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Abstract—This study sought to systematically assess the influ-
ence of partial-volume effect (PVE) and segmentation on PET
quantitative measures, hinging on lesion geometry. How this
affects, e.g., prevalent maximum standardised uptake values,
SUVimaz, and potentially impact clinical applications, e.g., re-
sponse evaluation has yet to be fully discerned. From PET sim-
ulations with open-source software of variable-sized ellipsoidal
lesions inserted in an anthropomorphic phantom, images of two
contrasts and resolutions were generated. SUV,,,, and volu-
metric indices extracted with six different segmentations were
compared for variability and test-retest repeatability. The study
showed similar or larger shape dependent variability and lower
repeatability in SUV,,4. than SUV,,cqn. Alternative volumetric
indices might provide more robust measures but require better
contouring than common thresholding. Thus findings suggested
significant impact of PVE and segmentation in clinically relevant
lesion sizes that can bias interpretation of SUV changes.

I. INTRODUCTION

Common practice and guidelines for oncological PET/CT
[1] include measurement of standardised uptake values
SUViaz or SUVpeqy in disease report, e.g., for diagnostics
or response monitoring [2]. Partial-volume effect (PVE) is
a recognised source of bias with potentially consequential
impact on PET quantification [3] but is generally ignored in the
clinic. For the sizes of many clinical lesions, however, PVE
is expected to have a non-negligible size and shape related
influence on SUV. Our aim was therefore to investigate the
repercussion of this in a first systematic assessment of relations
between PVE, lesion geometry and delineation method.

II. METHODS

Computer simulations of clinical scans were conducted with
basic ellipsoidal lesions for clear-cut, controlled comparisons.

A. Simulations

The XCAT2 digital phantom [4] was employed and modi-
fied based on a clinical patient scan. Ellipsoids of incremen-
tally varied axes lengths L = (L., L, L) for clinically relevant
volumes, V, were inserted in the lung area using MATLAB
9.0 (Mathworks Inc.). Dimensions were: 1) V =~ 0.1 cc: L
= 8.8x8.8x3.3 mm, 2.7x10.9x3.3 mm, 2.7x13.7%x3.3 mm,
2.7x16.4%x3.3 mm, 2.7x19.1x3.3 mm, 2) V ~ 1 cc: L =
13.7x13.7x9.8 mm, 13.7%x19.1x9.8 mm, 8.2x24.6x9.8 mm,
8.3x30%x9.8 mm, 3) V ~ 2 cc: L = 13.7x13.7x16.4 mm,
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13.7x19.1x16.4 mm, 82x24.6x164 mm, 8.2x30x16.4
mm. Two contrasts with source-to-background ratios, sbr
= 4:1 and 8:1, were constructed. Scans were then created
by analytic simulations with the software for tomographic
image reconstruction (STIR) [5], set up to emulate the GE
Discovery RX tomograph geometry with a randoms-to-trues
ratio =~ 0.35 (total counts ~ 164 M) based on clinical data
and reports [6]. Image reconstructions were with matrices =
128 x 128 (voxel =~ 0.55x0.55%0.33 cc) and 256x256 (voxel
~ 0.27x0.27x0.33 cc) and a 3D ordered subset expectation
maximisation (OSEM) algorithm (iterations/subsets = 3/18)
and 5 mm FWHM Gaussian smoothing. Noise and test-retest
evaluation were for 50 noisy realisations of each scenario.

B. PET Segmentation

Activity levels, A o SUV, were extracted from lesion
delineations inside manually placed 3D masks encompassing
each ellipsoid. This included Az, Ameans Apear (highest
mean value within a 3D sphere of 1.2 cm diameter), the sum of
lesion activity, As,¢, and mean metabolic volumetric product,
MV Prean = Amean + V. Segmentations for delineation were
besides true boundary contours chosen from guidelines [1], [2]
plus other common methods in clinical trials: Fixed thresholds
at 41% (T41), 50% (T50), 70% (T70) of maximum value, 41%
of background corrected maximum value, and fuzzy C-means.

III. RESULTS

Measurement variations are shown in Fig. 1 for true edge
contours with recovery coefficients as ratios between measured
and true uptake levels. A;,; plots were similar to those of
MYV Pyeqn and hence not displayed. With A,, ., deviations
from true values an average 61.5%-78.7% (V =~ 0.1 cc),
22.1%-58.0% (V =~ 1 cc) and 8.0%-49.0% (V ~ 2 cc), and
Amean correspondingly from 62.5%-80.8%, 44.0%-70.9%
and 39.7%-71.6%, A4 varied slightly more with lesion
shape across image resolutions and contrasts (5.1%-30.3%).
Test-retest variability was 2.6%-3.0% for A,,.. and 1.6%—
1.8% for volumetric indices (Apcan, Atots MV Prcan). Apeak
were only extractable in some larger lesions (V ~ 2 cc) and
varied from true values generally by 25.8%-41.9%.

While automatic segmentations increased variability overall
relations were as described above. Failed delineations (with
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Fig. 1. Measures extracted from true lesion contours as a function of in-plane lesion axes ratios (Ly /L) for given through-plane axes lengths (L) shown
for recovery coefficients = Amaa/Atrue (top 1oW), Amean/Atrue (middle row), and MV Ppean (bottom row) for different image resolutions (matrix =
128x 128 and 256x256) and contrasts (sbr = 4:1 and 8:1) demonstrating PVE impact without segmentation bias.

T41, T50, and somewhat T70) were discounted in overall
accounts. Here, divergence in volume estimates of 99.8%-—
165.4% and test-retest delineations of 10.4%—-16.0% was seen.
Though A, Was consistent between methods, it had similar
or slightly larger variability than A,,.,, with lesion shape for
any given volume, both between 4.1%-9.0% at sbr = 4:1 and
V =~ 0.1 cc (sbr = 8:1), and 26.8%-28.5% for V ~ 1-2 cc
(sbr = 8:1). Test-retest variations were 2.5%-2.9% for A, .
and 2.0%-2.3% for A,,eqn. Volumetric changes, meanwhile,
impacted A;o; and MV P, cqn the most. Due to this a larger
dependence on contrast, lesion size and shape was seen with
26.1%-206.2% variability. Disparities on test-retest among the
segmentation methods were 8.7%—14.5%.

IV. CONCLUSIONS

This precursory study confirmed a significant PVE impact
on metric levels, and further supported the expected substantial
relations to lesion geometry. It indicated that SUV measures,
while PVE independent in small lesions as acknowledged [2],
will be affected with shape changes alone in larger lesions (~
1-2 cc). This, however, depended on contrast. Thus reduced
lesion contrast, e.g., in treatment response, can greatly negate
shape related variation due to concomitantly lower PVE. Re-
sults showed a lower repeatability of SUV,,,4, than SUV,,can,
which confirmed other reports [7], and here further implied
that SU V4. 1s less lesion shape invariant than SUV,,eq0- Al-
though analysis on test-retests suggested seemingly more sta-

ble volumetric indices, especially SUV,,cqn but also SUV;;
and MV P,,cqn, segmentation there was the dominant source
of variability, calling for more robust methods than generally
insufficient thresholding. More accurate simulations need to be
performed for verification. Current observations, nevertheless,
were consistent with known relations and provide basic insight
into quantification aspects that presumably only will amplify
in more complex clinical scenarios. It at least signifies non-
negligible PVE impact on SUVs, which should be interpreted
critically in clinical applications.
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