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Abstract
Objective To assess the value of the texture analysis of fluorine-18F-fluorodeoxyglucose-positron emission tomography/
computed tomography (18F-FDG-PET/CT) in predicting the treatment response of postoperative recurrent or metastatic oral 
squamous cell carcinoma (POR/M-OSCC) treated with cetuximab.
Methods A total of 14 patients undergoing 18F-FDG-PET/CT with POR/M-OSCC were divided into the responder and 
non-responder groups according to cetuximab response by Response Evaluation Criteria in Solid Tumors (RECIST). The 
regions of interest (ROI) were set at the POR/M-OSCC lesions with the highest uptake of 18F-FDG, and the volumetric and 
texture features were analyzed. The features with correlation coefficient of 0.6 or more were further evaluated using the 
logistic regression analysis to create a model.
Results The  SHAPEVolume(vx),  SHAPEVolume(mL), metabolic tumor volume (MTV), and gray-level run-length matrix run-
length nonuniformity  (GLRLMRLNU) were significantly different between the responder (n = 6) and non-responder (n = 8) 
groups (p = 0.044, 0.042, 0.047, and 0.012, respectively). The model’s area under the curve (AUC) was found to be 0.83, 
0.83, 0.79, and 0.92, respectively. The heatmap with PET feature dendrogram showed four distinct clusters including them 
in patient’s responder and non-responder groups.
Conclusions Higher MTV,  GLRLMRLNU,  SHAPEVolume(vx), and  SHAPEVolume(mL) in 18F-FDG-PET images may have the 
prediction values for treatment response with POR/M-OSCC treated with cetuximab.

Keywords Postoperative recurrent or metastatic oral cancer · Positron emission tomography image · Metabolic tumor 
volume · Texture analysis

Introduction

Approximately 90% of patients with oral cancer were diag-
nosed with oral squamous cell carcinoma (OSCC), and 
surgery is the first-line treatment for them [1]. In case of 
recurrent or metastatic lesions, the standard systemic chemo-
therapy is considered.

Cetuximab is an epidermal growth factor (EGFR) inhibi-
tor, which is used in the treatment of metastatic colon can-
cer, metastatic non-small cell lung cancer, and head and neck 
cancers. EGFR-expressing tumors have been considered as 
good candidates for this molecular-targeted therapy; how-
ever, studies have shown that immunohistochemical EGFR 
receptor status does not predict the response to cetuximab 
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treatment [2]. In addition, cetuximab may cause severe 
adverse effects (such as interstitial pneumonia and severe 
skin symptoms) which may sometimes be fatal. Therefore, 
identification of prognostic biomarkers that can predict the 
tumor response to this therapy is imperative [3–6]. Hoff-
mann et al. described the response evaluation of innovative 
approaches, including immune infiltrate, molecular charac-
terization, and functional imaging [7].

Cancer development and progression are characterized 
by various cancer-specific metabolic abnormalities [8, 9]. 
Positron emission tomography (PET) using 18F-fluorode-
oxyglucose (FDG) is useful not only for tumor detection 
and staging, but also for detection of recurrence, based 
on the accelerated glycolysis metabolism of cancer cells. 
Metabolic tumor volume (MTV) and total lesion glycolysis 
(TLG), which are determined on FDG-PET, were shown 
to be associated with or predict the prognosis of patients 
[10]. However, solid tumor heterogeneity, as assessed by 
FDG-PET markers, has not been shown to be associated 
with therapeutic or antitumor efficacy [11].

The purpose of this study was to evaluate the potential of 
the texture analysis of 18F-FDG-PET/CT in predicting the 
treatment response to postoperative recurrent or metastatic 
oral squamous cell carcinoma (POR/M-OSCC) undergoing 
cetuximab therapy.

Materials and methods

Patients and study characteristics

A total of 68 patients with POR/M-OSCC, who underwent 
surgery for first line and followed up from December 2013 
to January 2020, were selected. All patients were diagnosed 
by pathological examination of the primary tumors and were 
found to have postoperative recurrent or metastatic lesions 
during clinical follow-up. The diagnosis of POR/M-OSCC 
was confirmed by various imaging examinations and/or 
clinical examinations. Out of the 18 patients treated with 
cetuximab, we focused on 14 patients, who underwent 
18F-FDG-PET/CT imaging before treatment (Fig. 1). This 
retrospective study protocol was approved by the Ethics 
Committee of our institute, and based on the tenets of the 
Helsinki Declaration. The enrolled patients’ agreement was 
obtained using an opt-out method.

18F‑FDG‑PET/CT imaging

18F-FDG-PET/CT examinations were performed using GE 
Discovery ST8 (GE, Milwaukee) or Bio-graph 16 (Siemens 
Medical Solutions Inc., Malvern, PA). 18F-FDG (5.0 MBq/
kg) was intravenously administered after at least 6 h of 
fasting, and PET/CT imaging was performed 60 min after 

administration of 18F-FDG. The segmented attenuation cor-
rection was performed using CT (140 kV, 120–240 mAs) to 
produce 128 × 128 matrix images.

Texture analysis

Segmentations of POR/M-OSCC lesion segmentation on all 
FDG-PET were performed with combined PET/CT images, 
which were changed into X, Y, and Z values in all data sets 
as the same values (4.7 × 4.7 × 3.3 mm) for segmentation 
with the accumulated volume of interest (VOI) manually. 
Texture analysis was performed using Local Images Fea-
tures extraction (LIFEx) software (version 6.00, IMIV, CEA, 
Inserm, CNRS, Univ. Paris-Sud, Université Paris Saclay, 
CEA-SHFJ, Orsay, France) according to a previous study 
[12]. PET/CT images were analyzed by two investigators in 
consensus. The VOIs of the multiple POR/M-OSCCs were 
obtained, and the  SUVmax based on the most active tumor 
metabolism was determined (Fig. 2). Then, the lesion with 
the highest  SUVmax was employed for the further analyses. 

Fig. 1   Flow diagram of patient inclusion, with reasons for exclusion, 
total study population, and statistical analysis
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VOIs were resampled in 64 bins between 0 and 40 SUV 
units [13, 14].

The parameters included conventional ones  (SUVmax, 
 SUVmin,  SUVmean,  SUVpeak,  SUVstd, and TLG), first order 
(histogram and shape), and second order (gray-level co-
occurrence matrix [GLCM], neighborhood gray-level dif-
ferent matrix [NGLDM], gray-level run-length matrix 
[GLRLM], and gray-level zone-length matrix [GLZLM], 
and so on). The MTV was calculated using the MTV pro-
tocol in LIFEx. All the texture features were summarized 
in Table 1.

Treatment regimen for POR/M‑OSCC combination 
therapy with cetuximub

Since the study time point was from 2013 to January 2020, 
NCCN Guidelines version 1.2018 of principles of systemic 
therapy was employed. The regimens were as follows: 

cetuximab plus radiotherapy as per the Bonner trial [15] 
cetuximab plus cisplatin and 5-FU as per the EXTREME 
trial [16] and cetuximab plus paclitaxel [17, 18]. Cetuxi-
mab was administered at a dose of 400  mg/m2 for the 
first regimen and 250 mg/m2 weekly after first cetuximab 
administration.

Clinical follow‑up and tumor response

RECIST1.0 [19] TNM staging was used to classify the 
UICC 2009 TNM cancer staging system (8th Edition of the 
TNM Classification of Malignant Tumors) during the data 
collection. According to RECIST1.0, tumors were clas-
sified as follows: complete response (CR), the disappear-
ance of all target and non-target lesions; partial response 
(PR), reduction of 30% in the total largest diameter of target 
lesions considered as reference of the baseline total longest 
diameter; progressive disease (PD), increase of 20% in the 

Fig. 2  An example of POR/M-OSCC VOI that was selected using the LIFEx the three-dimensional. A; original PET/CT uptake in POR/M-
OSCC lesion B; segmentation for POR/M-OSCC VOI sample. C; Maximum intensity projection (MIP) PET images in non-responder case
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Table 1  Texture features Classification Features

Conventional indices SUVmin
SUVmean
SUVstd
SUVmax
MTV
TLG
SUVKurtosis
SUVExcessKurtosis
SUVSkewness
SUVQ1 (Quartiles 1)
SUVQ2 (Quartiles 2)
SUVQ3 (Quartiles 3)

Discretized indices
DISCRETIZED TLG
DISCRETIZED_SUVKurtosis
DISCRETIZED_SUVExcessKurtosis
DISCRETIZED_SUVSkewness
DISCRETIZED_SUVmin
DISCRETIZED_SUVmean
DISCRETIZED_SUVstd
DISCRETIZED_SUVmax
DISCRETIZED_SUVQ1
DISCRETIZED_SUVQ2
DISCRETIZED_SUVQ3

First-order features
Histogram based HISTO_Skewness

HISTO_ExcessKurtosis
HISTO_Kurtosis
HISTO_Entropy_log10
HISTO_Entropy_log2
HISTO_Energy

Shape based SHAPE_Sphericity
SHAPE_Compacity
SHAPE_Volume (mL)
SHAPE_Volume (voxels)
SHAPE_Surface

Second order features (PET and CT)
Grey-level co-occurrence matrix (GLCM) GLCM_Homogeneity

GLCM_Energy
GLCM_Contrast
GLCM_Correlation
GLCM_Entropy_log10
GLCM_Entropy_log2
GLCM_Dissimilarity

Grey-level run-length matrix (GLRLM) GLRLM_SRE (Short-Run Emphasis)
GLRLM_LRE (Long-Run Emphasis)
GLRLM_LGRE (Low Grey-level Run Emphasis)
GLRLM_HGRE (High Grey-level Run Emphasis)
GLRLM_SRLGE (Short-Run Low Grey-level Emphasis)
GLRLM_SRHGE (Short-Run High Grey-level Emphasis)
GLRLM_LRLGE (Long-Run Low Grey-level Emphasis)
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total largest diameter of target lesions considered as refer-
ence of the smallest sum longest diameter recorded since 
the start of treatment or appearance of new measurable or 
nonmeasurable lesions or unequivocal progression of exist-
ing non-target lesions; SD, in between PR and PD. The best 
treatment response was the best effect recorded from the 
start of cetuximub treatment to disease progression based 
on the pretreatment baseline image according to RECIST. 
The patients were divided into two groups, the CR + PR 
(responder) and PD + SD (non-responder) groups, based on 
the best treatment response during cetuximub therapy from 
RECIST.

Statistical analysis

All statistical analyses were performed using the R software 
(https:// www.r- proje ct. org/, version 3.6.1). The heatmap was 
generated using the “pheatmap” package, and data were 
normalized using the z-score before analysis (R Kolde—R 
package version, 2012). The correlation heatmap was plotted 
using the “corrplot” package (T Wei, V Simko—R package 
version 0.73, 2013). The Mann–Whitney U test was used 
to assess differences in PET texture features between the 
responder and non-responder. Receiver operating character-
istic (ROC) curves were created to determine the optimal 
cutoff values for discrimination with high accuracy based 
on the area under the curve (AUC). The correlation analysis 
between each parameter was performed using the Pearson’s 
correlation test. In all tests, p < 0.05 was considered statisti-
cally significant.

Results

The clinical characteristics of all 14 patients are shown in 
Table 2. The POR/M-OSCC lesions were most commonly 
found in the lymph nodes of all patients.

Among 65 PET features examined,  SHAPEVolume(vx), 
 SHAPEVolume(mL), MTV, and  GLRLMRLNU were significantly 
different between the responder and non-responder groups 
(Fig. 3). The mean value of TLG in the responder group was 
lower than that in the non-responder group, but not signifi-
cant (Table. 3). The results of ROC analysis (Fig. 4) revealed 
that  GLRLMRLNU (AUC = 0.917) showed the highest dis-
criminating power between the responder and non-responder 
groups. The correlation heatmap represented the Pearson’s 
correlation coefficients (R) of the PET imaging feature 
(Fig. 5). The inset showed the correlation coefficient value 
(r) of PET features, and the cutoff values for positive or 
negative correlations with PET features were set at 1 and − 1, 
respectively. Among the PET features,  SHAPEVolume(vx), 
 SHAPEVolume(mL), MTV, and  GLRLMRLNU were shown to 
be significantly correlated with each other (p < 0.05, r > 0.6).

Figure 6 showed the hierarchical heat map and PET fea-
tures. The heat map was displayed from red to white and blue 
from high to low. Hierarchical clustering arranged features 
with similar tendencies. In the list, the responders were shown 
in blue and the non-responders in red. The features of the non-
responders tended to be highly correlated with features below 
the heat map. Conversely, in the responders, the lower part of 
the heat map tended to be blue. Regarding the classification 
of extraordinary amounts,  GLRLMRLNU,  SHAPEVolume(mL), 

Table 1  (continued) Classification Features

GLRLM_LRHGE (Long-Run High Grey-level Emphasis)
GLRLM_GLNU (Grey-Level Non-Uniformity)
GLRLM_RLNU (Run Length Non-Uniformity)
GLRLM_RP (Run Percentage)

Neighbourhood grey-level difference matrix 
(NGLDM)

NGLDM_Coarseness

NGLDM_Contrast
NGLDM_Busyness

Grey-level zone-length matrix (GLZLM) GLZLM_SZE (Short-Zone Emphasis)
GLZLM_LZE (Long-Zone Emphasis)
GLZLM_LGZE (Low Grey-level Zone Emphasis)
GLZLM_HGZE (High Grey-level Zone Emphasis)
GLZLM_SZLGE (Short-Zone Low Grey-level Emphasis)
GLZLM_SZHGE (Short-Zone High Grey-level Emphasis)
GLZLM_LZLGE (Long-Zone Low Grey-level Emphasis)
GLZLM_LZHGE  (Long-Zone High Grey-level Emphasis)
GLZLM_GLNU (Grey-Level Non-Uniformity)
GLZLM_ZLNU (Zone Length Non-Uniformity)
GLZLM_ZP (Zone Percentage)

https://www.r-project.org/
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 SHAPEVolume(vx), and MTV were recognized in the same clus-
ter. Through the heat map and cluster analysis, the relationship 
between these features was visually confirmed.

Discussion

The present study showed a significant difference between 
the responder and non-responder groups with respect to the 
 GLRLMRLNU, MTV,  SHAPEVolume(mL), and  SHAPEVolume(vx); 
all these parameters were volume parameters rather than the 
conventional two-dimensional parameters (such as  SUVmax). 
No significant between-group difference was observed with 
respect to any of the conventional SUV values; we believe 
that these results are likely attributable to tumor heterogene-
ity, since the  SUVmax reflects just the highest tumor uptake 
on two-dimensional images. Previous studies have widely 
used SUV parameters as indices reflecting volume and 
metabolism and demonstrated their prognostic relevance, 
with high reproducibility of  SUVmax. However, use of SUV 
parameters in the context of head and neck cancer has cer-
tain limitations; studies have shown that volume parameters 
of FDG-PET can better predict the prognosis compared 
with SUV parameters in these patients [20, 21]. Therefore, 

Table 2  Patient characteristics (14 patients with metastatic oral can-
cer treated with cetuximab)

* Postoperative recurrent or metastatic oral squamous cell carcinoma
Cetuximub (Cmab)
Radiation therapy (RT)
Paclitaxel (PTX)
5-FU plus Cisplatin (FP)

Variables All patients
(n = 14)

POR/M-OSCC*
Age (median, quartile) 70.0 (58.0–78.0)
Gender, n
Male 10
Female 4
Site of primary tumor
Tongue 7
Maxillary 3
Buccal mucosa 1
Floor of mouth 1
Mandibular 2
SCC differentiation
Well-differentiated 5
Well-moderately differentiated 3
Moderately differentiated 5
Moderate–severely differentiated 1
Target lesion
Lymph node 6
Lung metastasis 2
Bone metastasis 1
Submandibular metastasis 1
Clavicle 1
Ethmoidal sinus 1
Maxilla metastasis 2
Stage
II/III/IVA 5/1/8
Regimen
Cmab + RT 5
Cmab + PTX 5
Cmab + FP 4
Term starting from Cmab to metastasis 28.0 (12.0–65.0)
Term postoperatively from Cmab 314.5 (224.5–477.3)

p = 0.012
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Fig. 3  Univariate analysis using the Mann–Whitney U test for the 
significance with texture feature between the responders and non-
responders with tumor effective in cetuximab-treated patients
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volume parameters may provide more specific informa-
tion about the intertumoral microenvironment. The MTV 
and TLG, which have the potential to predict the treatment 
response, have been provided [22, 23]. MTV represents the 
active metabolic volume in the tumor, and TLG was calcu-
lated by multiplying the tumor volume by the SUVmean of 
the tumor [24]. Moreover, intratumoral heterogeneity will 

affect the SUVmean value. Therefore, TLG showed no sta-
tistical significance in relation to tumor heterogeneity.

With regard to the current standard treatment for OSCC, 
surgery is the first regimen, and postoperative concurrent 
chemoradiotherapy was widely accepted for at high-risk 
groups based on surgical pathology [25, 26]. A multicenter 
retrospective study in Japan reported that cetuximab plus 

Table 3  Comparison of PET 
features and ROC curve analysis 
for differentiation between 
responders and non-responders 
(n = 14)

* Mann–Whitney U test
Responder: complete response (CR) and partial response (PR)
Non-responder: stable disease (SD) and progressive disease (PD)
ROC receiver operating characteristic

Variables Responder 
(n = 6)
mean

Non-
responder 
(n = 8)
mean

p value* AUC 95% CI Cutoff

MTV 7.9 24.3 0.047 0.79 0.54–1.00 11.0
TLG 26.1 71.8 0.066 0.79 0.52–1.00 38.2
GLRLM_RLNU 82.9 241.8 0.012 0.92 0.77–1.00 85.1
SHAPE_Volume (mL) 5.5 15.4 0.042 0.83 0.60–1.00 5.71
SHAPE_Volume (vx) 76.8 254 0.044 0.83 0.60–1.00 79.5

Fig. 4  ROC curves and AUC 
in texture parameter. The 
ROC curve in texture param-
eter POR/M-OSCC oral 
cancer treated with cetuximab. 
 GLRLMRLNU,  SHAPEVolume(mL), 
 SHAPEVolume(vx), and MTV 
demonstrated the ability to be 
correlated in distinguishing 
tumor effect with cetuximab in 
responders and non-responders. 
The AUC value for each param-
eter was shown as 0.92, 0.83, 
0.83, and 0.79, respectively
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platinum-based chemotherapy as first-line therapy is an 
additional option for the systemic treatment for POR/M-
OSCC [27]. Thus, evaluating the tumor efficacy of treat-
ment with cetuximab using imaging biomarkers such as PET 
may be additional information for determining whether to 
continue the regimen or not.

Despite the small number of patients in this study, we 
investigated the texture feature (such as the volume param-
eter of PET) that may influence the antitumor effect. When 
the threshold is settled in the volume analysis, the VOI mar-
gin may be controversial. Texture features, such as GLRLM 
that represent the number of pixels of run-length and gray-
level in the matrix, allow visualization of the margin ranges. 
Thus, GLRLM could be used to evaluate more velvet margin 
while setting the threshold for the VOI. In quantitative tex-
ture analysis using the functional metabolic structure, the 
intratumoral structure and heterogeneity have been shown to 
correlate with image contrast, brightness, and concentration 
distribution. Texture analysis has been shown to reflect the 

tissue-level structural heterogeneity of primary lesions [28]. 
Our results suggest that texture analysis may be useful not 
only for evaluating tumor heterogeneity or the histological 
subtype, but also for predicting the response to molecular-
targeted drug therapies.

In this study, we performed a texture analysis of high-
est accumulation lesion with POR/M-OSCC using PET: 
it showed a significant difference in the antitumor effect 
and displayed the morphological pixel value histogram in 
the tumor and amount of spatial distribution heterogene-
ity. Some important factors, such as  GLRLMRLNU, were 
observed in the texture whereas some factors were not found 
to be related to the pathological tissue or molecular biol-
ogy information in this study. Therefore, the relationship 
between further imaging biomarkers and the antitumor effect 
must be confirmed in future studies. Moreover, the relation-
ship between EGFR expression and FDG accumulation 
should be re-examined by adding case, histopathological, 
and molecular biological information.

The limitation of this study was that the number of 
patients was small, evaluated as one index using the tumor 
metabolism of various lesions and the standardization of 
algorithms and construction of databases were controver-
sial. In the future studies, unnecessary minute quantities 
not related to machine learning or actual tumor metabolism 
should be identified. Another limitation was drawing the 
PET accumulation with POR/M-OSCC by manual VOI. 
Lastly, recent understanding that recurrent, metastasis, or 
locally advanced oral cancer molecular-targeting regimen 
has offered new therapeutic possibilities such as pembroli-
zumab [29]. The treatment regimen for molecular-targeted 
drugs was expected to continuously change; however, evalu-
ation of tumor lesions with imaging for each period in cancer 
therapy may not be changed.

Conclusion

Volumetric parameters of the texture analysis  (GLRLMRLNU, 
MTV,  SHAPEVolume(vx), and  SHAPEVolume(mL)) were useful to 
predict the cetuximab treatment response in POR/M-OSCC. 
Among them  GLRLMRLNU has a better potential for predict-
ing the POR/M-OSCC response.
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