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Solid Lymph Nodes as an Imaging Biomarker for Risk
Stratification in Human Papillomavirus—Related Oropharyngeal

TJ. Rath, “&'S. Narayanan,

ABSTRACT

Squamous Cell Carcinoma

M.A. Hughes, ““RL. Ferris, ““'S.I. Chiosea, and ““B.F. Branstetter IV

BACKGROUND AND PURPOSE: Human papillomavirus—related oropharyngeal squamous cell carcinoma is associated with cystic lymph
nodes on CT and has a favorable prognosis. A subset of patients with aggressive disease experience treatment failure. Our aim was to
determine whether the extent of cystic lymph node burden on staging CT can serve as an imaging biomarker to predict treatment failure
in human papillomavirus—related oropharyngeal squamous cell carcinoma.

MATERIALS AND METHODS: We identified patients with human papilloma virus—related oropharyngeal squamous cell carcinoma and
staging neck CTs. Demographic and clinical variables were recorded. We retrospectively classified the metastatic lymph node burden on
CT as cystic or solid and assessed radiologic extracapsular spread. Biopsy, subsequent imaging, or clinical follow-up was the reference
standard for treatment failure. The primary end point was disease-free survival. Cox proportional hazard regression analyses of clinical,
demographic, and anatomic variables for treatment failure were performed.

RESULTS: One hundred eighty-three patients were included with a mean follow-up of 38 months. In univariate analysis, the
following variables had a statistically significant association with treatment failure: solid-versus-cystic lymph nodes, clinical T-stage,
clinical N-stage, and radiologic evidence of extracapsular spread. The multivariate Cox proportional hazard model resulted in a
model that included solid-versus-cystic lymph nodes, T-stage, and radiologic evidence of extracapsular spread as independent
predictors of treatment failure. Patients with cystic nodal metastasis at staging had significantly better disease-free survival than
patients with solid lymph nodes.

CONCLUSIONS: In human papilloma virus—related oropharyngeal squamous cell carcinoma, patients with solid lymph node metastases
are at higher risk for treatment failure with worse disease-free survival. Solid lymph nodes may serve as an imaging biomarker to tailor
individual treatment regimens.

ABBREVIATIONS: HPV = human papilloma virus; OPSCC = oropharyngeal squamous cell carcinoma; rECS = radiologic evidence of extracapsular spread; TF =

treatment failure; TNM = Tumor, Node, Metastasis

uman papillomavirus (HPV)-related oropharyngeal squa-
mous cell carcinoma (OPSCC) is a distinct disease with more
favorable locoregional control and survival outcomes compared
with HPV-unrelated OPSCC." The favorable prognosis of
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HPV-related OPSCC has prompted research directed at develop-
ing de-escalation treatment protocols that would offer reduced
toxicity to patients at low risk of treatment failure (TF).* Further-
more, the current anatomic-based Tumor, Node, Metastasis
(TNM) Staging System is not well-suited to predicting outcome in
HPV-related OPSCC.>° Despite its favorable prognosis, a subset
of HPV-related OPSCCs recur primarily with distant metastases
and frequently in atypical locations.”” " Imaging biomarkers
that stratify patients at risk for TF would be useful to identify
patients who are not candidates for de-escalation therapy. HPV-
related OPSCC is associated with cystic-appearing lymph nodes
on CT, but some patients with HPV-associated disease have com-
pletely solid metastases.""'* The purpose of this study was to de-
termine whether solid and cystic lymph node metastases on stag-
ing neck CT could be used as an imaging biomarker to predict TF
in patients with stage III or IV HPV-related OPSCC.
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FIG1. A and B, Two examples of metastatic lymph nodes (white arrows) classified as cystic.

MATERIALS AND METHODS

Study Sample

This retrospective Health Insurance Portability and Account-
ability Act—compliant single-institution study was approved
by the institutional review board. Four hundred forty-one pa-
tients with HPV-positive OPSCC were identified from our
head and neck cancer registry from 1984 to 2014.'>'* HPV
positivity was determined by in situ hybridization by using
probes targeting 37 HPV subtypes, including the following: 6,
11, 16, 18, 31, 33, 35, 39, 45, 51, and 52 (Y1404; Dako, Carpin-
teria, California). Five-micrometer tissue sections were depar-
affinized and digested with proteinase K (Roche Diagnostics,
Indianapolis, Indiana). Cases with punctate nuclear signal
were considered positive.'* Before 2007, HPV positivity was
determined retrospectively on available tissue blocks by a head
and neck cancer pathologist (S.I.C.) blinded to clinical out-
come."'* Exclusion criteria were the following: unavailable con-
trast-enhanced staging CT (n = 221), NO disease on staging CT
or pathology (n = 21), no clinical follow-up (n = 10), non-
compliance with the prescribed treatment regimen (n = 5),
and distant metastases at presentation (n = 1). The reference
standard for nodal metastasis at staging was histologic confir-
mation or definitively abnormal-appearing lymph nodes on
staging CT in a patient with biopsy-proved HPV-positive
OPSCC.

Patient demographics, TNM classification as defined by the
seventh edition of the AJCC Cancer Staging Manual, primary tu-
mor site, tobacco use, treatment, and status at last follow-up
(alive/died and disease-free or TF) were collected from the head
and neck cancer registry, medical records, and death registry."”
For this study, TF was defined to include persistent residual dis-
ease 3 months following completion of definitive therapy, locore-
gional recurrence following a disease-free period, development of
distant metastasis, or disease-related mortality of the patient. The
reference standard for TF was histologic confirmation or un-
equivocal imaging evidence of locoregional recurrence or distant
metastasis. TF was documented from the time of initial diagnosis.
In cases without TF, follow-up was measured in months from
diagnosis. The data were censored to the last follow-up in the
medical record through July 29, 2016.
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Neck CT Scans

Staging contrast-enhanced neck CT or
the diagnostic contrast-enhanced neck
CT portion of a staging PET/CT was re-
viewed for all subjects. The technique
was variable, with staging neck CTs per-
formed on 8-, 16-, or 64-channel CT
scanners (GE Healthcare, Milwaukee,
Wisconsin). A typical staging neck CT
scan performed on a 64-channel scanner
(GE Healthcare) 80 seconds following
the administration of IV contrast (100-mL
iopamidol, Isovue-370; Bracco, Prince-
ton, New Jersey) used the following pa-
rameters: voltage = 120 kV(peak), tube
current = 100-550 mA (automatic tube
current modulation with a noise index of
9.1), pitch = 0.969 mm/rotation, gantry
rotation time = 0.8 seconds, detector collimation = 64 X 0.625 mm,
FOV = 22 cm, 2.5 mm axial reconstructed section thickness with
soft-tissue and bone algorithms. The neck CT for the diagnostic
PET/CT examinations performed on 16- to 64-channel PET/CT
scanners (Discovery; GE Healthcare) used the following parameters
30 seconds following the administration of IV contrast (125-mL io-
pamidol, Isovue-370): 120-30 kVp, variable mA (AutomA, GE
Healthcare), 2.5-mm axial reconstructed section thickness through
the neck, and 3.75-mm reconstructed section thickness through the
body. All CT scans included in the study were deemed diagnostically
adequate by both reviewing radiologists.

Image Analysis

Blinded consensus review of the CT scans was performed by 2
neuroradiologists (T.J.R. and B.F.B.). All morphologically abnor-
mal lymph nodes in a patient were grouped together and classified
as either cystic (>20% cystic change) or solid (<20% cystic
change) (Figs 1 and 2). Cystic change was defined as a homoge-
neous low-attenuation area relative to normal muscle that was
subjectively near-water attenuation with well-defined margins.
Radiologic extracapsular spread (rECS) in metastatic cervical
lymph nodes was defined as irregular nodal margins with invasion
or distortion of surrounding soft tissues, regardless of nodal size,
cystic change, or the number of pathologic nodes (Fig 3).

Treatment and Clinical Follow-Up

All patients were treated and followed according to standard in-
stitutional practice guidelines by a multidisciplinary head and
neck cancer team. Patients underwent head and neck clinical ex-
amination 2 months after the conclusion of therapy and every 3
months thereafter for the first 2 years as long as they were free of
disease. Subsequent follow-up typically includes clinical evalua-
tion every 3 months for the third year and every 6 months for the
fourth and fifth years following completion of treatment. All pa-
tients had a minimum of 1 posttreatment contrast-enhanced
PET/CT or contrast-enhanced soft-tissue neck CT and a chest CT,
starting 2—3 months after completion of therapy, with serial im-
aging thereafter at the discretion of the clinical team. Patients with
suspicious radiologic or clinical findings underwent biopsy for



FIG 2. A and B, Two examples of metastatic lymph nodes (white arrows) classified as solid.

FIG 3. An example of radiographic extracapsular spread associated
with a solid metastatic level Il nodal mass (black asterisk) in a patient
with right base of tongue oropharyngeal squamous cell carcinoma
(black arrow).

confirmation or exclusion of recurrence when necessary for
diagnosis.

Primary End Points and Statistical Analysis

Statistical analysis was performed by using SPSS statistics, Version
23 (IBM, Armonk, New York). Univariate Cox proportional haz-
ard models were calculated to identify predictors of TF among the
following variables: age (younger than 70 years versus 70 years
and older), sex, T-stage, N-stage, primary tumor location (tonsil
or tongue base), rECS, tobacco use (ever or never used tobacco
products), calendar year of treatment, and solid-versus-cystic
lymph nodes.” A multivariate Cox proportional hazard model
was performed by using the same variables with a forward inclu-
sion threshold of 0.1. We used Pearson statistics to identify the
correlation among variables that were included in the final Cox
model. A P value significance threshold of .05 was used for all

statistics. Kaplan-Meier survival curves
were plotted to visually compare dis-
ease-free survival in patients with
solid-versus-cystic lymph nodes.

RESULTS

Patient Characteristics

Of 441 HPV-positive patients identi-
fied in the tumor registry from 1984 to
2014, 183 patients met the inclusion
criteria (Fig 4). These 183 patients
were treated between calendar years
2001 and 2014. Table 1 characterizes
the patient demographics, tumor site,
and staging information for all pa-
tients, categorized by solid and cystic
patterns of nodal metastasis. There
was no statistically significant correla-
tion found among any of the listed
clinical and demographic variables compared with solid/cystic
nodal status. Most patients were men (91.8%, 168/183), had a
tonsil primary site (56.2%, 103/183), presented with N2b dis-
ease (53.0%, 97/183), and had a history of tobacco use (68.9%,
126/183). Solid and cystic patterns of nodal metastasis oc-
curred in 42.6% (78/183) and 57.3% (105/183) of patients,
respectively. The most frequent treatment technique was che-
moradiotherapy (72.1%, 132/183).

Average follow-up of all patients was 38.2 months (range,
1-104 months). In the disease-free group, median follow-up from
initial diagnosis was 45 months (range, 1-104 months) with
10.6% (15/141) having <24 months’ follow-up. TF occurred in
42 patients (23.0% 42/183) at a mean of 14.6 months (range, 2-50
months) following initial diagnosis. Among patients with rECS,
55.6% (10/18) experienced TF.

Survival Analyses

Univariate Cox proportional hazard models showed significant
differences at P < .05 for the following variables: solid-versus-
cystic lymph nodes, T-stage, N-stage, and rECS. The multivariate
Cox proportional hazard model resulted in a model that included
solid-versus-cystic lymph nodes, T-stage, and rECS. A statistically
significant correlation was found between rECS and solid-versus-
cystic nodes (P = .03), but not between T-stage and solid-versus-
cystic nodes (P = .66).

The Kaplan-Meier disease-free survival curves (Fig 5) dem-
onstrate that overall disease-free survival was significantly
lower among patients with solid metastatic regional lymph
nodes at staging (P = .013; hazard ratio = 2.21; 95% confi-
dence interval, 1.18—4.14). A univariate analysis of T-stages
found a hazard ratio of 1.9 for T1 and T2 versus T3 and T4 (P <
.001), and a univariate analysis of rECS found a hazard ratio of
3.3 (P =.001).

Table 2 lists the locations of TF. The most common pattern of
TF was distant metastases alone (19/42, 45.2%). Most patients
(90.4%, 38/42) experienced TF within 24 months of the initial
diagnosis. Four patients (9.5%, 4/42) had TF >24 months follow-
ing completion of therapy.
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FIG 4. Data flow chart of patient selection.

DISCUSSION

In the era of rising HPV-related OPSCC affecting a population of
young men, identifying reliable predictive imaging biomarkers is
critical to developing tailored curative treatment regimens that
minimize adverse effects. The goal of our study was to evaluate the
prognostic value of the extent of cystic metastatic lymph node
burden at staging for the prediction of TF in patients with stage III
and IV (HPV)-related OPSCC. Our results suggest that the pres-
ence of solid lymph node metastases is an independent risk factor
for TF in patients with HPV-associated OPSCC. Additionally, we
found that T-stage and rECS remained independent predictors of
TF in multivariate analysis. We hypothesize that greater overall
solid nodal metastasis at staging more accurately reflects viable
tumor burden, increasing the risk for locoregional failure and
occult distant micrometastasis.

The prognostic utility of cystic-versus-solid metastatic lymph
nodes in HPV-related OPSCC has not been previously reported,
to our knowledge; however, the prognostic value of FDG PET/CT
parameters in heterogeneous patient populations with OPSCC

1'® demonstrated that total met-

has been investigated. Alluri et a
abolic tumor volume and primary metabolic tumor volume were
associated with event-free survival in patients with stage IIl and IV
HPV-related OPSCC. High standard uptake values of the primary
tumor (standard uptake value > 8.0) and of nodal metastasis
(standard uptake value > 10.4) have been associated with worse
survival and greater rates of distant failure, respectively, in a het-

erogeneous population of patients with head and neck squamous
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Table 1: Clinical and pathologic characteristics of patients®
Solid Node Cystic Node

All Patients  Group Group
(n=183) (n=78) (n=105)
Characteristic (No.) (%) (No.) (%) (No.) (%)
Mean age (yr) 56.1 56.2 56.1
Male sex 168 (91.8) 75(96.2) 93(88.6)
Smoking status
Never smoked (<1Py) 56 (30.6)  23(29.4) 33(314)
Ever smoked 120 (65.6) 51(65.3) 69 (65.7)
<10 Py 14(7.7) 4(5) 10(9.5)
>10 Py 68(371)  30(385)  38(36.2)
Unknown Py 38(20.7) 17 (21.8) 21(20.0)
Unknown 1(0.5) 0(0.0) 1(0.95)
Other tobacco 6(3.3) 4(5.1) 2(1.9)
T classification
I 74(404)  28(359)  46(43.8)
i) 73(39.9)  35(449)  38(36.2)
T 16 (8.7) 7(8.9) 9(8.6)
T4 17(93) 7(9.0) 10(9.5)
Unknown 3(1.6) 1(1.3) 2(1.9)
N classification
NI 31(16.9) 13(16.7) 18 (17.)
N2a 24 (13.) 1(4) 13(12.4)
N2b 97(53.0)  37(474)  60(57)
N2c 26(14.2) 14(17.9) 12(14)
N3 5(2.7) 3(3.8) 2(1.9)
Overall stage
Stage |l 28(153) 10 (12.8) 18 (17.)
Stage IV 155(847)  68(87.2)  87(82.9)
Primary tumor site
Tonsil 103(562)  41(530)  62(60.0)
BOT 76(415)  35(44.9) 41(39.0)
Other 2(1) 103) 1(0.95)
Unknown 2(1) 1(1.3) 1(0.95)
Treatment
CRT 132(72) 57 (73]) 75(714)
Operation 12 (6.6) 5(6.4) 7(6.7)
Operation + MMT 39 (213) 16(205)  23(219)

Note:—Py indicates pack-year; BOT, base of tongue; CRT, chemoradiotherapy;
MMT, multimodality therapy.

2 No statistically significant correlation was found among any of the listed clinical and
demographic variables compared with solid/cystic nodal status.

cell carcinoma.'” Cheng et al'® also determined that tumor total
lesional glycolysis was an independent predictor of survival in
patients with locally advanced OPSCC. The overall metastatic
solid nodal metastasis volume on CT likely corresponds to FDG-
avid viable nodal metastasis on FDG PET/CT. Our results are
congruent with FDG PET/CT studies suggesting that viable tu-
mor volume at staging impacts prognosis. However, there is no
clear consensus on whether primary tumor volume, nodal meta-
static tumor volume, or total viable tumor (primary + nodes)
volume has the greatest prognostic value.

The prognostic value of other imaging parameters has been
evaluated. Davis et al'” found that lower nodal volume was asso-
ciated with greater disease-free survival in patients with HPV-
related OPSCC, but did not distinguish solid-versus-cystic meta-
static nodal volume. Spector et al” reported that matted nodes,
defined as “3 nodes abutting one another with loss of intervening
fat plane,” are a novel imaging marker of poor prognosis in
OPSCC, independent of HPV status. We did not evaluate matted
nodes, given previously demonstrated poor interobserver agree-
ment for this parameter.”” The negative predictive value of rECS
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FIG 5. Kaplan-Meier survival curves. Overall disease-free survival was
significantly lower among patients with cystic-versus-solid metastatic
regional lymph nodes at staging (P = .013; hazard ratio = 2.21; 95%
confidence interval, 118 —4.14).

Table 2: Sites of treatment failure

Site (n = 42) No. (%)
Local 3(7.)
Regional 7(16.7)
Distant 19 (45.2)
Local and regional 6(14.3)
Local and distant 1(2.4)
Regional and distant 3(7.)
Local, regional, and distant 3(7.)

on CT is poor; however, rECS on CT as evidenced by adjacent
structure invasion has a good positive predictive value.”*>> We
found, in multivariate analysis, that rECS with invasion of sur-
rounding soft tissues was an independent predictor of TF and that
rECS correlated significantly with solid lymph node metastasis.
Recently Liu et al** did not find rECS to be an independent pre-
dictor of TF in a subset of patients with HPV-related OPSCC,
though there was a trend toward worse survival in this group.

Kaka et al'® reported a predominance (>80%) of central tu-
mor necrosis, evidence of extracapsular spread, and clustering of
nodes (analogous to matted nodes) in their case series of 8 aggres-
sive HPV-related OPSCCs. Joo et al*® reported a significant pos-
itive correlation between lymph node size and high-risk HPV sta-
tus and a significant positive correlation between lymph node size
and cystic nodal metastases, yet with an overall better disease-
specific survival rate in HPV-related head and neck squamous cell
carcinoma compared with HPV-negative tumors. Huang et al’
also found that N2a disease had better overall survival compared
with N1 disease, applying traditional TNM staging in a cohort of
patients with HPV-related OPSCC. The results of Joo et al** and
Huang et al’® support our hypothesis that solid or viable nodal
metastatic burden may be prognostically more important, given
the intranodal cystic changes frequently observed in HPV-related
OPSCC.

We performed a multivariate analysis to address the possible
covariance of radiologic and nonradiologic factors as prognosti-
cators of TF. We could not confirm an association between TF
and tobacco use, sex, or age, though an effect may exist but was
too small to measure in the current study. Data on the impact of

26-

smoking on TF in the literature are conflicting.***® Our results

1)28

are similar to those of O’Sullivan et al,”® who also found no effect

of smoking on disease control in patients with HPV-related
OPSCC, though overall survival among >10 pack-year smok-
ers was reduced.

The results of the current study merit further investigation
given the single-institution, retrospective nonrandomized nature
of the study. We focused our study on HPV-related OPSCC and
did not include non-HPV-related OPSCC, which constitutes an
area of potential research. Due to the retrospective nature of this
study, treatment regimens were variable, which can impact TF
rates. Finally, we did not determine whether recurrences were
treatable, and if treatable, whether treatment impacted overall
survival.

CONCLUSIONS

Patients with HPV-related OPSCC who have solid lymph node
metastases at staging CT have a higher risk for TF than patients
with cystic lymph nodes. Larger scale, longer prospective studies
are warranted to determine whether solid nodal metastasis is a
useful imaging biomarker to risk-stratify patients for personalized
treatment regimens in advanced-stage HPV-related OPSCC.
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