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Recurrence patterns are significantly associated with the *F-FDG
PET/CT radiomic features of patients with locally advanced
non-small cell lung cancer treated with chemoradiotherapy
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Abstract. A model for predicting the recurrence pattern of
patients with locally advanced non-small cell lung cancer
(LA-NSCLC) treated with chemoradiotherapy is of great
importance for precision treatment. The present study analyzed
whether the comprehensive quantitative values (CVs) of the
fluorine-18("*F)-fluorodeoxyglucose (FDG) positron emission
tomography (PET)/computed tomography (CT) radiomic
features and metastasis tumor volume (MTV) combined with
clinical characteristics could predict the recurrence pattern
of patients with LA-NSCLC treated with chemoradiotherapy.
Patients with LA-NSCLC treated with chemoradiotherapy
were divided into training and validation sets. The recurrence
profile of each patient, including locoregional recurrence (LR),
distant metastasis (DM) and both LR/DM were recorded. In the
training set of patients, the primary tumor prior radiotherapy
with ®F-FDG PET/CT and both primary tumors and lymph node
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metastasis were considered as the regions of interest (ROIs).
The CVs of ROIs were calculated using principal component
analysis. Additionally, MTVs were obtained from ROIs. The
CVs, MTVs and the clinical characteristics of patients were
subjected to aforementioned analysis. Furthermore, for the
validation set of patients, the CVs and clinical characteristics
of patients with LA-NSCLC were also subjected to logistic
regression analysis and the area under the curve (AUC) values
calculated. A total of 86 patients with LA-NSCLC were
included in the analysis, including 59 and 27 patients in the
training and validation sets of patients, respectively. The anal-
ysis revealed 22 and 12 cases with LR, 24 and 6 cases with DM
and 13 and 9 cases with LR/DM in the training and validation
sets of patients, respectively. Histological subtype, CV2-5 and
CV3-4 were identified as independent variables in the logistic
regression analysis (P<0.05). In addition, the AUC values for
diagnosing LR, DM and LR/DM were 0.873, 0.711 and 0.826,
and 0.675,0.772 and 0.708 in the training and validation sets of
patients, respectively. Overall, the results demonstrated that the
spatial and metabolic heterogeneity quantitative values from the
primary tumor combined with the histological subtype could
predict the recurrence pattern of patients with LA-NSCLC
treated with chemoradiotherapy.

Introduction

It has been reported that the treatment of patients with locally
advanced non-small cell lung cancer (LA-NSCLC) with disease
recurrence after chemoradiotherapy is difficult (1-4). Precision
therapy based on different recurrence patterns are a potential
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strategy for reducing disease recurrence (5). Therefore, the
construction of a model for predicting the recurrence pattern
of patients with LA-NSCLC treated with chemoradiotherapy
is of great importance for precision treatment. The recurrence
patterns of patients with LA-NSCLC undergoing chemora-
diotherapy can be divided into locoregional recurrence (LR),
distant metastasis (DM) and both LR and DM (LR/DM) (6).

The radiomic features of fluorine-18("*F)-fluorodeoxyglu-
cose (FDG) positron emission tomography (PET)/computed
tomography (CT) and the clinical characteristics of patients
may potentially serve a significant role in predicting the
recurrence patterns of patients with LA-NSCLC treated with
chemoradiotherapy (6-9). The radiomic features of ®F-FDG
PET/CT, including quantitative and semi-quantitative features,
commonly reflect the spatial and metabolic heterogeneity of
the tumor (10). The quantitative features refer to the asso-
ciation between the grey level intensity of pixels or voxels
and their position within an image. On the other hand, the
semi-quantitative features are associated with "*F-FDG uptake
semi-quantitative values, such as metabolic tumor volume
(MTYV). A previous study showed that the primary tumor
volume in patients with LA-NSCLC is significantly associated
with the recurrence of the primary tumor after chemoradio-
therapy (9). Therefore, tumors with a volume of >50 cm?® are
more prone to recurrence compared with those with a volume
of <50 cm®. Another study demonstrated that the total MTV
of the primary tumor and regional metastatic lymph nodes,
analyzed by pre- and mid-radiotherapy "F-FDG PET, are
significantly associated with local recurrence in patients with
LA-NSCLC (11). Therefore, it has been hypothesized that the
deep learning model constructed based on the features of CT
radiomics can be used to predict the recurrence pattern of
chemoradiotherapy-treated patients with LA-NSCLC (12). It
has also been suggested that the histological subtypes can be
associated with the recurrence patterns of the aforementioned
patients (5). A previous study demonstrated that squamous cell
carcinoma is more prone to LR compared with adenocarci-
noma (5). The aforementioned studies imply that the radiomic
features of ®F-FDG PET/CT combined with the clinical
characteristics of patients can exhibit considerable accuracy in
predicting the recurrence patterns of patients with LA-NSCLC
undergoing chemoradiotherapy.

In the present study, patients with LA-NSCLC who
received chemoradiotherapy were analyzed. In the training
set of patients, to predict the recurrence pattern of patients
with LA-NSCLC, logistic regression analysis was performed
based on the comprehensive quantitative values (CVs) of the
radiomic features of ®*F-FDG PET/CT, MTV and the clinical
characteristics of patients. Furthermore, the logistic regression
analysis results were verified in the validation set of patients.

Materials and methods

Patients. In the present study, patients with LA-NSCLC treated
with chemoradiotherapy in Shandong University Cancer
Center (Jinan, China), Henan Cancer Hospital (Zhengzhou,
China), Union Hospital Tongji Medical College Huazhong
University of Science and Technology (Wuhan, China),
Zhejiang Cancer Hospital (Hangzhou, China), Fujian Cancer
Hospital (Fuzhou, China), Zhangzhou Hospital Affiliated

to Fujian Medical University (Zhangzhou, China) and The
Third Hospital Affiliated to Suzhou University (Changzhou,
China) between May 2016 and January 2020 were analyzed.
The inclusion criteria were as follows: i) Non-operative
patients with LA-NSCLC diagnosed by histology; ii) with
Karnofsky performance status (KPS) prior to therapy of =70;
iii) treated with concurrent or sequential chemoradiotherapy;
iv) patients who underwent ¥*F-FDG PET/CT scanning within
two weeks prior radiotherapy; and v) patients whose recur-
rence patterns were recorded. The exclusion criteria were
as follows: i) Patients with small cell lung cancer; ii) whose
BFE-FDG PET/CT images were missing; iii) treated with
radiotherapy dose of <50 Gy (equivalent effective doses
at 2 Gy per fraction); and iv) patients whose follow-up data
were missing. Based on different centers where patients were
treated, patients were randomly allocated into the training and
validation sets of patients. The current retrospective study was
approved by the Shandong University Cancer Center Medical
Ethics Committee (approval no. 201511089).

BF.-FDG PET/CT imaging. All eligible patients underwent
BE-FDG PET/CT scanning imaging (Discovery LS PET/CT
system; Cytiva) within two weeks prior to radiotherapy. Before
BE-FDG PET/CT scan, patients fasted and rested for at least
6 h. The blood glucose levels were <6.6 mmol/l before scan-
ning. The patients did not receive bladder catheterization, oral
muscle relaxants or CT contrast enhancers. Scanning started
at 44-76 min following intravenous injection of 370 MBq
(10 mCi) "®F-FDG and "8F-FDG PET images were obtained
from the top of the skull to the proximal thigh. Each field of
vision covered 14.5 cm for 5 min and the thickness of each
layer was 4.25 mm in the axial direction. The peak voltage of
the X-ray tube, which was used for spiral CT scan, was 120 kV
and 90 mA and the thickness of each layer was 4.25 mm.
BE-FDG PET/CT scan images were captured under natural
breathing and were reconstructed using an ordered subset
expectation maximization algorithm.

Treatment. All patients were treated with concurrent or sequen-
tial chemoradiotherapy. Intensity-modulated radiation therapy
(IMRT) was used as the type of irradiation. Radiotherapy
planning was performed using '®F-FDG PET/CT or CT scan.
No prophylactic irradiation was delivered to the lymphatic
drainage area. The gross tumor volume (GTV) included the
primary tumor and all metastatic lymph nodes [CT measure-
ment short diameter of >10 mm or PET standardized uptake
value (SUV) of >2.5], while the clinical target volume (CTV)
included GTVs exceeding 6 mm (squamous cell carcinoma) or
8 mm (adenocarcinoma or other histological types). The plan-
ning target volume consisted of a margin extending outside
the CTV, which was 5 and 10-15 mm in all directions of the
BE-FDG PET and CT image, respectively. Conventional frac-
tionated (CFRT) or late-course hyperfractionated accelerated
radiotherapy (LCHART) were used for radiotherapy fraction-
ation. CFRT was defined as a single 2-3 Gy fraction, once a day
for five days/week. LCHART included two phases, CFRT and
hyperfractionated accelerated radiotherapy. Hyperfractionated
accelerated radiotherapy was performed following CFRT,
with fractions of 1.4 Gy, twice daily. The radiotherapy dose
was prescribed to the 95% isodose line of the respective
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IMRT plan, covering at least 95% of the target volume. The
GTYV prescription dose was corrected to equivalent effective
doses at 2 Gy per fraction (EQD2) using the linear quadratic
model (a/p=10.0 Gy). The corrected prescription dose was
used for statistical analysis. Chemotherapy regimens included
platinum-based chemotherapy, two-drug combination chemo-
therapy or single-drug chemotherapy.

Follow-up. Follow-up was performed once every 3-6 months
after treatment and included physical examination, chest CT
scan and other necessary examinations, such as craniocerebral
magnetic resonance examination, when headache occurred.
Progression free survival (PFS) was defined as the time from
BE-FDG PET/CT scan to locoregional recurrence/distant
metastasis or death. Overall survival (OS) was defined as the
time interval between '®F-FDG PET/CT scan and patient death
or last follow-up. Additionally, disease recurrence was consid-
ered as the first disease progression recorded according to the
Response Evaluation Criteria in Solid Tumors (RECIST 1.1).
Histological diagnosis was not necessary. Recurrence patterns
included LR, DM and LR/DM. LR was characterized by the
recurrence of the primary tumor and/or regional lymph nodes,
while DM was defined as metastasis outside the primary
tumor and regional lymph nodes. LR/DM is defined by both
LR and DM.

Image analysis. For the training set of patients, the regions
of interest (ROIs) were delineated using ITK-SNAP (13) or
CGITA (14) software. For ITK-SNAP, the ROIs were drawn
manually by a radiation oncologist with >10 years target
delineation experience. For CGITA, a SUV value of 2.5 was
selected to delineate ROIs using an automatic threshold-based
region growing method. When the lesions were adjacent to
non-lesions with high ®F-FDG uptake, such as the heart and
liver, the ROIs were drawn manually by the radiation oncolo-
gist. The primary tumors identified by ®F-FDG PET and CT
scan and drawn using ITK-SNAP software, were defined as
ROI1 and ROI2, respectively. Subsequently, PyRadiomics
software (15) was used to extract the quantitative values of the
ROI1 and ROI2 radiomic features. In addition, the primary
tumor and both the primary tumor and regional metastatic
lymph nodes displayed by ®F-FDG PET and delineated using
CGITA software, were defined as ROI3 and ROI4, respectively.
CGITA software was then used to calculate the quantitative
values of the ROI3 radiomic features and extract the MTVs of
ROI3 and ROI4, which were named MTV3 and MT V4. For the
validation set of patients, the corresponding ROIs and quanti-
tative values of the ROI radiomic features were also obtained
as described for the training set of patients.

Statistical analysis. All statistical analyses were carried
out using SPSS (V21.0; IBM Corp.) and MedCalc (V15.8;
MedCalc software Ltd.). P<0.05 was considered to indicate
a statistically significant difference. The 1- and 2-year recur-
rence rate of patients in the training and validation sets of
patients were calculated using the following equation: Number
of patients with recurrence events within 1- or 2-year/total
number of patients included in the training or validation sets
of patients. The logistic regression equations for predicting
the recurrence patterns in the training set of patients were
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developed as follows: CVs were calculated using the principal
component analysis according to the following formula: CVr-i
=a; X1'+a,X2'+... + 2, X,,', where r indicates 1,2,3, 1 indicates
1,2,....m, a;,, indicates component coefficient and X' indicates
the Z-score standardized value of ROI radiomic features quan-
titative values. In addition, the Z-score standardized value was
calculated using the following formula: Z-score value=original
value-mean value/standard deviation (SD). CVs with eigen-
values >1 were subjected to further analysis. Spearman's rank
order correlation or association analysis were used to calculate
the correlation and association coefficients between clinical
characteristics, including CVs, MTV3, MTV4 and recurrence
patterns. Unpaired two-tailed t-test or x> test was applied to
evaluate whether the correlation and association coefficients
were statistically significant. Subsequently, the features with
significant correlation or association coefficients were used to
construct the logistic regression equations for predicting recur-
rence patterns. The probability values of recurrence patterns
were measured using the logistic equations and the receiver
operating characteristic (ROC) curves for diagnosing recur-
rence patterns were constructed based on these values. The
areas under ROC curves (AUCs), cut-off, sensitivity and speci-
ficity values were calculated based on the maximum value of
Youden index. The logistic regression equations for predicting
the recurrence patterns were verified in the validation set of
patients as follows: The corresponding CVs in the validation
set of patients were obtained as described for the training set
of patients. The CVs and clinical characteristics were inserted
into the logistic equations. The probability values of recur-
rence patterns were obtained as previously described. ROC
curves were constructed based on the predicted and actual
recurrence patterns and the AUC, sensitivity and specificity
values were then calculated.

Results

Patient characteristics and recurrence patterns. A total of
96 patients from seven centers were enrolled between May
2016 and January 2020. Among these patients, 10 patients were
excluded, eight due to lack of ®F-FDG PET/CT and two due to
missing follow-up data. Overall, 86 patients were considered
eligible for the study. The median follow-up time was 21.5 months
(range, 2.8-61.8 months), while the median PES and OS were 9.3
[95% confidence interval (CI), 7.7-11.0 months] and 32.0 months
(95% CI, 17.6-46.4 months), respectively. A total of 59 patients
from five centers were included in the training set of patients
and 27 patients from two centers in the validation set of patients.
The flow diagram illustrating the study enrollment process is
shown in Fig. 1. The clinical characteristics of patients are listed
in Table I. For the training set of patients, the median age was
60 years (range, 39-73 years), the radiotherapy dose was 60.00 Gy
(range, 60.00-75.91 Gy), while chemotherapy lasted for four
cycles (range, 1-7 cycles). In addition, the median follow-up time
was 23.5 months (range, 3.9-41.8 months), while the median PFS
and OS were 9.4 (95% CI, 7.6-11.2 months) and 31.0 months (95%
CI, 20.8-41.2 months), respectively. A total of 22 patients expe-
rienced LR, accounting for 37.3% of all cases, while 24 patients
experienced DM (40.7%) and 13 patients experienced LR/DM
(22.0%). The 1- and 2-year recurrence rates were 67.8 and 88.1%,
respectively. For the validation set of patients, the median age was
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Table 1. Patient characteristics in the training and validation sets of patients.

Training set

Validation set

Characteristic Number % Number %
Age (years)

<60 33 559 13 48.1

>60 26 441 14 519
Sex

Male 50 84.7 22 81.5

Female 9 153 5 18.5
Histology

SCC 41 69.5 17 63.0

ADC 18 30.5 8 29.6

Other 0 0 2 74
Stage®

1A 15 254 12 44 4

I1IB 32 542 9 333

1Ic 12 203 6 222
Karnofsky performance status scoe

70 3 5.1 1 3.7

80 18 30.5 8 29.6

90 36 61.0 16 59.3

100 2 34 2 74
Smoking index

0 14 23.7 10 370

1-400 8 13.6 4 14.8

>400 37 62.7 12 444
Treatment model

CCRT 53 89.8 17 63.0

SCRT 6 10.2 10 370
Radiotherapy dose® (Gy, GTV)

<60 34 57.6 12 44 4

>60 25 424 15 55.6
Chemotherapy cycles (n)

1-4 47 79.7 22 81.5

>4 12 20.3 5 18.5

‘International Association for the Study of Lung Cancer (IASLC) staging, 8th edition; Pequivalent effective doses at 2 Gy per fraction. GTV,
gross tumor volume; SCC, squamous cell carcinoma; ADC, adenocarcinoma; CCRT, concurrent chemoradiotherapy; SCRT, sequential chemo-

radiotherapy.

58 years (range, 34-86 years), the median radiotherapy dose was
also 60.00 Gy (range, 50.00-75.25 Gy) and chemotherapy also
lasted for four cycles (range, 1-6 cycles). Additionally, the median
follow-up period was 18.9 months (range, 2.8-61.8 months), while
the median PFS and OS were 9.3 (95% CI, 4.2-14.5 months) and
40.4 months (95% CI, 30.4-50.4 months), respectively. There were
12 patients with LR (44.4%), six patients with DM (22.2%) and
nine patients with LR/DM (33.3%). Finally, the 1- and 2-year
recurrence rates were 63.0 and 88.9%, respectively.

CVs and MTVs in the training set of patients. Retrospective
ROI examples are shown in Fig. 2. A total of 86, 100 and 72

quantitative values of radiomic features were extracted from
ROI1, ROI2 and ROI3, respectively (Table SI). The mean = SD
values are listed in Table SI. The CVs included 86 CV1
(CV1-1-CV1-86), 100 CV2 (CV2-1-CV2-100) and 72 CV3
(CV3-1-CV3-72). The mean = SD values of MTV3 and MTV4
were 88.97+114.79 and 118.39+136.91 cm?, respectively.
Among these CVs, nine CV1, 10 CV2 and nine CV3 were
selected for further analysis. These CVs and their eigenvalues
are shown in Table SII.

Recurrence pattern prediction in the training set of patients.
Analysis revealed that histological subtypes CV2-5,CV2-7 and
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96 Locally advanced non-small cell lung cancer patients
from 7 centers treated with chemoradiotherapy
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Table II. Correlation and association coefficients between
histology type, CVs and recurrence patterns in the training set
of patients.

10 Excluded
8 Patients with missing '8F-FDG PET/CT images
2 Patients with no follow-up information

86 Patients considered for enroliment on to the study

Y

59 Patients from 5 centers analyzed in training set

27 Patients from 2 centers analyzed in validation set

Figure 1. Flow diagram of study enrollment. *F-FDG PET/CT, fluorine-18-flu-
orodeoxyglucose positron emission tomography/computed tomography.

CV3-4 were significantly associated with recurrence patterns
(Table II). No significant association was obtained between
age, sex, clinical stage, KPS, smoking index, treatment model,
radiotherapy dose, chemotherapy cycle, MTV3, MTV4 and
the other 25 CVs and recurrence patterns (data not shown).
The logistic regression equations for predicting recurrence
patterns are listed in Table III. The logistic equations identified
histological subtype and two CVs, namely CV2-5 and CV3-4,
as significant independent variables. The ROC curves used for
diagnosing recurrence patterns are presented in Fig. 3A-C. For
diagnosing LR, the AUC, cut-off, sensitivity and specificity
values were 0.873, 0.560, 0.682 and 0.946, respectively. In
addition, the AUC, cut-off, sensitivity and specificity values
for diagnosing DM were 0.826,0.370, 0.750 and 0.829, respec-
tively, while the corresponding values for diagnosing LR/DM
were 0.772,0.170, 0.846 and 0.609, respectively.

Efficiency of the prediction model in the validation set. A total
of 27 patients were allocated to the validation set of patients,
including 25 patients with squamous cell carcinoma/adeno-
carcinoma and two patients with other histological subtypes.
However, the recurrence pattern prediction model constructed
in the training set of patients included only patients with squa-
mous cell carcinoma/adenocarcinoma. Therefore, 25 patients
with squamous cell carcinoma/adenocarcinoma were used to
verify the recurrence pattern prediction model, while the two
patients with the other histological subtypes were excluded.
Representative examples for ROI2 and ROI3 are shown in
Fig. 2. The corresponding mean + SD values are listed in
Table SIII, while the values of CV2-5 and CV3-4 are shown
in Table SIV. Furthermore, the ROC curves for diagnosing
recurrence patterns are presented in Fig. 4A-C. Therefore, the
AUC, sensitivity and specificity values for diagnosing LR were
0.711, 0.636 and 0.786, respectively. The AUC, sensitivity and
specificity values for diagnosing DM and LR/DM were 0.675,
0.600 and 0.750 and 0.708, 0.667 and 0.750, respectively.

Recurrence patterns®

Feature Correlation coefficient P-value
Histology type® 0.449¢ 0.001
CV2-5 0.259¢ 0.048
Cv2-7 -0.282¢ 0.031
Cv3-4 -0.365¢ 0.004

“Locoregional recurrence, distant metastasis, both of locoregional
recurrence and distant metastasis; "squamous cell carcinoma and
adenocarcinoma; ‘association coefficient; *Spearman correlation coef-
ficient. CV, comprehensive quantitative value; CV2-5, the fifth CV of
ROI2 radiomics features; CV2-7, the seventh CV of ROI2 radiomics
features; CV3-4, the fourth CV of ROI3 radiomics features; ROI2,
the primary tumor ROI displayed by CT using ITK-SNAP delinea-
tion; ROI3, the primary tumor ROI displayed by "*F-FDG PET using
CIGITA delineation.

Discussion

It has been previously reported that the prognosis of patients
with LA-NSCLC treated with chemoradiotherapy is poor, as
the majority of these patients may experience disease recur-
rence after chemoradiotherapy (8,16-18). The present study
showed that the 1 year recurrence rate was 67.8 and 63.0%
in the training and validation sets of patients, respectively. A
randomized controlled study (RTOGO0617) demonstrated that
the 1 year recurrence rate of patients with LA-NSCLC treated
with 60 Gy conventional radiotherapy combined with chemo-
therapy is 49.2% (16). Additionally, a previous retrospective
study demonstrated that the total recurrence rate for patients
with LA-NSCLC who underwent chemoradiotherapy is
65.9% (17). Furthermore, another retrospective study showed
that the 1 year recurrence rate of LA-NSCLC is 74% (19). The
aforementioned results indicate that the majority of patients
with LA-NSCLC can experience disease recurrence after
chemoradiotherapy. Therefore, precision treatment should be
considered to reduce disease recurrence.

The current study also demonstrated that CV2-5 and
CV3-4 combined with histological subtype could predict
the recurrence patterns of chemoradiotherapy-treated
patients with LA-NSCLC. CV2-5 and CV3-4 were the linear
combination and were composed of the radiomic feature
quantitative values from the primary tumors imaged using
BE_FDG PET/CT. Therefore, CV2-5 and CV3-4 could reflect
the spatial and metabolic heterogeneity of the primary tumors.
The higher the CV2-5 value, the higher the probability for
LR/DM. However, a lower CV2-5 value was associated with
a higher probability for LR. Additionally, a greater CV3-4
value was associated with an increased risk for LR, while
the lower value was associated with a greater probability for
DM and LR/DM. The results also demonstrated that patients
with squamous cell carcinoma were prone to LR, while those
with adenocarcinoma were prone to DM. The aforementioned
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Table III. Logistic regression equations for predicting recurrence patterns in the training set of patients®.

95% Confidence
interval

Predicted recurrence pattern Feature Coefficient P-value Hazard ratio Lower Upper
DM Histology type® -2.768 0.006 0.063 0.009 0.447

Cv3-4 -1.280 0.008 0.278 0.108 0.716

Constant 2.353 0.012 - - -
LR/DM CV2-5 0.933 0.041 2.542 1.037 6.232

Cv3-4 -1.580 0.003 0.206 0.072 0.591

“Locoregional recurrence as reference; *squamous cell carcinoma is 1 and adenocarcinoma is 0. DM, distant metastasis; CV, comprehensive
quantitative value; LR/DM, locoregional recurrence and distant metastasis; CV2-5, the fifth CV of ROI2 radiomics features; CV3-4, the
fourth CV of ROI3 radiomics features; ROI2, the primary tumor ROI displayed by CT using ITK-SNAP delineation; ROI3, the primary tumor
ROI displayed by '®F-FDG PET using CIGITA delineation; CV2-5, the fifth CV of ROI2 radiomics features; CV3-4, the fourth CV of ROI3

radiomics features.

Figure 2. ROIs obtained by *F-FDG PET/CT scan. Primary tumor ROIs obtained by (A) ®F-FDG PET(ROI1) and (B) CT (ROI2) scan were created using
ITK-SNAP software. (C) Primary tumor (ROI3) and (D) both primary tumor and metastatic lymph node (ROI4) ROIs that resulted from '*F-FDG PET were
drawn using CIGITA software. (D) Metastatic lymph node ROI was indicated by the black arrow. ROI, region of interest; "*F-FDG PET/CT, fluorine-18-fluo-

rodeoxyglucose positron emission tomography/computed tomography.

findings indicated that the recurrence patterns were different
for patients with LA-NSCLC treated with chemoradiotherapy
and were associated with CV2-5, CV3-4 and histological
subtype. Therefore, to reduce the disease recurrence rate,
different treatment approaches should be considered according
to different CV2-5, CV3-4 and histological subtypes.
Furthermore, the present study demonstrated that the
CV2-5 of the pre-radiotherapy CT scan radiomic features
was also markedly associated with the recurrence patterns of
chemoradiotherapy-treated patients with LA-NSCLC. In addi-
tion, CV2-5 combined with CV3-4 and histological subtype
could also predict the recurrence patterns of the aforemen-
tioned patients. A previous retrospective study reported that the
deep learning model constructed by radiomic features of pre-
and post-treatment CT scans can also predict the recurrence

patterns of patients with LA-NSCLC (12). Consistent with the
results of the current study, previous research also indicated
that patients with squamous cell carcinoma are more prone to
LR compared with those suffering from adenocarcinoma (5).
These findings suggest that enhancing local and systemic
treatment to reduce LR and DM in patients with squamous
cell carcinoma and adenocarcinoma could be the appropriate
approach for patients with LA-NSCLC undergoing chemora-
diotherapy.

Previous studies showed that the MTVs of the primary
tumor and regional metastatic lymph nodes displayed by *F-FDG
PET pre- and mid-radiotherapy are significantly associated
with the recurrence patterns of patients with LA-NSCLC who
receive chemoradiotherapy (11). The AUC values of pre- and
mid-radiotherapy MTVs for predicting LR are 0.71 and 0.76,
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Figure 3. ROC curves for identifying recurrence patterns in the training set of patients. ROC curves for diagnosing (A) LR, (B) DM and (C) LR/DM. LR,
locoregional recurrence; DM, distant metastasis; ROC, receiver operating characteristic; AUC, area under the curve.
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Figure 4. ROC curves for diagnosing recurrence patterns in the validation set of patients. ROC curves for diagnosing (A) LR, (B) DM and (C) LR/DM. LR,
locoregional recurrence; DM, distant metastasis; ROC, receiver operating characteristic; AUC, area under the curve.
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respectively (11). A previous study demonstrated that patients
with LA-NSCLC and a tumor volume >50 cm? are more prone
to primary tumor recurrence after chemoradiotherapy compared
with those with a tumor volume <50 cm?® (9). These two retrospec-
tive studies suggested that tumor volume could be significantly
associated with local recurrence in patients with LA-NSCLC
treated with chemoradiotherapy. In addition, the results of the
present study demonstrated that neither the MTV of the primary
tumor (MTV3) nor the MTV of the primary tumor combined
with regional metastatic lymph nodes (MTV4) were notably asso-
ciated with the recurrence patterns of chemoradiotherapy-treated
patients with LA-NSCLC. However, further studies are needed to
verify whether MTVs in mid-radiotherapy could be significantly
associated with the recurrence patterns of these patients.

The present retrospective study has some limitations,
including the loss of particular clinical follow-up data and patient
selective bias. Therefore, further research with a larger sample
size of patients is needed to verify the results of the current study.

In conclusion, the present study showed that spatial and
metabolic heterogeneity quantitative values from the primary
tumor combined with histological subtype could predict the
recurrence patterns of patients with LA-NSCLC treated with
chemoradiotherapy.
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