulating tumor DNA (18) may further
improve baseline and dynamic risk. Methods to establish reliable
dynamic MTV measurement are also being explored (19).
Confidence in TMTV is growing with agreement about stan-

dardization. A similar pragmatic approach of a simple, albeit not
perfect, method led to widespread adoption of the Deauville score
for lymphoma (20).
Now MTV needs to feature in trial design, either alone or

within prognostic indices such as the International Metabolic
Prognostic Index for risk stratification. To develop clinical deci-
sion tools, MTV (with or without other radiomic features) should
be prospectively evaluated at baseline and interim with liquid bio-
markers for minimal residual disease.
The first trial using MTV, Deauville score, and circulating

tumor DNA to risk-adapt treatment is already under way in Hodg-
kin lymphoma (www.clinicaltrials.gov/study/NCT04866654).
In conclusion, MTV for risk stratification in DLBCL is feasible

now in the clinic and being evaluated in a clinical trial on Hodgkin
lymphoma. A benchmark dataset will be available soon for stan-
dardization of measurement by PET centers, software developers,
and vendors. “The time to prepare for risk adaptation in lymphoma
by standardizing measurement of metabolic tumor burden is over”
(4): it is time to get on board.
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