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The aim of this study was to explore the predictive role of pretreatment MRI-based radiomics on early response
of neoadjuvant chemotherapy (NAC) in locoregionally advanced nasopharyngeal carcinoma (NPC) patients.
Between January 2016 and December 2016, a total of 108 newly diagnosed NPC patients who were hospital-
ized in the Cancer Hospital of the University of Chinese Academy of Sciences were reviewed. All patients
had complete data of enhanced MR of nasopharynx before treatment, and then received two to three cycles of
TP-based NAC. After 2 cycles of NAC, enhanced MR of nasopharynx was conducted again. Compared with
the enhanced MR images before treatment, the response after NAC was evaluated. According to the evaluation
criteria of RECIST1.1, 108 cases were divided into two groups: 52 cases for the NAC-sensitive group and 56
cases for the NAC-resistance group. ITK-SNAP software was used to manually sketch and segment the region
of interest (ROI) of nasopharyngeal tumor on the MR enhanced T1WI sequence image. The parameters were
analyzed and extracted by using Al Kit software. ANOVA/MW test, correlation analysis, and LASSO were
used to select texture features. We used multivariate logistic regressions to select texture features and establish
a predictive model. The ROC curve was used to evaluate the efficiency of the predictive model. A total of 396
texture features were obtained by using feature calculation. After all features were screened, we selected two
features including ClusterShade_angle135_offset4 and Correlation_AllDirection_offshel_SD. Based on these
two features, we established a predictive model by using multivariate logistic regression. The AUC of the two
features used alone (0.804, 95% CI = 0.602—-0.932; 0.762, 95% CI = 0.556-0.905) was smaller than the combi-
nation of these two features (0.905, 95% CI = 0.724-0.984, p = 0.0005). Moreover, the sensitivity values of the
two features used alone and the combined use were 92.9%, 51.7%, and 85.7%, respectively, while the specific-
ity values were 66.7%, 91.7%, and 83.3%, respectively, in the early response of NAC for NPC. The predictive
model based on MRI-enhanced sequence imaging could distinguish the sensitivity and resistance to NAC and
provide new biomarkers for the early prediction of the curative effect in NPC patients.
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INTRODUCTION

Nasopharyngeal cancer (NPC) is a unique malig-
nancy of the head and neck for which incidence is 15-50
cases per 100,000 annually in endemic areas such as
Southeast Asia, northern Africa, and middle Europe!.
The GLOBOCAN data® in 2018 reported that 129,097
patients were newly diagnosed with NPC worldwide.
Of these patients, 47.7% occurred in China. Because of
the high sensitivity to radiation and the complicated ana-
tomical structure of the nasopharynx, radiation therapy
(RT) is regarded as the mainstay of treatment for NPC.
Unfortunately, the proportion of locally advanced NPC
at diagnosis is approximately 60%—70%?>. The combina-
tion of RT and chemotherapy was used to treat NPC. In a
series of meta-analysis and clinical trails, concurrent che-
motherapy (CC) has always played a very important role
in the treatment of NPC*3, while adjuvant chemotherapy
(AC) did not provide survival benefits for locoregionally
advanced NPC patients receiving less than three cycles of
ACS. Because of the introduction of magnetic resonance
imaging (MRI) and neoadjuvant chemotherapy (NAC),
the survival of patients with locoregionally advanced
NPC has improved continually. Moreover, NAC can
improve patients’ tolerability, eradicate micrometastases,
and protect normal tissue due to the reduction of tumor
compared with AC’. Several studies demonstrated that
additional NAC to the standard treatment provided sur-
vival advantages for locoregionally advanced NPC?®!
Thus, additional NAC followed by concurrent chemo-
radiotherapy (CCRT) was recommended as first-line
strategy for locoregionally advanced NPC by the 2019
National Comprehensive Cancer Network (NCCN)
guideline. Although adding NAC prior to CCRT sig-
nificantly increased local control and reduced distant
metastasis, favorable response to NAC was not observed
in all patients with locoregionally advanced NPC, as
only less than 50% of these patients were sensitive to
NAC™B, Moreover, the response of NAC was associated
with the survival outcomes of the patients with locore-
gionally advanced NPC'!*. Peng et al. showed that the
response to NAC was the independent prognostic factor
of disease-free survival (DFS), overall survival (OS),
and locoregional recurrence-free survival (LRRFS) at 4
years". Liu et al. indicated that the resistance to NAC
was a poor prognostic factor of locoregionally advanced
NPC'“. However, the effective biomarkers were lacking
to predict the early response of NAC for locoregionally
advanced NPC patients.

In 2012, Lambin et al.” first proposed the concept of
radiomics, which aimed to extract a large number of quan-
titative parameters through the machine learning method to
evaluate tumor heterogeneity. Previous studies had shown
that radiomics could reflect the tumor heterogeneity and
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the information on genetic level and show a favorable pre-
dictive role in gene mutation, curative effect, and progno-
sis!®18, Most of the studies used diffusion-weighted MRI
to predict and evaluate the therapeutic effects in NPC
patients'*2!. However, the application of these markers in
the prediction of the therapeutic effects of NAC in NPC
patients remains controversial. Recently, some research
applied radiomics based on magnetic resonance (MR)
images to predict the response of RT and chemotherapy,
and explore the relationship between tumor response and
survival in NPC patients?>™. The aims of this study were
to explore the correlation between the texture features
based on pretreatment MR images and early response of
NAC and to reveal the feasibility of radiomics in predict-
ing early response of NAC in NPC patients.

MATERIALS AND METHODS
Patients

Between January 2016 and December 2016, 108 patients
hospitalized in the Department of Radiation Oncology at
Zhejiang Cancer Hospital were retrospectively reviewed.
Eligible patients met the following criteria: (i) biopsy-
proven NPC, (ii) no metastasis occurred, (iii) received two
to three cycles of NAC, (iv) had complete data of MRI
pre- and post-NAC, (v) had a measurable lesion in pre-
NAC MRI of nasopharynx, and (v) no previous anticancer
treatment. Patients who refused NAC, did not complete
NAC, had any metastasis at diagnosis, or had previous
anticancer treatment were excluded. This retrospective
study was approved by the Medical Ethics Committee
and the institutional reviewed board of Zhejiang Cancer
Hospital. All treatment protocols in this study were car-
ried out in accordance with NCCN guidelines. Because of
the retrospective design of the study, the committee con-
firmed that informed consent was not required.

Pretreatment Evaluations

Pretreatment evaluations included the following:
detailed medical histories, an evaluation of performance
status (PS), and careful physical examination. MRIs of
the nasopharynx and nasopharyngoscopies were per-
formed. Chest computed tomography (CT), bone scans,
abdominal ultrasound, and hematology and biochem-
istry profiles were conducted 1 week before treatment.
Positron emission tomography (PET) scans and abdomi-
nal CT scans were performed as clinically indicated. The
2010 American Joint Committee on Cancer (AJCC) stag-
ing system and World Health Organization (WHO) clas-
sification were recommended to be used in this study. We
were blinded to other information.

Chemotherapy

All NPC patients enrolled into the present study
were given three weekly docetaxel plus cisplatin-based
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NAC, and three weekly CC with cisplatin. The available
TP-based NAC regimens included docetaxel 60 mg/m?/
day on day 1 and cisplatin 25 mg/m*day on days 1 to 3.
Two to three cycles of NAC were administrated.

Evaluation of Response to NAC and Group

With 3 weeks after two cycles of NAC, MR exami-
nation of the nasopharynx and nasopharyngoscopy
were performed again. Compared with the baseline
nasopharyngeal MR images and nasopharyngoscopy, the
response to NAC was only evaluated using the reduction
in primary measurable tumor. According to the RECIST
1.1 standard to evaluate the efficacy?, complete remis-
sion (CR) is defined as the disappearance of target lesion
(short radius of retropharyngeal lymph nodes: <5 mm);
partial remission (PR) is defined as a reduction of at least
30% in the sum of the longest diameter of target lesions
compared with the baseline sum longest diameter before
treatment; partial progression (PD) is defined as an
increase of at least 20% in the sum of the longest diame-
ter of target lesions (using smallest sum longest diameter
since treatment started or appearance of one or more new
lesions as reference); and stable (SD) is defined as nei-
ther sufficient shrinkage to qualify for PR nor sufficient
increase to qualify for PD (using smallest sum longest
diameter since treatment started as reference). After two
cycles of NAC, 52 patients who evaluated as PR or CR
were enrolled into the sensitive group, and 56 patients
who were assessed as SD or PD were included in the
resistance group.

MR Image Scanning Scheme

The contrast-enhanced (CE) MR examinations of the
nasopharynx and cervical region were conducted pre-
and post-NAC by using head and neck coils with 3.0-T
MR scanners (Verio3.0T, Siemens Medical Solutions,
Germany). Before contrast was performed, we obtained
the MR images including T1-weighted fast spin-echo
images in the axial plane, T2-weighted fast spin-echo
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MR images in the axial plane, and T2-weighted fat-
suppressed spin-echo sequence. The scanning param-
eters included T1-weighted fast spin-echo images [rep-
etition time (TR) = 450 ms; echo time (TE) = 8.8 ms,
flip angle = 90°, matrix = 256 x 168, slice thickness =
4 mm, spacing between slices = 0.8 mm), T2-weighted
fast spin-echo images (TR = 6,000 ms, TE = 95 ms, flip
angle = 90°, matrix = 256 x 168, slice thickness = 4 mm,
spacing between slices = 0.8 mm), and T2-weighted fat-
suppressed spin-echo images (TR = 6,360 ms, TE = 95
ms, flip angle = 90°, matrix = 256 x 168, slice thickness =
4 mm, spacing between slices = 0.8 mm). The intravenous
injections of 15 ml contrast agent (Ounaiying, 0.5 mmol/
ml) and 15 ml saline were performed at a rate of 1.5 ml/s.
After 20 s, the axial T1-weighted fast spin-echo sequence
was administrated with the same parameters as those of
T1-weighted fast spin-echo images in the axial plane.

Analysis of Radiomics Based on MR Images

Image Segmentation. We searched the MR images of
the nasopharynx before NAC from PACS at the Cancer
Hospital of the University of Chinese Academy of
Sciences and saved as DICOM format images for each
patient. Then the DICOM format images of the CE TIWI
sequence were imported into the ITK-SNAP software
(version 3.8.0 for Mac, http://www.itksnap.org/). After
consultation, two deputy chief radiologists experienced in
MRI diagnosis of NPC selected the largest primary tumor
cross-sectional area from the CE TI-weighted images
of the nasopharynx (Fig. 1A) and manually delineated
a ROI around the entire heterogeneous enhanced tumor
outline (Fig. 1B). Large blood vessels such as the carotid
artery, bleeding, and necrotic cystic areas were avoided
to be included in the ROI. Then the single-layer tumor
image was segmented (Fig. 1C).

Extraction of Texture Features and Preprocessing. A
total of 108 ROI images segmented from pre-NAC CE
TIW1 MR images of the nasopharynx were extracted by
using artificial intelligence kit software (AI Kit V3.0.0.R,

Figure 1. Magnetic resonance (MR) image segmentation and the delineation of region of interest (ROI). (A) The largest primary
tumor cross-sectional area in the CE T1-weighted images of the nasopharynx. (B) Delineation of an ROI around the entire heteroge-
neous enhanced tumor outline. (C) ROI in the segmented single-layer tumor image.
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GE Healthcare). There are five kinds of calculation
methods of texture features including first-order statis-
tical features, second-order texture features, gray-level
co-occurrence matrix (GLCM), gray-level gradient co-
occurrence matrix (GLGCM), and wavelet transform.
A total of 396 imaging features were extracted in each
patient before feature selection, including 42 first-order
statistical features, 21 second-order texture features, 153
GLCM features, 154 GLGCM features, and 26 wavelet
transform features. In order to ensure the comparability
among the data, the data of different orders of magnitude
were converted to the same order of magnitude. The data
preprocessing steps are as follows: 1) the singular value
was replaced by median value; 2) each texture feature
was standardized by a Z-score, and the calculation for-
mula was as follows [(parameter value — mean value)/
standard deviation; u, mean value; o, standard deviation;
N, the number of cases]:

Statistical Analysis

SPSS 22.0 software was used to analyze the general
data of patients. We used the chi-square test to compare
the baseline characteristics between sensitive and resis-
tance groups. When the values were p < 0.05, the differ-
ences were statistically significant.

The extracted 396 parameters were divided into
five categories. If all these parameters were evaluated
together, it would cause overfitting. Moreover, irrelevant
and redundant parameters would confuse the learning
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algorithm. Therefore, R language (https://www.r-project.
org/) was used for statistical analysis.

The preprocessing before feature selection was divided
into three steps. At the first step, the Al Kit software
sought to identify the features, and the analysis of vari-
ance (ANOVA)/Mann—Whitney (MWA) U-test was used
to select the features. At the second step, the correlation
analysis reduced the dimension. The filter threshold was
set to 0.9 for the Spearman rank correlation coefficient
analysis. At the third step, the least absolute shrinkage
and selection operator (LASSO) Cox regression model
were used to screen out the features.

The selected features were used to conduct the pre-
dictive model using multiple logistic regression analysis
according to early response of NAC. The receiver operat-
ing characteristic curve (ROC) was drawn, and the area
under the curve (AUC) was calculated. The interactive
point map was drawn and provided the boundary value,
sensitivity, and specificity between the two groups.

RESULTS
Patient Characteristics

From January 2016 to December 2016, a total of 108
eligible patients with NPC were enrolled into the pres-
ent study. According to the early response of NAC, 52
patients were assigned to the sensitive group and 56 cases
to the resistance group. Table 1 lists the baseline demo-
graphic of patients and tumor characteristics. The basic
characteristics of patients were well balanced between
two groups.

Features Selection

A total of 396 features were extracted from CE TIW1
MR images by using the Al Kit software. The selective

Table 1. Basic Characteristics of 108 Nasopharyngeal Carcinoma (NPC) Patients Between the Sensitive and

Resistant Groups

Characteristics Total (N = 108) Sensitive Group (N = 52) Resistant Group (N =56)  p Value

Age [mean (range)] 54 (22-70) 54 (39-68) 51 (22-70) 0.836
<60 years 52 24 28
260 years 56 28 28

Gender 0.666
Male 80 40 40
Female 28 12 16

T stage 0.734
T1-2 36 16 20
T34 18 36 36

N stage 0.924
NO0-2 68 32 36
N3 40 20 20

Clinical stage 0.312
11 48 20 28
v 60 32 28
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Figure 2. ROC curves of two texture feature used alone or in
combination to nasopharyngeal carcinoma.

method was ANOVA + MW test. After ANOVA and MW
test, 14 features remained. Then the selective method was
the correlation analysis, and the remaining feature num-
ber was 7. Last, the selective method was LASSO. The
threshold value was 0.9, and the remaining feature num-
ber was 2. The two features included ClusterShade_angle
135_offset 4 and Correlation_AllDirection_offshel_SD.

Predictive Efficacy of Two Characteristic Parameters
Used Alone or in Combination to NPC

Then the two texture features were used to conduct
the predictive model through multiple logistic regres-
sion analysis according to early response of NAC. The
indicators such as AUC, sensitivity, specificity, and cut-
off value expressed the value of these features to predict
early response of NAC. We drew ROC and calculated
AUC values (Fig. 2). As shown in Figure 2 and Table
2, the AUC value of ClusterShade_angle 135_offset 4
[0.804, 95% confidence interval (CI) = 0.602-0.932] or
Correlation_AllDirection_offshel_SD (0.762, 95% CI =
0.556-0.905) used alone was smaller than the combina-
tion of these two parameters (0.905, 95% CI = 0.724—
0.984, p = 0.0005). Moreover, the sensitivity values of
the two parameters used alone and the combined use were
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92.9%, 51.7%, and 85.7%, respectively, while the spe-
cific values were 66.7%, 91.7%, and 83.3%, respectively,
in the early response of NAC for NPC (Table 2 and Fig.
3). In addition, the cut-off values of the two features used
alone and the combined use were —0.1116, 0.1356 and
0.4535, respectively (Fig. 3, Table 3).

DISCUSSION

Because resistance to NAC is a poor prognostic factor
for locoregionally advanced NPC, early response predic-
tions are very important to select therapeutic regimens
and modify treatment planning. Currently, no available
biomarkers are used to predict the response of NAC
before treatment. Here we delineated the ROI on the pre-
NAC CE T1IWI1 MR images and extracted 396 texture
features using Al Kit software. The two features such
as ClusterShade_angle 135_offset 4 and Correlation_
AllDirection_offshel SD were screened out and used
to perform a predictive model through multiple logistic
regression analyses. Subsequently, the ROC and AUC val-
ues were calculated. The AUC value of the combined two
features (0.905, 95% CI = 0.724-0.984) was greater than
two features used alone (0.804, 95% CI = 0.602-0.932;
0.762, 95% CI = 0.556-0.905, p = 0.0005). Moreover, the
sensitivity values of the two features used alone and the
combined use were 92.9%, 51.7%, and 85.7%, respec-
tively, while the specific values were 66.7%, 91.7%, and
83.3%, respectively, in the early response of NAC for
NPC. In addition, the cut-off values of the two features
used alone and the combined use were —0.1116, 0.1356,
and 0.4535, respectively (Fig. 3). Therefore, radiom-
ics features based on the pretreatment provided favor-
able predictive biomarkers for early response to NAC in
locoregionally NPC patients.

Because tumor response was used as an independent
predictor, it is of great clinical value to predict the sensi-
tivity of NAC in patients with NPC before treatment. Dou
et al. indicated that survival rate in NPC patients with
CR tumor response was 75.5%. Feryel et al. found that
the patients with PR tumor response obtained a survival
rate of 54.2%%. Peng et al. revealed that survival rates
in patients with CR, PR, and PD tumor responses were
90%, 79%, and 58.2%, respectively'®. Dwijayanti et al.
performed a retrospective study to determine the survival
outcomes based on treatment response. The results indi-
cated that 5-year survival rates of NPC patients with CR,

Table 2. Logistic Regression Analyses of Texture Feature Parameters on Early Response of Neoadjuvant

Chemotherapy (NAC) in NPC Patients

Variable B Wald OR 95% C1 p Value
ClusterShade_angle 135_offset 4 1.35624  0.66113 42082  3.8816  1.0623-14.1832 0.0402
Correlation_AllDirection_offshel_ SD  1.98007  0.98203  4.0654  7.2432  1.0568-49.6428 0.0438
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Figure 3. Correlative analysis of texture features and early response of neoadjuvant chemotherapy (NAC). (A) ClusterShade_angle
135_offset 4. (B) Correlation_AllDirection_offshel_SD. (C) The combination of two features.

PR, and PD were 71%, 30.4%, and 10.6%, respectively®.
Peng et al. showed that the response to NAC was the inde-
pendent prognostic factors of DFS, OS, and LRRFS at 4
years'®. In contrast, unsatisfactory response of NAC was
associated with poor survival outcomes including LRRFS
and PFS in locoregionally advanced NPC patients®. Liu
et al. also indicated that the resistance to NAC was a poor
prognostic factor of locoregionally advanced NPC'™.
Because of resistance to NAC, the patients had the excess
economic burden and experienced more toxicities and
delays in the implementation of later therapy. Thus, we

explored the effective biomarkers to select appropriate
strategy before treatment.

Currently, the early response of NAC in NPC patients
was predicted by using more than three imaging modali-
ties including intravoxel incoherent motion diffusion-
weighted MR imaging (IVIM-DWI)**3!, dynamic CE
MR imaging (DCE-MRI)*?*, and diffusion-weighted
MR imaging (DWI)*3*. However, the predictive effi-
cacy of SWI and DCE-MRI for early response of NAC
remained controversial. In addition, the IVIM-DWI-
based pure diffusion coefficient values were used to

Table 3. The Value of Two Feature Parameters Used Alone or in Combination to Nasopharyngeal Carcinoma

Parameters Cutoff Value Sensitivity  Specificity AUC

ClusterShade_angle 135_offset 4 -0.1116 92.9 66.7 0.804 (95% CI = 0.602-0.932)
Correlation_AllDirection_offshel_SD 0.1356 51.7 91.7 0.762 (95%CI = 0.556-0.905)
Combined two parameters 0.4535 85.7 83.3 0.905 (95%CI = 0.724-0.984)
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assess the response to NAC, and the results showed that
the sensitivity and specificity were 0.647-0.658 and
0.722-0.818, respectively®*3'. Thus, these studies indi-
cated that the specificity values were low. MRI-based
radiomics was used to predict pathological response,
survival, and prognosis for solid tumors such as rectal
cancer'®, breast cancer®, and lung cancer'’’*. Based on
MR images, radiomics was used to predict the response
to chemoradiotherapy for NPC?. Zhao et al. used mul-
tiparametric MRI-based radiomics to assess response of
NAC, and their findings demonstrated that 3-year PFS
in patients with sensitivity to NAC was better than that
in patients with resistance to NAC (84.81% vs. 39.75%,
p <0.001)*. Wang et al. extracted five features from CE
TIW1 MR images, and the AUC value was 0.715 with
sensitivity of 0.94 and specificity of 0.500%*. Thus, we
extracted two texture features from CE TIW1 MR images
and used them to predict early response to NAC. These
findings indicated that the sensitivity values of the two
features used alone and the combined use were 92.9%,
51.7%, and 85.7%, respectively, while the specific values
were 66.7%, 91.7%, and 83.3%, respectively, in the early
response of NAC for NPC.

The texture features of radiomics are the mathemati-
cal measurement values calculated according to voxel
arrangement. They can represent the heterogeneity of
voxel arrangement in tumor space®. Tumor heteroge-
neity may be associated with tumor cell proliferation,
angiogenesis, and necrosis, and even reflect the informa-
tion at the genetic level in a certain degree®. Through
the arrangement of voxels in tumor space, the radiomics
based on MR images can reflect the tumor heterogene-
ity, which was related to the efficacy and prognosis. Two
texture features from pretreatment CE TIW1 MR images
in this study included ClusterShade_angle 135_offset
4 and Correlation_AllDirection_offshel SD. The first
mentioned of two described the surface condition of the
tumor such as smooth or rough, while the latter belonged
to the gray symbiotic matrix and had directionality. It
reflected the similarity and symmetry of the distribution
of different gray pixels in the images as well as the spa-
tial position relationship between the pixels. Moreover, it
also reflected the difference of the internal details of the
tumor, which is an important factor affecting the thera-
peutic effect of NAC.

Several studies had shown that three-dimensional
analysis could more completely reflect the heterogene-
ity of tumor tissue*®’. However, three-dimensional analy-
sis was more complex and time-consuming. Because
the thickness of the MRI layer was 4 mm, the edge part
would be affected by partial volume effect, and it was dif-
ficult to grasp the lesion border when manually sketching
lesions in the head and tail direction. A study performed
by Lubner et al. showed that there was no statistically
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significant difference between the three-dimensional
analysis and two-dimensional analysis, and the results
based on single-layer and two-dimensional ROI analy-
sis were reliable*.. Therefore, the single-layer and two-
dimensional ROI analyses were used in the present study.

Although this study provides the predictive role of
early response of NAC in locoregionally advanced NPC
patients, several limitations were observed in this study.
First, the sample size is small and a validation group
was not used to assess this model. Second, the study was
conducted using a single MR scanning instrument in a
single-center study, and it failed to distinguish the predic-
tion efficiency of different MR scanners in different cen-
ters. In addition, we assess the tumor response through
volumetric changes between pre- and post-NAC based on
RECIST 1.1, but this evaluation was insufficient due to
lack of molecular events.

CONCLUSION

In conclusion, the current study screened out two tex-
ture features based on pretreatment CE TIW1 MR images
and established a predictive model for early response of
NAC. Moreover, we proved that this model could well
predict the sensitivity of NAC in NPC patients. As a pre-
dictive biomarker of early response of NAC, radiomics
based on pretreatment MR can provide a new method to
predict the therapeutic effect of NAC and guide the indi-
vidualized treatment for NPC patients. It needs to expand
the sample size and perform multicenter prospective
research to verify the predictive model.
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