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Abstract
Purpose: To understand the association between genetic mutations and radiomics of 2-deoxy-2-
[18F]fluoro-D-glucose ([18F]FDG) positron emission tomography (PET)/x-ray computed tomog-
raphy (CT) in patients with colorectal cancer (CRC).
Procedures: This study included 74 CRC patients who had undergone preoperative [18F]FDG PET/
CT. A total of 65 PET/CT-related features including intensity, volume-based, histogram, and textural
features were calculated. High-resolution melting methods were used for genetic mutation analysis.
Results: Genetic mutants were found in 21 KRAS tumors (28 %), 31 TP53 tumors (42 %), and
17 APC tumors (23 %). Tumors with a mutated KRAS had an increased value at the 25th
percentile of maximal standardized uptake value (SUVmax) within their metabolic tumor volume
(MTV) (P G .0001; odds ratio [OR] 1.99; 95 % confidence interval [CI] 1.37–2.90) and their
contrast from the gray-level cooccurrence matrix (P = .005; OR 1.52; 95 % CI 1.14–2.04). A
mutated TP53 was associated with an increased value of short-run low gray-level emphasis
derived from the gray-level run length matrix (P = .001; OR 243006.0; 95 % CI 59.2–
996,872,313). APC mutants exhibited lower low gray-level zone emphasis derived from the
gray-level zone length matrix (P = .006; OR G .0001; 95 % CI 0.000–0.22).
Conclusion: PET/CT-derived radiomics can provide supplemental information to determine
KRAS, TP53, and APC genetic alterations in CRC.
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Introduction
Colorectal cancer (CRC) is the third most commonly occurring
malignancy worldwide [1]. Recently derived molecular infor-
mation has provided new insights into its carcinogenesis and
early detection mechanisms and prognostic markers of effective
drug therapy for CRC. The common somatic mutations in CRC
are KRAS, TP53, and adenomatous polyposis coli (APC), which
contribute to colorectal carcinogenesis [2, 3]. In addition,
mutations of these genomes have been indicated as prognostic
factors of CRC, and patients with KRAS mutations have been
demonstrated to have therapeutic implication in CRC [3–7].

Currently, 2-deoxy-2-[18F]fluoro-D-glucose ([18F]FDG) pos-
itron emission tomography (PET) imaging is widely used for
initial staging, evaluation of disease recurrence, and monitoring
the treatment response of CRC. Several studies have explored the
association between genetic alterations and [18F]FDG-PET in
CRC but have obtained conflicting results [8–12]. We previously
revealed that mutated KRAS tumors are associated with higher
values by using a 40 % threshold level for the maximal uptake of
tumor width, whereas mutated TP53 tumors have an increased
maximal standardized uptake value (SUVmax) [9]. However,
additional studies are required due to the low predictive accuracy.
Recently, radiomics has become an increasingly widely applied
approach for investigating intra-tumoral heterogeneity and its role
in the proliferation, vascular supply, and metabolism of various
solid malignancies [13]. The uptake heterogeneity observed
within tumors assayed through [18F]FDG-PET may provide not
only prognostic value but also certain imaging phenotypes
associated with specific genetic alterations. However, to date,
there is a paucity of studies evaluating the correlation between
imaging phenotypes by using radiomics and genotypes of CRC.
Given that somatic mutations can change the ability of cancer
cells to grow in unregulated conditions, our hypothesis is that an
imaging phenotype measured quantitatively through radiomics
can reflect the CRC genotype.

Although mutation analysis of tumor tissues remains a
standard-of-care assessment, imaging studies can provide
additional information if biopsies fail to be performed. There-
fore, in this pilot study, we aimed to determine the most effective
approach for quantitatively measuring an imaging phenotype
through radiomics to distinguish mutant and wild-type genomes
in CRC. The results might supplement the mutational status to
intensify the optimal therapeutic strategies for CRC patients.

Materials and Methods
Patient Population

This retrospective study included 103 newly diagnosed CRC
patients scheduled to undergo curative surgical procedures at China
Medical University Hospital between January 2009 andDecember
2012. Patients receiving neoadjuvant chemoradiotherapy or
chemotherapy were not under the scope of this study because
small amounts of tumor tissues from biopsy specimens were
insufficient to fit the requirement of our genetic analysis.

Genetic Mutation Analysis

A routine pathology examination was performed following
tumor resection, and the tumor and normal tissues were
preserved in a tissue bank at China Medical University
Hospital.

High-resolution melting (HRM) methods were used for
genetic mutation analysis. An effective amplicon design is
essential to obtain robust and reproducible HRM analysis.
The distinction between wild-type and heterozygote curves
becomes smaller and more difficult when the product length
increases; therefore, it has been suggested that all amplicons
should be designed to be smaller than 300 bp. In the present
study, the primers for HRM analysis were selected using
Primer3 software.

For the amplification of the APC gene, polymerase chain
reaction (PCR) was performed in duplicate in a volume of 10 μl
with a LightCycler 480 HRM Master (Reference
04909631001, Roche Diagnostics) by using a 1× buffer
containing Taq polymerase, nucleotides, the dye ResoLight,
10 ng DNA, 0.3 μM primers, and 2.5 mMMgCl2. In addition,
analyses of the TP53, PIK3CA, KRAS, and BRAF genes were
performed in a volume of 15 μl with a Type-it HRM PCR Kit
(Qiagen, Hilden, Germany) by using a 1× HRM PCR master
mix containing HotStar Taq Plus DNA polymerase, Type-it
HRM PCR buffer, Q-solution, dNTP and EVA green dye, and
15 ng DNA, as well as 0.66 μM each of TP53 and BRAF gene
primers, and 0.67 μM each of PIK3CA and KRAS gene
primers. HRM assays were analyzed using commercial
software (LightCycler 480 Gene Scanning Software Version
1.5, Roche Diagnostics). This procedure is detailed in our
previously published work [9, 14].

PET/CT Image Acquisition

All patients received PET/CT for pretreatment staging and
underwent primary tumor resection thereafter (median: 7 days;
range: 1–28 days). All patients fasted for at least 4 h prior to
[18F]FDG PET/CT imaging to minimize the impact of serum
glucose level on acquired images. The images were captured
using a PET/CT scanner (PET/CT-16 slice, Discovery STE, GE
Medical System, Milwaukee, WI, USA) approximately 60 min
after patients were administered 370 MBq of [18F]FDG. A
topogram was performed to define the scan range, followed by a
non-contrast-enhanced low-dose CT scan (0.8 s tube rotation,
120 kVp, AutomA, 3.75 mm slice thickness and a pitch of 1.75)
used for anatomical localization and attenuation correction. PET
studies were scanned in three-dimensional (3D) acquisition
mode with 2 min per bed position and 11-slice overlap of bed
positions. The images were reconstructed using 3D ordered
subset expectation maximization algorithms (OSEM, 20 itera-
tions, 2 subsets). A 3-mm-full width at half maximum (FWHM)
Gaussian filter was applied after the reconstruction. The matrix
size was 128 voxels × 128 voxels × length of interest, whereas
the voxel size was 5.47 mm× 5.47 mm× 3.27 mm.
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The [18F]FDG-PET data were inputted into the workstation
(Advantage Workstation Ver. 4.4, GE Healthcare), and the
images were reviewed to localize the target lesions. The results
were confirmed by two nuclear medicine physicians who were
unaware of the information in the preoperative images. The
PET/CT workstation provided a quantification of [18F]FDG
uptake for SUV. The nuclear medicine physicians identified
the locations of SUVmax and the values for the primary tumors.
This procedure is detailed in our previous report [9]. Among
the 103 patients included for genetic analyses, 29 patients
without intravenous furosemide (20 mg) administration before
image acquisition were excluded. The rationale was to avoid
the bias of diuretics on image extraction. In total, radiomics
extraction was successfully retrieved in 74 patients. Tumor
locations were colon or sigmoid colon (40 patients) and rectum
or rectosigmoid junction (34 patients). The median age was
58 years (range: 26–85 years), 46 of patients were men, and 28
were women. The characteristics of all 74 patients are shown in
Table 1.

Extraction of the Radiomic Features of Colorectal
Tumors

The voxel within the volume data of a PET image series was
defined as a local maximum if its SUV was not less than those
of its 18 neighboring voxels. The SUVmax of a colorectal tumor
was the local maximum with the largest SUVwithin the spatial

extent. The metabolic tumor volume (MTV) was further
delineated using a relative threshold of SUVmax, which was
defined as SUVmax × 0.5 and was used to delineate the MTVs
of 70 colorectal tumors [15]. Because the MTV was too small
to evaluate radiomic features, the threshold was adjusted to
SUVmax × 0.4 for four tumors. For every MTV, a total of 63
radiomic features were derived from the SUVs of MTV
(Table S1 in Electronic Supplementary Material (ESM)),
including 7 conventional features (SUVmax, SUVpeak, SUVtotal,
MTV, TLGmax, TLGpeak, and TLGmean); 8 histogram-based
features (mean, variance, standard deviation, skewness, kurto-
sis, 25th percentile, median, and 75th percentile); and 48
textural features. A total of 21 3D texture features were derived
from the gray-level cooccurrence matrix (GLCM) [16], 5 from
the neighborhood gray-level different matrix (NGLDM) [17],
11 from the gray-level run length matrix (GLRLM) [18], and
11 from the gray-level zone length matrix (GLSZM) [19].
Before constructing the four matrices, the SUVs within an
MTV were discretized by a bin width of 1.75 g/ml for
constructing GLCM, NGLDM, and GLRLM and by a bin
width of 1 g/ml for constructing GLSZM. The construction of
GLCM or GLRLM depends on a direction parameter.
Therefore, to summarize the evaluations of 13 possible
directions, the maximum and minimum measurements were
adopted for every textural feature defined in GLCM and
GLRLM. The correlation between the radiomic features and
MTVs is listed in Table S2 (in ESM).

Statistical Analysis

All values are expressed as mean ± standard deviation. To
compare the predictive ability for genetic mutants, all
extracted features were first examined using receiver-
operating characteristic (ROC) curve analysis. The predic-
tive abilities for the mutational status were compared using
the area under the curve (AUC). If the AUC for any feature
was above 0.6 or below 0.4, the quantitative differences in
these indices between mutated and wild-type genomes were
examined using the Mann–Whitney U test. To minimize the
risk of statistical type 1 errors, one-way ANOVA post hoc
Bonferroni test was utilized to confirm the statistical tests.
Thereafter, all statistically significant textural indices com-
bined with conventional PET/CT and clinical parameters
were tested using binary logistic regression analysis to
identify the most predictable factors for specific genetic
mutations. All analyses were two-sided, with P G .05
considered statistically significant. For statistically signifi-
cant textural features associated with the presence of
mutations, we determined the optimal cutoff by maximizing
the couple sensibility/specificity by using ROC analysis.
Correlations between different genomic alterations or PET/
CT-related features were tested examined using Spearman’s
rank correlation coefficient, with the alpha level set at 0.01.
Statistical analyses were performed using SPSS version 16.0
(SPSS Inc., Chicago, IL, USA).

Table 1. Patients’ characteristic (N = 74)

Characteristic Value

Age (years) 26–85 (median, 58)
Gender Male: 46, female: 28
Primary lesion location
Colon or sigmoid colon 40
Rectum or rectosigmoid junction 34

CEA (ng/dl) 38.5 ± 133.3 (0.5–959.5)
Pathological staging (AJCC 7th ed.)
T stage T1–2:13, T3:50, T4:11
N stage N0:36, N1:15; N2: 23
M stage M0:41,M1:33

Differentiation
W-D 5
M-D 63
P-D 6

P53
Mutant 31
Wild-type 43

KRAS
Mutant 21
Wild-type 53

APC
Mutant 17
Wild-type 57

SUVmax 14.6 ± 8.0 (3.8–42.3)
MTV 15.5 ± 19.1 (1.9–63.5)
TLGmean 152.7 ± 145.6 (12.4–707.3)

ECOG Eastern Cooperation Oncology Group, AJCC American Joint
Committee on Cancer, CEA carcinoembryonic antigen, W-D well-
differentiation, M-D moderate differentiation, P-D poor differentiation,
MTV metabolic tumor volume, TLGmean total total lesion glycolysis
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Results

Frequency of Genetic Alterations

As shown in Table 1, genetic alterations inKRAS (codons 12 and
13), TP53 (exons 2–11), and APC were, respectively, identified
in 21 (28 %), 31 (42 %), and 17 (23 %) patients. The mutants in
PIK3CA and BRAFwere identified in two (3 %) and three (4 %)
patients, respectively. In seven patients (9 %), our data showed
that TP53 and KRAS mutations coexisted in the same tumors.
Nineteen (26 %) had no any mutations mentioned above. In
addition, no obvious correlation was observed between the two
genetic mutants (P = 0.35, γ = − 0.11). Similarly, no associations
were observed between TP53 and APCmutants (P = 0.54, γ = −
0.07) or between KRAS and APC mutants (P = 0.48, γ = 0.08).
Because of the rarity of genetic alterations in PIK3CA and
BRAF, these genes were excluded from the analysis.

Predictive Value of PET/CT-Related Features for
the KRAS Mutation

In addition to SUVmax, the Mann–Whitney U test revealed that
6 histogram and 40 textural indices showed predictive values
for mutated versus wild-type KRAS. The quantitative differ-
ences are listed in Table S3 (in ESM). As summarized in
Table 2, the logistic regression analysis showed that Prctile25 in
the histograms and contrast from GLCMwere two independent
predictors of the KRASmutation. The odds ratio (OR) was 1.99
(P ≤ .0001; 95 % confidence interval [CI] 1.37–2.90) and 1.52
(P = .005; 95 % CI 1.14–2.04), respectively. Figure 1 depicts
the quantitative difference in Prctile25 and contrast between the
two groups, as well as the corresponding ROC curves. The
mean value of Prctile25 for patients with and without mutations
was 11.4 ± 4.9 and 7.1 ± 3.7 (P G .001), whereas that of contrast
for those with and without mutations was 6.0 ± 6.4 and 3.1 ±
4.6 cm (P = .002), respectively.

Predictive Value of PET/CT-Related Features for
the TP53 Mutation

According to Mann–Whitney U test results, compared with
wild-type TP53, only mutated TP53 CRC tumors were found to
be associated with an increased short-run low gray-level
emphasis (SRLGE) derived from GLRLM (Table S4 in ESM).
The AUC for predicting TP53 was 0.71 (P = 0.002). As
summarized in Table 3, logistic regression analysis revealed
that SRLGE was the only predictor of TP53 mutations, with an
OR of 243,006.0 (P = .001; 95 % CI 59.2–996,872,313). The
quantitative difference in the SRLGE between the two groups is
illustrated in Fig. 2. The mean SRLGE for patients with and
without TP53 mutations was 0.38 ± 0.07 and 0.33 ± 0.08
(P = .003), respectively. Furthermore, none of the radiomics,
conventional, or histogram-based parameters, or clinical vari-
ables was associated with tumors with simultaneous presence of
TP53 and KRAS mutations.

Predictive Value of PET/CT-Related Features for
the APC Mutation

The ROC curves and theMann–WhitneyU test revealed that the
lower low gray-level zone emphasis (LGZE) derived from
GLSZM was the only predictor of the APCmutant (Table S5 in
ESM). As listed in Table 4, in the multivariate analysis, mutated
APC CRC tumors tended to be associated with a decreased
LGZE (P = .006; OR G .0001; 95 % CI 0.000–0.22). The mean
LGZE values for patients with and without mutations were 0.29
± 0.09 and 0.35 ± 0.11 (P = .03), respectively (Fig. 3).

Accuracy in Predicting Genetic Alteration

Based on the parameters for the KRAS and TP53 mutations
mentioned earlier, we sought to determine the optimal cutoffs
for distinguishing between the mutant and wild-type genomes.
When using an optimal cutoff value of 7.5 for Prctile25, the
corresponding sensitivity, specificity, and accuracy for
predicting the KRAS mutation were 76, 74, and 74 %. When
using a cutoff of 2.0 for contrast, the corresponding values were
76, 60, and 65 %. When combining the two indices, sensitivity,
specificity, and accuracy reached 81, 74, and 77 %, respec-
tively. For the TP53 mutation, when using an optimal cutoff of
0.32 for SRLGE, sensitivity, specificity, and accuracy were 84,
47, and 62 %, respectively.

Differences of Textural Features Between Rectal
and Colon Tumors

Using the Mann–WhitneyU test or logistic regression analysis,
there was no difference of textural features or genetic mutations
between rectal and colon tumors.

Table 2. Result of logistic regression analyses and estimating odds ratios of
for predicting KRAS mutation

Variables Univariate
p value

Multivariate
p value

OR 95 % CI

Age 0.11 0.27 1.01 0.97–1.07
pT1–2 vs. pT3–4 0.62 0.96 1.35 0.08–7.45
pN0 vs. pN 1–3 0.17 0.53 1.33 0.19–2.99
CEA level (ng/dl) 0.42 0.62 1.00 0.99–1.01
SUVmax G 0.0001 0.83 1.05 0.45–2.01
MTV (ml) 0.93 0.62 1.00 1.00–1.00
TLGmean (g) 0.06 0.36 0.99 0.98–1.01
Prctile25 G 0.0001 G 0.0001 1.99 1.37–2.90
Contrast (GLCM) 0.04 0.005 1.52 1.14–2.04

OR odds ratio, CI confidence interval, CEA carcinoembryonic antigen,
SUVmax maximal standard uptake value of the primary tumor, MTV
metabolic tumor volume, TLGmean total lesion glycolysis, Prctile25 the 25th
percentile is a measurement of relative standing within SUVs of a MTV,
GLCM gray level cooccurrence matrix
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Discussion
Because the mutational sequence obtained from biopsies usually
quantifies a small part of potentially heterogeneous tumors,
sometimes repeat tumor sampling might be impractical. There-
fore, the radiomic signature related to tumor heterogeneity,
combined with clinical data, has great implications for imaging-
based biomarkers in the clinical settings [20]. Although the
mechanisms underlying [18F]FDG accumulation in cancer tissues
are complex, a unique advantage of radiomics of a [18F]FDG-
PET scan is the ability to use the quantitative information of the
glucose uptake and distribution within the tumor. By testing
numerous discretization methods and using comprehensive
textural features, this pilot study provides a basis through which
[18F]FDG PET/CT scans can be considered predictive of the
macroscopic mutational status of the whole tumor. This
information can be used to decide the therapeutic strategy.

The stability and robustness of extracted radiomics improve
the reproducibility of this study. Conventional texture analyses
are challenging [13, 15] because the different discretization
methods and adjustable parameters introduce incoherent texture
feature extraction and lead to nonrobust diagnostic capability.
We hypothesized that the extracted textural features would be
stable and robust if its measurements for anMTV indicated high

consistency under different parameters of a discretization
method. Two methods, a fixed number of bins or a fixed bin
width, were used with different parameter settings to discretize
the SUVs within an MTV. For each radiomics, exploratory
factor analysis with various rotation was conducted to investi-
gate the relationships among the measurements of all MTVs
under different parameter settings. The underlying structure of
all possible parameter settings was therefore decomposed into
several factors, each corresponding to a set of parameter settings
of a discretization method. Based on the requirement of
predicting the mutation of KRAS, TP53, and APC, the ability
of the axis of a factor was evaluated through ROC curve analysis
and decided the selection of the discretization method and
parameter settings. Thus, the identified textural feature was
stable and robust. Because the focus of this study was the ability
of features to predict mutations, the details of feature selection
will be discussed in other work.

The oncogenic activation of KRAS can influence several
cellular processes that regulate biological mechanisms [21].
Increased glucose transport and glycolysis have been observed

Fig. 1. KRAS mutant associated with quantitative values of textural features: a Prctile25, b contrast, c receiver-operating
characteristic (ROC) curves. The areas under the curve for Prctile25 and contrast were 0.79 ± 0.06 (P G .0001) and 0.73 ± 0.06
(P = .0002), respectively.

Table 3. Result of logistic regression analyses and estimating odds ratios of
for predicting TP53 mutation

Variables Univariate
p value

Multivariate
p value

OR 95 % CI

Age 0.80 0.97 0.99 0.95–1.04
pT1–2 vs. pT3–4 0.35 0.37 1.47 0.27–8.02
pN0 vs. pN 1–3 0.12 0.21 2.10 0.61–7.27
CEA level (ng/dl) 0.31 0.71 1.00 0.99–1.01
SUVmax 0.88 0.10 1.12 0.98–1.29
MTV (ml) 0.42 0.16 1.00 1.00–1.00
TLGmean (g) 0.40 0.12 1.00 1.00–1.00
SRLGE 0.009 0.001 243,006.0 59.2–

996,872,313

Abbreviations: as Table 2; SRLGE short-run low gray-level emphasis

Fig. 2. TP53 mutant associated with quantitative values of
short-run low gray-level emphasis (SRLGE).
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in KRAS-mutated colorectal or pancreatic cancer cell lines [22].
The negative predictive role of KRAS mutation is particularly
crucial for CRC because it can predict a lack of response to
therapies with antibodies targeted to the epidermal growth factor
receptor [4, 5]. The American Society of Clinical Oncology
suggests that patients with metastatic CRC who have a KRAS
mutation in codon 12 or 13 should not receive antiepidermal
growth factor receptor antibody treatment [23]. This study
provides evidence that several histogram indices and textural
features of [18F]FDG-PET are predictive of mutated KRAS.
Furthermore, when two features were combined, namely
Prctile25 or contrast (GLCM) (AUC= 0.79 and 0.73, respec-
tively), sensitivity and accuracy reached 81 and 77 %. The
values can provide more information on the KRAS status than
that reported by previous studies [8–10].

Kawada et al. conducted a pilot study by using SUVmax in a
cohort of 51 CRC patients [8], and they showed that SUVmax had
an OR of 1.17 with an accuracy of 75 % in predicting mutated
KRAS when using a cutoff of 13. Lovinfosse et al. investigated a
cohort of 151 rectal cancer patients and found that both the SUV
coefficient of variation (SUVcov) and SUVmax exhibited an AUC
of 0.65 with respective sensitivities of 56 and 69 % and
specificities of 64 and 52 % [10]. In their study; however, the
contrast (GLCM)was not capable of predictingmutatedKRAS. In
addition, the calculated values were higher than ours. The

disparities between two studies might be attributed to different
technical approaches, such as definition of MTV or discretization
method. Particularly, the selection of the discretization affects the
quantization results and transforms the performance of the
radiomics. Nonetheless, we assume that CRC tumors with
mutated KRAS are associated with increased [18F]FDG uptake
or heterogeneous distribution. However, whether the underlying
molecular mechanism driving this process is always reproducible
in [18F]FDG-PET across various cancers must be clarified,
because one large cohort study investigating PET-based radiomics
in non-small-cell cancer patients suggested that KRAS mutations
do not guide different metabolic imaging phenotypes [24].
Nonetheless, if the imaging signature suggests a different KRAS
status compared with previous tissue assessment, this suggests
rebiopsy of the target lesions to maximize the therapeutic effect.

In CRC tumorigenesis, TP53 andKRASmutations play a role
in separate pathways [3]. The clinical significance of the somatic
mutations in TP53 remains debated in terms of survival or
response to a therapy [25]. Some studies have suggested that
TP53 plays a role in modulating metabolism, including
glycolysis and oxidative phosphorylation [26, 27]. Mutated
TP53 tumors may exhibit increased glucose consumption and
direct glucose utilization for biosysthesis [26]. A cell line study
reported that TP53 mutant cells had 1.5–2 times the [18F]FDG
uptake than did wild-type TP53 cells under the basal condition,
and the difference in [18F]FDG uptake was greater after
Rhenium-188 treatment [28]. Although we previously indicated
that mutant TP53 tumors tended to exhibit higher SUVmax

across several threshold methods applied for distinguishing
wild-type and mutant genomes [9], newer approaches are
required to overcome low sensitivity and accuracy. Through a
comprehensive [18F]FDG-PET radiomics signature, this study
indicated that tumors with the TP53 mutation had an increased
SRLGE fromGLRLM,with anAUC of 0.71 and an accuracy of
62 %. Additional studies are required to confirm this finding.
Notably, abnormal FDG-PET signals can be observed in
evolutionary pre-malignant CRC tumors, matching the time
when TP53 mutations appear.

Mutations in the APC gene are responsible for familial
adenomatous polyposis and the majority of sporadic CRC
cases [29]. Compared with the KRAS or TP53 mutation, the
APC mutation alone has seldom been reported as a poor
prognostic factor of CRC. This study indicates a negative
predictive value of LGZE for APC mutation; however, this
must be validated by future studies due to the limited number of
patients with APC mutants.

The findings of this study should be interpreted cautiously
because they were derived from a retrospective study conducted
at a single institute. The findings should be confirmed by external
validation studies using various scanner manufacturers, resolu-
tion settings, and reconstruction algorithms. Second, PET/CT
may represent the gross status of the tumors. The heterogeneity of
the mutations within a CRC tumor might bias the correlation
study because dissected specimens for mutational testingmay not
reflect the exact macroscopic status of the entire tumor. In
addition, features derived from [18F]FDG-PET/CT are still not

Table 4. Result of logistic regression analyses and estimating odds ratios
for predicting APC mutation

Variables Univariate
p value

Multivariate
p value

OR 95 % CI

Age 0.99 0.81 1.01 0.96–1.06
pT1–2 vs. pT3–4 0.45 0.60 2.84 0.33–24.19
pN0 vs. pN 1–3 0.63 0.76 1.05 0.28–3.92
CEA level (ng/dl) 0.73 0.27 0.99 0.97–1.01
SUVmax 0.45 0.08 0.83 0.69–1.01
MTV (ml) 0.22 0.61 1.00 1.00–1.00
TLGmean (g) 0.96 0.72 1.01 0.99–1.01
LGZE 0.023 0.006 G .0001 0.000–0.22

Abbreviations: as Table 2; LGZE low gray-level zone emphasis

Fig. 3. APC mutant associated with quantitative values of
low gray-level zone emphasis (LGZE).
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sufficient to replace mutational testing because predictive
specificity and accuracy are not completely acceptable. To
maximize their supplemental roles for mutational testing, a
combination with various features or other biomarkers can be
utilized as a potential approach. In addition, the optimal approach
of the MTV definition should be investigated further by
comparing our advanced segmentation algorithms such as
contour-based or clustered-based methods [30]. Although the
MTV extracted by a fixed threshold at 50 % of SUVmax could
minimize the probability for the connection with the adjacent
organ, this method can possibly underestimate the functional
volumes [15]. Finally, the selection of the discretization method
affects the quantization results and transforms the performance of
the radiomics. In the future, radiomics for a special clinical
outcome should be guided by machine learning processes.
Although little evidence supports a straightforward correlation
between textural heterogeneity and any specific underlying
physiological processes or biological heterogeneity, our findings
hint that future studies can clarify molecular mechanisms that
may be related to the interplay between imaging phenotypes and
mutational landscapes.

Conclusions
PET/CT-derived textural features can provide supplemental
information to determine KRAS, TP53, and APC genetic
alterations in CRC. Mutated KRAS tumors are associated with
higher Prctile25 in histograms and contrast fromGLCM,whereas
mutated TP53 tumors have an increased SRLGE derived from
GLRLM. APC mutants exhibit lower LGZE. However, addi-
tional studies are required to maximize predictive accuracy.
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