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Objectives: We characterize functional outcomes in head and neck cancer of unknown primary
(CUP) based on primary site identification.

Methods: In this retrospective study, CUP cases were categorized as known primaries (KP)

if a tumor was localized after diagnostic workup or persisting unknown primaries (UP). Age,
sex, HPV status, diagnostic methods, and treatments regimens were collected. Pretreatment and
short-term posttreatment (3—6 months after completion of treatment) weights, PHQ-9, Eating
Assessment Tool (EAT-10), and Voice Handicap Index (VHI-10) scores were compared between
UP and KP.

Results: Among 67 CUP patients, 35 (52.2%) had identified primaries (91.4% oropharyngeal
and 8.6% nasopharyngeal). KP patients were younger (58 vs. 64, p= 0.04) and more likely to be
HPV-positive (88.6% vs. 50%, p = 0.002). Overall detection rates were 16.7% for PET/CT, 34.7%
for direct laryngoscopy, and 46.6% for transoral robotic oropharyngectomy. Diagnostic workup
was not significantly different between groups. Patients with KP received smaller intermediate
radiation dose volumes (436.5 vs. 278.9 cc, p=0.03) and lower doses to the cricopharyngeal
muscle (41.6 vs. 24.6 Gy, p = 0.03).Pretreatment weights, PHQ-9, EAT-10, and VVHI-10 scores did
not differ between groups. However, posttreatment, UP had greater relative weight loss (-14.1%
vs. —=7.6%, p=0.032), higher EAT-10 scores (12.5 vs. 3, p=0.004), and higher PHQ-9 scores

(6 vs. 1.4, p=0.017). Specifically, UP reported more stressful swallowing, difficulty swallowing
solids and pills, and swallowing affecting public eating.

Conclusion: KP patients experienced less weight loss, depression, and reduced swallowing
dysfunction, highlighting an early functional benefit of primary tumor identification likely driven
by reduced radiation treatment volumes.

Keywords

head and neck cancer management; human papillomavirus—HPV; oropharyngeal squamous cell
carcinoma (OPSCC); unknown primary head and neck squamous cell carcinoma

INTRODUCTION

Cancer of unknown primary (CUP) in the head and neck represents cervical squamous cell
carcinoma metastasis without identified primary tumor. Although CUP currently comprises
approximately 2-5% of all head and neck squamous cell carcinomas (HNSCCs), the
incidence of CUP is rising, primarily due to increased oropharyngeal HPV infection rates.!
In fact, HPV-related HNSCC rates have dramatically increased in the last 20 years, coupled
with the decreasing incidence of HPV-negative, tobacco-related HNSCC.2 HPV-associated
oropharyngeal SCCs can easily evade surface detection and present as CUP, often occurring
in the crypt epithelium of the palatine or lingual tonsils.3

As treatment decision-making for HNSCC centers on primary tumor origin, CUP presents

a significant therapeutic challenge. Consequently, an extensive diagnostic workup is often
pursued to identify a primary site. Initial diagnostic workup can include biopsy and imaging,
with neck CT scan followed by a PET/CT scan.! Although PET/CT has success as a first-
line primary detection tool, it is limited in detecting small primary, oropharyngeal tumors.:
Patients may also undergo examination of mucosa under anesthesia with direct laryngoscopy
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(DL) with biopsy and/or palatine tonsillectomy.> A more extensive surgical search for the
unknown primary involves transoral robotic surgery (TORS), an increasingly utilized tool
that can provide superior oropharyngeal visualization, with reported detection rates as high
as 80%.14 Management for CUP is often comprised of either a neck dissection followed
by pathology-guided adjuvant radiotherapy with or without chemotherapy or nonoperative
management with definitive chemoradiation.*

Within clinical practice, primary detection rates are reportedly as low as 50%.%:6
Appropriate treatment seeks to maximize the odds of treating the occult primary site

while minimizing unnecessary side effects. Although dysphagia is a well-established
adverse effect after chemoradiation among HNSCC patients, limited data address whether
swallowing dysfunction is compounded in CUP patients given the extensive mucosal
irradiation patients undergo.”-8 In randomized clinical trials oropharyngeal squamous cell
carcinoma (OPSCC) patients treated with primary radiation or primary surgery with TORS,
there were not clinically significant differences in self-reported swallowing function after
treatment.® However, greater adverse events were more experiences by patients treated with
primary radiation, including hearing loss, tinnitus, alopecia, vomiting, and mucositis.? Given
the significant adverse effects experienced by OPSCC patients treated with targeted mucosal
radiation, we hypothesized that posttreatment functional outcomes would be significantly
worse among CUP patients, as they are more likely to undergo larger volume radiation
therapy encompassing the pharyngeal axis at risk in persistently unknown primaries. In

this retrospective series, we characterize and compare functional outcomes before and after
treatment among CUP patients based on whether a primary site was identified.

METHODS

We conducted an Institutional Review Board-approved (Protocol #801098) retrospective
review of patient records from 1/1/2016 to 12/31/2021 at the University of California,

San Diego. Patients diagnosed with following International Classification of Diseases, 10th
Revision codes were queried: C79.89, R22.1, C77.0, R13.10, C76.0, C80.1, K14.8, C09.9,
and C02.9. Patients presenting to our institution with CUP, defined as biopsy-confirmed
metastatic squamous cell carcinoma of the neck with an undetectable primary site upon
physical exam, were included and those with suspected cutaneous primaries were excluded.

CUP cases were categorized as known primaries (KP) if the primary tumor was localized
post-diagnostic workup or persisting unknown primaries (UP) if no primary was identified
post-diagnostic workup. Age, sex, smoking status, tumor HPV-p16 status, diagnostic
workup procedures, and TNM tumor stage using American Joint Committee on Cancer
(AJCC) 7th and 8th editions were collected. Treatment characteristics, including receipt of
chemotherapy, radiation, and/or a neck dissection; and treatment dates were also collected.
Radiotherapy was further characterized with radiation doses and volumes; specifically, the
intermediate-dose planning treatment volume, representing the volume in cubic centimeters
(cc) treated with a dose of 60-63 Gy, and mean radiation doses (Gy) administered to the
cricopharyngeal muscle, larynx, and oral cavity, was collected.
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Functional outcomes of weight, depression, swallowing function, and voice function were
collected for each patient at pre- and posttreatment time points. Pretreatment was defined
as the period before the initiation of any therapy. The short-term posttreatment period

was defined as 3 to 6 months after the completion of the last cancer treatment. For each
metric, the most recent documentation before treatment was considered the baseline value.
All documentation of each metric in the posttreatment period was collected; if there was
more than one data point within the posttreatment period, the median was computed and
considered the posttreatment value.

Weight was measured as relative percent weight change between each patient’s baseline
weight and median posttreatment weight. Depression was measured by patient-reported
scores on the Patient Health Questionnaire (PHQ-9) assessment. Patient-reported measures
of swallowing function, assessed by the Eating Assessment Tool (EAT-10) questionnaire,
and voice function, assessed by the Voice Handicap Index (VHI-10) questionnaire, were
collected from speech-language pathology documentation. The EAT-10 and VHI-10 asked
patients to rate 10 metrics of swallowing and voice dysfunction, respectively, from 0 to

4. The maximum EAT-10 or VHI-10 score of 40 represent patients’ perception of severe
dysfunction. All patient data collected from medical records were stored in a password
encrypted file.

Statistical Analysis

RESULTS

All analyses were performed using R statistical software (version 4.1.3). Differences in
characteristics were assessed with the Student’s t-test, Wilcoxon rank sum test, and Chi-
squared test. Median pretreatment relative percent weight changes, PHQ-9 scores, EAT-10
scores, and VVHI-10 scores were compared between UP and KP using the Wilcoxon rank
sum test. Additionally, median intermediate-dose planning treatment volumes and doses
administered to the cricopharyngeus, larynx, and oral cavity were compared between UP
and KP using Wilcoxon rank sum tests. This analysis was repeated for posttreatment values.
Predictive factors of primary detection were assessed with multivariable logistic regression
models and presented as an odds ratios (OR) [95% confidence interval].

Patient Characteristics

A total of 67 patients met inclusion criteria (Fig. 1). The primary site was detected in 35
(52.2%) patients. KP patients were younger (58 vs. 64, p=0.043) and more likely to be
HPV-positive (88.6% vs. 50%, p= 0.002) (Table I). Smoking history was not significantly
different between KP and UP. Clinical N and M stages did not differ between UP and KP
in both AJCC editions. In a multivariable regression model assessing predictors of primary
tumor detection, HPV-positive tumor status was associated with increased detection (OR =
7.3 [2.00-15.42], p=0.005).

Proportions of patients receiving each treatment modality and combination were not
significantly different between groups (o> 0.9) (Table ). Additionally, total radiation
doses were similar between KP and UP (70 Gy vs. 70 Gy, p= 0.69) (Table 11A).
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However, the median volume receiving the intermediate-dose planning treatment (60-63
Gy) was significantly higher in UP than KP (436.5 cc vs. 278.9 cc, p=0.03) (Table 11A).
Furthermore, UP had a significantly higher median dose to the cricopharyngeal muscle (41.6
Gy vs. 24.6 Gy, p=0.025) compared with KP. Mean doses to the larynx and oral cavity
were not significantly higher in the UP population. Radiation doses and volumes did not
significantly differ by HPV-status (Table 11B).

Primary Tumor Detection

Weight

Among KP patients, 32 (94.3%) primary tumors were located in the oropharynx and 3
(8.6%) in the nasopharynx. Within the oropharynx, most primaries were found in the
tonsil (37.1%) and base of tongue (42.9%). Other subsites of the oropharynx with detected
primaries included the soft palate (2.9%), vallecula (2.9%), and glossotonsillar sulcus
(5.7%).

A total of 11 (31.4%) KP were found by PET/CT, 17 (48.6%) by DL with biopsy, and

7 (20%) by TORS (Table 111). Overall primary detection success rates were 16.7% for
PET/CT, 34.7% for DL with biopsy, and 46.6% for transoral robotic oropharyngectomy.
Differences in diagnostic methods used between KP and UP were insignificant (o = 0.86).

The primary tumor was detected in 66% of HPV-positive patients and in 20% of HPV-
negative patients (o = 0.004). Among HPV-positive patients, overall primary detection
rates were 19.1% for PET/CT, 41.7% for DL with biopsy, and 58.8% for TORS. Among
HPV-negative patients, primary detection rates were 14.2% for PET/CT, 10% for DL with
biopsy, and 0% for TORS.

Pre- and posttreatment weights understood impact of swallowing dysfunction during
treatment. Both groups had similar pretreatment weights (p = 0.57) (Table V). However,
UP patients experienced a greater relative weight loss between baseline and posttreatment
weights (-14.1% vs. =7.6%, p = 0.032) compared with KP. In HPV-positive patients,
median relative weight loss was greater in UP patients (-15.1% vs —7.6%, p = 0.004). No
significant difference in median relative weight loss was seen between the two groups in the
HPV-negative cohort.

Depression PHQ-9 Scores

Depression was measured in both patient cohorts using PHQ-9 scores. Before treatment, UP
reported a higher, albeit non-significant, baseline PHQ-9 score than KP (p=0.10) (Table
V). Notably, UP patients had an increase in PHQ-9 scores after treatment, whereas PHQ-9
scores did not increase for KP patients post-treatment. UP had a significantly greater median
PHQ-9 score posttreatment compared with KP patients (6 vs. 1.4, p=0.017). Similarly in
HPV-positive patients, median PHQ-9 score posttreatment was higher in the UP group. In
the HPV-negative cohort, there was no difference between the groups.
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Swallowing Outcomes

Functional swallowing changes were assessed with EAT-10 scores. All median pretreatment
EAT-10 scores were similar between groups (Table VI). Overall, UP reported worse
swallowing functionality posttreatment compared with KP patients (EAT-10 12.5vs. 3, p=
0.004). In the HPV-positive cohort, the median posttreatment EAT-10 score was significantly
higher in the UP group (9 vs. 3.5, p=0.038). In the HPV-negative cohort, no comparative
data were available. After analyzing patients’ answers to symptom-specific items on the
posttreatment EAT-10, UP patients reported significantly higher median scores on stressful
swallowing (2 vs. 0, p=0.01), difficulty swallowing solids (2 vs. 0, p=0.014), difficulty
swallowing pills (1.5 vs. 0, p=0.041), and swallowing interfering with public eating (1.5 vs.
0, p=0.019) than KP.

Voice Outcomes

VHI-10 scores were used to evaluate changes in voice function. Median overall VHI-10
scores were not significantly different between KP and UP patients either pre- or
posttreatment (Table Sl). Analyzing patients’ symptom-specific scoring, the measure for
increased strain in producing voice was significantly higher after treatment in the UP group
compared with that in the KP group (3.5 vs. 0, p= 0.036). In addition, a significantly

higher median posttreatment score among UP for unpredictable voice clarity (o= 0.05) was
seen. In the HPV-positive cohort, the measure for increased strain in producing voice was
significantly higher after treatment in the UP group compared with that in the KP group (3.5
vs. 0, p=0.02). Data were insufficient in the HPV-negative cohort for pre- and posttreatment
comparison.

DISCUSSION

Focusing treatment for CUP cases is challenging, often making aggressive treatment
regimens the default to treat all potential primary sites. Primary tumor identification

can de-intensify treatment by providing precise targets and subsequently minimizing the
irradiated volume. However, the functional impact of primary tumor localization is not
well characterized. In this analysis, 52.2% of CUP patients had a primary eventually
localized, largely in the oropharynx, which parallels previously reported primary detection
rates.>:6 Based on the metrics of weight change, depression, and swallowing function, UP
patients experienced poorer functional outcomes posttreatment compared with KP patients,
suggesting a significant functional benefit of primary tumor identification.

To our knowledge, we are the first to report functional benefits of primary tumor
identification in CUP. Pretreatment values for weight, depression, EAT-10, and VHI-10
metrics were similar between the two groups, making posttreatment comparisons
meaningful. Although not statistically significant, UP patients had higher pretreatment
PHQ-9, EAT-10, and VHI-10 scores. The underlying etiology for this pattern is unclear but
could be attributed to the greater proportion of older and HPV-negative patients in the UP
compared with KP. Notably, UP had a higher relative weight loss after treatment compared
with KP. Many of these findings were validated in HPV-positive patients, but analysis in
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HPV-negative patients was limited due to a small sample size of identified HPV-negative
primaries in our cohort.

Weight serves as an objective reflection of a patient’s swallowing and overall function; one
study demonstrated that in head and neck cancer patients, critical weight loss was a strong
negative predictor of disease-specific survival.10:11 Similarly, depression scores measured by
the PHQ-9 were significantly higher after treatment in UP. Importantly, depression has been
reported as a predictor of overall 2-year mortality and poor treatment outcomes.12

Our analysis further revealed worse self-reported swallowing function based on EAT-10
scores after treatment in UP patients. There is evidence that increasing EAT-10 scores
correlate linearly with risk of aspiration, and patients with EAT-10 scores >15 have

twice as high of a risk of aspiration as those with EAT-10 scores <15.13 Posttreatment
EAT-10 scores in UP patients was 12.5, approaching this threshold. UP patients specifically
reported higher posttreatment scores of stressful swallowing, difficulty swallowing solids,
difficulty swallowing pills, and swallowing dysfunction affecting public eating. Preservation
of swallowing function has been established as a priority in HNSCC treatment given the
devastating effects of dysphagia.l4

With regard to voice, VHI scores did not differ between groups. Differences in specific
metrics of voice strain and unpredictability in voice clarity differed, but the clinical
relevance of this is unclear. These outcomes may be impacted by the inclusion of the larynx
in radiation field, although radiation doses to the larynx were not significant different.

HPV or p16 positivity in nodal sites is a well-known predictor of oropharyngeal origin.1®
Among all patients with initial CUP presentation, 70.1% were p16-positive. Further, close to
90% of KP patients in our cohort were p16-positive. HPV status was a significant predictor
of primary detection (OR = 7.3 [2.00-15.42], p=0.005). Ryan et al. also report a higher
cumulative primary tumor identification rate among HPV-positive patients (65%) compared
with HPV-negative (26%) patients after TORS lingual tonsillectomy.® Additionally, 90% of
localized primary tumors in our study were identified in the oropharynx. These patterns

are expected—as HPV positivity in CUP is strongly predictive of oropharyngeal origin,
specifically the tonsil and base of tongue.6

Traditionally, CUP cases have been treated with aggressive radiotherapy to the entire
pharyngeal axis to increase the odds of radiating the occult tumor. In the context of these
differential functional outcomes between UP and KP, we found that KP patients had smaller
intermediate dose radiation planning treating volumes, which directly relates to the degree
of irradiation of the pharyngeal axis (Fig. 2). In our cohort, the vast majority of KP were
eventually localized to the oropharynx. This cumulatively led to a signficiant decrease in the
dose to the cricopharyngeal muscle, which is a known predictor for dysphagia.l” Currently,
a variety of specific dose constraints exist for mean dose to the cricopharyngeal muscle

and upper esophageal sphincter complex, ranging from <50 to 60 Gy to reduce the risk of
dysphagial8; in our practice, we aim to limit the mean dose to <45 Gy. Given that patients
with KP had a mean cricopharyngeal dose of 24.6 Gy versus 46.7 Gy in UP, it is likely that
this is a strong driver of the differential swallowing outcomes.
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Other studies report that primary identification among CUP patients informed treatment
de-intensification which could lead to improved functional outcomes.#19:20 For instance,
Patel et al. report that primary identification rates were improved by TORS, and patients
with TORS-identified tumors had de-escalated treatment regimens, including primary
management with surgery.19 Similarly, Durmus et al. report that primary site detection
informed the overall de-intensification of treatment through reduction in the radiation dose
to the entire upper aerodigestive tract and reduction in chemotherapy administration.2% The
morbidity associated with large volume and high dose radiation is well established; several
studies report high rates of xerostomia, feeding tube dependence, new opioid requirements,
and dysphagia following aggressive radiation therapy to the head and neck.?!

This study underscores the need to improve functional outcomes among patients with
persisting unknown primaries through advances in diagnostic workup and treatment.
Although TORS had the highest primary detection yield in our study, it was only used

to work up 25% of UP patients in our cohort. A future challenge is to increase the

access to TORS in the diagnostic workup of all UP patients with negative imaging or

DL. Regarding treatment, studies show that pharyngeal-sparing radiotherapy among CUP
patients who underwent TORS oropharyngeal resection was associated with significantly
lower mean weight loss, feeding tube placement, and unplanned hospitalizations during
radiation treatment.22 Similarly, a recent clinical trial demonstrated that treatment sparing of
the superior, middle, and inferior pharyngeal constrictor muscles from high-dose radiation
had better self-reported swallow function.23 However, these strategies are not yet standard of
care. Lastly, an HPV-positive status among patients with persisting unknown primaries can
inform treatment de-intensification. Trials for treatment de-escalation based on HPV status
are currently underway, especially given data from recent ECOG 3311, but no consensus
exists on factoring in HPV status into de-escalation.24:25

The main limitations of this study include its retrospective nature, limiting our ability

to infer causation between primary identification and functional outcomes. Additionally,
our short-term posttreatment period was defined as 3—6 months after the completion of
treatment, which is still within the time period where treatment effects are severe.26
Further, the retrospective review introduces potential selection bias in which patients
underwent functional assessments. Small sample size also limited ability to perform
multivariate analyses, which could control for confounding from observed differences
between KP and UP groups. Furthermore, due to lack of data we were not able to include
more comprehensive functional outcome measures such as the MD Anderson Dysphagia
Inventory (MDADI) and video swallow data. Although this study serves as strong,
preliminary evidence for functional benefits associated with primary tumor identification,
future prospective studies with larger cohorts are needed to assess long-term functional
outcomes and complement our findings of decreased weight loss, improved swallowing
function, and lower depression rates in patients with identified primary tumors.

CONCLUSIONS

In this retrospective analysis of CUP cases, 52.2% of the patients had a primary localized
after diagnostic workup. Patients without an identified primary tumor were more likely to
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be older and HPV-negative. Post-treatment, UP patients experienced greater weight loss,
depression, and swallowing dysfunction. These data highlight a functional benefit associated
with primary tumor identification in CUP.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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N = 1,901 patients; diagnosed with

ICD10 codes C79.89, R22.1, C77.0,

R13.10, C76.0, C80.1, K14.8, C09.9,
C02.9, and IMO0002

N = 640 omitted; not squamous cell
carcinoma

N =96 omitted; known primary tumor
in the head and neck

N = 1,103 omitted; primary tumor not
in the head and neck

[ N = 71; CUP cases in head and neck ]

7

N = 3 omitted; diagnosed as
cutaneous primary tumors after
diagnostic workup

~\

N = 1 omitted; diagnosed as a
salivary gland tumor after diagnostic
workup

[ N=67 (main cohort)

Fig. 1.
Final cohort selection process.
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|:| Oropharynx

|:| Nasopharynx )
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[ ] Hypopharynx ) : Persistent Unknown Primary

Fig. 2.
Differences in pharyngeal axis irradiation based on primary detection status.
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Demographic and Clinical Characteristics Compared By Primary Detection Status.

TABLE I.

Known Unknown
Primary Primary
(KP) (UP)
N 35 32 p Value
Age (vears)? 58[42-83] 64[42-91]  0.04
Gender? 0.82
Female 9(25.8%) 9 (28.1%)
Male 26 (74.2%) 23 (72%)
HPV p16 positive! 31(88.6%) 16 (50%)  0.002
Smoking status? 0.18
Current 8(22.8%)  6(18.8%)
Former 7 (20%) 13 (40.6%)
Never 20 (57.1%) 13 (40.6%)
Clinical TNM AJCC &h edition stage T categoryb <0.001
TO 29(91%) 32 (100%)
T1 2 (6.3%) 0 (0%)
T2 1(3.1%) 0 (0%)
T3 0 (0%) 0 (0%)
N categoryb 06
NO 0 (0%) 0 (0%)
N1 16 (46%) 21 (60%)
N2 11 (34%) 10 (29%)
N3 5 (16%) 4 (11%)
M category? >0.9
MO 31 (97%) 33 (94%)
M1+ 1(3.1%) 2 (5.7%)
Treatment ? 0.66
Chemotherapy monotherapy 2 (5.7%) 0 (0%)
Radiation monotherapy 4 (11.4%) 2 (6.3%)
Neck dissection monotherapy 1(2.9%) 2 (6.3%)
Chemotherapy + radiation 19 (54.3%) 19 (59.4%)
Chemotherapy + neck dissection 1(2.9%) 0 (0%)
Radiation + neck dissection 4 (11.4%) 3(9.4%)
Chemotherapy + radiation + neck dissection 4 (11.4%)  6(18.8%)

a. oo .
Median [interquartile range].

b o).
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