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Abstract Introduction Age and lymph node ratio have been attributed as independent
predictors for survival and recurrence in carcinoma of unknown primary (CUP).
Objective The purpose of this study was to analyze the prognostic value of p16
overexpression for CUP in the absence of true primary (TP).
Methods The study involved 43 patients who underwent therapeutic lymph node
dissection (LND) from 2000 to 2015 after all the diagnostic work up for CUP.
Immunohistochemistry for p16 overexpression was performed. Cox proportional
hazard regression analysis was used to analyze the prognostic impact on 5-year overall
survival (OS) and recurrence-free survival (RFS).
Results The male-to-female ratio was 5.1:1, with a median age of 62 years. The
clinicopathological data, except for p16 overexpression, did not differ significantly in
terms of 5-year OS and RFS. The Cox regression analysis proposed p16 positivity to be
an independent prognosticator of regional recurrence-free survival (RRFS) (hazard ratio
[HR] 6.180, p¼ 0.21). The median time to recurrence and death were 10 and
25 months, respectively.
Conclusion Cervical metastasis with p16 overexpression is a significant prognostic
factor of improved RFS after surgery in CUP. The prognostic significance of lymph node
p16 positivity should be further studied.
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Introduction

Carcinoma of unknown primary (CUP) is a rare disease among
head and neck cancers, accounting for only 3 to 7% of cases.1,2

Carcinoma of unknown primary is defined as cervical metas-
tasis without any evidence of the primary tumor despite
comprehensive history, clinical examination, morphologic/
metabolic imaging, examination under anesthesia (EUA) and
direct biopsies.3,4 The primary tumor may remain undetected
in5 to10%ofcases after all thediagnosticworkup.5Subclinical
dormancy or early spontaneous regression are the possible
carcinogenic theories responsible for no identification of the
primary site.6,7 The metastatic lymph nodes (LNs) most com-
monly contain squamous cell carcinoma (53–80%) followed by
undifferentiated carcinomas (13–14%) and adenocarcinomas
(13%).8–11 The rarity of the disease has led to a wide range of
small retrospective studies using various diagnostic criteria
and treatment strategies.12There is increasingevidenceon the
prevalence of human papillomavirus (HPV)-related squamous
cell carcinoma of unknown primary (SCCUP) showing better
outcomes in terms of treatment response and survival while
demonstrating a weaker association with smoking and
alcohol.13,14 In HPV-induced CUP, p16INK4 overexpression
has been considered a surrogate marker correlated with
survival outcomes, but its role as an independent predictor
has remained controversial. Interestingly, p16 overexpression
isnot only the trademarkofHPV-drivenSCCUP, but it alsohas a
strong associationwith cutaneous squamous cell carcinomaas
well as with branchial cyst. This requires further confirmation
of HPV presence by performing in-situ hybridization (ISH) or
polymerase chain reaction (PCR) in SCCUP.15 The objective of
the present study was to evaluate the prognostic value of p16
overexpression in cervical LNs of CUP in terms of overall
and RRFS. Apart from that, age and LNR have also been
incorporated to determine their role as predictors of survival
in CUP.

Materials and Methods

Patient Cohort
In thismulticenter, retrospective study, 94 patientswith CUP
of the head and neck have been treated from 2000 to 2015 at
the departments of otorhinolaryngology, head and neck
surgery of the Vienna General Hospital (University Hospital
of the Medical University of Vienna), Kaiser-Franz-Josef
Hospital (Vienna), Hanusch Hospital (Vienna), and Rudolf-
stiftung Teaching Hospital (Vienna). In order to analyze a
homogeneous patient cohort, patients had to fulfill criteria
to be included in our study. Patients had to be initially treated
with lymph node dissection (LND) followed by adjuvant RT.
Thus, patients with primary RT (n¼10, 10.6%), palliative
therapy protocol (n¼6, 6.4%) or prematurely terminated
therapy (n¼2, 2.1%) were excluded. Another exclusion
criterion was the emergence of the primary tumor before
completion of treatment. Patients with distant metastases at
the time of diagnosis were excluded. Furthermore, sufficient
documentation of the performed diagnostic methods was
mandatory. Hence, 42 (45.7%) of the 94 CUP patients were

included in this study. Based on themedian LNRof 0.05 in our
cohort, the cut-off of 0.05 was selected to divide the sample
into roughly equal sized groups.

Diagnostic Methods
The standard diagnostic algorithmof theMedical University of
Vienna comprises a non-invasive and an invasive part. First, a
detailed anamnesis, clinical examination including flexible
nasopharyngoscopy, ultrasound of the neck, chest X-ray, and
computed tomography (CT) or magnetic resonance imaging
(MRI) are performed. In addition, the 18F-FDG-PET-CT has
become part of the algorithm from 1999 on. Subsequently,
fine-needle aspiration cytology (FNAC), panendoscopy, and
diagnostic tonsillectomy are carried out.

Treatment Methods
Cervical LN metastases were initially treated with LND.
Depending on the spread of LN metastases, unilateral or
bilateral ND was performed. Subsequently, all patients with
N2/N3 disease without extracapsular extension (ENE) were
irradiated either unilaterally or bilaterally using three-dimen-
sional conformal radiation therapy (3D-CRT), intensity-modu-
lated radiation therapy (IMRT), or volumetric modulated arc
therapy (VMAT) technique. Furthermore, chemotherapy (CTX)
was applied in certain patients based on extracapsular exten-
sion of the nodal disease.

Statistical Methods
The IBMSPSS Statistics forWindows, version 24.0 (IBMCorp.,
Armonk, NY, USA) was used for the statistical analyses. The
t-test was performed to analyze the distribution of the age.
The Kaplan-Meier analysis was used to determine the impact
of clinical variables on 5-year overall survival (OS) and 5-year
regional recurrence-free survival (RFS) and corresponding
p-values were obtained via log-rank test. Kaplan-Meier
curves (►Figures 1 and 2) were created in GraphPad Prism
8 (GraphPad Software Inc., La Jolla, CA, USA).

Fig. 1 Overall survival for patients having metastatic lymph nodes
containing p16 overexpression.
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Results

Patient Characteristics
Themedian age of the patientswas 62.00 years (range: 44–86)
with a male-to-female ratio of 5.1 to 1. Nicotine consumption
with an average of 20 cigarettes per day was documented
in 67.4% of the patients. More frequent or excessive consump-
tion of alcohol was stated in 62.8% of the patients, whereas
cancer family history was positive in 39.5% (►Table 1.)

Diagnostic Methods
Radiologically, theheadandneckareawereexaminedbyusing
CT in 88.4% of the patients, whileMRI was performed in 51.2%
of the cases. The18F-FDG-PET-CTwas applied either before RT
or during the examinations/follow up in 65.1% of patients.

FNAC was performed in 27.9% of the patients while
panendoscopy was indicated in 90.7% of cases. Due to the
lackof documentation in 4 patients, it can be assumed that all
patients were examined endoscopically. Tonsillectomy was
carried out in 41.9% of the patientswhile tonsils have already
been removed in 44.2% of cases (►Table 1).

Details of the Cervical LN Metastases
The most commonly affected areas of the neck were levels II
and III (cumulatively: 81.7%). Lymphnodemetastases occurred
in 57.6% of patients in the territory of level II, while level IIIwas
affected in 7.6% of cases. Moreover, LNswere classified accord-
ing to the American Joint Committee on Cancer (AJCC) as
follows: 11.9% of the patients were staged as N1, 21.4% as
N2a, 57.1% as N2b, 2.3% as N2c, and 7.1% as N3, respectively.
Squamous cell carcinoma (SCC) was found in 100% of cases

In most cases, the tumor was found to be moderately-to-
poorlydifferentiated(G2–G3, cumulatively:94.1%). (►Table 2).

P16 Immunohistochemistry and Overexpression
Immunohistochemistry for p16 was performed on LN after
dissection using a CINTec p16 Histology Kit (MTM Laborato-
ries; Roche Applied Sciences, Penzberg, Germany) according

to themanufacturer’s protocol.16 The defined criteria for p16
overexpression was � 75% positive cells and at least moder-
ate staining intensity on immunohistochemistry. The cumu-
lative results in our cohort showed 55.8% cases to be positive
for p16 overexpression (►Table 2).

Clinical Outcome and Survival Analysis
Within a median follow-up time of 47.00 months, the
mortality rate was 32.6%, whereas regional recurrences
(RRs) occurred in 28.6% of the patients.

By using a Kaplan-Meier survival analysis, the estimated
5-year OS and RRFS were 67.4% and 71.4%, respectively
(►Figures 1, 2). Within the 5-year observation period, the
median time until death was 25.00 months, while RR
occurred after a median time of 10.00 months.

The emergence of distant metastases was observed in 3
patients (7%) (►Table 3). The distribution of metastases
localization was: lung (n¼1), bones (n¼1), and liver and
bones (n¼1). Moreover, generalized metastases were found

Fig. 2 Regional recurrence-free survival (RRFS) for patients having
metastatic lymph nodes containing p16 overexpression.

Table 1 Patient characteristics and details of diagnostic
methods

Number of patients (%)

Gender

Male 36 (83.7%)

Female 7 (16.3%)

Age (median, years) 62.00

Smoking history

No 14 (32.6%)

Yes 29 (67.4%)

Cigarettes per day (median) 20.00

Alcohol

No 16 (37.2%)

Yes 27 (62.8%)

Cancer in family

Negative 26 (60.5%)

Positive 17 (39.5%)

Imaging diagnostics

CT head/neck 38 (88.4%)

CT thorax 27 (62.8%)

CT abdomen 25 (58.1%)

MRI 22 (51.2%)

FDG-PET-CT 28 (65.1%)

Invasive diagnostics 18 (24.7%)

Fine needle aspiration 12 (27.9%)

Panendoscopy 39 (90.7%)

Tonsillectomy 18 (41.9%)

St. p. tonsillectomy 19 (44.2%)

Abbreviations: CT, computed tomography; FDG-PET-CT, fluorodeoxy-
glucose positron emission tomography-computed tomography; MRI,
magnetic resonance imaging; RT, radiotherapy; St.p., status post.
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in two patients during the autopsy. Primary tumor has
emerged in 6 patients (oropharynx¼4, hypopharynx¼1,
larynx¼1) in the follow-up. The occurrence of the primary
tumor has led to a 5-year OS of 55.6% (p¼0.50). Furthermore,
distant metastases had a significantly worsening impact on
the 5-year OS (p¼�0.005). A univariate Cox-regression
analysis was performed to determine the impact of potential
prognosticators affecting the 5-year OS and RFS. Tumor
grade, nodal disease volume, distant metastasis, and the
emergence of the primary tumor in subsequent course of
treatment or follow-up did not adversely affect survival. Only
p16 overexpression has been documented as the potential
factor improving 5-year RFS (HR¼6.180, p¼0.021)
(►Table 4). A LNR>0.05 has shown adverse outcome in
both OS and RFS (HR 1.725 and 1.720, respectively) when
compared with LNR<0.05.

Discussion

The prognostic value of p16 overexpression in head and neck
cancers has been well documented in the background of
HPV-driven oropharyngeal primary tumors presenting with
cervical metastasis.17,18 The recent AJCC 8th edition TNM
classification has demarcatedHPVmediated p16 positive (þ)

Table 2 Details of lymph node metastases and treatment
methods

Number of
patients (%)

Site of lymph node metastases

Left 20 (47.6%)

Right 22 (52.3%)

Bilateral

Level of lymph node metastases

Level I 9 (14.0%)

Only Level I 6

Level II 30 (46.9%)

Only level II 15

Level III 17 (26.6%)

Only level III 2

Level IV 3 (4.7%)

Only level IV 1

Level V 4 (6.3%)

Only level V 1

Level VI 1 (1.6%)

Only Level VI 1

TNM-Classification (AJCC)

N1 5 (11.9%)

N2a 9 (21.4%)

N2b 24 (57.1%)

N2c 1 (2.3%)

N3 3 (7.1%)

M0 42 (100.0%)

Histology

Squamous cell carcinoma 42 (100.0%)

p16 positive 24 (55.8%)

Grading 2 (4.7%)

G1 1 (2.3%)

G1–G2 12 (27.9%)

G2 6 (14.0%)

G2–G3 20 (46.5%)

G3 2 (4.7%)

Not stated 9 (21.4%)

Treatment modality

Lymph node extirpation (LnEX) 22 (51.2%)

Lymph node extirpation only 7 (16.3%)

Neck dissection (ND) 36 (83.7%)

Neck dissection only 21 (48.8%)

LnExþND 15 (34.9%)

Radiotherapy (RT) 42 (100.0%)

Ipsilateral 17 (40.4%)

Table 2 (Continued)

Number of
patients (%)

Bilateral 25 (58.1%)

Dose median ipsilateral 60.0

Dose median contralateral 52.0

Chemotherapy (CTX) 19 (44.2%)

Before RT (BCTX) 2 (10.5%)

CTX-RT 13 (68.4%)

After RT 3 (15.8%)

BCTXþCTX-RTþACTX 1 (5.3%)

Abbreviations: AJCC 8th Edition, American Joint Committee on Cancer,
N, lymph node status

Table 3 Outcome analysis

Number of
patients (%)

Outcome

Follow-up time (median, months) 47.00

5-year OS 67.4%

Time until death (median, months) 25.00

5-year RFS 71.4%

Relapse time (median, months) 10.00

Primary tumor 6 (14.0%)

Distant metastasis 3 (7.0%)

Abbreviations: OS, overall survival; RFS, recurrence-free survival.
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from non-HPV p16 negative (-) oropharyngeal carcinomas
for better prognostic categorization.19Despite the scarcity of
randomized controlled trials and prospective studies, multi-
ple prognostic factors have been identified from retrospec-
tive series, including HPV (p16 þ) oropharyngeal SCC,
patient’s age, nodal disease volume, extra nodal extension,
and p53 status.20–24 Advanced age, high nodal disease vol-
ume, p16 negativity, and macroscopic extra nodal extension
(� 2mm) are considered to be the predictors of poor
survival.20,21,25,26 The most common LNs harboring metas-
tasis in CUP usually reside at levels II (46.9%) and III (26.6%),
with the majority having N2 (79%) and N3 (7%) disease.
Previous studies have reported poor prognosis in the ad-
vanced nodal (N2b–N3) stage as compared to N1 and N2a
combined.21,27 Our results have shown no significant sur-
vival differencebetweenN1 andN2a and N2b andN3 disease
(77.1% vs 61.8%, p¼0.887).

Distant metastasis in CUP has been reported in approxi-
mately 5 to 40% of patients within the first 2 years of
treatment.28 All the patients in our study who developed
distant metastasis (7%) have depicted poor 5-year survival
outcome (p¼0.005).

The detection of p16 or HPV in cervical LNmetastasis helps
in localizing the primary tumor site in the oropharyngeal
region.29,30 Despite an extensive diagnostic work up, primary
tumor remains undetected in 2 to 9% of patients.31 Therefore,
we decided to evaluate the prognostic value of p16 immuno-
positivity in cervical LNs and other related clinicopathological
factors in our cohort of CUPpatients.Dixonet al. have reported
a controversial association between LN positivity of p16 and
survival outcome as predictor of OS. A recent study has
demonstrated age and LN ratio as significant risk factors for
survival and recurrence but failed to find a prognostic signifi-
cance of p16 positivity in metastatic LNs. Human papilloma-
virus or p16 positivity are documented as themost important
prognostic determinants in oropharyngeal and otherhead and
neck squamous cell carcinomas13,32,33]. Similarly, Cho et al.
have failed to determine a significant role of p16 in OS and
DFS.34 A recent analysis comprising 3 Radiation Therapy
Oncology Group trials has shown p16þ rate of 19.2% in non-
oropharyngeal primaries but could not find a convincing
relationship between p16 and HPV.35 Similarly, McDowell
et al. have found p16þ cervical LNs in 31% of cutaneous SCC
but could not establish significant clinical outcome.36

Table 4 Kaplan-Meier and Cox regression analyses

Kaplan-Meier analyses Cox regression analyses

% % univariate (OS) univariate (RFS)

5-yr OS p val.a 5-yr RFS p val.a HR p val.b 95% CI HR p val.b 95% CI

p16
(yes vs. no)

0.158 0.008 2.359 0.172 0.688�8.092 6.180 0.021 1.309�29.189

yes 77.9 86.6

no 55.1 53.6

N1�2a vs.
N2b�3

0.323 0.255 1.928 0.333 0.510�7.285 2.376 0.274 0.504�11.206

N1�2a 77.1 85.7

N2b�3 61.8 63.2

G1 vs. G2�3 0.887 0.916 1.093 0.887 0.319�3.746 1.077 0.917 0.268�4.324

G1�2 65.3 76.0

G3 67.1 73.7

DM
(no vs. yes)

0.005 0.668 5.427 0.013 1.429�20.612 1.564 0.674 0.195�12.540

no 74.3 72.3

yes 0.0 66.7

ND only vs.
LN only

0.470 0.107 0.472 0.483 0.058�3.842 .253 0.113 0.047�1.343

ND only 62.3 62.6

LN-Ex only 80.0 100

Smokers 0.456 0.863 1.650 0.462 0.435�6.259 1.126 0.864 0.289�4.382

no 76.9 76.6

yes 59.6 66.9

Abbreviations: CI, confidence interval; HR, hazard ratio; LN-Ex, lymph node extirpation; ND, neck dissection; OS, overall survival; RFS, recurrence-free
survival; val., value; yr, year.
aKaplan-Meier analyses
bUnivariate Cox regression analyses
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Age and LNR have been identified as potential factors
impacting survival outcome in head and neckcancer patients
with high LNR adversely affecting survival in oral cavity
tumors.37 In our study population, age has not seemed to
be a significant factor in terms of survival (p>0.05). On that
the contrary, LNR<0.05 has resulted in significantly
improved OS (58% vs 43%, p¼0.001) and RFS (63% vs 49%,
p¼0.008). In recent years, LNR has been attributed as an
integral component of risk stratification in breast, colon, and
gastric cancers. Similarly, an attempt has been made to
incorporate LNR in head and neck cancers as a predictor of
survival. Rudra et al. have emphasized the importance of LNR
using a cutoff value of 0.20 in HNSCC. Sano et al. have also
revealed a LNR>0.068 as an independent prognostic factor
for OS and PFS.38–43

Our cohort had more than 50% of patients who were
positive for p16 overexpression in LNs without true primary.
This seems to be an interesting subset of patients having p16
positivity with no identifiable primary or HPV association.
The results have shown improved 5-year OS and RFS in
patients who were tested positive for p16 (p¼0.008).
When subjected to Cox regression analysis, p16þ patients
in our series without an identifiable primary tumor have
depicted significantly improved RFS (p¼0.021). This finding
may unfold avenues regarding this small group of p16þ and
unidentifiable primary tumors depicting improved survival-
related outcomes.

There is a dire need to stratify the subset of LN metastatic
p16þ cases with unidentified primary. Furthermore, large
scale studies may be required to prove our study results and
provide an evidential statement about the prognostic signif-
icance of p16 overexpression in LNs of CUP.

Conclusions

Our study has suggested the prognostic significance of p16
overexpression in metastatic cervical LNs for true CUP. The
presence has resulted in significantly improved RFS. Future
large-scale studies are required for validation of our results.
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