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Abstract

Purpose/Objective(s)—We examined practice patterns using the National Cancer Database 

(NCDB) to determine risk factors for prolonged diagnosis to treatment interval (DTI) and survival 

outcomes in patients receiving chemoradiation for oropharyngeal squamous cell carcinoma 

(OPSCC).

Methods and Materials—We identified 6,606 NCDB patients with Stage III-IV OPSCC 

receiving chemoradiation from 2003-2006. We determined risk factors for prolonged DTI (>30 

days) using univariate and multivariable logistic regression models. We examined overall survival 

(OS) using Kaplan Meier and multivariable Cox proportional hazards models.

Results—3,586 (54.3%) patients had prolonged DTI. Race, IMRT, insurance status, and high 

volume facilities were significant risk factors for prolonged DTI. Patients with prolonged DTI had 

inferior OS compared to DTI ≤ 30 days (Hazard Ratio (HR)=1.12, 95% CI 1.04-1.20, p=0.005). 
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For every week increase in DTI there was a 2.2% (95% CI 1.1%-3.3%, p<0.001) increase in risk 

of death. Patients receiving IMRT, treatment at academic, or high-volume facilities were more 

likely to experience prolonged DTI (High vs. Low volume: 61.5% vs. 51.8%, adjusted OR 1.38, 

95% CI 1.21-1.58; Academic vs. Community: 59.5% vs. 50.6%, adjusted OR 1.26, 95% CI 

1.13-1.42; non-IMRT vs. IMRT: 53.4% vs. 56.5%; adjusted OR 1.17, 95% CI 1.04-1.31).

Conclusions—Our results suggest that prolonged DTI has a significant impact on survival 

outcomes. We observed disparities in DTI by socioeconomic factors. However, facility level 

factors such as academic affiliation, high volume, and IMRT also increased risk of DTI. These 

findings should be considered in developing efficient pathways to mitigate adverse effects of 

prolonged DTI.
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INTRODUCTION

Delays in cancer treatment not only adversely affect patient reported satisfaction but may 

also lead to disease progression and inferior oncologic outcomes.1–5 Treatment of head and 

neck squamous cell cancer (HNSCC) requires complex multidisciplinary care, involving 

providers from a wide range of clinical specialties, and timely care delivery may be 

particularly challenging for both providers and patients.

There is moderate evidence suggesting that a delay between surgery and post-operative 

radiotherapy for HNSCC has a detrimental effect on disease outcomes. A subset analysis 

from a large, multi-institutional randomized control trial conducted in the United States 

found a decrease in locoregional control for HNSCC patients associated with delay from the 

time of surgery to completion of post-operative radiation of >11 weeks.6 Additionally, a 

prior systematic review on the effect of delays in the treatment of HNSCC suggested that 

patients with a 6 week or greater interval between surgery and postoperative radiation had 

significantly worse local tumor control rates.1 However, prior analyses of treatment delays in 

patients receiving definitive chemoradiation have not shown a consistent correlation between 

treatment delay and local control, metastatic disease, or overall survival.7–9 Furthermore, it 

is unclear whether treatment delays have a detrimental effect for patients with OPSCC, the 

majority of whom have HPV-associated tumors.10 For example, it has been hypothesized 

that the significance of progression prior to treatment may decrease as the incidence of HPV 

positive tumors increases.9 A Dutch study including a significant number of OPSCC patients 

also calls into question the significance of delays to treatment initiation for these patients.11

Delays in the initiation of cancer therapy may result from a variety of patient and provider 

related factors. The treatment of head and neck cancer involves multifaceted care prior to 

treatment start – including surgical evaluation, dental procedures, nutritional assessments, 

evaluation for chemotherapy, and complex radiation treatment planning – all of which may 

prolong the time before the start of treatment. Initiation of treatment may also be delayed 

through patient non-compliance or barriers related to socioeconomic status.12,13 Potential 

causative factors at the health systems level may be modifiable with implementation of care 
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pathways, facilitation of care coordination through electronic medical records, and 

appropriate management of the supply of healthcare resources.

Delays in cancer care, by their very nature, are not amenable to study through prospective 

randomized trials. Patient and provider level factors associated with treatment delays in this 

setting are not well understood. Furthermore, prior studies of such delays have examined the 

outcomes of relatively small numbers of patients treated at academic medical centers. We 

therefore undertook this study to better understand risk factors for prolonged diagnosis to 

treatment interval (DTI) at the national level and the associated impact on survival outcomes 

in patients diagnosed with locally advanced oropharyngeal squamous cell cancer (OPSCC) 

receiving definitive chemoradiation in a large national cancer registry.

METHODS AND MATERIALS

Data Source

We conducted a retrospective, observational cohort study using the National Cancer Data 

Base (NCDB). The NCDB is a large national oncology registry sponsored by the American 

College of Surgeons and the American Cancer Society encompassing over 1,500 

Commission on Cancer (CoC) institutions. Approximately 70 percent of new nationwide 

cancer diagnoses are recorded in this database.14

Cohort

The definition of the study cohort is illustrated in Figure 1. We identified 6,606 patients with 

non-metastatic, Stage III or IV, biopsy-confirmed OPSCC receiving definitive 

chemoradiation from January 1, 2003 to December 31, 2006 in the NCDB. We selected 

patients receiving definitive chemoradiation as initial treatment because prior studies of 

treatment delays have more often focused on patients receiving primary surgery where 

delays may be largely influenced by post-operative complication events. Furthermore, the 

use of definitive chemoradiation for OPSCC has increased over time.15 The study period 

was selected to allow for risk adjusted survival analysis with inclusion of comorbidity data. 

Patients with OPSCC were eliminated from the cohort if they received primary surgical 

therapy (n=2,781), radiation alone without chemotherapy (n=1,875), chemotherapy more 

than 14 days before radiation (n= 1,825), fewer than 20 external beam radiation treatment 

(EBRT) fractions (n=235), no definitive treatment (n=1,603), or if treatment was initiated 

more than 120 days after diagnosis (n=86).

Exposure

We defined a diagnosis to treatment interval (DTI) for each patient as the time in days 

between biopsy and initiation of treatment for each patient. In cases where patients did not 

start chemotherapy and radiation therapy on the same day, we defined the DTI based on 

whichever treatment was started first. For the purposes of categorical comparisons, we 

considered a DTI >30 days to be prolonged. A DTI of 30 days was deemed to be clinically 

relevant and approximated our median DTI within the patient cohort of 32 days (see Figure 

2). In addition, the influence of delay on survival was also examined as both a continuous 

variable (measured in weeks) and in approximate tertiles of DTI ≤ 3 weeks, DTI 3-6 weeks, 
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and DTI > 6 weeks to assess the incremental effects of treatment delay on survival 

outcomes.

Primary Study Outcome

The primary study outcome of interest was the impact of prolonged DTI on patient overall 

survival (OS). Overall survival was defined as the time of biopsy until the date of death or 

last follow up.

Secondary Endpoints

In addition, we examined patient, clinical, and demographic factors associated with 

prolonged DTI in order to define risk factors for prolonged DTI.

Independent Variables

Patient characteristics included age at diagnosis, gender, and race. Clinical characteristics 

included primary tumor site, clinical T stage, clinical N stage, and comorbidity index 

(Charlson/Deyo score). We categorized radiation technique as intensity modulated radiation 

treatment (IMRT) or non-IMRT. Treatment facilities were classified as community versus 

academic and those with low versus high case-volume. Facility classification is based on 

CoC designation of community versus academic.16 Facility case-volume was divided by 

quartiles of study patients per facility, and facilities in the upper quartile were considered 

high volume. Demographic characteristics included year of diagnosis, geographic region, 

distance from treatment center, and insurance status.

Statistical Analysis

We investigated risk factors for prolonged DTI (>30 days) using univariate and multivariable 

logistic regression models. We examined the impact of prolonged DTI on patient overall 

survival (OS) using unadjusted Kaplan Meier (KM) analyses and log-rank statistics. In 

multivariable Cox proportional hazards models, we estimated the impact of DTI on patient 

overall survival. DTI was classified categorically as ≤ 30 days vs. > 30 days for the primary 

analysis. The multivariable analysis was then repeated with DTI included as a continuous 

variable (in weeks) and in approximate tertiles of DTI (≤ 3 weeks, DTI 3-6 weeks, and DTI 

> 6 weeks) in order to assess the incremental effect of delay on patient OS. Variables 

included in the final multivariable models were selected using a combination of purposeful 

and backwards stepwise selection with p-value cut off of 0.10. In unplanned subset analyses, 

we compared survival outcomes by radiation technique and facility treatment volume, to 

assess the impact of DTI in these patient subsets. We also conducted a sensitivity analysis to 

examine the potential influence of an unmeasured confounding variable such as HPV status 

on our observed results. HPV associated OPSCC has an improved prognosis compared to 

non-HPV associated OPSCC.17 African Americans diagnosed with OPSCC are less likely to 

have HPV associated tumors than Caucasian patients with OPSCC.18 Since non-Hispanic 

Black race was associated with increased risk of delay in our study, we repeated the 

multivariable Cox proportional hazards models in the subset of patients with non-Hispanic 

white race. All statistical analyses were completed using Stata, version 12.1 (StataCorp LP, 
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College Station, TX). Associations were noted as statistically significant at p <0.05. All tests 

were two-tailed.

RESULTS

Characteristics of the Study Population

Characteristics of the study population are displayed in Table 1. The majority of patients 

were male (82.2%), of non-Hispanic White race (83.3%), and under the age of 65 (76.5%). 

Most patients received treatment at community treatment facilities (58.5%), and relatively 

few (28%) received intensity modulated radiation therapy (IMRT). The majority of patients 

had commercial health insurance at the time of treatment (53.1%), and overall 90.1% of 

patients were known to have had either health insurance or government provided health 

benefits.

Risk Factors for Prolonged DTI

Overall, 54.3% of patients (n=3,586) had a prolonged DTI >30 days. Patients of non-

Hispanic Black race, or Hispanic ethnicity were significantly more likely to experience a 

prolonged DTI compared to non-Hispanic White patients [Non-Hispanic Black vs. Non-

Hispanic White: 61.2% vs. 52.8%, adjusted odds ratio (OR) 1.24, 95% Confidence Interval 

(CI) 1.04-1.46; Hispanic vs. Non-Hispanic White: 69.5% vs. 52.8%, adjusted OR 1.74, 95% 

CI 1.29-2.34]. Patients with Medicaid coverage or uninsured status were significantly more 

likely to have a prolonged DTI when compared to patients with commercial insurance 

(Medicaid vs. Commercial: 62.5% vs. 50.5%, adjusted OR 1.58, 95% CI 1.32-1.88; 

Uninsured vs. Commercial: 65.1% vs. 50.5%, adjusted OR 1.90, 95% CI 1.55-2.33). In 

addition, patients receiving treatment at academic centers or high case volume facilities were 

more likely to have prolonged DTI compared to patients receiving treatment at community 

centers or low case volume facilities (High volume vs. Low volume: 61.5% vs. 51.8%, 

adjusted OR 1.38, 95% CI 1.21-1.58; Academic vs. Community: 59.5% vs. 50.6%, adjusted 

OR 1.26, 95% CI 1.13-1.42). Patients receiving treatment with IMRT were also more likely 

to experience delays in treatment (non-IMRT vs. IMRT: 53.4% vs. 56.5%; adjusted OR 1.17, 

95% CI 1.04-1.31).

Survival Analysis

Unadjusted Kaplan Meier survival curves for patients classified by DTI are shown in Figure 

3. The results of our multivariable Cox proportional hazards model are displayed in Table 3. 

In the multivariable model, a prolonged DTI > 30 days was associated with significantly 

worse overall survival (HR 1.12, 95% CI 1.03-1.20, p=0.005). In a separate model that 

measured DTI continuously in weeks, there was a 2.2% (95% CI 1.1%-3.3%, p<0.001) 

increase in the risk of death due to any cause for every 1 week increase in the DTI. When 

DTI was classified into tertiles, there was a progressive rise in the risk of death within each 

cohort of increasing delays (DTI 3-6 weeks: HR 1.15, 95% CI 1.05-1.27, p=0.003); DTI > 6 

weeks: HR 1.22, 95% CI 1.10-1.35, p<0.001). Additional factors significantly associated 

with patient survival included treatment at high case volume facilities and receipt of IMRT 

(High Volume vs. Low Volume: HR 0.84, 95% CI 0.76-0.93, p=0.001; IMRT vs. Non-IMRT: 

HR 0.75, 95% CI 0.68-0.82, p<0.0001; respectively).
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Subset Analyses

In the subset of patients receiving IMRT treatment (n=1,850), delay in initiation of treatment 

(measured continuously in weeks) significantly increased the risk of death due to any cause 

(HR 1.032, 95% CI 1.01-1.06, p=0.009). This indicates a 3.2% increase in the risk of death 

due to any cause for every 1 week increase in DTI.

Among the subset of patients receiving treatment at high case-volume facilities (n=1,704), 

delay in initiation of treatment (measured continuously in weeks) significantly increased the 

risk of death due to any cause (HR of 1.046, 95% CI 1.02-1.07; p<0.0001). This indicates a 

4.6% increase in the risk of death due to any cause for every 1 week increase in DTI.

We also conducted a subset analysis in the non-Hispanic white population to assess the 

consistency of observed results. HPV positive tumors are known to have better overall 

survival outcomes than HPV negative tumors.17 Data regarding HPV status was not 

available in the data source for these patients and so HPV is a potential unmeasured 

confounding variable. Recent data from the CDC indicates that patients of black race are 

less likely to have HPV positive OPSCC (50.7% of black patients vs. 73.6% of white 

patients).18 We conducted the subset analysis among non-Hispanic white patients with the 

rationale that HPV status should be less variable within this subgroup. In this subset analysis 

we continued to find a significant increase in the risk of death due to prolonged DTI in the 

non-Hispanic white population alone (DTI > 30 days: HR 1.15, 95% CI 1.05-1.25, p=0.002; 

DTI measured continuously in weeks: HR 1.028, 95% CI 1.02-1.04, p< 0.001).

DISCUSSION

The objective of our study was to identify population level risk factors and national trends 

for prolonged delays in receipt of treatment among head and neck cancer patients, and to 

examine the effects of treatment delay on patient long-term survival outcomes. We observed 

significantly worse overall survival among patients experiencing a delay in the initiation of 

treatment greater than 30 days. For every week in treatment delay, there was a 2.2% increase 

in the risk of death within our study cohort. Furthermore, receipt of IMRT as well as 

treatment at academic or high volume medical centers was associated with a significantly 

increased risk of prolonged DTI. This finding suggests that the requisites of care 

coordination, particularly at high volume and academic centers with more specialized cancer 

care, in the setting of treatment with novel and complex radiation technologies such as 

IMRT, may inadvertently be associated with delays in care. We also observed significant 

disparities in DTI by race and insurance status, consistent with prior studies demonstrating 

healthcare disparities in these patient groups.12,13

Our results are consistent with and extend the findings of a number of other studies 

regarding the impact of treatment delays in patients with HNSCC. The importance of 

“package time” in the treatment of HNSCC has been suggested in prior studies. A subset 

analysis of a multi-institutional randomized controlled trial reported that an interval between 

surgery and completion of postoperative radiation therapy of more than 11 weeks had a 

negative effect on both local control and survival. Five year overall survival for patients 

completing treatment in < 11 weeks was 48% versus 27% for 11-13 weeks, and 27% for 
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package times > 13 weeks (p = 0.03). completion6 A number of single institution 

retrospective series have also established the importance of reducing delays in treatment for 

patients with HNSCC.4,5,19 A series from the University of Pennsylvania demonstrated that 

a total treatment package time >100 days from surgery to RT completion was associated 

with both decreased local control and overall survival in patients with locally advanced 

HNSCC (p = 0.013 and p = 0.021, respectively).5 A reduction of overall radiation treatment 

time to less than 6 weeks has also been shown to provide an overall survival benefit in oral 

cavity patients, from 50% for RT > 8 weeks in duration to 74% when reduced to < 6 

weeks.19

Delays in time to radiation treatment have been of particular interest in publicly funded 

health care systems where wait times for RT have been a significant concern.20,21 Feasible 

models have been implemented in Denmark to reduce waiting time from diagnosis of 

HNSCC to treatment with “package solutions” comprised of pre-booked appointments for 

diagnostic procedures. With this fast track pathway, they have demonstrated a decrease in 

time from referral to diagnosis from 24 to 7-10 days.22

A number of driving factors have been studied to address the causal pathway between delays 

in treatment and worse survival outcomes. Waaijer and colleagues demonstrated that for 

patients with OPSCC in the Netherlands there was a mean increase in tumor volume of 70% 

between the time of diagnostic CT and simulation CT while patients waited for RT initiation 

(mean waiting time 56 days).23 Another study found that delays in treatment resulted in 

larger radiation treatment volumes by radiologic response evaluation criteria, and even 

increased the risk of regional lymph node disease.24 A prior systematic review of the 

literature on the effect of waiting time for RT found a relative risk of local recurrence of 1.15 

per month (95% CI 1.02-1.29) for patients receiving definitive radiation in the treatment of 

head and neck cancer.2 Huang et al. similarly found a local control detriment for head and 

neck cancer patients on their review of the literature with receipt of postoperative radiation 

more than 6 weeks after surgery (OR 2.98; CI 1.70-5.21).1 In addition to disease progression 

during delays, socioeconomic status and access to healthcare may also contribute to clinical 

outcomes. In a study of Medicaid patients treated for head and neck cancer, even while 

controlling for tumor stage and site, black patients were less likely to be treated with surgery 

and had worse overall survival.13 In our study, we find that both race and Medicaid or 

uninsured status were significantly related to prolonged DTI. These findings suggest that in 

addition to disease progression that may occur during delays to definitive treatment, patients 

with increased DTI are more likely to have poor access to healthcare that may lead to worse 

treatment tolerance and overall clinical outcomes.

In addition to improved outcomes with time from diagnosis to treatment less than 30 days, 

we also found that treatment at high case-volume centers and receipt of IMRT predicted for 

improved overall survival outcomes. This survival benefit seen in our study with the use of 

IMRT and treatment at high volume facilities is consistent with previously published 

data.25–27 A recent study of RT technique for HNSCC using the Surveillance, Epidemiology, 

and End Results (SEER)-Medicare database demonstrated an increase in cause-specific 

survival with the use of IMRT (84.1%) versus non-IMRT technique (66%, p <0.001).25 A 

study of patients with laryngeal cancer using the NCDB found lowest HR for death at 90 

Sharma et al. Page 7

Oral Oncol. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



days, 1 year, and 4 years for patients treated at high volume facilities.27 Another recent 

analysis of patients treated on Radiation Therapy Oncology Group protocol 0129 found that 

treatment at historically low-accruing centers was associated with worse overall survival 

compared to historically high-accruing centers (OS at 5 years: 51.0% vs. 59.1%, p=0.002; 

HR 1.91, 95% CI, 1.37-2.65).28 However, subset analyses in our study among patients 

receiving IMRT or treatment at high volume facilities continued to show a significant 

association of delays in treatment with inferior survival outcomes. Thus, the benefits of 

IMRT or provider experience may be attenuated by treatment delays in this setting since 

receipt of IMRT or treatment at high volume facilities were significant risk factors for 

treatment delay. Our results suggest that high-tech treatment and associated complex 

requirements of care coordination, especially at high volume or academic centers, may 

exacerbate delays in time from diagnosis to treatment.

Limitations of this study include its retrospective nature, and the inherent potential for biases 

associated with such studies. However, we used univariate and multivariable logistic 

regression models as well as multivariable Cox proportional hazards models to adjust for 

differences between the comparison groups. Furthermore, we were limited in the scope of 

our study by the data available in the NCDB. For instance, we were unable to further 

examine causes of delayed treatment, such as dental procedures, enteric feeding tube 

placement, performance status, patient compliance, or hospitalization events. Additionally, 

the treatment years for our study, 2003-2006, encompassed a period of early IMRT adoption, 

which may have led to increased delay to initiation of treatment due to more complex 

treatment planning. The NCDB did not capture HPV status during the time period associated 

with this study, and so there is potential for unmeasured confounding. To address this, we 

conducted a subset analysis among non-Hispanic white patients, since HPV may be 

differentially prevalent among racial groups, and found that the associations of delay on 

survival remained consistent. However, smoking prevalence is generally higher among 

socially disadvantaged groups, and thus patients with delayed treatment driven by 

socioeconomic factors may have had higher rates of tobacco use and/or higher rates of HPV 

negative disease. Although our multivariable analysis adjusts for many other surrogates of 

socioeconimc status, there is potential for residual unmeasured confounding. Finally, while 

our study provides a snapshot of practice patterns across the nation with 70% of cancer 

diagnoses represented, only data from CoC accredited institutions is collected for this 

database, which may have more cancer-centered care available to patients than non-COC 

institutions.29

In conclusion, our study identifies risk factors for treatment delays in a large cohort of 

patients receiving chemoradiation for OPSCC in the United States. In addition to factors 

commonly associated with poor access to the healthcare such as minority race and insurance 

status, treatment delays were more common in patients receiving IMRT and treatment at 

high case-volume facilities. We found that increases in DTI beyond 30 days were associated 

with significantly worse patient overall survival. Patients receiving IMRT or treatment at 

high case-volume facilities had improvements in survival outcomes. However, these benefits 

were attenuated by prolonged DTI within these patient subsets suggesting that the adoption 

of more complex radiation technologies and treatment at specialized centers may increase 

DTI due to associated requisites of care coordination. Additionally, the issue of package 
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time is particularly important to address in OPSCC due to the growing incidence of this 

cancer in the HPV era coupled with increased use of IMRT for primary treatment. Future 

research should evaluate implementation of more efficient care pathways to potentially 

mitigate the adverse effects of prolonged DTI in this setting while taking into account the 

increasing requisites of care coordination associated with the adoption of complex treatment 

technologies.
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Figure 1. 
Definition of the Study Cohort
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Figure 2. 
Histogram of the Distribution of Diagnosis to Treatment Interval
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Figure 3. 
Unadjusted Kaplan Meier Curves for Patient Overall Survival
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Table 1

Patient Characteristics by Diagnosis to Treatment Interval (DTI): OPSCC Receiving Primary 

Chemoradiotherapy 2003-2006

Patient Characteristic Total
n=6,606

DTI
<= 30 Days

n=3,020

DTI
> 30 Days
n=3,586

p-value

Age at Diagnosis (years)

  < 65 76.5% 76.8% 76.3% 0.64

  ≥ 65 23.5% 23.2% 23.7%

  Mean Age (SD) 57.6 (9.9) 57.5 (9.8) 57.7 (9.9) 0.41

Gender

  Male 82.2% 82.2% 82.3% 0.93

  Female 17.8% 17.8% 17.7%

Race

  Non-Hispanic White 83.3% 85.9% 81.0% <0.001

  Non- Hispanic Black 11.1% 9.4% 12.5%

  Hispanic 3.4% 2.4% 4.3%

  Other/Unknown 2.3% 2.4% 2.1%

Primary Tumor Site

  Base of Tongue 46.6% 47.6% 45.8% 0.22

  Tonsil 43.5% 42.4% 44.3%

  Pharyngeal Wall/Soft
   Palate 3.9% 3.6% 4.1%

   Oropharynx NOS 6.1% 6.4% 5.8%

Clinical T-Stage

  T1 16.3% 18.1% 14.7% 0.003

  T2 32.2% 31.2% 33.1%

  T3 25.0% 24.8% 25.2%

  T4 24.5% 23.7% 25.1%

  TX 2.0% 2.1% 2.0%

Clinical N-Stage

  N0 9.6% 9.3% 9.9% 0.118

  N1 22.8% 24.0% 21.8%

  N2 57.9% 56.8% 58.8%

  N3 8.6% 8.6% 8.5%

  NX 1.2% 1.4% 1.0%

AJCC Clinical Stage
Group
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Patient Characteristic Total
n=6,606

DTI
<= 30 Days

n=3,020

DTI
> 30 Days
n=3,586

p-value

  III 26.4% 27.4% 25.4% 0.097

  IV 73.6% 72.7% 74.5%

Comorbidity Index

  None 87.5% 87.3% 87.6% 0.33

  Moderate (1) 10.7% 11.1% 10.3%

  High (2) 1.9% 1.7% 2.0%

Year of Diagnosis

  2003 20.4% 20.7% 20.1% 0.53

  2004 23.0% 23.6% 22.5%

  2005 26.7% 26.2% 27.1%

  2006 29.9% 29.4% 30.4%

Radiation Technique

  IMRT 28.0% 26.7% 29.2% 0.02

  Non-IMRT 72.0% 73.3% 70.8%

Treatment Facility

  Academic 41.6% 36.8% 45.5% <0.001

  Community 58.5% 63.2% 54.5%

Facility Case-Volume

  Low Case-Volume 74.2% 78.3% 70.8% <0.001

  High Case-Volume 25.8% 21.7% 29.2%

Geographic Region

  Northeast 20.6% 19.4% 21.7% <0.001

  Southeast 28.2% 27.4% 28.9%

  Midwest 37.3% 40.3% 34.9%

  West 13.8% 12.9% 14.6%

Patient Distance from Treatment Center (Miles)

  <25 72.7% 73.1% 72.3% 0.15

  25-100 18.8% 18.3% 19.2%

  >100 3.9% 3.5% 4.2%

  Unknown 4.7% 5.1% 4.3%

Insurance Status

  Commercial 53.1% 57.5% 49.4% <0.001
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Patient Characteristic Total
n=6,606

DTI
<= 30 Days

n=3,020

DTI
> 30 Days
n=3,586

p-value

  Insurance

  Medicare 24.2% 23.8% 24.6%

  Medicaid 10.6% 8.7% 12.2%

  Government 2.2% 1.9% 2.4%

  Uninsured 7.5% 5.7% 9.0%

  Unknown 2.4% 2.3% 2.4%
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Table 2

Risk of Prolonged Diagnosis to Treatment Interval (DTI): Patients with OPSCC Receiving Primary 

Chemoradiotherapy 2003-2006

Patient Characteristic
% DTI > 30

Days
n=6,606

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

Age at Diagnosis (years)

  < 65 54.1% - -

  ≥ 65 54.8% 1.03 (0.92-1.15) 0.99 (0.84-1.18)

Gender

  Male 54.3% - -

  Female 54.2% 0.99 (0.88-1.13) 0.97(0.85-1.11)

Race

  Non-Hispanic White 52.8% - -

  Non- Hispanic Black 61.2% 1.41(1.20-1.65)** 1.24 (1.04-1.46)*

  Hispanic 69.5% 2.03 (1.52-2.72)** 1.74 (1.29-2.34)**

  Other/Unknown 51.0% 0.93 (0.67-1.29) 0.84 (0.60-1.17)

Primary Tumor Site

  Base of Tongue 53.4% - -

  Tonsil 55.4% 1.08 (0.98-1.20) 1.07 (0.97-1.19)

  Pharyngeal Wall/Soft
   Palate

57.2% 1.17 (0.90-1.51) 1.15 (0.88-1.51)

   Oropharynx NOS 51.6% 0.93 (0.75-1.14) 0.88 (0.71-1.09)

Clinical T-Stage

  T1 49.0% - -

  T2 55.7% 1.31 (1.13-1.52)* 1.24 (1.07-1.44)*

  T3 54.7% 1.26 (1.08-1.47)* 1.12 (0.95-1.32)

  T4 55.7% 1.31 (1.12-1.53)* 1.13 (0.95-1.33)

  Tx 51.9% 1.12 (0.78-1.60) 1.19 (0.80-1.77)

Clinical N-Stage

  N0 56.0% - -

  N1 51.9% 0.85 (0.70-1.02) 0.88 (0.72-1.07)

  N2 55.1% 0.97 (0.82-1.14) 0.94 (0.78-1.13)

  N3 54.2% 0.93 (0.74-1.17) 0.84 (0.66-1.07)

  NX 46.1% 0.67 (0.42-1.08) 0.59 (0.35-0.99)*

Comorbidity Index
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Patient Characteristic
% DTI > 30

Days
n=6,606

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

  None 54.4% - -

  Moderate (1) 52.5% 0.93 (0.79-1.08) 0.94 (0.80-1.10)

  High (2) 59.3% 1.22 (0.85-1.76) 1.19 (0.82-1.72)

Year of Diagnosis

  2003 53.6% - -

  2004 53.0% 0.98 (0.84-1.13) 0.94 (0.81-1.09)

  2005 55.1% 1.06 (0.92-1.22) 1.03 (0.89-1.19)

  2006 55.1% 1.06 (0.92-1.22) 1.02 (0.88-1.19)

Radiation Technique

  Non-IMRT 53.4% - -

  IMRT 56.5% 1.13 (1.02-1.26)** 1.17 (1.04-1.31)**

Treatment Facility

  Community 50.6% - -

  Academic 59.5% 1.43 (1.30-1.58)** 1.26 (1.13-1.42)**

Facility Case-Volume

  Low Case-Volume 51.8% - -

  High Case-Volume 61.5% 1.49 (1.33-1.67)** 1.38 (1.21-1.58)**

Geographic Region

  Northeast 57.0% - -

  Southeast 55.6% 0.94 (0.82-1.09) 0.87 (0.75-1.01)

  Midwest 50.7% 0.77 (0.68-0.89)** 0.73 (0.64-0.84)**

  West 57.3% 1.01 (0.85-1.20) 1.06 (0.88-1.26)

Patient Distance from Treatment Center (Miles)

  <25 54.0% - -

  25-100 55.4% 1.06 (0.93-1.20) 1.00 (0.88-1.14)

  >100 59.0% 1.22 (0.95-1.58) 1.08 (0.83-1.41)

  Unknown 50.0% 0.85 (0.68-1.07) 0.82 (0.65-1.04)

Insurance Status

  Commercial Insurance 50.5% - -

  Medicare 55.1% 1.20 (1.07-1.35)* 1.27 (1.07-1.51)*

  Medicaid 62.5% 1.64 (1.39-1.93)** 1.58 (1.32-1.88)**

  Uninsured 65.1% 1.83 (1.50-2.22)** 1.90 (1.55-2.33)**

  Government 59.4% 1.44 (1.02-2.01)* 1.38 (0.97-1.95)

Oral Oncol. Author manuscript; available in PMC 2016 August 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Sharma et al. Page 19

Patient Characteristic
% DTI > 30

Days
n=6,606

Unadjusted OR
(95% CI)

Adjusted OR
(95% CI)

  Unknown 55.1% 1.20 (0.87-1.66) 1.25 (0.90-1.75)
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Table 3

Cox Proportional Hazards Model for Patient Overall Survival

Patient Characteristic Adjusted HR
(95% CI) p value

Age at Diagnosis
Race

1.023 (1.02-1.03) <0.001

  Non-Hispanic White - -

  Non-Hispanic Black 1.55(1.39-1.72) <0.001

  Hispanic 0.87 (0.70-1.09) 0.23

  Other 0.88 (0.66-1.17) 0.37

Primary Tumor Site

  Base of Tongue - -

  Tonsil 1.00 (0.93-1.09) 0.92

  Pharyngeal Wall/ Soft Palate 1.70 (1.44-2.01) <0.001

  Oropharynx NOS 1.48 (1.29-1.70) <0.001

  Clinical Stage

  III - -

  IV 1.37 (1.26-1.50) <0.001

Comorbidity Index

  None - -

  Moderate (1) 1.49 (1.34-1.66) <0.001

  High (2) 1.47 (1.17-1.84) 0.001

Year of Diagnosis

  2003 - -

  2004 0.96 (0.86-1.07) 0.41

  2005 1.04 (0.93-1.15) 0.51

  2006 1.01 (0.90-1.13) 0.89

Radiation Technique

  Non-IMRT - -

  IMRT 0.75 (0.68-0.82) <0.001

Treatment Facility

  Community - -

  Academic 1.01 (0.93-1.10) 0.82

Facility Case-Volume
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Patient Characteristic Adjusted HR
(95% CI) p value

  Low Case-Volume - -

  High Case-Volume 0.84 (0.76-0.93) 0.001

Geographic Region

  Northeast - -

  Southeast 0.99 (0.89-1.11) 0.91

  Midwest 1.00 (0.90-1.11) 0.99

  West 0.87 (0.76-0.99) 0.04

Insurance Status

  Commercial Insurance - -

  Medicare 1.74 (1.56-1.94) <0.001

  Medicaid 2.10 (1.86-2.37) <0.001

  Uninsured 2.05 (1.79-2.36) <0.001

  Government 1.69 (1.32-2.16) <0.001

  Unknown 1.80 (1.42-2.27) <0.001

Diagnosis to Treatment Interval

DTI ≤ 30 days - -

DTI > 30 days 1.12 (1.03-1.20) 0.005

DTI (measured in weeks) 1.02 (1.01-1.03) <0.001

DTI in Tertiles

DTI ≤ 3 weeks - -

DTI 3-6 weeks 1.15 (1.05-1.27) 0.003

DTI > 6 weeks 1.22 (1.10-1.35) <0.001
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