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Abstract

PURPOSE—To assess the impact of radiation treatment time (RTT) in head and neck cancers on 

overall survival (OS) in the era of chemoradiation.

MATERIALS & METHODS—Patients diagnosed with tongue, hypopharynx, larynx, 

oropharynx, or tonsil cancer were identified using the National Cancer Database. RTT was defined 

as date of first radiation treatment to date of last radiation treatment. In the definitive setting, 

prolonged RTT was defined as >56 days, accelerated RTT was defined as ≤47 days, and standard 

RTT was defined as 48–56 days. In the post-operative setting, prolonged RTT was defined as >49 

days, accelerated RTT was defined as ≤40 days, and standard RTT was defined as 41–49 days. 

Chi-squared tests were used to identify predictors of RTT. The Kaplan-Meier method was used to 

compare OS amongst groups. Cox proportional hazards model was used for OS analysis in 

patients with known comorbidity status.

RESULTS—19,531 patients were included; 12,987 (67%) had a standard RTT, 4,369 (34%) had 

an accelerated RTT, and 2,165 (11%) had a prolonged RTT. On multivariable analysis, accelerated 

RTT (HR 0.84 95% CI 0.73–0.97) was associated with an improved OS while prolonged RTT (HR 

1.25 95% CI 1.14–1.37) was associated with a worse OS relative to standard RTT. When 

examining the 9,200 (47%) patients receiving definitive concurrent chemoradiation, prolonged 

RTT (HR 1.29 95% CI 1.11–1.50) was associated with a worse OS relative to standard RTT while 

there was no significant association between accelerated RTT and OS (HR 0.76 95% CI 0.57–

1.01).
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CONCLUSION—Prolonged RTT is associated with worse OS in patients receiving radiotherapy 

for head and neck cancer, even in the setting of chemoradiation. Expeditious completion of 

radiation should continue to be a quality metric for the management of head and neck 

malignancies.
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INTRODUCTION

Prolonged radiation treatment time (RTT) is associated with poor oncologic outcomes (1–3). 

This is thought to be referable to accelerated repopulation - the proliferation of surviving 

tumor clonogens during a standard course of radiotherapy leading to radioresistance (4, 5). 

Understanding the consequences of prompt completion of fractionated external beam 

radiation involves two separate but related concepts, the avoidance of unplanned treatment 

breaks and the elective institution of accelerated treatment schedules.

Most treatment prolongation is unplanned and likely due to acute toxicity; thus the results of 

prolonged RTT alone are difficult to study. Nonetheless, multiple retrospective studies have 

demonstrated that it is associated with inferior outcomes in patients treated with radiation 

alone (6–9). Similarly, prolonged time to complete a head and neck ‘treatment package’ 

involving an operation and adjuvant therapy is associated with worse outcomes (10–12). In 

view of the worse outcome with prolonged RTT, it is not surprising that prospective trials 

demonstrate a significant benefit to accelerated therapy (13–15).

However, despite small series demonstrating the continued importance of RTT in the modern 

era, most RTT data emphasizing the importance of treatment time predates the widespread 

adoption of chemoradiation (16). Chemoradiation is currently the standard of care for locally 

advanced head and neck cancer treated with primary radiation, demonstrating a survival 

benefit when administered concurrently (17). As a consequence, the application of 

chemoradiation has increased by 200% from 1998 to 2011 (18). Modern prospective trials 

investigating acceleration in the setting of concurrent chemoradiation do not demonstrate a 

benefit to treatment acceleration (19). Whether or not treatment time matters in the era of 

chemoradiation is of substantial concern, because accelerated radiation with concurrent 

chemotherapy has proven to be the most toxic mechanism of delivering non-surgical therapy 

(20). The purpose of this study was to identify the impact of RTT on clinical outcomes in 

patients with head and neck cancer treated in the era of chemoradiation using a large 

prospective national database.

MATERIALS & METHODS

Patient Selection

A program of the American College of Surgeons, Commission on Cancer (CoC), and the 

American Cancer Society, the National Cancer Data Base (NCDB) is a national cancer 

registry that was established in 1989 and serves as a comprehensive clinical surveillance 
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resource for cancer care in the United States. The NCDB compiles data from more than 

1500 commission-accredited cancer programs in the United States and Puerto Rico and 

captures approximately 70% of all newly diagnosed cancer cases (21).

Figure 1 demonstrates the CONSORT diagram for this analysis. Patients with invasive 

squamous cell carcinoma of the oral tongue, oropharynx, larynx and hypopharynx (codes 

8000, 8053, 8070, 8071, 8072, 8076, 8082, 8083, 8084, 8052, 8074, 8023, 8430, 8560) 

treated with radiation therapy between 2003–2011 were identified. The following patients 

were excluded: those who had distant metastatic disease or an unknown stage at 

presentation, those known to have received therapy with palliative intent (specifically coded 

in the NCDB by treating institution), those who initiated treatment>365 days after the 

diagnosis date, those receiving induction chemotherapy, and those with incomplete data 

regarding length of radiation treatment. The NCDB records the prescribed radiation dose/

fractionation and the dates of radiation initiation/completion. However it does not report the 

radiation dose received. In order to eliminate patients who likely did not complete therapy, 

we excluded patients with an RTT <30 days for post-operative radiotherapy and <33 days 

for definitive radiotherapy. In order to eliminate patients with excessively long RTT whose 

outcome was likely confounded by other fundamental issues not captured by the database, 

we excluded the few patients with a at least a 50% increase over the maximum “standard” 

RTT (>84 days).

Radiation Treatment Time

RTT was defined by the date of first radiation treatment to date of last radiation treatment. 

For patients undergoing definitive radiation (with or without chemotherapy) the four most 

common fractionation schedules were included: 70 Gy in 35 fractions (n=10,851), 70.2 Gy 

in 39 fractions (n=970), 69.96 Gy in 33 fractions (1,404), 72 Gy in 42 fractions (n=188). For 

patients undergoing post-operative radiation the three most common fractionation schedules 

were included: 60 Gy in 30 fractions (n=2,575), 66 Gy in 33 fractions (n=3,192), 63 Gy in 

35 fractions (n=341). Patients were divided into three groups according to their RTT: 

prolonged RTT was defined as >56 days for definitive radiation and >49 days for adjuvant 

radiation, accelerated RTT was defined as <47 days for definitive radiation and <40 days for 

adjuvant radiation, and standard RTT was defined as 48–56 days for definitive radiation and 

41–49 days for adjuvant radiation. When defining our accelerated fractionation schedules, 

we estimated the minimum time needed to complete a radiotherapy treatment course 

assuming treatment initiated on a Monday and completed on a Friday. For example the 70 

Gy in 35 fraction course would be completed in 47 days and therefore completing 

radiotherapy in <47 days would be considered accelerated. When identifying a prolonged 

course we also utilized previously published assessments of a major head and neck 

fractionation trial investigating both a six and seven week radiation courses (19).

Statistical Analysis

We compared patient and tumor factors versus RTT category (standard, accelerated, 

prolonged) using Pearson Chi-squared tests. We then used pairs of multivariate logistic 

regressions (accelerated vs standard, prolonged vs standard) to determine simultaneously 

which factors were associated with RTT. These models used robust sandwich variance 
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estimates with generalized estimating equations to account for within-hospital correlations 

(22). We estimated survival functions for RTT groups using the methods of Kaplan and 

Meier, testing for significance using log-rank tests. We used Cox proportional hazards 

regressions with robust standard errors to determine the effect of RTT adjusted for patient, 

tumor, and treatment factors (23). Survival cohorts were limited by year based on available 

data. To ensure sufficient follow-up time, our survival analysis was composed only of 

patients diagnosed in 2006 or earlier. In multivariate survival models, we only considered 

cases diagnosed in years 2003–2006 because this is the only cohort that includes data on 

Charlson comorbidities; including other years does not allow for the control of comorbidity 

in the survival model. When estimating the impact of RTT on overall survival in the post-

operative radiation cohort, we included time between surgery and radiation initiation as a 

binary variable (<8 weeks versus ≥8 weeks) secondary to prior analyses highlighting the 

importance of treatment package time (12). We did not include treatment package time itself 

due to collinearity with RTT (a component of package time). Median follow-up time was 

estimated using the Kaplan-Meier potential follow-up method (24).

RESULTS

Patient Demographics

A total of 19,521 patients met the inclusion criteria. The median follow-up was 75.7 months 

(range 2.1–120.5). A total of 13,413 (69%) patients received definitive radiation while 6,108 

(31%) patients received post-operative radiation. A majority of patients (56%) received 

concurrent chemotherapy. The median RTT was 50 days (range 30–84) for the entire cohort. 

The median RTT for patients receiving definitive radiation and post-operative radiation were 

51 (range 33–84) and 43 (range 30–84), respectively. Further details regarding RTT 

according to subgroup is detailed in Table 1.

In the entire cohort, 12,987 (67%) had a standard RTT, 4,369 (22%) had an accelerated RTT, 

and 2,165 (11%) had a prolonged RTT. Clinical factors associated with a prolonged RTT 

included female gender (p<0.001), African American race (p<0.001), Charlson/Deyo score 2 

(p<0.001), hypopharynx cancer (p<0.001), stage III or stage IV disease (p<0.001), definitive 

treatment (p<0.001), receipt of chemotherapy (p<0.001), and tumor grade 1/2 disease 

(p<0.001) (Supplementary Table 1). On multivariable analysis the only clinical factors 

associated with a prolonged RTT were Charlson/Deyo score of 1 (OR 1.20 95% CI 1.09–

1.32 p=0.0002) or 2 (OR 1.38 95% CI 1.17–1.63 p<0.0001), and hypopharynx tumor 

location (OR 1.16 95% CI 1.01–1.33 p=0.035). Male gender (OR 0.73 95% CI 0.68–0.79 

p<0.001), stage I (OR 0.60 95% CI 0.52–0.68 p<0.0001) or II (OR 0.79 95% CI 0.70–0.89 

p<0.001) disease, and radiation alone (OR 0.54 95% CI 0.49–0.60 p<0.001) were associated 

with a decreased likelihood of having a prolonged RTT (Supplementary Table 2).

Radiation Treatment Time

In the entire cohort, Kaplan-Meier analysis demonstrated an improved OS for patients with 

an accelerated RTT relative to patients with a standard or prolonged RTT (p<0.001, Figure 

2A). When analyzed with respect to an operation, both definitive and adjuvant radiation 

demonstrated similar findings (p<0.001, Figure 2B and p=0.0315, Figure 2C, respectively). 
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On multivariable analysis, accelerated RTT (HR 0.84 95% CI 0.73–0.97 p=0.02) remained 

associated with an improved OS while prolonged RTT (HR 1.25 95% CI 1.14–1.37 

p<0.001) remained associated with a worse OS relative to standard RTT.

In the subset of patients receiving definitive radiation, prolonged RTT was associated with a 

worse OS (HR 1.37 95% CI 1.13–1.66 p=0.0013) while accelerated RTT was no longer 

associated with an OS benefit (HR 0.86 95% CI 0.67–1.11 p=0.2445). When examining 

patients receiving post-operative radiation, there was a trend towards improved OS with an 

accelerated RTT (OR 0.77 95% CI 0.58–1.03 p=0.0824) while prolonged RTT was no 

longer associated with a worse OS (HR 1.01 95% CI 0.86–1.18 p=0.9151) relative to 

standard RTT. Other predictors of OS on multivariable analysis included age, tumor 

location, chemotherapy use, surgery, stage, Charlson-Deyo score, insurance status, facility 

location, disease site, education status, receipt of surgery, tumor grade, and interval between 

surgery and radiation (Table 2).

Chemoradiation Treatment Time

When examining only patients receiving definitive chemoradiation (n=9,200), a total of 

6,217 (68%) had a standard RTT, 958 (10%) had an accelerated RTT, and 2,025 (22%) 

patients had a prolonged RTT. Kaplan-Meier analysis demonstrated a worse OS for patients 

with a prolonged RTT relative to patients with a standard or accelerated RTT in patients 

receiving chemoradiation (p<0.001, Figure 2D). On multivariable analysis, prolonged RTT 

(HR 1.29 95% CI 1.11–1.50 p=0.008) remained associated with a worse OS relative to 

standard RTT. There was a trend towards an improved OS with accelerated RTT (HR 0.76 

95% CI 0.57–1.01 p=0.0556) (Table 2).

Interaction of RTT with Clinical Variables and OS

We examining the survival impact of RTT on clinical covariates associated with mortality on 

multivariable analysis. There was no interaction between tumor grade (p=0.4501) or disease 

site (p=0.0979) with RTT. When examining tumor stage, Stage III disease was associated 

with a worse OS with a prolonged RTT (HR 1.56 95% CI 1.20–2.03) relative to a standard 

RTT. There was no interaction across any other stage groupings (Table 3).

DISCUSSION

Fraction size is chosen to exploit the differential responses of tumors and normal tissues to 

external radiation. The Radiation Therapy Oncology Group (RTOG) ran multiple trials 

investigating accelerated fractionation schedules for head and neck cancer, culminating in a 

large 4-arm trial of radiation alone demonstrating, in part, that delivering 72 Gy in 6 weeks 

rather than 70 Gy in 7 weeks improved 2 year local-regional control by 8% (13). Although 

proving that treatment in 6 weeks is superior to 7 is not the same as proving that treatment in 

7 weeks is superior to 8, a logical conclusion was that an 8 week treatment of head and neck 

cancer was no longer considered acceptable (25). By comparison, in the era of 

chemoradiation, the result of increased RTT is uncertain and unplanned radiation treatment 

breaks resulting in 8 week (and longer) courses are all too common in daily practice.
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Given the complexities of daily attendance to a radiation facility, it is not surprising that 

many patients experience prolonged RTT. Nonetheless, it is surprising that such a high 

percentage (22%) met this study’s generous definition of prolonged RTT – an entire week 

longer than anticipated. Identifying patients at risk for a lengthy RTT may allow for closer 

monitoring during treatment and promote pre-emptive supportive measures. Female patients 

and those with higher stage disease, poor performance status, chemotherapy use or a 

hypopharynx primary were more likely to have an increased RTT.

It is not unexpected that patients predisposed to prolonged RTT are also those known to have 

increased acute and late toxicity (20, 26). They may benefit from close attention during 

radiation therapy. Helpful interventions include multiple weekly on-treatment visits, 

aggressive symptom management (including a low threshold for elective gastrostomy tube 

placement if unable to maintain weight before or during radiation), and scheduled 

intravenous fluid administration on days not receiving systemic therapy.

RTT and radiation alone

The role of RTT in the setting of radiation alone is clear – randomized trials support a 

locoregional control benefit from acceleration. Although the lack of OS improvement in this 

analysis is consistent with randomized trials, it conflicts with a large meta-analysis that 

demonstrated a survival benefit for patients receiving altered fractionation (15). The meta-

analysis, including nearly twice the number of patients (compared to this monograph) with a 

HR of 0.92 is similar to the HR of 0.86 in our series. While the OS benefit was not 

demonstrated in the analysis, this may reflect statistical power to substantiate a difference. 

Accelerated fractionation should still be considered for all patients receiving definitive 

radiation therapy.

In contrast to the known benefits of acceleration, which are probably best displayed by 

locoregional control and not captured by the NCDB, this work demonstrates worse survival 

among patients treated with radiation alone who sustain an unduly long RTT. Although 

prolonged RTT has many causes, this survival detriment persists when controlling for 

comorbidity, suggesting that inadequately treated head and neck cancer is a direct cause of 

mortality. Thus prolonged RTT must be recognized early by practitioners. In view of this 

study’s generous definitions (treatment needed to be extended at least a week prior to be 

classified as ‘prolonged’); mitigation of prolonged RTT encountered during a treatment 

course would likely require unsustainable acceleration (increased dose per fraction and/or 

increased fractions in a given week) (27). The best way to address prolonged RTT, as 

suggested above, is through prevention.

RTT and concurrent chemoradiation

The role of RTT in the setting of chemoradiation is less clear. Randomized trials suggest that 

the addition of concurrent chemotherapy improves the results of hyperfractionated 

radiotherapy but acceleration of radiation does not enhance concurrent chemoradiation (19, 

28). However, similar to radiation alone, there appears to be no significant survival benefit to 

acceleration with concurrent chemotherapy. Although the hazard ratio in this analysis 

suggests a possible benefit (and there are many accelerated fractionation regimens not 
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evaluated in this analysis), the toxicity of concurrent accelerated chemoradiation coupled 

with the absence of a significant survival benefit even with a large dataset discourages the 

use of these regimens.

Similar to the setting of radiation alone, prolonged RTT adversely affects survival, even in 

the setting of concurrent chemoradiation. This is of considerable interest because receiving 

concurrent chemotherapy is an independent predictor of increased RTT. Prospective analyses 

of different concurrent regimens suggest that delay is more closely associated with some 

regimens (29). Although concurrent systemic therapy may limit the benefit of accelerated 

fractionation, it does not obviate the need to complete therapy in a timely fashion.

RTT and post-operative therapy

RTT is a component of treatment package time — the time needed to complete postoperative 

radiation after resection of a head and neck cancer. Although historical reports differ on the 

importance of package time, most prospective investigations stipulate that adjuvant therapy 

must initiate within 8 weeks of the extirpative operation in order to reduce the package time 

(12, 30). This analysis demonstrates that prolonged RTT in the adjuvant setting does not 

worsen survival regardless of whether the adjuvant therapy begins within 8 weeks from the 

operation. The explanation for this different impact of prolonged RTT on the survival of 

adjuvant patients (HR 1.01) when compared to definitive radiation (HR 1.37) and definitive 

chemoradiation (HR 1.29) is likely multifactorial. Although we evaluated delay between 

operation and radiation start along with RTT, this may somehow be related to issues of 

package time - unlike in definitive therapy, RTT only represents a component of the total 

time subject to accelerated repopulation.

Alternatively, this may be related to the very nature of adjuvant therapy. A proportion of 

patients with either extracapsular spread or positive margins will survive for years after 

surgery alone (with no post-operative radiation) (31). Demonstrating a worse survival among 

a group of patients that are not all ‘high risk’ secondary to a 1 week delay in the timing of 

adjuvant radiotherapy may therefore be difficult. Nonetheless, we continue to advocate for 

prompt institution of adjuvant therapy and avoidance of prolonged RTT in the adjuvant 

setting. (32–35).

This work has limitations consistent with all large national database analyses which include 

coding errors, selection bias, and missing data. The NCDB also only codes for OS as an 

endpoint and there for there are no data regarding cancer-specific survival or treatment-

related toxicity. Furthermore, we were did not include treatment package time within the 

model for postoperative radiation due to the collinearity of package time with RTT. It is 

difficult to ascertain the impact of package time on RTT in this analysis.

This analysis demonstrates that RTT is an important prognostic factor for patients with head 

and neck malignancies. Although the application of concurrent chemotherapy may reduce 

the benefit of a shorter RTT in patients receiving concurrent chemoradiation, it cannot 

overcome the decline in tumor control among patients with a prolonged RTT. In patients 

receiving radiation alone or post-operative radiation, shorter RTT may improve outcomes 
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and should be considered when evaluating the potential for increased toxicity with 

accelerated schedules.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Summary

Despite the increasing adoption of chemoradiation for patients with locally advanced 

head and neck cancer, the impact of radiation treatment time (RTT) in patients receiving 

of chemoradiation is unclear. We utilize the National Cancer Database to identify the 

impact of RTT on outcomes in patients with head and neck cancer treated in the era of 

chemoradiation. Our results demonstrate that a prolonged radiation course is associated 

with an inferior overall survival regardless of chemotherapy use.
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Figure 1. 
CONSORT Diagram
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Figure 2. 
Kaplan-Meier demonstrating the association between RTT (prolonged, acceleration, 

standard) and overall survival for entire cohort (A), patients receiving definitive radiation 

(B), patients receiving post-operative radiation (C), and patients receiving chemoradiation 

(D)
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