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Abstract: We examined the role of intratumoral metabolic heterogeneity on 18F-FDG PET during concurrent chemoradiotherapy (CCRT) in predicting survival outcomes for patients with cervical cancer. This prospective study consisted
of 44 patients with bulky (≥ 4 cm) cervical cancer treated with CCRT. All patients underwent serial 18F-FDG PET studies. Primary cervical tumor standardized uptake values, metabolic tumor volume, and total lesion glycolysis (TLG)
were measured in pretreatment and intra-treatment (2 weeks) PET scans. Regional textural features were analyzed
using the grey level run length encoding method (GLRLM) and grey-level size zone matrix. Associations between PET
parameters and overall survival (OS) were tested by Kaplan-Meier analysis and Cox regression model. In univariate
analysis, pretreatment grey-level nonuniformity (GLNU) > 48 by GLRLM textural analysis and intra-treatment decline
of run length nonuniformity < 55% and the decline of TLG (∆TLG) < 60% were associated with significantly worse OS.
In multivariate analysis, only ∆TLG was significant (P = 0.009). Combining pretreatment with intra-treatment factors,
we defined the patients with a initial GLNU > 48 and a ∆TLG ≤ 60% as the high-risk group and the other patients as
the low-risk. The 5-year OS rate for the high-risk group was significantly worse than that for the low-risk group (42%
vs. 81%, respectively, P = 0.001). The heterogeneity of intratumoral FDG distribution and the early temporal change
in TLG may be an important predictor for OS in patients with bulky cervical cancer. This gives the opportunity to
adjust individualized regimens early in the treatment course.
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Introduction
In spite of the improvement in survival of cervical cancer after concurrent chemoradiotherapy, the outcomes of patients with locally advanced cervical cancer have been unsatisfactory [1]. Several pretreatment clinical characteristics are used to predict the risk of recurrence [2]. Kang et al. have suggested a combination of nonsquamous cell histology, serum

squamous cell carcinoma antigen levels, and
nodal positivity along with [18F] ﬂuorodeoxyglucose positron emission tomography (18F-FDG
PET) to estimate the risk of distant metastasis
[3]. High FDG uptake in the primary cervical
tumor, measured as the maximum standardized uptake value (SUVmax), has been reported
to predict for lymph node involvement, treatment response, and overall survival [4]. However, other studies showed that SUVmax was not
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significantly correlated with post-treatment
response [5, 6]. There is emerging evidence
that intratumoral heterogeneity of FDG uptake
could be a better predictor for treatment outcomes. Textural features of tumor metabolic
distribution extracted from pretreatment 18FFDG PET images have been reported to predict
response to chemoradiotherapy and survival
outcomes in sarcoma, esophageal cancer,
head and neck cancer, and lung cancer [7-11].
Similarly, it has been shown in cervical cancer
that intratumoral metabolic heterogeneity on
pretreatment 18F-FDG PET can predict response
to therapy and risk of pelvic recurrence [12,
13].
In addition to using pretreatment PET data, several studies suggest that early changes of 18FFDG PET uptake after initial treatment is an
independent outcome predictor [6]. It was
reported that changes in textural feature were
independently associated with overall survival
(OS) and response to target therapy in rectal
cancer and non-small cell lung cancer [14, 15].
Only one study explored the temporal changes
of intratumoral metabolic heterogeneity measured by textural analysis during the course of
concurrent chemoradiotherapy (CCRT) in cervical cancer. Yang et al. showed that textural features on a regional scale with emphasis on
characterizing contiguous regions of high uptake in tumors decreased significantly with
time in the complete metabolic response group
[16]. However, this study included only 20
patients with stage IB1 to IVA cervical cancer
and the end point was the tumor response rather than survival outcome, which is more clinical
relevant.
In this study, we aim to investigate the prognostic value of feature parameters extracted from
serial 18F-FDG PET scans acquired before treatment, after 2 and 4 weeks of treatments, complete treatment, and 2 months after completion of treatment. Intratumoral metabolic heterogeneity with regional scale texture features
was analyzed to predict the OS of patients with
bulky cervical cancer.
Materials and methods

ters larger than 4 cm defined by T2-weighted
MRI. Patients who were contraindicated to MRI
examinations, such as those with pacemakers,
metal objects, or claustrophobia disorder were
excluded. The other inclusion criteria in this
prospective study were the following: normal
renal, hepatic and hematologic function, and
no previous chemotherapy, radiotherapy, or
surgery for cancer. The study was approved by
the Institutional Review Board of our hospital
(#98-0740A3) and abided with the ethical standards of the Helsinki Declaration on good clinical practice. All patients signed informed
consent.
18

F-FDG PET acquisition

All patients underwent FDG PET/CT with standardized procedures. Participants fasted for at
least 6 hours prior to examination. Images were
obtained 50 min after intravenous injection of
370-555 MBq 18F-FDG [17]. PET/CT scans were
acquired using the same protocol as previous
report [9]. Baseline pre-CCRT whole-body PET
was performed within 2 weeks before the start
of treatment. Locoregional PET was performed
during CCRT at 2 weeks, 4 weeks, and 8 weeks
and post-CCRT whole-body PET 2 month after
the completion of treatment.
18

F-FDG PET image analysis

F-FDG PET lymph node status were interpreted visually and semiquantitatively according to
our previous protocol [18]. Evaluation of metabolic response is accomplished by comparing
the relative changes in tumor FDG uptake. On
the basis of the Positron Emission Tomography
Response Criteria in Solid Tumors (PERCIST)
guidelines, patients were classified as complete metabolic responders (CMR; complete
resolution of tumor FDG uptake), partial metabolic responders (PMR; reduction of a minimum
of 30% in target measurable lesion), stable
metabolic disease (SMD; not CMR, PMR, or progressive metabolic disease (PMD)), or progressive metabolic disease (PMD; increase of a
minimum of 30% in target measurable lesion or
presentation of a new lesion) [19].
18

The enrolled patients had clinical FIGO stage
IB2 to IVa cervical cancers with tumor diame-

Tumors were segmented using the PMOD 3.3
software package (PMOD Technologies Ltd,
Zurich, Switzerland). The boundaries were drawn to include the primary cervical tumor on
the axial 18F-FDG PET images. The lesions were
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Patients
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Table 1. Patient characteristics (n = 44)
Characteristic
No. of patients (%)
Age (y)
Median, range
51.7, 23 to 81
FIGO stage
IB1
1 (2)
IB2
8 (18)
IIA
3 (7)
IIB
17 (39)
IIIA
1 (2)
IIIB
14 (32)
Pathology
Adenocarcinoma
5 (11)
Squamous cell carcinoma
39 (89)
Level of SCC Ag (ng/mL)
Median, range
13, 0-165
18
F-FDG PET lymph node status
None
21 (48)
Pelvic
22 (50)
Para-aortic
6 (14)

automatically contoured at a threshold 40% of
maximum SUV [20], and the voxels within the
contouring margin were incorporated to define
the metabolic tumor volume (MTV). The total
lesion glycolysis (TLG) was calculated according to the following formula: TLG = mean SUV ×
MTV (cm3) [21].

nal-beam radiotherapy (RT) initially delivered
with a daily fraction 1.8 Gy in five fractions
weekly. Large-field radiation doses to the whole
pelvis were 45 Gy via a four-field box technique.
When the involvement of common iliac or paraaortic lymph nodes was suspected from imaging studies, irradiation fields were extended to
the abdominal para-aortic region. For patients
with lower vaginal tumor extension, bladder or
rectal invasion, or persistent bulky tumor after
45 Gy RT, who were not undergoing brachytherapy, the primary tumor was treated with total
doses of 68-72 Gy. Intensity-modulated radiotherapy (IMRT) was allowed for patients treated
with para-aortic irradiation or without brachytherapy. Patients undergoing brachytherapy
with six fractions of 4.3 Gy to point A received a
parametrial boost dose (5.4-12.6 Gy) by parallel-opposed anterior-posterior fields with a
4-cm-wide midline block. The gross nodal lesions outside the parametrial boost field were
treated to a total dose up of 54-57.6 Gy. The
chemotherapy protocol included six cycles of
weekly intravenous infusions with cisplatin 40
mg/m2 during the radiotherapy course.
Statistical analysis

For texture analysis, we used the same
parameters as the Yang’s study to verify the
prognostic value of these textural features for
survival outcomes [16]. The grey-level run
length encoding matrix (GLRLM) and grey-level
size zone matrix (GLSZM) were used for assessing the regional textural features [22, 23]. A
total of 22 different textural features were
extracted from the GLRLM and GLSZM
(Supplementary Table 1). Besides, changes in
these parameters over the course of therapy
were also investigated. The textural features
were analyzed using a software package
(Chang-Gung Image Texture Analysis toolbox,
CGITA) implemented under MATLAB 2012a
(Mathworks Inc., Natick, MA) [10, 24].

Receiver operating characteristic (ROC) curves
were used to evaluate the accuracy of the
PET texture features in predicting post-CCRT
response according to PERCIST. The parameters with an area under the curve (AUC) greater
than 0.75 as good performance were selected
for further analyses [26]. The optimal cutoff values were identified by determining the values
where the sum of sensitivity and specificity was
maximal. Kaplan-Meier survival estimates were
constructed and compared using the log-rank
test. Cox-regression model with the forward
stepwise method was used for multivariate
analysis. Adjusted hazard ratios (HRs) and the
corresponding 95% confidence intervals (CIs)
were used to express the results of multivariate analysis. All statistical analyses were performed using PASW Statistics 18 (SPSS Inc.).
Two-tailed P values of less than 0.05 were considered statistically significant.

Treatment

Results

The pretreatment workup, including pelvic and
abdominal MRI and 18F-FDG PET, and radiation
treatment, was similar to our previous report
[25]. In brief, patients were treated with exter-

Patient characteristics
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Between November 2007 and July 2010, a
total of consecutive 48 patients were eligible
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Table 2. Significantly good imaging parameters in ROC analysis

Pretreatment 18F-FDG PET
Short runs emphasis (SRE)
Long runs emphasis (LRE)
Gray-level nonuniformity (GLNU)*
Large zones emphasis (LZE)
2nd-week 18F-FDG PET
∆SUVmax
∆MTV
∆TLG
∆Run length nonuniformity (RLNU)
∆Gray-level nonuniformity (GLNU)†

Area
under
ROC curve

95% CI

P

0.75
0.75
0.76
0.76

0.32-0.68
0.60-0.91
0.56-0.88
0.60-0.91

0.006
0.005
0.005
0.004

0.75
0.77
0.81
0.75
0.77

0.56-0.89
0.66-0.93
0.62-0.92
0.61-0.91
0.61-0.91

0.006
0.004
0.001
0.006
0.003

at pretreatment and their changes
during treatment at 2 weeks were
analyzed for response prediction.
Nine imaging parameters, including four at pretreatment and five at
2 weeks, were good predictors of
post-CCRT CMR with AUC greater
than 0.75 and P values less than
0.05. The details are listed in Table
2. Patients with CMR (n = 28) had
significantly better overall 5-year
survival rates than those with nonCMR (n = 16) (82% vs 50%, respectively, P = 0.002).
Survival prediction

The median follow-up time in the
study cohort was 56 months (range
10-83 months). By the end of the
follow-up period, 14 patients had
died. The nine imaging parameters
with good prediction power for CMR
were analyzed for survival outcomes. Only one
pretreatment factor, grey-level nonuniformity
(GLNU) > 48, derived from GLRLM textural analysis, was associated with worse OS in univariate analysis (P = 0.031). As shown in Table 3,
other clinical factors such as age, FIGO stage,
pathology, cell differentiation, and 18F-FDG PET
lymph node status were not significantly associated with OS. For intra-treatment factors, the
decline of run length nonuniformity (∆RLNU) <
55% and the decline of TLG (∆TLG) < 60% were
associated with worse OS in univariate analysis
(P = 0.026 and 0.004, respectively). In multivariate analysis, only ∆TLG was a significant
variable (P = 0.009).

ROC receiver operating characteristic, SUVmax maximum standardized uptake
value, MTV metabolic tumor volume, TLG total lesion glycolysis. *Derived
from grey level run length encoding method. †Derived from grey-level size
zone matrix.

for this study. Four patients were excluded: one
died of GI bleeding during treatment, one had
synchronic ovarian cancer, and the other two
had corrupted data that could not be analyzed.
Table 1 shows the demographic and clinical
characteristics of the 44 participants.
Metabolic response
Locoregional PET during CCRT at 2 weeks, 4
weeks, and 8 weeks were performed. PET at 2
weeks revealed that 5 (11%) patients had CMR,
24 (55%) had PMR, and 15 (34%) had SMD.
PET at 4 weeks showed 23 (52%) CMR, 18
(41%) PMR, and 3 (7%) SMD. PET at 8 weeks
revealed 27 (61%) CMR, 10 (23%) PMR, and 7
(16%) SMD. Post-CCRT whole-body PET demonstrated 27 (61%) had CMR, 10 (23%) had PMR,
3 (7%) SMD, and 4 (9%) PMD. Among the 4
patients with PMD, new lesions were found in
two patients with supraclavicular lymph node
metastasis, one with lung metastases, and the
other with pelvic bone metastasis. Because
more than half of patients had no measurable
tumor at 4 weeks and 8 weeks, only the results
of PET at 2 weeks were used for texture
analysis.

Imaging parameters including SUVmax, MTV,
TLG, and 22 different textural features acquired

In order to better stratify the risk of disease
progression before the end of treatment, we
combined the pretreatment factor GLNU with
intra-treatment factor ∆TLG for risk assessment. In the low GLNU (≤ 48) group, ∆TLG could
not further stratify disease risk. However, in the
high GLNU (> 48) group, patients with a lesser
∆TLG decline (≤ 60%) had significantly worse
survival outcomes than those with a higher
∆TLG decline (> 60%) (P = 0.045) (Figure 1).
Therefore, we defined the patients with a high
initial GLNU (> 48) and a lower ∆TLG decline (≤
60%) as a high risk group (n = 12). The patients
with low GLNU (≤ 48) or high GLNU (> 48) with
a higher ∆TLG decline (> 60%) as a low risk
group (n = 32) (Figure 2A). For high risk group,
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Table 3. Prognostic factors and significant textural parameters in univariate and multivariate Cox
regression analysis of overall survival rate

Age (as continuous variable)
FIGO stage III-IV
PLN positive by PET
PALN positive by PET
∆SUVmax decline < 30%
∆MTV decline < 60%
∆TLG decline < 60%
GLNU > 48
∆RLNU decline < 55%

Univariate
HR (95% CI)
0.98 (0.94-1.02)
1.53 (0.53-4.43)
1.65 (0.57-4.77)
1.50 (0.42-5.40)
1.78 (0.61-5.15)
2.29 (0.72-7.34)
4.70 (1.47-15.04)
3.13 (1.05-9.38)
3.68 (1.07-13.91)

P
0.231
0.431
0.347
0.533
0.280
0.150
0.004
0.031
0.026

Multivariate
HR (95% CI)

4.70 (1.47-15.04)

P

0.009

PLN pelvic lymph node, PALN para-aortic lymph node, SUVmax maximum standardized uptake value, MTV metabolic tumor
volume, TLG total lesion glycolysis, GLNU gray-level nonuniformity, RLNU Run length nonuniformity.

Figure 1. Kaplan-Meier estimates of overall survival according to the textural feature gray-level nonuniformity (GLNU)
extracted from pretreatment 18F-FDG PET in study cohort (n = 44) (A). Kaplan-Meier estimates of overall survival according to the change of total lesion glycolysis (ΔTLG) based on 2nd-week 18F-FDG PET in patients with low GLNU (n
= 26) (B) and high GLNU (n = 18) (C). In the high GLNU group, patients with poor treatment response (lesser ∆TLG
decline) had significantly worse survival outcomes.

Figure 2. Flow diagram of two-step risk-stratification strategy based on pretreatment and intra-treatment PET imaging parameters (A). Kaplan-Meier estimates of progression-free survival (B) and overall survival (C) according to the
risk group of patients.

83% (10/12) patients became non-CMR after
CCRT. The progression free survival rate for the

high risk group was significantly worse than
that for the low risk group (17% vs. 78% for
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Table 4. Patterns of failure in low risk group and
high risk group patients

Local
Both local and distant
Local+PALN
Local+PALN+ScLN
Distant
PALN only
ScLN only
Solid organs ± LN
Total

Low risk group High risk group
(n = 32)
(n = 12)
2
1

1
6
8

2
1
1
1
4
11

PALN para-aortic lymph node, ScLN supraclavicular lymph
node.

3-year and 8% vs. 75% for 5-year, respectively,
P < 0.001) (Figure 2B). Similarly, the OS rate for
the high risk group was significantly worse than
that for the low risk group (67% vs. 88% for
3-year and 42% vs. 81% for 5-year, respectively, P = 0.001) (Figure 2C).
Patterns of failure
Of 12 patients defined as the high risk group,
11 (92%) experienced disease recurrence. Two
patients had isolated local failure, and 9
patients developed distant metastasis, including 3 patients who had both local and distant
failures. For 32 patients defined as the low risk
group, 8 patients (25%) had distant failures,
including 1 combined local plus distant failure
(Table 4). In the high risk group, one patient
with supraclavicular lymph node recurrence
and one patient with para-aortic lymph node
relapse were salvaged. Another patient with
cervical and para-aortic lymph node recurrence
was salvaged by surgery and CCRT. In the low
risk group, one patient with supraclavicular
lymph node relapse was salvaged, while one
patient with lung metastasis was still alive with
disease.

with bulky cervical cancer was identified by the
texture analysis of the pretreatment and week
2 18F-FDG PET examinations. Our ﬁndings have
significantly practical implications to help tailor
the treatment for individual patients, particularly if the tumor is not responding well to a
standard CCRT in the early treatment course.
F-FDG PET is now widely used in oncological
imaging for diagnosis and staging, and increasingly to determine early response to treatment
by employing semiquantitative measures of
lesion activity such as SUV. However, using
SUVs from a baseline scan to predict the behavior of a tumor in terms of future therapy
response or prognosis is of limited value [5].
Post-therapy 18F-FDG PET could provide valuable long-term prognostic information in cervical cancer [27]. Our results showed that
patients with CMR 2 months after CCRT had a
82% 5-year survival rate, compared to 50% for
those without CMR. This information may be
used to select patients for salvaged therapy,
but it is too late to select patients for more
aggressive treatment.
18

The measurement of texture indices from tumor
PET images has also been recently proposed
as an adjunct to predict tumor response to therapy. Heterogeneity of FDG uptake within tumor
could be associated with more aggressive
behavior and poorer response to treatment [8,
11, 14]. Although some suggested that FDG
heterogeneity by taking the derivative of the
volume-threshold function were not predictive
of disease outcome [33], we adopted the methods reported by Yang et al. using regional textural features calculated from GLRLM and
GLSZM analysis [16]. These parameters represent runs and zones with different gray-level
values to describe contiguous regions of constant intensity in a tumor.

F-FDG PET has proved to predict the outcome
for cervical cancer treated with chemoradiotherapy [27-32]. However, most of the predictions were based on the post-therapy metabolic
response, which is too late to modify the treatment for patients with potentially poor outcome. In this study, a high risk group of patients

In this study, we found that intratumoral
metabolic heterogeneity depicted by regional
textural features could predict tumor response
to CCRT and survival outcomes in patients with
bulky cervical cancer. GLNU provides further
information for survival prognosis in addition to
clinical characteristics, such as tumor volume
and nodal status. This result is similar to Aerts
et al. who showed that GLNU by CT scan is the
top performing feature for the survival of
patients with lung cancer and head and neck
cancer [34]. It is interesting to show the

171

Am J Nucl Med Mol Imaging 2016;6(3):166-175

Discussion
18

Texture analysis of 18F-FDG PET in cervical ca during CCRT
translational capability of radiomics in different
cancer types and image modalities.

aggressive treatment in this subgroup of
patients with bulky cervical cancer.

Treatment response during the course of therapy can enable risk-adapted management.
Clinical examinations [35] and tumor markers
in the blood [36] have been used previously to
evaluate treatment response of cervical cancer. Serial PET imaging has the advantage of
being able to measure therapy response early
in the course of treatment in a number of cancers [37, 38] but the appropriate time to
acquired PET information during treatment is
still undetermined. In cervical cancer, Yang et
al. demonstrated that neither the SUV indices
nor the textural features investigated before
the treatment initiation was able to predict
treatment response, but suggested that changes in tumor heterogeneity during therapy may
serve as a better predictor of response than a
single measurement prior to treatment [16]. In
our study, more than half of the primary tumors
became unmeasurable at 4 weeks. In addition,
many of the regressed tumors at 4 weeks
became too small to be assessed because of
the requirement being for a reasonable number
of adjacent pixels to be present to be able to
measure some of the texture features [39]. In
this study, several imaging parameters at pretreatment and some at 2 weeks were identified as good predictors of post-CCRT CMR.
Interestingly, both pretreatment GLNU derived
from GLRLM analysis and ∆GLNU at 2 weeks
derived from GLSZM analysis were predictors
of tumor response while only pretreatment
GLNU was prognosticator of survival.

Tumor size, as a surrogate of local tumor extension, is a very important prognostic factor to
local control and survival in cervical cancer
[42]. Recent report in cervical cancer patients
from NRG Oncology/Gynecologic Oncology
Group randomized trials showed that tumor
size was the most significant clinical factor by
nomogram analysis [2]. Since all patients
enrolled in this study were MRI-defined bulky
tumor, the other clinical prognostic factors
might not be able to reach statistical significance due to the limited patient number. The
measurement of the tumor volume by PET
images is MTV, which represents the size of
highly viable tumor cells and excludes necrotic
tissues. MTV has been suggested as a prognostic factor in few studies [20, 43]. However,
Yoo et al. showed that TLG was a more significant predictor than MTV for the recurrence of
cervical cancer in multivariate analysis. Our
study also supports that both MTV and ∆MTV
were not significant prognostic factors in patients with bulky cervical cancer. Interestingly,
Hatt et al. reported that volume and heterogeneity were independent prognostic factors and
suggested that textural features and MTV may
provide valuable complementary information
[44].

Pre-treatment TLG had been shown to be a
prognostic factor in cervical cancer [40] and
∆TLG was reported to be predictive for response
to CCRT at the second week for lung cancer
patients [41]. Combination of textural feature
and TLG could serve as a risk-stratification
strategy in oropharyngeal cancer [9]. In the
present study, the combination of pretreatment
GLNU > 48 and ∆TLG decline < 60% (the high
risk group) predicted a recurrent risk of 92%
(11/12), compared to 72% (13/18) when using
∆TLG alone. Therefore, the combination of pretreatment GLNU and ∆TLG were more powerful
than ∆TLG alone to define the patients at high
risk. Identifying the patients with a high risk of
treatment failure as early as 2 weeks during
CCRT offers the opportunity to pursue more

One strength of this study is the prospective
data collection and complete long-term follow
up with a strong clinical relevant endpoint,
overall survival. Since most of patients with
recurrence died of disease, the result of progression-free survival was similar to overall survival. The success of salvage treatment was
dependent on the location of recurrent tumors.
Three of four salvaged patients (3 high risk and
1 low risk) had recurrent disease limited to
supraclavicular or para-aortic lymph nodes, in
accordance to our previous report [45]. In this
study, eleven of 12 patients in the high risk
group suffered from disease relapse; 81% with
distant metastasis. This result implies that
the heterogeneity of the primary tumor could
represent tumor aggressiveness, increasing
the chance of distant metastasis. For high risk
group, 83% (10/12) patients became non-CMR
after CCRT. Patients with non-CMR had significantly worse 5-year OS rate (50%) than those
with CMR (P = 0.002). Similarly, the 5-year OS
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rate (42%) for the high risk group was significantly worse than that for the low risk group (P
= 0.001). Therefore, risk stratification by GLNU
and TLG decline shows similar prognostic prediction as post-CCRT response but much earlier. This provides the opportunity to adjust individualized regimens early in the treatment
course.
Our study had several limitations. Firstly,
although the sample size of this prospective
study was large compared to the other similar
studies, it was still small and lacked a verification group. Secondly, glucose metabolism is
only one aspect of tumor phenotype. Intratumoral metabolic heterogeneity cannot represent the whole picture of tumor heterogeneity.
In addition, only primary tumors were selected
for imaging analysis to predict survival outcomes. The prognostic value of adding the texture features of nodal metastases was not
undertaken. The applications of this texture
analysis in other disease status or different levels of metastasis are required further studies.
Nevertheless, our study demonstrated that it
was feasible to evaluate the change of tumor
heterogeneity by means of molecular imaging
in the course of therapy. More comprehensive
assessment of the molecular features of
patients based on tumor specimen characterization and noninvasive molecular imaging
approaches are required for clinical trials in the
era of precision medicine [46].
Conclusion
Our results propose a two-step strategy by 18FFDG PET to stratify the risk of patients with
bulky cervical cancer. Patients with high pretreatment GLNU, which represents higher intratumoral metabolic heterogeneity, can be identified. If these patients have a poor treatment
response shown by a small TLG decline at 2
weeks during CCRT, they are identified as a
high risk group with worse survival outcomes.
This gives the opportunity to adjust individualized regimens early in the treatment course.
Based on our preliminary results, further independent validation study should be conducted
to justify a change of treatment in high risk
group patients.
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Supplementary Table 1. Texture features of the gray-level run length encoding matrix (GLRLM) and gray-level size zone matrix (GLSZM)
GLRLM
Short runs emphasis (SRE)
Long runs emphasis (LRE)
Low gray-level runs emphasis (LGRE)
High gray-level runs emphasis (HGRE)
Short runs low gray-level emphasis (SRLGE)
Short runs high gray-level emphasis (SRHGE)
Long runs low gray-level emphasis (LRLGE)
Long runs high gray-level emphasis (LRHGE)
Gray-level nonuniformity (GLNU)
Run length nonuniformity (RLNU)
Run percentage (RP)

1

GLSZM
Short zones emphasis (SZE)
Large zones emphasis (LZE)
Low gray-level zones emphasis (LGZE)
High gray-level zones emphasis (HGZE)
Short zones low gray-level emphasis (SZLGE)
Short zones high gray-level emphasis (SZHGE)
Large zones low gray-level emphasis (LZLGE)
Large zones high gray-level emphasis (LZHGE)
Gray-level nonuniformity (GLNU)
Zone-size nonuniformity (ZSNU)
Zone percentage (ZP)

