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Abstract

Background: Optimal imaging utilization for staging of oropharynx cancer is not well defined.

Methods: The linked Surveillance, Epidemiology, and End Results (SEER)–Medicare database 

between 2006 and 2011 was used to compare patient characteristics and hospital region by initial 

imaging modality used for patients with oropharynx cancer. The primary outcome was 3-year 

cancer specific survival (CSS). Cox proportional hazard models adjusted for imaging, age, sex, 

region, education, race, cancer stage, and treatment, which were examined in by backward 

elimination. We also explored how initial imaging use varied by patient characteristics and 

hospital region.

Results: One thousand seven hundred and sixty-five patients underwent initial diagnostic 

imaging (n = 1,765). Of those, 11.4% (n=202) received CT alone as their initial imaging modality, 

5.2% (n=91) underwent MRIs without PET imaging, and 83.3% (n=1,472) of patients’ initial 

imaging included a PET exam. Overall three-year CSS for the entire population was 63.7%. In the 
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adjusted survival models compared by intial imaging modality, patients who underwent a PET 

exam had higher survival than CT alone or MRI, respectively (hazard ratio [HR] 1.337; 95% CI 

1.001–1.785; P =0.0491) (HR 1.748; 95% CI 1.2–2.545; P = 0.0036).

Conclusions: Among patients with oropharyngeal cancer, initial staging with PET imaging was 

associated with improved three-year CSS compared to initial staging with MRI or CT.

Precis:

SEER-Medicare analysis demonstrates an association between initial staging with PET and 

improved cancer specific survival for patients with cancer of the oropharynx, as compared to MRI-

alone initial staging.
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Introduction:

In 2017 there were 17,000 new cases of oropharynx cancer OPSCC and over 3,000 deaths 

from the disease.1 Therapy for OPSCC oropharyngeal squamous cell carcinoma (OPSCC) 

typically consists of either resection followed by adjuvant radiation with or without 

chemotherapy or definitive radiation therapy with or without concurrent chemotherapy 

depending on the stage. However, initial imaging workup to define disease stage is not as 

well defined. Current guidelines by the National Comprehensive Cancer Network (NCCN) 

suggest work-up of OPSCC include computerized tomography (CT) with contrast “and/or” 

magnetic resonance imaging (MRI) with contrast of the neck, however Fludeoxyglucose F 

18 positron emission tomography (PET)/CT (PET) is to be utilized ‘as clinically indicated’.2

In 1995, Laubenbacher et al. were one of the first to suggest a role for PET in detection of 

occult head and neck squamous cell carcinomas.3 While there have been many follow-up 

studies demonstrating the higher sensitivity and accuracy of PET over CT/MRI imaging to 

identify sites of involvement by head and neck cancer both at initial staging and during 

surveillance, the impact on survival has not been established.4–8

To date there have been no prospective randomized controlled trials to evaluate the different 

imaging modalities at initial staging on cancer specific survival (CSS). A population-based 

data source such as the Surveillance, Epidemiology, and End Results (SEER)–Medicare 

database provides an excellent opportunity for comparing the impact of imaging modality 

differences on OPSCC patient survival. We hypothesize that given the higher sensitivity and 

accuracy of PET imaging, its utilization will be associated with a higher CSS in patients 

with OPSCC.

Patients and Methods:

Data source:

The analysis was done using the linked SEER-Medicare dataset. The SEER program collects 

information from population based cancer registries that cover approximately 28% of the US 
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population.9 The SEER data provides patient specific demographics, tumor characteristics, 

treatment, overall survival (OS) and CSS. By linking the registry data to Medicare claims, 

dates of service, payments, procedures and diagnosis codes can also be captured. Diagnoses 

and procedures are reported with International Classification of Diseases, Ninth Revision, 

Clinical Modification codes, Current Procedural Terminology (CPT) codes, and the 

Healthcare Common Procedure Coding System (HCPCS). The database also contains census 

tract–level socioeconomic measures obtained via the linkage of the patient’s address to 

census data.

Sample Selection:

The study protocol was approved by the University of Colorado Cancer Center institutional 

review board. The study sample was comprised of patients with cancer of the oropharynx 

who received at least one of the three imaging modalities of interest at diagnosis.

Figure 1 demonstrates that we identified 3,467 patients age 66 and older whose first and 

only tumor was OPSCC (ICD-O-3 topographic codes C01.9, C02.4, C05.2, C09.X, and 

C10.X excluding C10.4) diagnosed from 2006 to 2011. Given changes in therapeutic options 

at the time, 2006 was chosen as our starting point, with the plan to examine a 5 year period. 

Our analysis included all stages, with stage analysis based on American Joint Committee on 

Cancer TNM categories. Patients who were diagnosed by autopsy, had unknown diagnosis 

dates, or survived less than two months were excluded (N = 324). The two month survival 

exclusion was intentionally selected, given the poor survival outcome associated with 

OPSCC, if we had selected a longer time period our sample may have been biased with a 

healthier population. To ensure complete claims history, we only included patients 

continuously enrolled in fee-for-service Medicare Parts A and B for 12 months before and 

12 months after the month of diagnosis (or until death if it occurred within 12 months) (N = 

1,919). In addition, patients with no paid claims during the 12-month observation period 

were excluded (N = 32), leaving 1,887 patients for whom we had complete claims data.

Lastly, we required that patients had undergone imaging within the diagnosis period (defined 

below). This resulted in a study sample of 1,765 patients (Figure 1). Patients with unknown 

stage at diagnosis were excluded from survival analyses (N = 252).

Outcomes:

An initial analysis was conducted to identify patient characteristics (demographics and 

comorbidities) associated with utilization of PET imaging for staging of newly diagnosed 

OPSCC. The diagnostic period was defined as three months prior to diagnosis through the 

earlier of two possible end points: two months after the month of diagnosis, or 30 days after 

the initiation of therapy. Imaging procedures of interest were identified using HCPCS and 

CPT codes, and included CT of the face or neck, MRI of the neck, and PET (site not 

specified). Based on the imaging utilization in the diagnostic period, patients were sorted 

into three groups, Any PET imaging, MRI utilization without PET, or CT alone.

For survival analysis, we limited the sample to patients with known stage (N = 1,513) and 

evaluated CSS and OS, truncated at three years. CSS was determined using SEER dates of 

death, which are reported through December 2011 and include cause of death. OS analysis 
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was performed using Medicare-reported dates of death, which extended through December 

2013. Survival time was measured from the month of diagnosis through death, disenrollment 

from Medicare, or the end of the respective reporting period. Patients with less than three 

years of follow-up time were censored if they did not experience the event. Patients 

surviving more than three years were censored at 36 months.

Total spending for diagnostic imaging was evaluated and defined as the sum of Medicare 

payments, patient deductibles and copays, as well as payments made by any other primary 

payers as reported on the Medicare claims. We included claims from the Medicare Provider 

Analysis and Review, Outpatient, National Claims History Physician/Supplier, Durable 

Medical Equipment, Home Health, and Hospice files.

Covariates:

In all multivariate analyses, we adjusted for year of diagnosis, patient sex, age at diagnosis, 

race/ethnicity, marital status, SEER registry geographic region, population density 

(metropolitan vs. non-metropolitan), census tract percent below poverty, census tract-level 

education, and whether the patient visited a teaching hospital. We used Medicare claims 

from the year before diagnosis to calculate the Charlson Comorbidity Index values 

according to the National Cancer Institute’s adaptation of the algorithm described by 

Klabunde et al.10 In survival analyses, we also controlled for AJCC 6th edition stage group, 

and treatment initiated within six months of diagnosis, including chemotherapy, radiation 

therapy, and surgery.

Statistical Analysis:

Imaging modality: Chi-square tests were used to assess univariate associations between 

categorical variables and imaging modalities at diagnosis. Multivariate polytomous logistic 

regression models were used to assess the association between patient characteristics and the 

receipt of different types of imaging.

Survival: Univariate survival analysis was performed using the Kaplan-Meier to obtain 

survival estimates, and using unadjusted Cox proportional hazards models to estimate hazard 

ratios (HRs). Multivariate survival analysis was performed using Cox proportional hazards 

regression analysis to estimate adjusted HRs for three-year CSS and OS. The final 

multivariate models were selected using backward elimination to remove covariates not 

reaching the p<.05 significance level. The proportional hazards assumption was validated 

using Schoenfeld residuals. All statistical analyses were performed with SAS 9.4 (SAS 

Institute, Cary NC) and evaluated at a significance level of p < .05.

Results:

Population Characteristics:

Table 1 reports the sample characteristics. The median follow-up of continuous Medicare 

FFS coverage was 32 months. Of the 1,765 patients with any imaging during the diagnosis 

period, 202 (11%) received only CT imaging prior to therapy, 1,472 (83%) were staged with 

PET and 91 (5%) received an MRI with or without CT imaging, but no PET imaging.
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Imaging Utilization:

Multivariate logistic regression analysis found that females were significantly more likely to 

receive an MRI (OR 2.534; 95% CI 1.600–4.013; P = <0.001) or CT alone (OR 1.554; 95% 

CI 1.115–2.165; P = 0.0093), than PET based staging at diagnosis. The east, midwest or 

south regions were much more likely to get a MRI without a PET, as compared to the 

western United States, which often obtained both (East - OR 0.282; 95% CI 0.139–0.569; P 
= 0.0004) (Midwest - OR 0.222; 95% CI 0.077–0.644; P = 0.0056) (South - OR 0.306; 95% 

CI 0.165–0.567; P = 0.002). Patients in census tracts with lower levels of education were 

found to undergo MRI staging without PET at a higher rate (OR 1.919; 95% CI 1.139–

3.232; P = 0.0143). The non-married/partnered patients were found to have a higher rate of 

CT alone imaging as compared to PET (OR 1.584; 95% CI 1.154–2.174; P = 0.0044).

Survival Outcomes:

Multivariate analysis, controlling for stage and treatment, of CSS with Cox proportional 

hazards model found patients who had been staged with PET imaging did significantly 

better than patients with MRI or CT. The CT alone patients had a hazard ratio (HR) of 1.337 

(95% CI 1.001–1.785; P =0.0491), while the MRI patients had a HR of 1.748 (95% CI 1.2–

2.545; P = 0.0036). Additional predictors of decreased CSS in our analysis included patient 

age (75 and older compared to 66 to 69) (HR, 1.92; 95% CI 1.494–2.476; P = <0.0001), 

female gender (HR, 1.66; 95% CI 1.345–2.049; P = <0.0001), and Charlson Comorbidity 

Index Score of 2 or more (HR, 1.587; 95% CI 1.262–1.994; P = 0.0001). While non-married 

patients were less likely to undergo PET imaging, they did not have a significantly worse 

CSS (HR, 1.187; 95% CI 0.964–1.462; P = 0.1063). Patients within census tracts with an 

increased percentage of residents having high school level education or less, trended toward 

poorer outcomes (HR, 1.253; 95% CI 0.997–1.575; P = 0.0532). In addition, as expected, 

more advanced staged OPSCC patients had poorer CSS. While it was not statistically 

significant, the western region did have the highest CSS of the four regions at 3 years 

(67.3%).

The 3 year OS was better for the patients who received a PET exam (56.8%; 95% CI 54.0–

59.6%), followed by patients who had a MRI without PET imaging (50.1%; 95% CI 38.4–

60.75%), with the lowest survival percentage being the patients who were only imaged with 

CT alone (47.3% 95% CI 39.5–54.6%). The Cox proportional hazards model for OS, which 

includes treatment variables, was not significant with the CT alone patients having a HR of 

1.213 (95% CI 0.955–1.542; P = 0.114) or the MRI imaged patients HR 1.365 (95% CI 

0.977–1.908; P= 0.0683). As expected patients 75 years and older had poorer OS (HR 1.951; 

95% CI 1.602–2.377; P = <0.0001). Female (HR 1.229; 95% CI 1.025–1.473; P = 0.0259), 

non-married patients (HR 1.325; 95% CI 1.127–1.557; P = 0.0006) and patients from census 

tracts with lower levels of education (HR 1.328; 95% CI 1.136–1.552; P = 0.0004) also 

showed a significantly lower OS. In addition, patients with a higher Charlson Comorbidity 

Score and advanced staged disease all had poorer OS.
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Discussion:

The therapy of head and neck carcinomas is an interdisciplinary challenge. Correct staging 

gives important information on the extent of the tumor, lymph node status, and distant 

metastasis.11 The therapy based on such results has a significant impact on management, 

prognosis, and long term morbidity. Radiographic imaging plays a significant role in the 

initial staging and therapeutic management planning for untreated head and neck squamous 

cell cancer. Several imaging modalities are recommended as part of the initial evaluation of 

head and neck tumors, including MRI, CT, or PET scan. Current guidelines from the NCCN 

suggest that patients with OPSCC should be imaged with, “CT with contrast and/or MRI 

with contrast of the neck,” with PET being recommended, “as clinically indicated”.2

Our study is one of the most comprehensive population based studies to directly evaluate 

how the modality of imaging used for initial staging impacts CSS. Our findings demonstrate 

that patients whose initial staging includes a PET have longer CSS than those imaged with 

either MRI or CT alone. While prior single center studies have shown no diagnostic 

performance difference in local staging of oral and oropharyngeal cancer when comparing 

different imaging modalities, these studies did not evaluate survival.12–14 Our study 

demonstrates a significant difference in CSS based on initial imaging. These findings are 

consistent with a prior study which reported that PET can improve staging of head and neck 

cancers, particularly as it relates to radiation therapy planning.15

There are multiple explanations for the improved survival outcomes with the use of PET 

over CT or MRI based staging in oropharyngeal cancers. Various authors have studied the 

optimal imaging modality to be used for staging before locoregional treatment. MRI has 

been reported to have a sensitivity and specificity of 36% and 94% respectively16 while the 

corresponding values for PET-CT scans have been reported to be 79 and 86% at initial 

staging.16–18 This idea is again supported by a prior study of patients with head and neck 

cancer from an unknown primary in which PET found unrecognized disease in 27% more 

patients, when compared to CT and MRI.19 In a disease where the pattern of spread tends to 

be lymphatic, for both CT and MRI, which provides structural information at a high spatial 

resolution,20 suspicion for nodal disease is often based on size, which does not necessarily 

reflect the physiological activity within. One study comparing individual patients’ PET, 

CT/MRI and surgical results and found PET had a sensitivity 9% higher than CT/MRI for 

disease detection.21 Since nodal status significantly impacts survival, accurate staging is 

important for appropriate therapy.22 The inclusion of nodal disease within a radiation 

treatment field may mean the difference in a complete response and disease recurrence. It is 

this improved detection and associated treatment, which we believe results in the improved 

CSS.

Patients who underwent CT alone initially had a significantly lower CSS. The trend towards 

improved CSS in favor of PET continued on MVA after controlling for treatment. While it is 

clear patients who are only imaged by CT alone have a poorer survival, even after 

controlling for stage and demographics, the true impact may be how PET changes therapy. 

Our findings show PET is associated with a higher likelihood of chemo and radiation 

therapy. This has become increasingly important in the era where the vision is shifting 
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towards treatment deintensification with consideration for elimination of elective nodal 

coverage.23 Many head and neck cancer patients are treated with definitive radiation and 

sensitive tools that allow for detection of nodal disease becomes critical to prevent marginal 

misses.

Females and non-married patients all received a statistically significant lower rate of PET 

imaging. One important question this study raises, is why females are significantly less 

likely to receive a PET at diagnosis. Men are known to utilize healthcare less compared to 

women, prior to a cancer diagnosis, however following a diagnosis of cancer their utilization 

increases to equal that of women.24 Prior studies have found women are less likely to 

undergo imaging during presentation of bladder cancer.25 This is in contrast to a larger study 

which found men were more likely to not undergo staging, as compared to women.26 Our 

study found women from all sites were more likely to have an MRI or CT than a PET exam, 

which given the impact on CSS may result in a gender survival disparity. A prior matched-

pair study evaluating survival disparities between men and women with head and neck 

cancer found no advantages for women as compared to men, but did not evaluate imaging 

utilization.27 Given the prior research in combination with our study, further assessment for 

the role of imaging utilization on gender outcome differences should be assessed. In 

addition, non-married patients, both men and women, have been shown to be diagnosed with 

more advanced cancers and have poorer outcomes.28–30 A prior SEER based study 

examining multiple cancers found married patients were more likely to undergo staging, 

even after controlling for age, sex and race. There are multiple theories for why this 

difference exists: disease detected at earlier stage, high socioeconomic status, or better social 

support; while the reason is still unknown, it is a factor physicians need to consider when 

counseling their patients.

Our study also demonstrates significant PET utilization differences across the country, with 

the western region utilizing both PET and MRI at higher rate than the east, midwest or 

south. A prior city based imaging utilization analysis which found the highest utilization of 

PET in the south, Atlanta, and the lowest in the west, Seattle.31 However, it does fit the 

increased utilization the western region has shown on multiple prior SEER based studies.
32–34 This difference in utilization did not result in significant OS or CSS differences 

between the regions, though the west did have the highest CSS of the four. While these 

differences may be due to practice patterns, training experiences or patient preference, 

further study is warranted to explore the potential causes as to why such significant 

utilization differences exist.

Patients 75 years old and older were also significantly less likely to receive PET imaging. 

While prior studies have shown utilization decreases with patient age,32, 34 it is important to 

note that older patients have an increasingly poorer cancer survival.35, 36 While these 

patients may be choosing not to undergo PET imaging, ageism may also be playing an 

unintentional role. It should be noted that the Charlson Comorbidity Index Score of 2 or 

more was also associated with decreased PET utilization and comorbidities may be 

contributing to the difference we see, however the HR for patients 75 and older was 1.92 and 

only 1.587 for patients with a Charlson Comorbidity Index Score of 2 or more. Prior 
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publications have described an ‘age issue’ regarding cancer care and our findings show as 

chronological age increases, patients are undergoing less imaging.

Limitations of this study include the population, as it is based on the Medicare fee-for-

service population and those 66 years old and older; therefore, the application to younger 

OPSCC patients requires further study. The data also does not include prognostic factors 

such as HPV or smoking status. Given the increasing prevalence of HPV associated OPSCC, 

even in the elderly population, further clarification on whether there is effect modification 

between the HPV positive and negative populations is warranted.1 While our multivariable 

analysis included numerous factors such as treatment type, age, race, gender, etc., the data 

set is not complete and it is possible that factors, which are not included, could impact the 

results. PET usage was associated with more advanced disease and while prior studies have 

demonstrated increased sensitivity and specificity for disease detection it is not clear 

whether patients with suspected higher stage disease received PET imaging or if patients 

who receive PET imaging are diagnosed with more advanced disease. Treatment 

noncompliance may also have a role given the age of the patient population. Additional 

outcome measurements are not included in the data, which limits the focus to survival.

Overall the data presented in this study support the idea that PET imaging may have a 

significant impact on patient outcomes. Findings from this SEER-Medicare analysis 

demonstrates that patients who are initially staged with PET have improved outcomes as 

compared to those staged with CT alone or MRI with or without CT. This analysis also 

highlights significantly fewer women are being staged with PET exams. Our data suggests 

the need for further prospsective research to evaluate if CT or MRI should be considered 

adequate for initial staging of OPSCC.
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Figure 1: 
Consort Diagram
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Figure 2: 
Kaplan-Meier Curve of 3 Year Cancer Specific Survival
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Figure 3: 
A. ORs comparing stage assignment and receipt of therapy for patients receiving PET vs. 

those who were imaged with MRI. B. Forest plot comparing outcomes and the OR for 

patients who received PET vs those who were imaged with CT alone. ORs comparing stage 

assignment are adjusted for demographic characteristics. ORs comparing receipt of therapy 

are adjusted for demographic characteristics and stage at diagnosis.
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Table 1:

Frequencies by PET with and without other Imaging

Overall PET MRI +/− CT CT Alone p-value
Comparing

Any MRI 
without 
PET to 

Any PET

p-value
Comparing

CT Alone 
to Any 

PETN % N % N % N %

All Patients 1765 . 1472 . 91 . 202 . . .

Age at Diagnosis 66 to 69 600 33.99 505 34.31 27 29.67 68 33.66 0.3843 0.9232

70 to 74 543 30.76 456 30.98 26 28.57 61 30.20 . .

75 and Older 622 35.24 511 34.71 38 41.76 73 36.14 . .

Sex Female 436 24.70 330 22.42 38 41.76 68 33.66 <.0001 0.0004

Male 1329 75.30 1142 77.58 53 58.24 134 66.34 . .

Race/Ethnicity Category White NH 1488 84.31 1248 84.78 72 79.12 168 83.17 0.1480 0.5513

Non-White or Hispanic 277 15.69 224 15.22 19 20.88 34 16.83 . .

Marital Status Category Non-Married 833 47.20 663 45.04 47 51.65 123 60.89 0.2192 <.0001

Married or Partnered 932 52.80 809 54.96 44 48.35 79 39.11 . .

Patient Region at 
Diagnosis East 345 19.55 291 19.77 43 21.29 <.0001 0.7259

Midwest 156 8.84 132 8.97 20 9.90 . .

South 503 28.50 426 28.94 15 16.48 62 30.69 . .

West 761 43.12 623 42.32 61 67.03 77 38.12 . .

Patient Location Metropolitan 1445 81.87 1205 81.86 77 84.62 163 80.69 0.5067 0.6870

Non-Metropolitan 320 18.13 267 18.14 14 15.38 39 19.31 . .

Poverty Level of Census 
Tract

Less than Median 
Level 881 50.00 754 51.33 48 52.75 79 39.11 0.7926 0.0011

Higher than Median 
Level 881 50.00 715 48.67 43 47.25 123 60.89 . .

Residents in Census 
Tract with High School 
Education

Less than Median 
Level 881 50.00 759 51.67 43 47.25 79 39.11 0.4135 0.0008

Higher than Median 
Level 881 50.00 710 48.33 48 52.75 123 60.89 . .

Charlson Comorbidity 
Index Category 0 894 50.65 756 51.36 39 42.86 99 49.01 0.2886 0.4294

1 434 24.59 362 24.59 26 28.57 46 22.77 . .

2 or more 437 24.76 354 24.05 26 28.57 57 28.22 . .

Teaching Hospital No or Unknown 719 40.74 599 40.69 35 38.46 85 42.08 0.6740 0.7070

Yes 1046 59.26 873 59.31 56 61.54 117 57.92 . .

DAJCC Stage Group 
6th Ed Stage 0-I 81 4.59 46 3.13 14 15.38 21 10.40 <.0001 <.0001

Stage II-III 429 24.31 351 23.85 20 21.98 58 28.71 . .

Stage IV 1003 56.83 871 59.17 43 47.25 89 44.06 . .

Unknown Stage 252 14.28 204 13.86 14 15.38 34 16.83 . .

Chemotherapy No 489 27.71 333 22.62 43 47.25 113 55.94 <.0001 <.0001

Yes 1276 72.29 1139 77.38 48 52.75 89 44.06 . .

Radiation No 245 13.88 147 9.99 26 28.57 72 35.64 <.0001 <.0001
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Overall PET MRI +/− CT CT Alone p-value
Comparing

Any MRI 
without 
PET to 

Any PET

p-value
Comparing

CT Alone 
to Any 

PETN % N % N % N %

Yes 1520 86.12 1325 90.01 65 71.43 130 64.36 . .

Surgery No 1195 67.71 1023 69.50 52 57.14 120 59.41 0.0136 0.0039

Yes 570 32.29 449 30.50 39 42.86 82 40.59 . .
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