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The imaging modality that most of us rely upon in the
management of the diffuse low-grade glioma (LGG) is
MRI, with T1, T1 contrast enhanced, T2/FLAIR, perfusion
and diffusion weighted imaging being the minimum core
[4]. In addition to assess image appearance at a time point
using different MRI sequences, the longitudinal informa-
tion may also provide relevant information. The typical
LGG is characterized by continuous slow and infiltrative
growth [10, 12]. In cases where the diagnosis is unclear the
radiological demonstration of growth may guide treatment
decisions. In addition, some centers still want to establish
growth of a suspected LGG prior to referral to neurosur-
gery or before surgical resection, even though the tradition-
al “wait-and-scan” until malignant transformation should
clearly be avoided [8]. For these purposes, reliable mea-
surement of growth is key. However, the routine assess-
ment of lesion volume or even lesion diameter is lacking
in many institutions. This may lead to underestimation of
growth dynamics, as demonstrated by Gui and colleagues
in this issue of Acta Neurochirurgica [5]. The radiologists
reported “growth” when there was more than 20% increase
of the volume. So called “stable lesions” were associated
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with approximately 10% increase in volume. This
disturbing finding is in line with our previous report [7].

Why do we continue with this hazardous practice of quali-
tative growth estimation in LGG? Gui and colleagues clearly
demonstrate that measurements based upon one or two diame-
ters are inaccurate, but use of three diameters and an ellipsoid
formula correlates reasonably well with the segmented volume
[5]. Manual segmentation by a neuroradiologist may be the
gold standard for assessment of tumor volume, but manual
segmentation is also subject to even intra-rater variability [1].
There are several solutions and software available for both
manual and semi-automated volume measurements, but these
are often poorly integrated with the clinical radiological soft-
ware and the clinical workflow. We realize that there is a learn-
ing curve and some variability of measurements, but believe the
main obstacle with these techniques are the increased time
needed for evaluation. These methods are simply too time-
consuming for routine clinical use. This does not fit well in with
ideas of increased efficiency in every aspect of patient care.

We believe the solution for clinical application of quantita-
tive volume measurement of LGG (and other tumors) lies with-
in automated analysis. In the paper by Gui and colleagues we
would have liked to see how available algorithms for tumor
segmentation performed compared to the other methods. This
lacking part would have made the paper not only looking back
at already outdated techniques (e.g., one-dimensional diame-
ter) but also provide a peak of what is to come. One obvious
advantage of automated volume segmentations is the low var-
iability of the same measurement (i.e., high precision). High
precision is of special importance when performing relative
measurements such as assessment of tumor growth over time,
as high variability has the potential to hide the true difference
between timepoints.

Automatic segmentation of brain tumors is an active field of
research, and the yearly Brain Tumor Segmentation (BraTS)
challenge enables direct benchmarking of the most recent de-
velopments [2]. Most recent automatic algorithms based on
deep neural networks produce high accuracy 3D segmentations
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within seconds. The 2018 winner of the BraTS challenge used
convolutional neural network and achieved average dice of
0.8839 for whole tumor segmentation [11]. One of the main
limitations to the progress of automated brain tumor segmenta-
tion has been the lack of available data for training and validation,
and the slow adaption and implementation by suppliers of clin-
ical radiological software. The gap between methods that are
well established in the research community and methods
available for routine clinical use is still surprisingly wide.
The argument is often being that these methods are not
validated for clinical use. As shown by Gui and co-
workers, methods that are in routine clinical use are not
necessarily highly accurate and precise either. More avail-
able training data, well-defined validation requirements,
and faster implementation of new methods by commercial
suppliers (e.g. PACS systems) are the ways forward.

We are convinced that the current interest from the medical
community with respect to deep learning will create solutions
that are better than the current practice [3, 9]. In addition to
provide the volume of the LGG, routine LGG segmentation
may also be crucial for the active use of other decision support
tools like resection probability maps [6]. Brain tumor patients
deserve and expect high quality assessment of their disease
and with the current automatic algorithms, physicians, and
researchers should not accept sub-optimal measurements pro-
duced by outdated methods.
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