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ABSTRACT

Purpose: To determine if texture parameters derived from unenhanced computed tomography
(CT) images of primary lung adenocarcinomas were related to mutational characteristics of these
tumors.

Methods: One hundred and thirty-two consecutive patients who underwent transthoracic lung
core biopsy showing primary lung adenocarcinoma were included in this monocentric
retrospective study. EGFR mutations, KRAS mutations and ALK rearrangements were
systematically tested. Tumor texture analysis was performed on non-enhanced CT.
Heterogeneity analysis relative to pixel distribution was performed using six parameters: mean
attenuation (average brightness), standard-deviation (variation from the mean i.e. width of the
histogram), entropy (global irregularity), skewness (asymmetry of the curve) and kurtosis
(peakedness of the curve). Pixel distribution histograms were derived using 6 spatial scale filter
(SSF) values: i.e., without-filtration (SSF 0), using fine (SSF 2); medium-coarse (SSF 3, 4); and
coarse (SSF 5, 6) texture scales. Correlations between texture parameters and EGFR, KRAS, and
ALK mutational status were studied. Statistical analysis comprised univariate and multivariate
analyses.

Results: 40/132 (30%) patients showed KRAS mutations, 9/132 (6.8%) EGFR mutations, and
5/132 (3.8%) ALK rearrangements. Significant parameters for each mutation were: for KRAS
mutations, mean attenuation using medium-coarse texture (SSF 4) (AUC=0.64, Sensitivity
(Se),82%); for EGFR mutations, MPP with medium texture (SSF3) (AUC=0.71, Se=81%); for
ALK rearrangements, standard deviation using fine textures (AUC=0.84, se=100%).
Conclusion: CT texture parameters obtained from unenhanced CT are significantly associated

with primary lung adenocarcinoma mutations.

Abbreviations:

NSCLC, Non Small Cell Lung Carcinoma; ADC: Adenocarcinoma; EGFR, Epidermal Growth
Factor Receptor; ALK, Anaplastic Lymphoma Kinase; KRAS, Kirsten Rat Sarcoma; TTNB,
Transthoracic core Needle Biopsy; CTTA, Computerized Tomography Texture Analysis; SD,
Standard Deviation; FISH, Fluorescent In Situ Hybridization; PLS-DA, Partial Least Squares -

Discriminant Analysis; AUC Area Under the Curve;



1. Introduction

Lung cancer is the first cause of cancer death worldwide with 1.8 million people diagnosed every
year and 1.6 million deaths in 2012 [1]. Its prognosis remains poor, as approximately 75% of
non-small-cell lung cancer (NSCLC) patients have unresectable disease at the time of diagnosis.
Radiation and chemotherapy with cytotoxic agents are the conventional treatment for primary
lung cancers. However, better understanding of oncogenic mutations in pulmonary
adenocarcinomas (ADC) recently enabled to improve prognosis for higher stage tumors by
proposing mutation-specific targeted therapies, such as erlotinib, gefitinib for EGFR mutations
and crizotinib for ALK rearrangements [2] [3] [4] [5] [6]. For the time being, determination of
these molecular subtypes mostly depends on invasive procedures, including CT-guided
transthoracic core needle biopsy (TTNB) [7], which reduces morbi-mortality compared to a
surgical approach. However, a better understanding of the relationship between radiological
features and tumor genomic alterations could play an important role in patients’ management.
Radiogenomic is a recent trend to non-invasively characterize adenocarcinomas molecular
subtypes using CT morphological criteria. Recently, Rizzo et al [8] showed that EGFR mutations
were significantly linked to air bronchogram, pleural retraction, small lesion size and absence of
fibrosis, while KRAS mutated adenocarcinomas were associated with round lesion shape and
nodules in non-tumor lobes. Yamamoto et al [9] found an association between ALK
rearrangements and central tumor location, absence of pleural tail, and large pleural effusion
while Rizzo et al reported pleural effusion and younger age. However, morphological
characterization has limitations [8].

CT texture analysis (CTTA), which is evaluated by assessing the distribution and relationship of
pixel or gray levels in the CT image [10], is a known feature of malignancy in tumors, and
represents regional changes in cell density, necrosis, and hemorrhage [11]. CTTA has been
correlated with KRAS mutation status in colorectal cancer [12] and more recently Weiss et al
[13] found a statistical correlation between KRAS mutations in lung ADC and CTTA parameters.
Since mutations or rearrangements of genes expressed by tumors are correlated with response to
therapy and overall survival, CTTA may serve as a molecular surrogate that could contribute to
the diagnosis, prognosis, and gene-expression-associated treatment response of various forms of
human cancer [14].

Few studies investigating the role of CT texture analysis in lung ADC have been published so
far. The purpose of this study was to determine if CT texture parameters of primary lung
adenocarcinomas are associated with mutational characteristics of theses tumors assessed on
TTNB.



2. Methods:

2.1.Ethics statement

This single institution study comprised a retrospective evaluation of image data from patients
undergoing CT guided trans-thoracic core-needle lung biopsy between January 2009 and
September 2014. Study ethics approval was obtained (CECIC Rhdne-Alpes-Auvergne,
Clermont-Ferrand, IRB 5891). Given the retrospective nature of the analysis, the institutional

review board waived patients’ written consent. Anonymity was ensured for all patient data.

2.2.Patient population

All patients included in this study had undergone a TTNB under CT guidance without any
contrast media opacification. The targeted nodule or mass was either a peripheral pulmonary
lesion suspected of lung cancer or a known primary adenocarcinoma without knowledge of the
mutational status. We included patients with primary lung adenocarcinoma at pathological
examination and molecular analysis of the biopsy specimen for EGFR, KRAS, and ALK
mutations/rearrangements. We excluded patients with negative biopsy, biopsy showing other
diagnosis than adenocarcinoma, biopsy containing fewer than 20% malignant cells. Additional
data were collected through medical charts for all patients. Regarding smoking history, a non-
smoker was defined as a never-smoker with no significant secondhand exposure or a smoker of

less than five pack-years with no documented cigarette smoking for at least 20 years.

2.3.Biopsy procedure

Decision of TTNB was taken following a multidisciplinary discussion. Prior to each procedure,
the risks and benefits of TTNB were discussed, and signed informed consent was obtained from
each patient. For all patients, the TTNB was performed under CT scan guidance (Brillance 64,
Philips Medical Systems, Eindhoven, The Netherlands). At the time of biopsy, selected images
were obtained in the area of interest with 2 mm-thick contiguous non enhanced CT sections, 120
KVp and intensity varied between 150 and 200 mAs. Patient position was chosen according to
the location of the target in the thorax so as to ensure the easiest access route to the lesion and
avoid damageable structures. We used a coaxial biopsy system consisting of a 17-gauge outer
needle (Angiotech co-axial introducer needle; Medical Device Technolo-gies Inc., Gainesville,
FL, USA) and an 18-gauge core biopsy needle (Angiotech BioPinceTMfull core biopsy
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instrument) which allows 13-mm or 23-mm or 33-mm long core tissue biopsies. Once the biopsy
was completed, a whole thoracic CT was performed to check for acute complications such as
pneumothorax or bleeding. A chest radiograph was performed 3 hours after the procedure.

Clinical follow up was ensured by pneumologists for the rest of the day.

2.4.Pathological evaluation

Hematoxylin—Eosin—Saffron (HES) sections of formalin-fixed and paraffin-embedded TTNBs
were analyzed histologically and classified according to the IASLC/ATS/ERS adenocarcinoma
classification [15]. The lengths of the biopsies as well as the average percentage of tumor cells
present on the slides were recorded. Mucin stains (Diastase PAS and Kreyberg) were only
performed when a solid pattern was observed.

Immunohistochemistry with a TTF1 antibody was performed either when the primary or
secondary nature of the tumor was unknown, or in combination with P63 and/or CK5-6
immunostainings in solid pattern NSCLC.

FISH was performed as previously described [16]. Tumor tissue was considered ALK FISH
positive (ALK rearranged) if >15% tumor cells showed split orange and green signals and/or
single orange (3’) signals.

EGFR (exons 18-21) and KRAS (exon 2) mutations were determined as previously described
[17] [18]. DNA quantification was determined with a NanoDrop 2000c spectrophotometer
(ThermoScientific). One hundred nanograms of DNA were amplified in duplicate for each exon

and then pyrosequenced on a PyroMark IDsystem (Qiagen).
2.5.CT Texture analysis (CTTA)
Images were processed using TexRAD software (TexRAD Ltd www.texrad.com, part of

Feedback Plc, Cambridge, UK) software, [10] [19] [20]. Voxels values between -50HU and +
200 HU were automatically excluded in order to eliminate air or calcifications that could bias the

analysis, similarly to previous studies [21]. For each nodule or mass, a radiologist with at least 4
years of experience manually delineated tumor borders on 3 representative slices taken at the
upper, middle and lower thirds of the tumor in mediastinal window. Quantitative texture analysis
consisted in an image filtration-histogram technique. Initial image filtration used a Laplacian of
Gaussian spatial bandpass filter. By varying the “spatial scale filter” (SSF) values between 0 and
6, features or objects of different anatomical sizes and intensity variation were enhanced and
extracted corresponding to fine-texture (SSF=2), medium-texture (SSF=3-5) and coarse-texture
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(SSF=6) texture scales (Figure 1). Parameters were also quantified from the CT image without
filtration (SSF0). A quantification of the filtered texture maps using histogram parameters was
then obtained for each of the 3 slices: mean attenuation (quantification of the average
brightness), standard-deviation (quantification of the variation from the mean i.e. width of the
histogram), entropy (quantification of the global irregularity), skewness (quantification of the
asymmetry of the curve) and kurtosis (quantification of the peakedness of the curve). The
median of the 3 regions of interest was calculated and used for the statistical analysis. These
parameters reflect to varying degrees the number, intensity and variability of areas of high and
low X-ray attenuation within the whole tumor [19].

Finally, 36 figures were obtained per case. In 15 cases, CTTAs were independently obtained by

2 radiologists in order to evaluate the interobserver reproducibility.

2.6.Statistical analysis:

For KRAS mutations, the normality of quantitative variables was tested with the Shapiro-Wilks
test. If the variable was normally distributed, it was described by its mean and standard deviation
and comparison between mutated and non-mutated biomarkers groups was performed using a
Student test. Otherwise, and for EGFR mutations and ALK rearrangements, the variable was
described by its median, first and third quartile and comparison between mutated and non-
mutated biomarkers groups was performed using the Mann - Whitney — Wilcoxon test.
Qualitative variables were expressed as number and percentage and compared with Chi2 test or
Fisher exact test if the numerical size was insufficient. A PLS-DA (Partial Least Square -
Discriminant Analysis) was implemented on significant parameters in univariate at the 10%
threshold. The ROC curves were plotted for the parameters selected by the VIP (Variable
Importance in the Projection) of PLS-DA. A decision tree was performed in order to detect
mutated biomarkers using the most discriminating parameters.

Inter-observer reproducibility was assessed using the intraclass coefficient (ICC). Interpretation
of ICC was as follows: excellent, 0.81-1.0; good, 0.61-0.80; fair, 0.41-0.60; poor, 0.21-0.40,
and none, 0-0.20. Statistical tests were conducted at an alpha significance level of 5%. Statistical

analyzes were performed using the R software (version 3.1.0).
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3. Results:

3.1.Population:

Between January 2009 and September 2014, 386 transthoracic biopsies under CT were
performed in our center. One hundred and thirty-two patients met the inclusion criteria (Figure
2). Fifty-five (55%) were classified into stage higher than I11A. The study group was composed
of a majority of men (91/132, 69%) (Table 1); the mean age of women was significantly lower
(63.2 years + 12.1) than that of men (67.6 years 9.4, p = 0.04). A hundred and five out of 132
patients (80%) were smokers or had a history of smoking with an average consumption of 42
pack-years (5-150 PY). There was a significant difference between the average smoking
consumption of women (20 PY [0; 30]) and men (40 PY [25; 50], p <0.001) and between the
number of women with a mutated tumor (4.5 PY [0; 29.8]) and the number of men with a
mutated tumor (37.5 PY [30; 50], p <0.01).

Fifty-four tumors out of 132 (41%) were mutated. No tumor carried a double mutation. Fifteen
out of 27 (55%) patients with no smoking history showed a mutation, vs. 39 out of 105 (37%) in
patients with a smoking history (p=0.13). Forty out of 132 (30%) patients had a KRAS mutation
(Table 2); 92.5 % of those KRAS mutated patients had a smoking history. Nine out of 132 (6.8%)
patients had an EGFR mutation. This group was mainly composed of women (p=0.03), with a
substantially smaller proportion of smokers (11%, p<0.001) and more advanced stages of the
disease (89% > Illa, p=0.07). Five patients out of 132 (3.8%) had an ALK rearrangement and
differentiated themselves by the small proportion of smokers (20%, p<0.01).

3.2.Tumor heterogeneity criteria

The inter-observer reproducibility (Table 3) was good for the variable skewness, excellent for
the other variables except for kurtosis which was poor (ICC=0.59 [0.19; 0.79]).

In the absence of filtration, no significant match was obtained. The use of medium-coarse
textures (SSF 3) gave the largest number of significant results. Entropy was never a significant
variable (p>0.1 for all mutations and filter values on the univariate analysis).

For KRAS mutations (Table 4), univariate analysis showed that the variables mean and MPP
were significant for medium-coarse and coarse textures (SSF3, 4 and 5). For medium texture, Sd
and skewness were significant as well as skewness for coarse texture. The PLS-DA and the ROC
curve showed that mean intensity using medium coarse-textures (SSF4) with a threshold of 2.53
was the most discriminative variable in order to differentiate the mutated biomarkers (AUC=0.64
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[0.53;0.74], se=82%,sp=42%) and tobacco with a threshold of 22.5 PA (AUC=0.65[0.56;0.75],
se=85%, sp=47%).

Regarding EGFR mutations (Table 5), univariate analysis showed that kurtosis and skewness
using coarse textures (SSF 5), MPP using fine and medium-coarse textures (SSF 2 and 3) and
tobacco were significant. The most discriminative parameter according to the ROC analysis was
tobacco with a threshold of 12.5 PA (AUC=0.91 [0.87; 0.95], se=1, sp=0.8) and MPP for
medium texture (AUC=0.71 [0.54; 0.88], se=0.81, sp=0.56).

For ALK rearrangements (Table 6), SD and MPP using fine and medium-coarse textures (SSF 2
and 3) and tobacco were significant differentiators on univariate analysis (p<0.1). The most
discriminative parameter according to the ROC analysis was SD using fine textures (SSF2) and
tobacco. For SD the AUC was 0.84 [0.67; 1] (Fig. 5) with a threshold of 57.07 (se=100%,
sp=63%) and for tobacco with a threshold of 12.5 PA (AUC=0.88[0.52; 0.95], se=0.78; sp=1).
By using the decision trees which combines heterogeneity parameters and tobacco, sensitivity
and then negative predictive value were 100 % at the expense of specificity (Figure 3).

4. Discussion

The presence of areas of tissue remolding within a tumor, including necrosis, hemorrhage, and
myxoid change is a known feature of malignancy and is responsible for tumor heterogeneity
[10]. CT texture analysis has been introduced recently as a noninvasive method to quantify such
heterogeneity. In patients with NSCLC, CT heterogeneity has shown some degrees of
association with tumor glucose metabolism and oncologic stage [20], higher potential than PET
scan in predicting survival [21], potential to detect hypoxia and angiogenesis [22]. As
personalized medicine shows rapid growth, we performed this study in order to define if texture
parameters derived from non-enhanced CT images of primary lung adenocarcinomas relate to
mutational characteristic of these tumors. This may have potential applications in non-invasive

determination of the mutational status of lung adenocarcinomas.

The results of our study show a statistically significant relationship between tumor heterogeneity
measured on unenhanced CTs and the presence of KRAS mutations, EGFR mutations or ALK
rearrangements. By including demographic criteria in the decision tree, we obtained a sensitivity
of 100 % for each biomarker and could thus exclude their presence in the biopsied tumors.
Regarding the distribution of biomarkers in our population of lung adenocarcinomas, our results

are comparable to published data [5] and in particular are consistent with the results of the
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largest available database of biomarkers in non-small cell lung cancers [23]. As in the study of
Barlesi et al [23], our study shows that non-smokers more frequently presented with mutated
tumors (15/27, 55%) than smokers (39/105, 37%). Unlike this previously published French
cohort [23], our tissue samples were all obtained from trans-thoracic biopsies performed in either
operable patients in order to get a preoperative diagnosis or predominantly in inoperable stage
I11b or IV patients. It was important to include this population with advanced stages of lung
cancer because it is for them that the targeted therapies can be indicated.

Our results concerning KRAS mutations were different from that of a previous study by Weiss et
al. [13]. Indeed, in their cohort of 48 early stage NSLSCs, the authors concluded that kurtosis
was the most significant criteria in identifying KRAS mutations by using CTTA. In our study,
kurtosis was not statistically significant (p>0.05), and that for all values of SSF tested. On the
other hand, similarly as Weiss et al, we found values of skewness more significant in tumors
harboring a KRAS mutation. This difference could be due to the differences in the inclusion
criteria between our two studies. Indeed, Weiss et al [13] included patients with lung
adenocarcinoma (n = 33) and squamous cell carcinoma (n = 10), whereas we only included
adenocarcinomas and Weiss et al. excluded stages I11 and IV lung cancers, which we kept for our

analyses.

As already pointed out by others, several limits can be found to the use of CT texture parameters
for the detection of biomarkers in pulmonary adenocarcinomas. First, in theory, tumoral
heterogeneity on pathology represents a significant risk of false negative, especially for partial
samples such as TTNB with 18G needle. However, Mansuet-Lupo et al. [24] showed that
differences in the mutational status between core-needle biopsy specimen and full resection were
exceptionally rare (5/149 false negative for EGFR). As confirmed by Pusztaszeri et al [25], as
long as the rate of tumor cells on the sample is higher than 50%, the high sensitivity of detection
technique makes this kind of sample reliable and useable in everyday practice.

In the present study, a few patients underwent chemotherapy at the time of the biopsy, either for
the targeted cancer itself in the case of a biopsy for non-response to conventional scheme of
chemotherapy, or for another primitive. The modifications induced by these treatments on tumor
architecture are also a potential bias to consider.

Another limit is the fact that in our study EGFR mutations were considered as present or absent,
when in fact among the positive cases, multiple subtypes exist [26]. As these mutations can
affect different codons and exons, this could partially explain while establishing a link with

EGFR positive lesions and CT heterogeneity parameters might be difficult.
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A recent work [27] decrypted the genome, proteome and transcriptome of 230 pulmonary
adenocarcinomas. By integrating genetic, histopathologic and clinical data, authors of this study
were able to differentiate 3 distinct transcriptional subtypes. Such types of approach combined
with imaging data contribute to the current growth of radiogenomics [14], for which tumor

heterogeneity parameters may clearly play an important role in the future.

5. Insummary:
Our study shows that CT texture parameters determined from unenhanced CT scans acquired
immediately prior to trans thoracic lung core biopsy are significantly associated with primary
lung adenocarcinoma mutations. Regarding the small population in this study, larger prospective
multicenter trials are needed.
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APPENDIX

Figures:

Figure 1: Effect of different filtration settings.
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After manual delineation of nodule margins, software rendered maps of highlighted features for
the desired values of SSF (A. without filtration, B. fine-texture SSF 2, C. medium-texture SSF 4,
D. coarse-texture SSF6), before outputting numerical values for each parameter and each value
of SSF. Red and blue areas correspond respectively to "positively" and" negatively" filtered
zones (if an area is brighter or darker than its surroundings, it will get positively or negatively

filtered, respectively).
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Figure 2: Patient flow chart
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Figure 3: Decision trees: By using the decision trees, sensitivity and then negative predictive
value were of 100 % but with a specificity of 29.35 % for KRAS (A), 87.8% for EGFR (B) and
71.4% for ALK (C).
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Tables:

Table 1: Basic characteristics of all patients with pulmonary adenocarcinoma

Patients Overall Wild-type Any Mutation
Characteristics (n, %)

(n=132)
No. patients (%) 132 78 (59) 54 (41) p
Age, mean(sd) 66(10.4) 67 (10.3) 65 (10.6) 0.41
Sex
Male n (%) 91 (69) 57 (73) 34 (63)
Female 41 (31) 21 (27) 20 (37) 0.3
Smoking status
Non smoker 27 (20) 12 (15.4) 15 (28)
Smoker 105 (80) 66 (84.6) 39 (72) 0.13
Stage
Stage < l11A 60 (45) 35 (44.9) 25 (46.3)
Stage > 1A 72 (55) 43 (55.1) 29 (53.7) 0.87
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Table 2: Basic characteristics and mutation status for KRAS, EGFR, and ALK of all

patients with pulmonary adenocarcinoma

Patients KRAS mutation EGFR mutation ALK mutation
Characteristics

(n=132)
No. patients (%)  40(30%) p* 9 (6.8%) p* 5(3.8%) p*
Age, median 66 (59- 0.99 58 (56-71) 0.24 64 (60-70) 0.67
(IQR) 73)
Sex
Male n(%) 29 (72,5) 3(33) 2 (40)
Female 11(27.5) 0.71 6 (67) 0.03 3(60) 0.17
Smoking status
Nonsmoker n(%) 3 (7,5) 8 (89) 4 (80)
Smoker 37(92.5) 0.03 1(11) <0.001 1 (20) <0.01
Stage
Stage < IlIA 83 (57,5) 1(11) 2 (40)
Stage > I11A 17 (425) 0.19 8 (89) 0.07 3 (60) >0.99

* P value was based on a comparison between wild type as a control group

IQR, interquartile range (i.e., 25" and 75" percentiles)
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Table 3: Inter-observer reproducibility concerning 15 patients (2 observers)

Variables Intraclass coefficient [95% CI] n=15
Mean 0.89 [0.79; 0.94]
Sd 0.93 [0.89 ; 0.96]
Entropy 0.96 [0.93; 0.98]
Mpp 0.92 [0.86 ; 0.96]
Skewness 0.74 [0.58 ; 0.84]
Kurtosis 0.59 [0.19; 0.79]

25



Table 4: Median values of heterogeneity characteristics for KRAS mutation

KRAS without KRAS

Filtre med Q1,03 med Q1,03 p
Mean SSFO 30,3 18,87;44,31 32,74 20,67;40,15 0,80
SSF2 2,31 0;5,21 15 -0,56;4,57 0,3
SSF3 4,66 2,12;9,38 2,67 0,28;6,4 0,02
SSF4 6,84 3,21;11,48 3,74 1;8,21 0,01
SSF5 6,25 3,37;11,65 4,04 0,66;7,14 0,04
SSF6 5,58 1,03;10,43 3,71 1,07,6,38 0,13
Sd SSFO 30,7 24,32;43,24 33,69 24,11;50,1 0,72
SSF2 58,24 49,78;64,62 54,09 47,25;59,73 0,11
SSF3 42,65 38,3;52,24 40,78 34,91;46,15 0,06
SSF4 34,82 28,61;46,43 33,36 28,76;38,22 0,18
SSF5 29,47 25,28;43,46 28,61 23,03;33,94 0,25
SSF6 30,48 21,9;39,82 26,27 18,98;32,36 0,24
Entropy SSFO 4,52 4,33;4,96 4,61 4,31;4,94 0,98
SSF2 5,09 4,74;5,28 5,07 4,78;5,27 0,62
SSF3 4,9 4,65;5,07 4,84 4,62;5,01 0,40
SSF4 4,74 4,49;5,01 4,71 4,42;4,89 0,44
SSF5 4,59 4,36;4,93 4,6 4,21;4,8 0,50
SSF6 4,51 4,11;4,86 4,54 3,98:4,75 0,51
Mpp SSF0 40,5 33,24;53,42 40,17 34,35;59,62 0,71
SSF2 48,35 43,8;54,03 44,68 38,99;51,09 0,13
SSF3 36,23 31,77;45,03 32,81 27,99;40,19 0,03
SSF4 31,21 25,9;40,26 27,49 24,06;34,47 0,03
SSF5 27,4 21,64;36,22 24,33 20,37;30,25 0,08
SSF6 24,09 18,95;36,22 22,52 17,25;28,47 0,18
Skewness SSFO 0,18 -0,23;0,34 0,18 -0,14;0,33 0,73
SSF2 0,04 -0,04;0,21 0,06 -0,8;0,23 0,83
SSF3 0,06 -0,14;0,23 -0,06 -0,23;0,17 0,08
SSF4 -0,02 -0,14;0,18 -0,09 -0,29;0,14 0,07
SSF5 -0,07 -0,21;0,05 -0,08 -0,29;0,13 0,65
SSF6 0,1 -0,29;0,09 -0,1 -0,35;0,13 0,87

Kurtosis SSF0 -0,25 -0,39;0,05 -0,28 -0,52;0,16 0,5
SSF2 -0,09 -0,27;0,13 -0,13 -0,42;0,22 0,92
SSF3 -0,32 -0,66;0,05 -0,26 -0,62;0,21 0,37
SSF4 -0,44 -0,69;-0,07 -0,43 -0,8;0,02 0,85
SSF5 -0,59 -0,82;-0,26 -0,58 -0,84;-0,15 0,96
SSF6 -0,62 -0,87;-0,13 -0,62 -0,89;-0,21 0,73
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Table 5: Median values of heterogeneity characteristics for EGFR

EGFR without EGFR

Filtre med Q1,03 med Q1,03 p
Mean SSFO 32,74 30,16;40,06 32,6 20,15;41,37 0,51
SSF2 1,85 0,78;4,72 1,54 -0,57;4,6 0,61
SSF3 4 1,86;5,7 2,89 1,01;7,77 0,99
SSF4 4,48 1,61;5,93 4,15 1,4;9,01 0,52
SSF5 3.2 0,67;5,55 4,53 1,54;8,87 0,26
SSF6 3.1 2,52;4,88 4,67 1,01;9,57 0,26
Sd SSF0 36,02 22,15;49,92 31,64 25,28;46,46 0,94
SSF2 47,79 42,65;56,31 55,09 48,07;63,54 0,11
SSF3 35,53 31,45;44,63 41,21 35,8;48,27 0,17
SSF4 33,74 21,12;38,22 33,55 28,71;40,09 0,47
SSF5 31,32 15,54;33,31 28,24 23,29;33,31 0,81

SSF6 30,06 12,61;32,66 25,22 19,65;33,19 1
Entropy SSFO 4,62 4,44;4,96 4,61 4,32;4,94 0,69
SSF2 5,09 4,91;5,18 5,07 4,75;5,27 0,95
SSF3 4,89 4,45;5,07 4,86 4,63;5,04 0,90
SSF4 4,82 4,19;4,89 4,71 4,46;5,37 0,85
SSF5 4,71 4,03;4,81 4,59 4,25;4,82 0,88
SSF6 4,67 3,83;4,83 4,42 4,08;4,75 0,76
Mpp SSF0 45,18 37,26;59,42 40,2 33,69;59,2 0,59
SSF2 42,12 35,77;,44,7 46,23 40,43;53,29 0,06
SSF3 27,64 23,28;33,13 34,86 29,43;44,25 0,03
SSF4 26,35 17,64,29,52 29,18 24,56;35,06 0,18
SSF5 25,85 13,75;28,71 25,33 21,09;31,21 0,50
SSF6 25,18 11,78;28,18 2291 17,61,29,9 0,84
Skewness SSF0 -0,04 -0,01;0,21 0,19 -0,16;0,34 0,60
SSF2 0,06 -0,07;0,14 0,04 -0,06;0,22 0,92
SSF3 -0,11 -0,41;0,09 -0,02 -0,18;0,2 0,24
SSF4 -0,33 -0,42;0,02 -0,04 -0,22;0,16 0,19
SSF5 -0,41 -0,51;-0,03 -0,07 -0,24;0,11 0,08
SSF6 -0,15 -0,51;0 -0,1 -0,34;0,13 0,49
Kurtosis SSFO -0,14 -0,92;0,24 -0,26 -0,47;0;09 0,81
SSF2 0,09 -0,35;0,24 -0,13 -0,38;0,18 0,42
SSF3 0,13 -0,41;0,72 -0,29 -0,64;0,14 0,18
SSF4 -0,1 -0,54;0,07 -0,45 -0,8;-0,07 0,24
SSF5 -0,33 -0,46;0,15 -0,63 -0,84;-0,22 0,05
SSF6 -0,53 -0,78;0,29 -0,65 -0,89;-0,2 0,19
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Table 6: Median values of heterogeneity characteristics for ALK translocation

ALK without ALK

Filtre med Q1,03 med Q1,03 p
Mean SSFO 36,7 31,64;49,17 32,6 20,19;40,41 0,37
SSF2 5,92 5,35;6,53 1,54 -0,56;4,53 0,13
SSF3 7,55 3,85;13,02 2,84 1,1;7,46 0,28
SSF4 10 3,87;15,96 4,15 1,4;8,28 0,24
SSF5 12,84 2,62;14,27 4,36 1,36;8,04 0,35
SSF6 10,68 1,77;14,23 4,36 1,01;7,46 0,41
Sd SSF0 32,3 24,48;50,66 31,64 24,14;46,46 0,74
SSF2 71,6 57,7,74,76 54,56 47,73;61,88 0,01
SSF3 48,19 47,37,51,64 40,89 35,24;47,25 0,02
SSF4 36,44 36,36;41,36 3342 28,45;39,26 0,11
SSF5 29,95 29,27;36,13 28,24 23,3;34,93 0,50
SSF6 26,11 22,3;38,63 2541 19,51;32,75 0,68
Entropy SSFO 4,75 4,5;4,93 4,61 4,32;4,95 0,58
SSF2 5,31 5,08;5,36 5,07 4,75;5,26 0,26
SSF3 5,09 4,8;5,11 4,86 4,62;5,03 0,27
SSF4 4,86 4,72;4,91 4,71 4,46;4,9 0,36
SSF5 4,68 4,49;4,77 4,59 4,25;4,82 0,65
SSF6 4,55 4,25;4,88 4,53 4,08;4,75 0,59
Mpp SSFO0 41,35 38,92;71,14 40,2 33,95;59,2 0,57
SSF2 57,08 53,91;60,52 45,62 39,68;51,62 0,01
SSF3 46,43 39,7;48,04 33,18 28,73;42,68 0,02
SSF4 36,49 32,36;37,55 28,2 24,18;34,66 0,15
SSF5 29,44 24,33;40,22 25,33 20,68;31,11 0,27
SSF6 2291 17,56;45,54 23,13 17,61,29,44 0,63
Skewness SSF0 0,33 -0,02;0,34 0,18 -0,16;0,33 0,72
SSF2 0,13 0,03;0,27 0,04 -0,07;0,22 0,30
SSF3 0,01 -0,06;0,24 -0,03 -0,18;0,18 0,71
SSF4 -0,1 -0,12;0,15 -0,04 -0,24,0,16 0,98
SSF5 0,05 -0,04;0,07 -0,08 -0,26;0,11 0,70
SSF6 -0,07 -0,09;0,15 -0,11 -0,35;0,12 0,56
Kurtosis SSFO -0,11 -0,29;-0,11 -0,26 -0,47;0,14 0,65
SSF2 -0,21 -0,57;0,02 -0,13 -0,38;0,18 0,69
SSF3 -0,44 -0,6;-0,23 -0,28 -0,64;0,18 0,67
SSF4 -0,5 -0,86;0,42 -0,41 -0,78;-0,06 0,87
SSF5 -0,49 -0,92;0,28 -0,59 -0,84;-0,18 0,97
SSF6 -0,65 -0,77;-0,64 -0,58 -0,88;-0,18 0,98
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Thése soutenue par Tristan SCHWAB

Titre:
Association entre hétérogénéité tumorale mesurée en scanner et biomarqueurs (EGER, KRAS,
ALK) dans les adénocarcinomes pulmonaires.

CONCLUSION

Avec le développement des thérapies ciblées dans les adénocarcinomes pulmonaires, la
connaissance du statut des biomarqueurs devient de plus en plus importante. Aussi, de nouvelles
techniques d’analyse de [’image scanner permettent de caractériser I’hétérogénéité tissulaire,
jusque-la non accessible a I’oeil du radiologue. Nous avons émis "hypothése que cette
hétérogénéite tumorale pourrait étre influencée par le statut des biomarqueurs. L’objectif de cette
étude était donc d’étudier le lien entre I’hétérogénéité tumorale mesurée sur des scanners non
injectés et le statut des biomarqueurs EGFR, KRAS et ALK.

Nous avons pour cela inclus rétrospectivement 132 patients qui avaient bénéficié d’une
biopsie pulmonaire trans-thoracique permettant de connaitre le statut des biomarqueurs grice aux
techniques de références. Les scanners non injectés de repérage des biopsies ont €té utilisés pour
étudier de maniére quantitative I’hétérogénéité tumorale au moyen d’un logiciel dédié. Six
parameétres caractérisaient I’hétérogénéité des adénocarcinomes a partir de ’histogramme de
fréquence de la densité des pixels des régions d’intéréts délimitées manuellement sur les images
tomodensitométriques: la densité moyenne, la moyenne des pixels positifs, la déviation standard,
’entropie, le coefficient d’aplatissement et I’asymétrie de la courbe.

Pour la mutation KRAS, la densité moyenne était la valeur la plus discriminante (AUC=0.64
[0.53;0.74], se=82%,5p=42%). Pour ’EGFR, c’était la moyenne des pixels positifs (AUC=0.71
[0.54; 0.88], se=0.81, sp=0.56). Enfin, pour la franslocation ALK, la déviation standard (AUC=0.84
[0.67; 1], se=100%, sp=063%) était également significative. Afin d’améliorer la puissance de ces
tests, il a été réalisé des arbres décisionnels combinant plusieurs paramétres d hétérogénéité
tissulaire ainsi que la consommation de tabac. Cela permettait d’obtenir une sensibilité de 100%
pour les trois biomarqueurs, malheureusement avec encore des spécificités limités (29,35% pour
g KRAS, 71,4% pour ALK et 87,8% pour EGFR).

Au total, avec une valeur prédictive négative de 100%, cette méthode ne permettrait
actuellement que d’exclure la présence des mutations KRAS, EGFR ou de la translocation ALK
dans les adénocarcinomes pulmonaires. Cependant, étant donné le faible effectif de notre série, cela
demande & &tre confirmé sur une plus large population de maniére prospective et multicentrique.
Enfin, de nouveaux travaux montrent un lien entre le morphotype en scanner et le statut de ces
biomarqueurs. Cela incite & intégrer ces informations et d’autres données comme ’dge et le sexe,
aux arbres décisionnels utilisant les paramétres d’hétérogénéité tumorale, ce qui permettrait
vraisemblablement |’amélioration de la capacité a prédire le statut des biomarqueurs de maniére
non invasive.
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RESUME:

Objectif : Etude du lien entre hétérogénéité tumorale mesurée en scanner non injecté et statut
des biomarqueurs habituels dans les adénocarcinomes pulmonaires.

Méthode : Cette étude rétrospective monocentrique a inclus 132 patients qui avaient bénéficié
d’une biopsie pulmonaire trans-thoracique retrouvant un adénocarcinome pulmonaire et chez qui
les mutations EGFR, KRAS et la translocation ALK avaient été recherchées. Six paramétres
provenant de I’histogramme de densité des pixels des tumeurs sur des scanners non injectes
caractérisaient I’hétérogénéité tumorale : I'atténuation moyenne, la déviation standard, I'entropie
(degre d’organisation), la moyenne des pixels positifs (MPP), le coefficient de dissymétrie et le
coefficient d’aplatissement. Ils étaient étudiés sans filtration (SSF0) puis pour cing degrés de
filtration spatiale différents, du plus fin (SSF2) au plus grossier (SSF6). Une analyse statistique
univariée et multivariée a étudié le lien entre ces parameétres d’hétérogénéité et le statut des
biomarqueurs.

Résultat : 40/132 (30%) patients avaient une mutation KRAS, 9/132 (6.8%) une mutation EGFR
et 5/132 (3.8%) une translocation ALK. Les paramétres significatifs étaient pour la mutation
KRAS I’atténuation moyenne au filtre moyen (SSF4) (AUC=0.64, Se=82%), pour la mutation
EGFR, MPP au filtre moyen (SSF3) (AUC=0.71, Se=81%) et pour la translocation ALK, la
déviation standard au filtre fin (AUC=0.84, Se=100%).

Conclusion : Il existe dans notre série un lien statistique entre caractére d’hétérogénéité
tumorale mesurée en scanner et le statut pour les biomarqueurs dans les adénocarcinomes
pulmonaires.

ABSTRACT:

Purpose: To determine if texture parameters derived from unenhanced computed tomography
(CT) images of primary lung adenocarcinomas were related to mutational characteristics of these
tumors.

Methods: One hundred and thirty-two consecutive patients who underwent transthoracic lung
core biopsy showing primary lung adenocarcinoma were included in this monocentric
retrospective study. EGFR mutations, KRAS mutations and ALK rearrangements were
systematically tested. Tumor texture analysis was performed on non-enhanced CT.
Heterogeneity analysis relative to pixel distribution was performed using six parameters: mean
attenuation (average brightness), standard-deviation (variation from the mean i.e. width of the
histogram), entropy (global irregularity), skewness (asymmetry of the curve) and kurtosis
(peakedness of the curve). Pixel distribution histograms were derived using 6 spatial scale filter
(SSF) values: i.e., without-filtration (SSF 0), using fine (SSF 2); medium-coarse (SSF 3, 4); and
coarse (SSF 5, 6) texture scales. Correlations between texture parameters and EGFR, KRAS, and
ALK mutational status were studied. Statistical analysis comprised univariate and multivariate
analyses.

Results: 40/132 (30%) patients showed KRAS mutations, 9/132 (6.8%) EGFR mutations, and
5/132 (3.8%) ALK rearrangements. Significant parameters for each mutation were: for KRAS
mutations, mean attenuation using medium-coarse texture (SSF 4) (AUC=0.64, Sensitivity
(Se),82%); for EGFR mutations, MPP with medium texture (SSF3) (AUC=0.71, Se=81%)); for
ALK rearrangements, standard deviation using fine textures (AUC=0.84, se=100%).
Conclusion: CT texture parameters obtained from unenhanced CT are significantly associated
with primary lung adenocarcinoma mutations.
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