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Abstract — Aim: Texture indices (TD) are of growing
interest for tumor characterization. Yet, whether FDG-
PET images can evidence tissue-specific pattern has
received little attention so far. We studied the ability of
enhanced TI to determine tissue types. Materials and
Methods: Forty-eight patients with non-small cell lung
cancer underwent FDG-PET before treatment. Seven
enhanced TI were calculated using a new resampling
method. Standardized Uptake Value (SUV) and
metabolic volume (MV) were also systematically
computed. The ability of each index to distinguish
between tumor and liver ftissue and between itwo
subtypes of cancer was investigated using ROC
analyses. Results: All enhanced TI could differentiate
tumor from liver tissue with an Area Under the ROC
Curve (AUC) higher than 0.692. Homogeneity and Low
Gray-Level  Emphasis could  differentiate  the
adenocarcinomas (n=28) and squamous cell carcinomas
(n=12) with AUC better than that of SUVmax and MV
(Delong’s test). Liver tissue had a more homogeneous
texture than tumor tissue and adenocarcinomas
exhibited a more homogeneous texture than squamous
cell carcinomas. Conclusion: Enhanced TI vary as a
Junction of the tissue type and cancer subtype, and
might be used as a new tool for tumor characterization.

Index terms - Image Processing, Medical Physics,
Nuclear imaging.

I. INTRODUCTION

In oncology, the coexistence of different clones in a tumor
as well as biological heterogencity like necrosis, fibrosis
or the presence of specific receptor affect the evolution of
cancer and the choice of therapy. Therefore, several
groups have explored the interest of texture indices (TT)
based on PET images to characterize tumor heterogeneity
for various types of cancer [1-3]. Two studies also
demonstrated that some TI were strongly correlated with
the tumor metabolic volume (MV) [4], especially for
small tumors (less than 45 mL) [5]. Yet, the meaning and
actual variation of textural metrics as a function of tissue
type has not been carefully reported.

The purpose of this study was to investigate the value of
enhanced TT in different tissue types.
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II. MATERIALS AND METHODS
IL.1. Patients and PET/CT protocol

Forty-eight patients with non-small cell lung cancer were
included in this study. Histological analysis was
performed after surgery to determine the subtype of
cancer: adenocarcinoma (n=28), squamous cell carcinoma
(n=12) or other (n=8). All patients underwent an 18F-
FDG PET/CT using a Gemini TF PET/CT scanner
(Philips) before treatment. PET images were converted in
Standardized Uptake Value (SUV) units normalized by
the patient body weight.

I1.2. Volume of interest (VOI) delineation

For cach patient, the primary tumor was delineated using
an adaptive threshold. The tumor VOI (VOI-T) was
moved in the liver of the patient (VOI-L). For each VOI,
MYV and the maximum SUV (SUVmax) were computed.

IL.3. Texture analysis

Before calculating TI, voxel intensities were resampled
between 0 and 20 SUV units using 64 discrete values.
This new resampling method differs from the
conventional one consisting of resampling between the
minimum and maximum SUV of cach single tumor and
has the advantage to cancel the correlation between TI
and MV observed in [4-5]. After this step, we computed 3
texture matrices: co-occurrence matrix, gray-level run
length matrix and gray-level zone length matrix. We
extracted 7 so-called enhanced (due to the new
resampling approach) TI: homogeneity, entropy, Short-
Run Emphasis (SRE), Long-Run Emphasis (LRE), Run
Length Non-Uniformity (RLNU), Low Gray-level
Emphasis (LGZE) and High Gray-level Emphasis
(HGZE).

I1.4. Statistical analysis

The ability of each parameter to distinguish between
tumor and liver tissue and between adenocarcinoma and
squamous cell carcinoma was evaluated using ROC
analysis. Differences in Area Under the ROC Curve
(AUC) were tested using Delong’s test. P-values less
than 5% were considered statistically significant.
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III. RESULTS

The results of ROC analysis are summarized in Table 1.
We show that for the new resampling method, the AUC
varied between 0.870 and 0.982 as a function of TI for
distinguishing between lung tumors and liver tissue. Four
TT were more discriminant than SUVmax (AUC=0.930).
Tumor tissue shows more heterogeneous texture than
healthy tissue.

For the differentiation between the two subtypes of
cancer, Homogeneity and 1.GZE yielded AUC equals to
0.778 and 0.756 respectively, that were statistically higher
than AUC of SUVmax and MV. Adenocarcinoma
exhibited more homogeneous texture than squamous cell
carcinoma with higher homogeneity (Fig. 1), lower
entropy and higher L.GZE (data not shown).

IV. DISCUSSION — CONCLUSION

We showed that enhanced TI computed with a new
resampling method could differentiate tissue types with
better performance than that of SUVmax and MV. These
TI describe tissue-specific texture and might be used in
addition to conventional indices. By distinguishing
adenocarcinoma and squamous cell carcinoma, they
might be useful to assess the tumor aggressiveness. These
results are currently being confirmed in a larger cohort
and other types of cancer.

In spite of modest spatial resolution in PET images,
enhanced TI computed with an original resampling
method might be useful as biomarkers and contribute to
the tumor profiling in radiomic analyses towards
personalized treatment.

AUC (tumor vs. AUC (cancer

Index liver tissue) subtypes)
Homogeneity 0.982 *¥ 0.778*+
Entropy 0.978 *¥ 0.778 ¥
SRE 0.982 *7 0.731
LRE 0.978 *¥ 0.692 +
RLNU 0.692 7 0.692 +
LGZE 0.870 ¥ 0.756*+
HGZE 0.884 7 0.758
SUVmax 0.930 7 0.747
MV 0.500 0.650

Table 1. Area under the ROC curve (AUC) for
distinguishing  tumor  from liver tissue and
adenocarcinoma from squamous cell carcinoma. * or §:
pvalue of Delong test lower than 5% with respect to
SUVmax or MV respectively.

Adenocarcinoma
Homogeneity = 0.402

sguamous cell carcinoma
Homogeneity = 0.289
SUVmax = 101
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Figure 1: Illustration and boxplot of homogeneity for
adenocarcinoma (left) and squamous cell carcinoma
(right).
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