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CT Texture Analysis of Cervical Lymph Nodes on Contrast-
Enhanced ['°F] FDG-PET/CT Images to Differentiate Nodal
Metastases from Reactive Lymphadenopathy in HIV-Positive
Patients with Head and Neck Squamous Cell Carcinoma

S.K. Meibom, K. Takumi, and “¥O. Sakai

H. Kuno, ““N. Garg, “/M.M. Qureshi, "’ M.N. Chapman, ““'B. Li, M.T. Truong,

ABSTRACT

BACKGROUND AND PURPOSE: Differentiating nodal metastases from reactive adenopathy in HIV-infected patients with ['®F] FDG-
PET/CT can be challenging because lymph nodes in HIV-positive patients often show increased [®F] FDG uptake. The purpose of this study
was to assess CT textural analysis characteristics of HIV-positive and HIV-negative lymph nodes on ['®F] FDG-PET/CT to differentiate nodal
metastases from disease-specific nodal reactivity.

MATERIALS AND METHODS: Nine HIV-positive patients with head and neck squamous cell carcinoma (7 men, 2 women; 2962 years of
age; median age, 48 years) with 22 lymph nodes (=1cm) who underwent contrast-enhanced CT with ['®F] FDG-PET followed by pathologic
evaluation of cervical lymph nodes were retrospectively reviewed. Twenty-six HIV-negative patients with head and neck squamous cell
carcinoma with 61lymph nodes were evaluated as a control group. Each lymph node was manually segmented, and an in-house-developed
Matlab-based texture analysis program extracted 41 texture features from each segmented volume. A mixed linear regression model was
used to compare the pathologically proved malignant lymph nodes with benign nodes in the 2 enrolled groups.

RESULTS: Thirteen (59%) lymph nodes in the HIV-positive group and 22 (36%) lymph nodes in the HIV-negative control group were
confirmed as positive for metastases. There were 7 histogram features (P = .017-0.032), 3 gray-level co-occurrence features (P = .009-.025),
and 9 gray-level run-length features (P < .001-.033) that demonstrated a significant difference in HIV-positive patients with either benign
or malignant lymph nodes.

CONCLUSIONS: CT texture analysis may be useful as a noninvasive method of obtaining additional quantitative information to differ-
entiate nodal metastases from disease-specific nodal reactivity in HIV-positive patients with head and neck squamous cell carcinoma.

ABBREVIATIONS: AUC = areaunder receiver operating characteristic curve; HNSCC = head and neck squamous cell carcinoma; GLCM = gray-level co-occurrence
matrix; GLGM = gray-level gradient matrix; GLN = gray-level nonuniformity; GLRL = gray-level run-length; HGRE = high gray-level run emphasis; LGRE = low gray-level
run emphasis; LRE = long-run emphasis; LRHGE = long-run high gray-level emphasis; max = maximum; RLN = run-length nonuniformity; RP = run percentage; SRE =
short-run emphasis; SRLGE = short-run low gray-level emphasis; SUV = standard uptake value

patients.> Many of these patients are now acquiring malignan-
cies that had previously not been associated with HIV or AIDS.**

Ithough patients with HIV have increased life expectancies
through the introduction of highly active antiretroviral ther-
there remains significant cancer-specific mortality in these ~ The HIV-positive population is at an increased risk of head and

neck squamous cell carcinoma (HNSCC) compared with the gen-

eral population,”” and HNSCC is an increasingly common dis-
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ease among individuals with HIV.® HIV-positive HNSCCs have a
more aggressive profile that leads to poorer patient outcomes,”
and HIV-positive patients have a concurrent increase in HNSCC-
related mortality.*'°

CT is the initial imaging technique for the diagnosis and stag-
ing of HNSCC below the hard palate at many institutions. How-
ever, HIV-positive patients often have diffuse bilateral lymph
node enlargement consistent with AIDS-associated reactive ade-
nopathy, cystic lesions, necrosis, or infections,'"'* and CT is
sometimes limited for nodal staging. The introduction of ['®F]
FDG-PET/CT has enabled the metabolic assessment of lymph
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*  HIV-positive group

20 HIV-positive patients with untreated biopsy proven
HNSCC who underwent 8F-FDG PET/CT before

treatment from February 2009-August 2015

11 excluded due to

* No pathological confirmation

¢ Non contrast enhanced 8F-FDG PET/CT
* Very small lymph nodes on CT (<1 cm)

* HIV-negative control group

138 HIV-negative patients with untreated biopsy proven
HNSCC who underwent 8F-FDG PET/CT before treatment
from December 2009-December 2013

112 excluded due to

* No pathological confirmation

¢ Non contrast enhanced 8F-FDG PET/CT
¢ Very small lymph nodes on CT (<1 cm)

9 HIV-positive HNSCC patients with 22 lymph nodes
(21 cm) were enrolled into the final analysis

26 HIV-negative HNSCC patients with 61 lymph nodes
(21 cm) were enrolled into the final analysis

v

v

v

v

9 (41%) lymph nodes in the
5 patients were confirmed
as negative for metastases

13 (59%) lymph nodes in the
6 patients were confirmed
as positive for metastases

39 (66%) lymph nodes in the
20 patients were confirmed
as negative for metastases

22 (36%) lymph nodes in the
13 patients were confirmed
as positive for metastases

(group 2)

(group 1)

(group 3) (group 4)

FIG 1. Flowchart shows patient selection for the study.

nodes and is widely used for initially staging, restaging, and mon-
itoring therapeutic responses for patients with head and neck

squamous cell carcinoma.'”"">

However, lymph nodes in HIV-
positive patients often show increased ['*F] FDG uptake, espe-
cially in the setting of high-plasma HIV RNA.'®'® Activated
lymphocytes exhibit increased glucose use, and HIV-positive in-
dividuals have a greater accumulation of FDG in their lymph
nodes than HIV-negative patients. Both HIV-1 and HNSCC can
spread to the primary site of regional deep cervical lymph

nodes, 20

which makes metastatic determination and manage-
ment complex.

There is increasing focus on using texture analysis to deter-
mine the features of CT images and elicit characteristics that may
adequately describe nodal metastases despite the viral adenopa-
thy.>' > Image texture analysis analyzes complex visual charac-
teristics on the basis of underlying simpler patterns and then con-
ducts quantitative comparisons of these characteristics between 2
images. Considering that these mathematic textural analyses have
helped elucidate nuanced differences in pathology, we hypothe-
sized that CT textural features would have the potential to add
additional quantitative information in conjunction with ['®F]
FDG-PET/CT in HIV-positive HNSCC for the evaluation of
lymph nodes. In addition, to the best of our knowledge, imaging
studies including ['®F] FDG-PET/CT of HIV-positive patients
with head and neck squamous cell carcinoma related to lymph
node adenopathy have not been fully explored in the literature.
Hence, the purpose of this study was to assess the CT texture-
analysis characteristics of HIV-positive and HIV-negative lymph
nodes on ['®F] FDG-PET/CT to differentiate nodal metastases
from disease-specific nodal reactivity.

MATERIALS AND METHODS

Patients

The institutional review board approved this retrospective study. The
requirement to obtain written informed consent was waived. The
flowcharts of patient selection for HIV-positive patients and an HIV-
negative control group in the study are shown in Fig 1.
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HIV-Positive Patient Group

We retrospectively searched our electronic medical records to
identify HIV-positive patients with untreated biopsy-proved
HNSCCs who also underwent ['*F] FDG-PET/CT before treat-
ment between February 2009 and August 2015, and 20 patients
were identified in total. Four of the 20 patients were excluded
because they received nonsurgical treatment, such as chemora-
diotherapy, without biopsy-proved pathologic confirmation
of cervical lymph nodes. An additional 7 patients were ex-
cluded, 3 of whom were excluded due to non-contrast-en-
hanced ['®F] FDG-PET/CT; and 4 patients, due to very small
lymph nodes on CT (maximum size, <1 cm) that were difficult
to analyze using the texture-analysis program. The remaining 9
patients (7 men, 2 women; 29—-62 years of age; median age, 48
years; with 3 oral cavity, 3 oropharynx, 1 larynx, 1 maxillary
sinus, and 1 primary unknown lesion) with 22 lymph nodes
(maximum size, =1 cm) were enrolled in this study.

The electronic medical records were reviewed on all subjects,
specifically for the presence of pathologically confirmed cervical
lymph node metastasis at first treatment with neck dissection. The
dates of the first surgical procedure and patient outcomes such as
the presence of metastatic recurrence in a cervical lymph node
within 1 year after surgery were also noted.

HIV-Negative Patient Group for Controls

We also identified HIV-negative patients with untreated biopsy-
proved HNSCCs as a control group to investigate how HIV infec-
tion affects the texture features and standard uptake values
(SUVs) of the nodal metastasis and reactive adenopathy. Between
December 2009 and December 2013, one hundred thirty-eight
consecutive HIV-negative patients with newly diagnosed primary
head and neck squamous cell carcinoma underwent ['*F] FDG-
PET/CT before treatment. Fifty-three of the 138 patients were
excluded because they received nonsurgical treatment without
pathologic confirmation of cervical lymph nodes. An additional
25 patients were excluded because only non-contrast-enhanced
['®F] FDG-PET/CT was performed. In addition, 34 patients with



small lymph nodes on CT (maximum size, <1 c¢cm) were also
excluded. The remaining 26 patients (17 men, 9 women; 30—86
years of age; median age, 59 years; with 12 oral cavity, 10 orophar-
ynx, 1 hypopharynx, and 3 larynx lesions) with 61 lymph nodes
(node size, =1 cm) were enrolled in this study as a control group.

PET/CT Imaging Protocol

For image analysis, the pretreatment PET/CT was used to obtain
CT texture analysis and FDG uptake. All ['®F] FDG-PET/CT
studies were performed on an integrated PET/CT scanner com-
bining PET with a 16-slice multidetector row CT (Discovery STE
16; GE Healthcare, Milwaukee, Wisconsin). Patients were in-
jected with an average of 10.59 mCi of ['®*F] FDG, and it was
incubated for an average of 62 minutes. The amount of injected
radioactivity was routinely measured by quantification of the ra-
dioactivity of the syringe before and after injection. Patients were
scanned in a supine position from the skull base to midthigh on a
flat table with a head and neck acquisition separate from the body
acquisition. All patients were scanned using a dedicated head and
neck protocol.

The dedicated head and neck CT studies were helically ac-
quired (120 kV[peak], gantry rotation time = 0.5 seconds, kVp =
120, auto milliampere, minimum = 299 mA, maximum = 440
mA, noise index = 11, helical pitch factor = 0.937:1, scan FOV =
30 cm, reconstructed slice thickness = 1.25 mm, image matrix =
512 X 512) extending from the skull base to thoracic inlet follow-
ing a 60-second delay after intravenous contrast injection (60 mL
of ioversol, Optiray 350, Mallinckrodt, St. Louis, Missouri; or
iopimidol, Isovue 370, Bracco, Princeton, New Jersey). The im-
ages were reviewed in soft-tissue algorithms. The dedicated head
and neck PET scans were obtained using 2D imaging with emis-
sion scans lasting between 5 and 6 minutes, and an FOV of 30 cm.
The matrix size was 128 X 128, and slice thickness was 3.3 mm.

Image Segmentation and Texture Analysis on CT

Multiple lymph nodes (up to 5 per patient, selected on the basis of
amaximum size of >1 cm) were analyzed for CT texture analysis
and FDG uptake. Each lymph node was manually contoured by a
neuroradiologist with 10 years of experience. Segmentation of the
lymph nodes was performed using OsiriX Imaging Software
(http:// www.osirix-viewer.com). The entire lymph node, includ-
ing necrotic or cystic areas, was segmented for analysis. For a
subanalysis, ROIs without obvious necrotic or cystic areas were
also created (On-line Figure). When severe streak artifacts within
the lymph node were seen, the slices with severe artifacts were
excluded and only artifact-free slices were used for texture analy-
sis. Each contoured image was imported into an in-house-devel-
oped Matlab-based (MathWorks, Natick, Massachusetts) texture
analysis software.”**> We discuss the extraneous math behind
each texture feature in detail in a subsequent On-line Appen-
dix.”*?°7" In total, 41 texture features, including 12 histogram
features, 5 gray-level co-occurrence matrix (GLCM) features, 11
gray-level run-length (GLRL) features, 4 gray-level gradient ma-
trix (GLGM) features, and 9 Laws features, were computed and
averaged over the images per dataset. The mean value of the tex-
tural features was estimated. Both the volume and size of each
lymph node were also calculated.

[®F] FDG-PET/CT Image Analysis

The PET study and contrast-enhanced CT scan were viewed in-
dependently and as coregistered studies using a Vista workstation
(MIM Software, Cleveland, Ohio). PET, CT, and fused PET/CT
images were reviewed in the axial planes. Standard uptake value
maximum (SUVmax), the maximum SUV within the tumor nor-
malized to lean body mass from PET, was measured by drawing
an ROI slightly outside each lesion corresponding to those used
for texture analysis on the CT image for each patient.

Statistical Analysis

We compared the 41 texture parameters, SUVmax, lymph node size,
and volume: 1) the malignant nodes with benign nodes in the HIV-
positive group (group 2 versus 1); 2) the malignant lymph nodes
with benign nodes in the HIV-negative group (group 4 versus 3);
3) the benign lymph nodes in the HIV-positive group with benign
lymph nodes in the HIV-negative group (group 1 versus 3); and
4) the malignant lymph nodes in the HIV-positive group with ma-
lignant lymph nodes in the HIV-negative group (group 2 versus 4).
For each group comparison, we used the mixed linear regression
model (Proc MIXED; http://support.sas.com/documentation/cdl/
en/statug/63033/HTML/default/viewer. htm#mixed_toc.htm) to
take into consideration data clustering using the SAS 9.3 system (SAS
Institute, Cary, North Carolina). Because each patient could contrib-
ute >1lymph node, this approach allowed modeling of the variance-
covariance matrix among multiple values recorded for each patient.
Compound symmetry was specified for the covariance structure. To
assess the potential clinical utility of texture features and nodal char-
acteristics, we constructed receiver operating characteristic curves for
repeat-measures designs to determine the performance and optimal
cutoff point of each parameter in distinguishing the 2 node charac-
terizations (for example, benign versus malignant lymph nodes in
HIV-positive patients).”> The point on the receiver operating char-
acteristic curve farthest from the 45-degree reference line with the
best combination of sensitivity and specificity was considered the
optimum cutoff point. The area under the receiver operating char-
acteristic curve (AUC) was used to assess the predicted validity of
each parameter. The closer the AUC value is to 1.0, the more predic-
tive the features are with respect to malignant lymph nodes. Associ-
ations of demographic and clinical characteristics with HIV-positive
and HIV-negative groups were tested with the Pearson x” test or the
Mann-Whitney U test. Due to the relatively small sample size and
exploratory nature of this study, correction for multiple comparisons
was not applied, and an uncorrected P value of .05 was regarded as
the statistical threshold of significance for all analyses.

RESULTS

For HIV-positive patients, the median absolute CD4 counts were
473 cells/mm” (range, 172-1809 cells/mm?), and 8 of 9 patients
were receiving highly active antiretroviral therapy. In the HIV-
positive group, 13 (59%) lymph nodes in 6 patients were con-
firmed as malignant (positive for metastases), and 9 (41%) lymph
nodes in 5 patients were confirmed as benign (negative for metas-
tases). Two patients in the HIV-positive group had both malig-
nant and benign nodes. In the HIV-negative control group, 22
(36%) lymph nodes in 13 patients were confirmed as malignant
(positive for metastases), and 39 (66%) lymph nodes in 20 pa-
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Table 1: Patient demographics and tumor characteristics of
patients with head and neck cancer®

HIV-Positive ~ HIV-Negative P
Characteristic Group (n=9) Group (n=26) Value
Age (yr) 034°
Median (range) 48 (29-62) 59 (30-86)
Sex 490
Male 7(78) 17 (65)
Female 2(22) 9(35)
HPV status (protein 16) 283
Positive 3 12
Negative 1 14
Unknown 5 0
Primary site 169
Oropharynx 3(33) 10 (38)
Hypopharynx 0(0) 1(4)
Larynx (M) 3(12)
Oral cavity 3(33) 12 (46)
Primary unknown 1(M) 0(0)
Maxilla m) 0(0)
T-Stage 444
TO (M) 0(0)
Tl m 7(27)
T2 3(33) 9 (35)
T 1(m) 2(8)
T4 3(33) 8(30)

Note:—HPV indicates human papillomavirus.

“Data are presented as number of patients with percentages in parentheses unless
otherwise noted.

bIndicates a significant difference by the Pearson x* or Mann-Whitney U test
(P < .05).

tients were confirmed as benign (negative for metastases). Ten
patients in the HIV-negative group had both malignant and be-
nign nodes. Complete patient demographics and tumor charac-
teristics are described in Table 1. The primary site and T-stage
were not significantly different between the HIV-positive and
HIV-negative groups.

Analysis between Lymph Node Characterization in
HIV-Positive and HIV-Negative Patients with HNSCC

HIV-Positive Patient Group. The results of the ['®F] FDG-
PET/CT characteristics (SUVmax, node size, and node volume)
and the 41 texture parameters differentiating lymph node charac-
terization in HIV-positive patients with head and neck squamous
cell carcinoma (group 1 versus 2) are shown in Table 2 (for se-
lected parameters) and On-line Table 1 (for 41 parameters).
There was a significant difference in the SUVmax (5.11 for benign
nodes versus 8.56 for malignant nodes, P = .042), node size (1.40
cm for benign nodes versus 1.89 cm for malignant nodes, P =
.024), and node volume (0.55 cm” for benign nodes versus 2.54
cm® for malignant nodes, P = .007) between malignant and be-
nign nodes for the HIV-positive group. For the CT texture anal-
ysis in the HIV-positive group, there were 7 histogram features,
including mean (P = .017), median (P = .018), second SD (P =
.017), range (P = .017), geometric mean (P = .032), SD 5 (P =
.018),and SD 9 (P = .017); 3 GLCM features, including contrast
(P =.009), energy (P = .025), and homogeneity (P = .020); and
9 GLRL features, including short-run emphasis (SRE) (P < .001),
long-run emphasis (LRE) (P = .001), gray-level nonuniformity
(GLN) (P = .001), run-length nonuniformity (RLN) (P = .002),
run percentage (RP) (P = .033), low gray-level run emphasis
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(LGRE) (P = .013), high gray-level run emphasis (HGRE) (P =
.008), short-run low gray-level emphasis (SRLGE) (P = .021). and
long-run high gray-level emphasis (LRHGE) (P = .035) that dem-
onstrated a significant difference in HIV-positive patients with
either benign or malignant lymph nodes (On-line Table 1). No
statistically significant differences were seen in the GLGM and
Laws texture features. Among the imaging characteristics, the
highest AUC to predict a malignant lymph node was 0.89, with a
sensitivity of 92.3% and a specificity of 77.8% in node volume.
Among the 41 texture features, the highest AUC was 0.97, with a
sensitivity of 84.6% and a specificity of 100% in SRE, which is
categorized as a GLRL feature (Table 2).

For the HIV-positive group, the optimal SUV cutoff was 5.50
for benign-versus-malignant nodes, and 3.98 for the HIV negative
group (Tables 2 and 3). Among the 13 malignant nodes, 11
(84.6%) were correctly detected by both SUV and texture analysis
(SRE); however, 2 (15.4%) false-negative findings were observed
even using SUV and texture analysis (SRE). Among the 9 benign
nodes, 2 (22.2%) were observed as false-positive findings on the
SUV cutoff point (SUVmax = 8.1 and 7.4), whereas no false-
positive findings were observed on texture analysis (SRE). Figure
2 shows a representative case of a false-positive finding on FDG-
PET for benign nodes in an HIV-positive patient with HNSCC
who had both benign and malignant nodes.

HIV-Negative Patient Subgroup as Controls. The results of the
[*8F] FDG-PET/CT characteristics (SUVmax, node size, and node
volume) and the 41 texture parameters differentiating lymph
node characterization in HIV-negative patients with head and
neck squamous cell carcinoma (group 3 versus 4) are shown in
Table 3 (for selected parameters) and On-line Table 2 (for 41
parameters). The node volume for the HIV-negative group (1.12
mL for benign nodes versus 3.47 mL for malignant nodes, P =
.001) and the SUVmax for the HIV-negative group (3.23 for be-
nign nodes versus 6.44 for malignant nodes, P = .007) showed
significant differences. For the CT texture analysis, statistically
significant differences among lymph node characterizations in
patients with head and neck squamous cell carcinoma were seen
in 5 histogram features, including mean (P = .022), geometric
mean (P = .020), harmonic mean (P = .020), interquartile range
(P = .022), and fourth moment (P = .018 ); 3 GLCM features,
including contrast (P = .015), energy (P = .034), and homogene-
ity (P = .029); 5 GLRL features, including SRE (P = .036), RLN
(P = .034), short-run high gray-level emphasis (P = .016), long-
run low gray-level emphasis (P = .006), and LRHGE (P = .003);
and 9 Laws features (P = .024—.047), while there was no statisti-
cally significant difference in GLGM. The highest AUC among the
41 texture features to predict a malignant lymph node was 0.76
with the texture parameter of LRHGE (sensitivity of 54.6% and
specificity of 84.6%), whereas the highest AUC among the imag-
ing characteristics was SUVmax (AUC = 0.73, sensitivity =
63.6%, and specificity = 79.5%) (Table 3).

Analysis of Node Characterization among HIV Infections
in Patients with HNSCC with Lymph Nodes

Benign Lymph Node (Negative for Metastases) Subgroup. The
results of the texture parameters differentiating HIV infections in



Table 2: ["®F] FDG-PET/CT characteristics and selected texture parameters differentiating lymph node characterization in patients with
HIV infection (group 1vs 2)

Benign Malignant
Texture Nodes (n=9) Nodes (n =13) p AUCP
Parameter Mean SD Mean SD Value® Cutoff (GLIMMROC)

Node characteristics

Size (cm) 1400 0.300 1.892 0.690 .024 <2.0 0.752

Volume (cm?) 0.547 0.363 2.535 2.218 .007 >0.76 0.889

SUVmax 51m 1.610 8.562 3.886 .042 >55 0.803
Histogram

Mean 624.4 74.6 7353 75.2 .017 >683.3 0.872

Median 774.0 2179 1013.1 71.2 .018 >877.8 0.872

Second SD 9376 28.70 59.85 19.19 .017 <763 0.872

Range 2737 82.9 175.4 54.5 .017 <2327 0.863
Geometric mean 199.6 447 272.8 63.8 .032 >2373 0.829

SD 5 81.9 294 16.8 19.2 .018 <62.89 0.872

SD 9 99.7 493 19.5 173 .017 <63.16 0.889
GLCM

Contrast n3.1 20.2 84.1 16.9 .009 <97.7 0.889

Energy 0.036 0.019 0.081 0.047 .025 >0.047 0.812

Homogeneity 0.451 0.065 0.542 0.069 .020 >0.498 0.821
GLRL

SRE 0.177 0.007 0.157 0.009 <.001 <0.164 0.966°

LRE 0.197 0.010 0.173 0.012 .001 <0.186 0.957

GLN 0.183 0.009 0.160 0.0m .001 <0.172 0.949

RLN 0.196 0.010 0.173 0.012 .002 <0.184 0.932

LRHGE 224.6 51.8 300.0 68.7 .035 >261.8 0.863

Note:—GLIMMROC indicates generalized linear mixed model receiver operating characteristic.

?Indicates a significant difference by the mixed linear regression model (Proc MIXED) to adjust the variance-covariance matrix among multiple values recorded for each
patient (P < .05).

b Using the generalized linear mixed model (GLIMMROC).

€ The highest AUC among 41 texture features.

Table 3: ["®F] FDG-PET/CT characteristics and selected texture parameters differentiating lymph node characterization in patients with
head and neck squamous cell carcinoma without HIV infection (group 3 vs 4)

Benign Malignant
R Nodes (n = 39) Nodes (n =22) P AUC
Parameter Mean SD Mean SD Value® Cutoff (GLIMMROC)

Node characteristics

Size (cm) 1439 0.048 1.687 0.831 .079 DNC 0.643

Volume (cm3) 1122 0.147 3.468 4718 .001° >2.599 0.702

SUVmax 3.228 0.315 6.438 4.811 .007¢ >3.980 0.731
Histogram

Mean 670.6 68.4 751.8 137.3 .022¢ >738.1 0.705

Geometric mean 2259 50.6 297.6 124.5 .020¢ >257.5 0.667

Harmonic mean 24.12 4.21 29.57 9.42 .020¢ >255 0.678
IQR 1064.3 63.9 865.0 360.2 .022¢ <1017.0 0.723
Fourth moment 8.71E+10 5.74E+09 9.41E+10 1.00E+10 .018°¢ >9.38E+10 0.698
GLCM

Contrast 102.5 18.2 81.8 283 .015¢ <757 0.754

Energy 0.041 0.022 0.072 0.055 .034¢ >0.058 0.712

Homogeneity 0.475 0.056 0.541 0.104 .029¢ >0.528 0.735
GLRL

SRE 0.164 0.01 0.154 0.019 .036° <0.153 0.695

RLN 0.183 0.014 0.170 0.023 .034¢ <0.172 0.698

RHGE 254.2 77.2 367.0 193.6 .016° >305.4 0.739

LRLGE 3226 914 469.8 2319 .006¢ >397.1 0.759

LRHGE 246.2 60.5 352.7 168.8 .003¢ >340.9 0.760¢
Laws features

L1 1130,272.9 280,670.9 876,676.6 413,942.2 .024¢ <911,080.5 0.722

Note:—DNC indicates did not converge; IQR, interquartile range; GLIMMROC, generalized linear mixed model receiver operating characteristic.

? Indicates a significant difference by the mixed linear regression model (Proc MIXED) to adjust the variance-covariance matrix among multiple values recorded for each
patient (P < .05).

© Using the generalized linear mixed model (GLIMMROC).

€ Significant.

9 The highest AUC among 41 texture features.
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FIG 2. Representative case of false-positive findings on FDG-PET for benign nodes in a 74-year-
old woman with unknown primary squamous cell carcinoma who had both benign and malignant
nodes (HIV-positive; absolute CD4 = 473). Axial contrast-enhanced CT images (A and D), [®F]
FDG-PET/CT fusion images (B and E), and corresponding axial section ROl mask-segmented lymph
nodes (C and F) for pathologically benign (A—C) and malignant (D—F) lymph nodes. ['F] FDG-
PET/CT shows abnormal uptake (cutoff = >5.5) for both lymph nodes with SUVmax = 8.1
(benign, B) and 9.5 (malignant, E). However, texture features with SRE (cutoff = <0.164) of both
lymph nodes were correctly diagnosed as follows: 0.188 (benign, C) and 0.151 (malignant, F).

patients with head and neck squamous cell carcinoma with be-
nign nodes (group 1 versus 3) are shown in On-line Table 3. For
benign lymph nodes, the point estimate of the SUVmax of HIV-
positive (5.11) was higher than that of HIV-negative (3.23); how-
ever, the difference among the SUVmax of HIV statuses was not
statistically significant (P = .111). No statistically significant dif-
ferences were seen in the node size (1.40 cm for HIV-positive
versus 1.44 cm for HIV-negative, P = .781) and node volume
(0.58 cm? for HIV-positive versus 1.12 cm?, P = .137) between
the HIV-positive and HIV-negative groups. For the CT texture
analysis in benign lymph nodes, there were 5 GLRL features, SRE
(P = .017), LRE (P = .027), GLN (P = .021), LGRE (P = .044),
and HGRE (P = .012), that demonstrated a significant difference
with HIV-positive and HIV-negative patients. No statistically sig-
nificant differences were seen in the histogram, GLCM, GLGM,
and Laws texture features. Among the imaging characteristics and
the 41 texture features, the highest AUC to predict HIV-infected
lymph nodes was 0.87, with a sensitivity of 100% and a specificity
of 84.6% in SUVmax.

Malignant Lymph Node (Positive for Metastases) Subgroup. The
results of the texture parameters differentiating HIV infections in
patients with head and neck squamous cell carcinoma with ma-
lignant nodes (group 2 versus 4) are shown in On-line Table 4. For
malignant lymph nodes, there was no statistically significant dif-
ferences in the SUVmax (8.56 for HIV-positive versus 6.46 for
HIV-negative, P = .192), node size (1.89 cm for HIV-positive
versus 1.69 cm for HIV-negative, P = .186), and node volume
(2.54 cm® for HIV-positive versus 3.47 cm?, P = .409) between
the HIV-positive and HIV-negative groups. Of the 41 CT texture
analysis parameters in malignant lymph nodes, there were no sta-
tistically significant differences in the histogram, GLCM, GLGM,
GLRL, and Laws texture features.
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Subanalysis of Texture Features of
Lymph Nodes without and with
Exclusion of Necrotic Areas
Differentiating Benign-versus-
Malignant Lymph Nodes

The results of subanalysis of the lymph
node characterization without and with
exclusion of areas of obvious necrosis or
cystic parts are shown in On-line Table 5
for patients with HIV (group 1 versus 2)
and in On-line Table 6 for patients with-
out HIV (group 3 versus 4). Even ex-
cluding the obvious necrotic parts, there
was no major change in which a param-
eter was effective in distinguishing be-
nign and malignant nodes. For the pa-
tients with HIV (group 1 versus 2), there
were 6 histogram features (P = .034-—
.045), 3 GLCM features (P = .031-.045),
and 4 GLRL features (P = .011-.048)
that demonstrated a significant differ-
ence in HIV-positive patients with ei-
ther benign or malignant lymph nodes.
For the patients without HIV (group 3
versus 4), there were 3 histogram fea-
tures (P = .032—-.043), 2 GLCM features
(P = .037-.047), and 3 GLRL features (P < .001-.01) that dem-
onstrated a significant difference in HIV-positive patients with
either benign or malignant lymph nodes. However, the AUC of
the analysis, including the necrotic parts, was higher than that of
the subanalysis excluding the necrotic parts for all texture
parameters.

DISCUSSION
The results of our study demonstrated that the histogram, GLCM,
and GLRL CT texture parameters of the lymph nodes showed a
significant difference between metastatic lymph nodes and HIV-
related lymphadenopathy in patients with head and neck squa-
mous cell carcinoma with HIV infection. CT texture features,
especially space-dependent features such as GLCM and GLRL,
may provide important additional information to differentiate
nodal metastases from disease-specific nodal reactivity in HIV-
positive patients with head and neck squamous cell carcinoma.
In our study, none of the CT textural analysis features were
found to have statistically significant differences between HIV-
positive and HIV-negative patients with malignant lymph nodes.
The lack of a significant difference suggests almost similar texture
for HNSCC metastatic nodes regardless of HIV infection status.
On the other hand, benign lymph nodes showed different textures
in 5 GLRL features between HIV-positive and HIV-negative
lymph nodes. HIV-positive patients often have lymph node en-
largement consistent with AIDS-associated reactive adenopathy,
and HIV viral loads may also be associated with viral infection,
including human papillomavirus and Epstein-Barr virus, which
are well-known etiologies of HNSCC.>® Therefore, the texture
features may potentially reflect a different degree of uniformity
due to inflammation or viral infection within the lymph nodes
along both long and short matrix runs. Space-dependent texture



features such as GLRL on CT images could demonstrate signifi-
cant differences in benign lymph nodes in HIV-positive patients
with head and neck squamous cell carcinoma, which may have the
potential to prove morphologic feature differences among dis-
ease-specific nodal reactivity in HIV-positive patients with head
and neck squamous cell carcinoma.

CT texture analysis is a postprocessing technique and a new
addition to the image-analysis armamentarium that extracts in-
formation native to image data that is not apparent on visual
inspection of images. CT texture analysis has started to be inves-
tigated for its ability to predict lymph node metastasis in patients
with lung cancer.”"** In our study, for assessment of metastatic
lymph nodes in HIV-negative patients, some histogram and
GLRL texture features may be associated with nodal metastasis in
patients with head and neck squamous cell carcinoma. However,
the predictions of malignant nodes using texture analysis were
almost similar to SUV values in HIV-negative patients. Further
testing using a larger sample size is needed to validate the perfor-
mance of the predictive model.

Immunosuppression predisposes HIV-infected patients to a
number of opportunistic infections; therefore, special care must
be taken in evaluating ['®F] FDG-PET/CT. Benign hypermeta-
bolic foci are common, especially in the context of high levels of
HIV viremia (low CD4 counts) and can lead to false-positive in-
terpretations of metastasis using only the SUV cutoff point.'®'#>*
In past years, other quantitative approaches, including metabolic
tumor volume and total lesion glycolysis for ['*F] FDG-PET eval-
uations, have been investigated for differentiation of HIV-associ-
ated lymphoma from HIV-associated reactive adenopathy.”>>°
CT texture features can also be obtained from the same ['*F]
FDG-PET/CT study. The combination model based on these
quantitative PET metabolic metrics, CT texture parameters, and
clinical parameters may need to be further evaluated in a future
study for patients with head and neck squamous cell carcinoma.

There are several limitations associated with the small sample
size in this study. This study included only a small number of
HIV-infected patients with head and neck squamous cell carci-
noma, and there were imbalances among the different groups.
The statistical analysis was potentially limited in that the more
reasonable analyses, including multiple-comparison correction,
could not be conducted. The small sample size could also poten-
tially mask the weak differences. In addition, for the HIV-positive
group, there is a wide range of absolute CD4 cell counts, and a
subset of patients were receiving highly active antiretroviral ther-
apy. These distributions have significant implications for mount-
ing an immune reaction and therefore potentially for the texture
features of lymph nodes. Therefore, detailed analyses using strat-
ification based on CD4 counts and administration of therapeutic
regimens considering the influence of the status of HIV are desir-
able. These problems could be solved in future studies with larger
sample sizes.

CONCLUSIONS

Histogram, GLCM, and GLRL CT texture parameters of the
lymph nodes are associated with nodal metastasis in patients with
head and neck squamous cell carcinoma with HIV infection. Al-
though further testing using a larger sample size is needed to val-

idate the performance, CT texture analysis may be useful as a
noninvasive method for obtaining additional quantitative infor-
mation to differentiate nodal metastases from disease-specific
nodal reactivity in HIV-positive patients with head and neck
squamous cell carcinoma.
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