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Previous studies have shown that total lesion glycolysis (TLG) may
serve as a prognostic indicator in oropharyngeal squamous cell
carcinoma (OPSCC). We sought to investigate whether the textural
features of pretreatment '8F-FDG PET/CT images can provide any
additional prognostic information over TLG and clinical staging in
patients with advanced T-stage OPSCC. Methods: We retrospec-
tively analyzed the pretreatment '8F-FDG PET/CT images of 70 pa-
tients with advanced T-stage OPSCC who had completed concurrent
chemoradiotherapy, bioradiotherapy, or radiotherapy with curative
intent. All of the patients had data on human papillomavirus (HPV)
infection and were followed up for at least 24 mo or until death. A
standardized uptake value (SUV) of 2.5 was taken as a cutoff for
tumor boundary. The textural features of pretreatment '8F-FDG
PET/CT images were extracted from histogram analysis (SUV vari-
ance and SUV entropy), normalized gray-level cooccurrence matrix
(uniformity, entropy, dissimilarity, contrast, homogeneity, inverse dif-
ferent moment, and correlation), and neighborhood gray-tone dif-
ference matrix (coarseness, contrast, busyness, complexity, and
strength). Receiver-operating-characteristic curves were used to
identify the optimal cutoff values for the textural features and TLG.
Results: Thirteen patients were HPV-positive. Multivariate Cox re-
gression analysis showed that age, tumor TLG, and uniformity were
independently associated with progression-free survival (PFS) and
disease-specific survival (DSS). TLG, uniformity, and HPV positivity
were significantly associated with overall survival (OS). A prognostic
scoring system based on TLG and uniformity was derived. Patients
who presented with TLG > 121.9 g and uniformity < 0.138 experi-
enced significantly worse PFS, DSS, and OS rates than those with-
out (P < 0.001, < 0.001, and 0.002, respectively). Patients with TLG
> 121.9 g or uniformity = 0.138 were further divided according to
age, and different PFS and DSS were observed. Conclusion: Uni-
formity extracted from the normalized gray-level cooccurrence ma-
trix represents an independent prognostic predictor in patients with
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TEXTURAL FEATURES IN OROPHARYNGEAL CANCER

advanced T-stage OPSCC. A scoring system was developed and
may serve as a risk-stratification strategy for guiding therapy.
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Oropharyngeal squamous cell carcinoma (OPSCC) is one of
the most common forms of head and neck cancer worldwide. Hu-
man papillomavirus (HPV) and smoking are among the main risk
factors for OPSCC (/,2), although HPV positivity portends a more
favorable prognosis (3,4). In contrast, advanced T-stage tumors
have been associated with worse survival rates (3,5). Unfortunately,
the classification schemes currently in use for OPSCC, which are
mainly based on the tumor extent, lymph node invasion, and stag-
ing, provide inadequate risk stratification (6).

Growing evidence suggests that total lesion glycolysis (TLG)
may be a useful '8F-FDG PET index for predicting prognosis in
OPSCC patients (7-9). However, most tumors, even those of the
same histologic type and grade, are characterized by considerable
biologic heterogeneity (/0,11). Although their detailed biologic cor-
relates remain unknown, textural features of pretreatment '8F-FDG
PET/CT images have been used for delineating tumors (/2), strat-
ifying risk, and assessing tumor response to therapy in different malig-
nancies, including head and neck cancer (/3), esophageal cancer
(13,14), and non—small cell lung cancer (/5). However, the textural
analysis of PET images may be limited by a relatively poor reso-
Iution in the presence of small tumor volumes (/6). Moreover,
various aspects of textural analysis (e.g., image acquisition mode,
reconstruction parameters, type of texture matrix) need further in-
vestigation or research before validation and standardization (/7).

In the present study, we sought to investigate whether the tex-
tural features of pretreatment '8F FDG PET/CT images can provide
any additional prognostic information over TLG, HPV infection,
and clinical staging in patients with advanced T-stage OPSCC. We
hypothesized that the degree of metabolic heterogeneity within a
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primary OPSCC tumor could be quantified by '8F-FDG PET tex-
tural analyses and investigated its potential association with pa-
tient outcomes.

MATERIALS AND METHODS

Patients

In this retrospective study, we enrolled OPSCC patients with ad-
vanced T stage (T3 or T4) who had completed platinum-based con-
current chemoradiotherapy, cetuximab-based concurrent bioradiotherapy,
or radiotherapy alone with curative intent. All of the patients were
followed up for at least 24 mo or until death. The HPV status was avail-
able in all participants. Patients were excluded if they had metastatic
disease at presentation (M1 stage), were previously treated for OPSCC
at other institutions, had a positive history of malignancies, or achieved
a complete remission for a previous tumor from less than 3 y. The
study protocol was approved by the Hospital Ethics Committee, and
a patient’s waiver of informed consent was obtained. The study par-
ticipants were staged according to the American Joint Committee on
Cancer (AJCC) staging system published in 2002 (sixth edition) (/8).
The interpretation of the posttherapy status was retrospectively per-
formed by an expert radiologist masked to clinical data. The postther-
apy status was analyzed using the Response Evaluation Criteria In
Solid Tumors (RECIST) 1.1 (/9) and classified as follows: complete
response (CR), partial response (PR), stable disease, or progressive
disease (PD). Patients who achieved either a CR or a PR were con-
sidered as responders. We retrospectively reviewed the medical re-
cords to collect the clinical characteristics of the study participants,
their disease status, and the time of locoregional recurrence, distant
recurrence, or death. Progression-free survival (PES), disease-specific
survival (DSS), and overall survival (OS) served as the main outcome
measures. Survival intervals were defined as the time from diagnosis
to the time of death related to OPSCC (DSS) or to time of death by
any cause (OS). PFS was defined as the time to locoregional or sys-
temic recurrence, cancer death, or unequivocal radiologic evidence of
progression in patients who showed residual disease after primary
therapy. The biopsy specimens of the primary tumors of patients
who met the inclusion criteria were retrospectively tested for HPV
infection as previously described (20-22).

18F.FDG PET/CT Acquisition

All OPSCC patients underwent pretreatment staging by '8F-FDG
PET/CT. '8F-FDG PET/CT was performed after a median of 11 d
(mean, 14.5 d; range, 1-146 d; 25th percentile, 6 d; 75th percentile,
16 d) from the pathologic diagnosis. Before the examination, the
subjects were asked to fast for at least 6 h. Patients were injected
intravenously with 370-555 MBq of '8F-FDG, depending on body
weight, and images were acquired 50 min after the intravenous ad-
ministration of the tracer. Whole-body PET emission scans were
obtained from the base of the skull to the mid thigh without the patient
having to change positions. '3F-FDG PET/CT was performed using
a Discovery ST 16 scanner (GE Healthcare) in 61 patients, whereas
the remaining 9 subjects were imaged on a Biograph mCT scanner
(Siemens Medical Solutions). Low-dose CT images were used for
attenuation correction of the PET data. The CT doses for a man
weighting 75 kg were 11.02 and 8.50 mSv for the Discovery ST16
and the Biograph mCT scanners, respectively. PET images were re-
constructed using CT-based attenuation correction by an ordered-
subset expectation maximization iterative reconstruction algorithm
(4 iterations and 10 subsets for the Discovery ST16; 2 iterations and
21 subsets for the Biograph mCT). The axial spatial resolutions of
PET at the center of the gantry were 4.80 and 2.16 mm for the Dis-
covery ST16 and Biograph mCT scanners, respectively, using these
reconstruction parameters.
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TLG Analysis

The metabolic tumor volume (MTV) was measured from the attenuation-
corrected '8F-FDG PET/CT fusion images. The PMOD 3.3 software
package (PMOD Technologies Ltd.) was used for tumor segmentation,
and the volumes of interest (VOI) were recorded. The boundaries were
drawn to include the primary tumor within the oropharynx on the axial
8F-FDG PET/CT images. The lesions were automatically contoured
at a threshold standardized uptake value (SUV) of 2.5 (7,23), and the
voxels presenting an SUV intensity > 2.5 within the contouring mar-
gin were incorporated to define the MTV. The TLG was calculated
according to the following formula: TLG = mean SUV x MTV (24).
The TLG values of the primary tumors (tumor TLG) were measured in
all participants.

Textural Analysis

Distinct sets of textural features can be extracted from PET images
using different matrices. In the present study, we used an SUV his-
togram analysis and normalized gray-level cooccurrence matrix (NGLCM)
for the assessment of first- and second-order textural features, respec-
tively. Because a neighborhood gray-tone difference matrix (NGTDM)
has been previously used for tumor delineation in patients with head
and neck cancer (/2), this method was applied for the higher-order
textural features. The computation of tumor textural features was a 2-
step process. First, the voxel intensities were resampled within the
segmented tumors to yield a limited range of values for reducing noise
and normalizing images (/4). The intensity of '8F-FDG uptake in the
primary tumor was resampled to 4, 16, 32, and 64 different values. In
the second step, the textural features were analyzed using histogram
analysis, NGLCM, and NGTDM. The SUV histogram analysis was
used to calculate SUV variance and SUV entropy. The 3-dimensional
NGLCM was applied and set to be orientation-invariant for the cal-
culation of uniformity, entropy, dissimilarity, contrast, homogeneity,
inverse different moment, and correlation (25-27). The textural param-
eters of coarseness, contrast, busyness, complexity, and strength were
calculated from the NGTDM (28). The computations of the textural
features were performed using a homemade software package (Chang-
Gung Image Texture Analysis toolbox) implemented under MATLAB
2012a (The MathWorks Inc.). Detailed information on the methods
and techniques used for textural analysis is provided in the sup-
plemental data (supplemental materials are available at http://jnm.
snmjournals.org).

Statistical Analysis

Receiver-operating-characteristic (ROC) curves were used to iden-
tify the PET textural features of potential prognostic value for oropha-
ryngeal cancer-related mortality. The parameters with an area under
the curve significantly different from 0.5 were selected for further ana-
lyses. The optimal cutoff values were identified by determining the values
where the sum of sensitivity and specificity was maximum. Differ-
ences in textural parameters, maximum SUV (SUV,,,,), and TLG
were compared using the Student ¢ test according to the general char-
acteristics of the study participants. No correction for multiple com-
parisons was used in this study. Kaplan—Meier survival estimates were
constructed and compared using the log-rank test. Univariate and
multivariate Cox proportional hazards models were used to identify
the independent predictors of PFS, DSS, and OS. Adjusted hazard
ratios (HRs) and the corresponding 95% confidence intervals (Cls)
were used to express the results of multivariate analysis. The Spear-
man correlation coefficient (p) was used to evaluate the associations
between the textural characteristics, SUV .., MTV, TLG, and the
general characteristics of the study participants. All statistical analyses
were performed using PASW Statistics 18 (SPSS Inc.) for Windows
(Microsoft). Two-tailed P values of less than 0.05 were considered
statistically significant.
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RESULTS

Patient Characteristics

The general characteristics of the study participants are shown
in Table 1. Between June 2006 and August 2010, 70 advanced T-
stage OPSCC patients (4 women and 66 men; median age at di-
agnosis, 52 y) were included in the study. The median follow-up
time for the entire study cohort was 27.0 mo (range, 5.23-74.10
mo). Most patients (n = 57, 81.4%) had a history of tobacco use,
and most (n = 43, 61.4%) were in stage IVa according to the
AJCC staging system. Sixty-four patients (91.4%) received con-
current chemoradiotherapy, 4 (5.7%) received bioradiotherapy,
and the remaining 2 (2.9%) did not tolerate chemotherapy and
received radiotherapy alone with curative intent. The median ra-
diation dose was 72 Gy (range, 66—80 Gy). Thirteen patients
(18.6%) tested positive for HPV infection. All of them were men.
Of the 13 patients, 8 (11.4%) and 2 (2.9%) were HPV-16 and -18,
respectively, with the remaining 3 patients each diagnosed
with HPV-26, -35, and -58 infections. Among the HPV-positive
patients, 9 (69.2%) were smokers and 4 (30.8%) had disease
recurrence.

TABLE 1
General Patient Characteristics and Univariate
Analysis of DSS

Characteristic n HR  95% ClI P
HPV-positive 13 (18.6) 0.42 0.15-1.19 0.103
Age (y) 0.054

Range 37-86
=52 (median age) 36 (51.4) 0.51 0.26-1.01
Sex 0.65 0.09-4.77 0.673
Female 4 (5.7)
Male 66 (94.3)
Smoking 57 (81.4) 1.67 0.59-4.76 0.334
T stage 1.92 0.84-4.42 0.124
T3 20 (28.6)
T4 50 (71.4)
N stage 1.19 0.54-2.63 0.676
NO-N2a 18 (25.7)
N2b-N3 52 (74.3)
AJCC stage 1.59 0.90-2.80 0.109
I 8 (11.4)
IVa 43 (61.4)
IVa 19 (27.1)
PET parameters
SUVmax > 12.87 53 (75.7) 2.73 0.96-7.76  0.059
Tumor TLG > 122.9 52 (74.3) 4.72 1.44-15.48 0.010
SUV entropy
>1.112 (4 bins) 34 (48.6) 2.06 1.03-4.12 0.041
>3.047 (32 bins) 49 (70.0) 3.04 1.17-7.85 0.022
>3.725 (64 bins) 43 (61.4) 2.40 1.09-5.30 0.031
Uniformity
>0.138 (4 bins) 43 (61.4) 0.38 0.19-0.75 0.005
>0.0017 (64 bins) 28 (40.0) 0.48 0.22-1.02 0.057
Entropy
>5.75 (32 bins) 38 (54.3) 1.94 0.95-3.98 0.071
>6.56 (64 bins) 51 (72.9) 3.31 1.17-9.42 0.025
Coarseness
>0.021 (32 bins) 18 (25.7) 0.19 0.06-0.64 0.007
>0.015 (64 bins) 32 (45.7) 0.48 0.24-0.99 0.047

Data in parentheses are percentages.

TEXTURAL FEATURES IN OROPHARYNGEAL CANCER

Patient Outcomes

The RECIST response was based on contrast-enhanced CT data
in 27 patients, whereas 42 were assessed on MR imaging. Forty-
four patients (62.9%) were found to have CR after primary ther-
apy. Eight (11.4%), 4 (5.7%), and 13 (18.6%) patients had PR,
stable disease, and PD, respectively. One patient died from tumor
bleeding after therapy but before scheduled imaging studies and
was classified as not evaluable. Of the patients who did not obtain
CR (n = 26), 5 achieved a complete remission after salvage sur-
gery. At the end of the study, 44 patients (62.9%) died (died of
cancer, n = 34; died of second primary cancers, n = 7; died of
pneumonia, n = 2; died of cerebral vascular disease, n = 1) (Fig. 1).
Thirteen patients (18.6%) showed disease recurrence (local tumor
recurrence, n = 8; local tumor and nodal recurrence, n = 2; iso-
lated distant metastases, n = 2; local tumor and distant recurrence,
n = 1). Nine (12.9%) patients experienced metachronous second
primary cancers (head and neck cancers, n = 6; esophageal cancer,
n = 3).

ROC Curve Analysis of '8F-FDG PET Textural Features

Nine textural features were found to be significantly associated
with clinical outcomes according to ROC curve analysis. Specit-
ically, the following parameters were significantly associated with
death events from OPSCC cancer: SUV entropy (4, 32, and 64
bins) from histogram analysis, uniformity (4 and 64 bins), and
entropy (32 and 64 bins) from NGLCM and coarseness (32 and 64
bins) from NGTDM. The optimal cutoff values and the areas
under curve are shown in Supplemental Table 1. Uniformity and
coarseness had a negative correlation with death from cancer,
whereas the remaining textural features showed a positive
association.

Correlation Between Clinicopathologic Characteristics,
Textural Features, and Other PET Parameters

Some textural features are tumor volume—dependent. Histogram
analysis showed a significant association of MTV with SUV .
(p = 0.441, P < 0.001), SUV variance (p = 0.438, P < 0.001),
and SUYV entropy of 32 and 64 bins (p = 0.317, P = 0.007; and
p = 0.484, P < 0.001, respectively). However, all of the other
NGLCM and NGTDM parameters were significantly correlated
with MTV, the only exception being uniformity of 4, 16, and 32
bins and entropy of 16 bins. Uniformity (64 bins) was lower
(0.0020 = 0.001 vs. 0.0014 = 0.0004, P = 0.011) and entropy
(64 bins) was higher (6.87 = 0.25 vs. 6.68 = 0.41, P = 0.011) in
HPV-positive patients. Other textural parameters did not differ sig-
nificantly. We found no significant differences between the 2 scanners
in terms of SUV ., SUV variance, TLG, MTV, and the first-order
textural features, for example, SUV entropy of 4, 16, 32, and 64 bins.
With respect to second-order and higher-order features, only uni-
formity of 4, 16, 32, and 64 bins; entropy of 32 and 64 bins; and
busyness of 4, 16, 32, and 64 bins were not significantly different
between the 2 scanners. Of the 9 textural parameters associated with
OPSCC related—death, coarseness (32 and 64 bins) derived from
NGTDM was significantly lower in the Biograph mCT scanner
(0.007 = 0.005 vs. 0.019 = 0.013 and 0.007 = 0.005 vs. 0.017 =
0.011, both P < 0.001, for 32 and 64 bins, respectively).

Response Prediction

Of the 9 textural features associated with OPSCC cancer death,
RECIST responders (CR and PR) showed significantly higher
uniformity (4 bins) (0.15 = 0.03 vs. 0.14 = 0.02, P = 0.022) and
lower SUV entropy (4 bins) (1.10 = 0.10 vs. 1.14 £ 0.05, P = 0.027)
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FIGURE 1.

of cerebrovascular disease and 2 of pneumonia).

than nonresponders (stable disease or PD). Other textural features
did not differ significantly nor did SUV s, MTV, or TLG. All of
the 13 HPV-positive patients were RECIST responders to primary
therapy (12 CR and 1 PR). Compared with HPV-negative patients,
those who were HPV-positive had a marginally significant higher
likelihood of response to therapy (odds ratio = 11.96, P = 0.091).
The areas under the ROC curves for the ability to predict the RECIST
response were 0.662 for SUV entropy (4 bins) (95% CI = 0.528—
0.796, P = 0.046) and 0.663 for uniformity (4 bins) (95% CI =
0.525-0.800, P = 0.045).

Flow chart of patients with advanced T-stage OPSCC throughout study. One
patient who achieved complete remission without disease recurrence developed infection
of oropharyngeal wound and eventually died of massive bleeding. This patient was classi-
fied as died of disease. DOD = died of disease; second_ca = died of second primary
cancer; NED = no evidence of disease; others = died from other events (1 patient died

variate Cox regression analysis (Table 1).
Multivariate Cox regression analysis was
then used to identify the independent pre-
dictors of DSS, OS, and PFS after adjust-
ment for potential confounders. Because of
the high degree of collinearity among the
various PET textural features, each of them
was entered separately in the multivariate Cox regression model.
The other covariates included age (=52 vs. <52 y), sex, tobacco
usage, T stage (T3 vs. T4), N stage (NO-N2a vs. N2b-N3), AJCC
stage (stage III vs. IVa vs. IVb), SUV ..« (above and below 12.87),
tumor TLG (above and below 122.9 g), and HPV status (positive
vs. negative). Age of 52 y or more, tumor TLG, and uniformity (4
bins) were significant predictors of PFS and DSS (Table 2). How-
ever, only HPV infections, tumor TLG, and uniformity (4 bins)
were independently related to OS. The associations of HPV infec-
tions with DSS and PFS were of borderline significance (Table 2).

TABLE 2
Multivariate Analysis of PFS, DSS, and OS Rates
PFS DSS (O]

Variable HR P HR P HR P
HPV-positive 0.35 (0.11-1.11) 0.075 0.31 (0.09-1.05) 0.059 0.31 (0.11-0.89) 0.029
=52 y (median age) 0.37 (0.18-0.75) 0.006 0.43 (0.21-0.88) 0.020 0.58 (0.31-1.08) 0.088
Female vs. male 0.98 (0.09-10.68) 0.985 0.88 (0.08-10.02) 0.917 2.37 (0.46-12.29) 0.304
Tobacco use 1.79 (0.48-6.61) 0.385 1.29 (0.32-5.12) 0.722 1.80 (0.55-5.89) 0.329
T stage

T4 vs. T3 0.89 (0.38-2.08) 0.782 1.45 (0.57-3.73) 0.436 1.16 (0.52-2.62) 0.713
N stage

NO-N2a vs. N2b-N3 0.94 (0.38-2.36) 0.901 0.81 (0.32-2.03) 0.646 0.87 (0.38-1.99) 0.747
AJCC stage

Stage Ill vs. IVa vs. IVb 1.03 (0.48-2.19) 0.948 1.34 (0.61-2.96) 0.467 0.86 (0.43-1.76) 0.687
PET/CT parameters

SUVax* 0.99 (0.24-4.01) 0.983 0.60 (0.14-2.64) 0.498 0.56 (0.16-1.97) 0.363

Tumor TLGT 7.15 (1.36-37.7) 0.020 7.28 (1.27-41.81) 0.026 5.85 (1.49-22.92) 0.011

Uniformity* 0.32 (0.16-0.64) 0.001 0.28 (0.13-0.57) 0.001 0.46 (0.24-0.87) 0.017

*SUVmax greater than cutoff of 12.87 vs. less than or equal to cutoff.

TTLG greater than cutoff of 121.9 g vs. less than or equal to cutoff.

*Tumor uniformity (4 bins) greater than cutoff of 0.138 vs. less than or equal to cutoff.
Data in parentheses are 95% CI.
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FIGURE 2. Kaplan-Meier estimates of PFS, DSS, and OS rates according to tumor TLG
(A-C) and uniformity (D-F). P values according to log-rank test are reported in insets.

Kaplan—Meier estimates of PFS, DSS, and OS according to tumor
TLG and uniformity (bins) are depicted in Figure 2.

The uniformity of 4 bins was not associated with tumor TLG
(p = 0.161, P = 0.184) or age (p = —0.118, P = 0.331). Patients
with a greater uniformity (>0.138) showed a higher likelihood of
responding to the primary treatment (odds ratio = 4.125, P =
0.016). In contrast, patients with lower uniformity values had a
greater likelihood of disease failure (residual or recurrent disease)
after the primary treatment (odds ratio = 3.00, P = 0.035). Pa-
tients with a tumor TLG > 121.9 g were at an increased risk of
developing disease failure (odds ratio = 6.61, P = 0.003), but
larger TLG had no significant effect on the response to the primary
treatment (odds ratio = 3.33, P = 0.137).

Risk Stratification Model for DSS

A prognostic scoring system was derived from the independent
predictors of survival and applied to the entire cohort. Because
TLG and tumor uniformity were the only independent predictors
of PFS, DSS, and OS, patients were classified according to the
presence of a uniformity = 0.138 and a tumor TLG > 1229 g.
Equal weight was given to the 2 factors, resulting in a 3-point risk
scale (score 0, no risk factor; score 1, 1 risk factor; and score 2,
2 risk factors). The 3 risk groups were significantly different in

terms of DSS, PFS, and OS (Fig. 3). Pa-
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< -89 < 99 = . .
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8 o Ao 8 . 3 N 'H\,\ sion identified age as an independent pre-

=] =] Tumor TLG =] I Tumor TLG! : . .
£ w5 Tumor TLG > 121.9g £ | > g S129g dictor of PFS anq pSS, patlen'ts with a
(n=52) — (n=52) b s 02 (n=52) score of 1 were divided according to the

- =0 P=0.023 . .
00  n & o L 0.0 — age of 52 y. The subgrgup of patients with
Time (mo) Time (mo) Time (mo) an age = 52 y was classified as 1.1, whereas
D a E 10 F 0 those with an age < 52 y were termed 1.2.
E o “'g“ o \ Ungn1n;‘;ly(4_t)i‘:1§) @ \ Uniformity{dbins) Patients in the 1.2 group had worse PFS
¥ ° LLL By % At s °° > 0138 (1=43) and DSS rates than 1.1 patients, but no
e = IT v .. . .
2 o8 Z 0§ Z os significant differences were seen in terms
E 04 Uniformity(4bins) E 04 ggif1°3ﬂgﬂ(f:(:bzi;;v) E o H‘—\_ of OS (Fig. 4). Age was not associated with
0 0138 (n=27) [ L o PFS, DSS, and OS in patients with a score
& 02 & 02 & o2 Uniformity(4bins; of 0 or 2
P =0005 P=0004 <0138(n=27) P=0026 ) . .
0.0%

& & N e PYRRET 0 Qe Of a total f)f 28 subjects with a score of
Time {mo) Time {mo}) Time (mo) 0 or 1.1, 4 died of OPSCC. Of the 42 pa-
tients with a score of 2 or 1.2, 30 died of

OPSCC. Therefore, the risk of dying from
OPSCC was markedly higher for patients
with a score of 2 or 1.2 (odds ratio = 15.00,
P < 0.001). In contrast, we observed an increased risk of dying
from secondary primary cancers in patients with a score of 0 or
1.1; accordingly, 6 of the 28 patients died from second primary
cancers, compared with only 1 patient among those who scored 2
or 1.2 (odds ratio = 11.18, P = 0.030).

DISCUSSION

There has recently been heightened interest within the scientific
community toward the development of new imaging biomarkers
through textural analysis of CT (29-32) and PET images (/4,15).
Our results indicate that uniformity extracted from the NGLCM
and tumor TLG may improve risk stratification in patients with
advanced T-stage OPSCC. In particular, uniformity was significantly
associated with the survival outcomes and was able to differentiate
responders from nonresponders. Uniformity, also called angular sec-
ond moment, is a measure of image homogeneity. Low uniformity
values are typically found in heterogeneous images without a dom-
inant intensity. Although a decreased image uniformity may reflect
tumor cellularity, proliferation, hypoxia, angiogenesis, and necrosis
(14), the exact biologic correlates of uniformity remain unclear.

Previous studies have shown a markedly higher survival in
OPSCC patients with HPV infections (/-5), which may be related

to a higher sensitivity to radiotherapy (33).

However, we observed only a marginally
significant effect of HPV infections on
CR and PR. It has been suggested that
the protective effect of HPV may be dis-
guised by the negative impact of the en-
vironmental exposure to tobacco (3,34).
Accordingly, we observed a high preva-
lence (62.9%) of tobacco use in our HPV-
positive patients, which could partially
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explain the nonsignificant findings. In ad-
dition, there are significant ethnic differen-

FIGURE 3. Risk stratification model for 5-y survival rates based on tumor TLG and uni-
formity. There were significant differences between prognostic scoring groups in terms of
PFS (A), DSS (B), and OS (C). P values according to log-rank test are reported in insets.
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ces in the prevalence of HPV infection,
with lower infection rates being reported
in Chinese OPSCC patients (35,36).
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