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Background: Patients with unresectable locally advanced NSCLC who refuse or are not 

candidates for chemotherapy often receive radiation therapy (RT) alone. Hypofractionated RT 

(HFRT) regimens are becoming increasingly common. An analysis of the National Cancer 

Database (NCDB) was performed to evaluate the practice patterns and outcomes of HFRT vs. 

conventionally fractionated RT (CFRT) in patients with Stage III NSCLC undergoing definitive 

RT alone.

Materials and Methods: The NCDB was queried for all patients with stage III NSCLC 

diagnosed between 2004 and 2014 who received RT alone. CFRT was defined as patients treated 

to a total dose of 60–80 Gy in 1.8–2 Gy daily fractions. HFRT was defined as patients treated to a 

total dose of 50–80 Gy in 2.25–4 Gy fractions. Logistic regression, univariable and multivariable 

analyses (MVA) for overall survival (OS), and propensity score matched analyses (PSMA) were 

performed.

Results: A total of 6,490 patients were evaluated: 5,378 received CFRT and 1,112 received 

HFRT. Median CFRT dose was 66 Gy in 2 Gy fractions versus 58.5 Gy in 2.5 Gy fractions for 

HFRT. HFRT was associated with older age, lower biological effective dose (BED10), academic 

facility type, higher T-stage, and lower N-stage. On initial analysis, HFRT was associated with 

inferior OS (median 9.9 vs. 11.1 months, p<0.001), but after adjusting for the imbalance in 

covariates such as age, BED10, T-stage and N-stage using PSMA, the difference in survival was no 

longer significant (p=0.1).

Conclusion: In the appropriate clinical context, HFRT can be an option for patients with locally 

advanced NSCLC who are not candidates for chemotherapy or surgical resection. HFRT needs to 

be further studied in prospective trials to evaluate toxicity and tumor control.
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Introduction:

Lung cancer is the most common cause of cancer-related deaths worldwide[1]. Patients with 

locally advanced, unresectable non-small cell lung cancer (NSCLC) typically undergo 

treatment with definitive concurrent chemoradiation over 6–7 weeks with daily 

conventionally fractionated radiation therapy (CFRT) in 1.8–2.0 Gy fractions. While 

concurrent chemoradiation improves overall survival compared to sequential chemoradiation 

or radiotherapy (RT) alone, there is an increased risk for esophagitis and other toxicities [2–

4]. Many patients diagnosed with NSCLC are elderly, have medical comorbidities, poor 

functional status, or notable preexisting weight loss and may not be able to tolerate 

chemotherapy with radiation [5, 6]. Patients who refuse or are not candidates for 

chemotherapy often receive RT alone. RT alone, however, confers a 5-year overall survival 

rate of about 5–6%[4, 7, 8].

Hypofractionated RT (HFRT) regimens, in which radiation is administered using larger 

doses per fraction over a shorter period of time, are becoming increasingly common. 

Hypofractionated regimens range from stereotactic body radiation therapy (SBRT) 

treatments using high dose per fraction (ex: 8–18 Gy/fraction) in 3–5 fractions to moderately 
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hypofractionated radiation regimens (ex: 2.25–4 Gy/fraction) in 15–25 fractions. HFRT 

offers the convenience of a shorter treatment duration and can also lower health-care costs 

and help with resource limitations as compared to CFRT. Depending on fractional dose and 

the number of fractions, a larger RT dose per fraction may also confer greater biological 

effectiveness and improve locoregional control [9].

HFRT is now a standard of care option for select breast and prostate cancer patients, as it has 

been shown to result in excellent local control with acceptable toxicity and is also known to 

be an effective treatment for early-stage NSCLC [10–14]. Stereotactic body radiation 

therapy (SBRT) and other HFRT regimens are well-established standard treatment regimens 

that have been shown to be safe and highly effective with excellent local control rates in 

early-stage NSCLC patients[14, 15]. As tumor target volume increases and targets become 

more centrally located, however, the risks of toxicities with SBRT and HFRT increase[15]. 

Therefore, there is some concern that HFRT may result in increased toxicities in patients 

with locally-advanced NSCLC, particularly in those with mediastinal lymph node 

involvement.

With advancements in radiation treatment techniques, image guidance, tumor localization 

and targeting, HFRT is being explored in locally advanced NSCLC. The HFRT regimen of 

55 Gy in 20 fractions is now the most common fractionation schedule in the United 

Kingdom with or without chemotherapy[16]. CALGB 31102 (Alliance) conducted a phase I 

study to define the maximally tolerated dose of HFRT with concurrent chemotherapy in 

patients with Stage III NSCLC and found that only modest hypofractionation to 60 Gy in 24 

fractions (2.5 Gy/fraction) was achievable as a result of long-term toxicities[17]. HFRT with 

concurrent chemotherapy in locally advanced NSCLC is also currently under investigation 

through the RTOG 1106 and PCG-LUN005 trials.

Data regarding HFRT regimens using RT alone in locally advanced NSCLC, however, are 

limited. Small, single-institution studies have found HFRT to be well-tolerated with 

acceptable rates of toxicity, disease control and overall survival [9, 18–20]. While these 

results are promising, these studies employed small patient numbers and further prognostic 

and outcome data are needed.

To further understand the role of HFRT in locally advanced NSCLC patients undergoing RT 

alone, a database analysis was performed to evaluate practice patterns and outcomes of 

HFRT vs. CFRT in patients with Stage III NSCLC undergoing definitive RT alone.

Methods and Materials:

The National Cancer Database (NCDB) is a joint project of the Commission on Cancer of 

the American College of Surgeons and the American Cancer Society and is a nationwide 

hospital-based oncology outcomes database. NCDB captures the following patient and 

tumor characteristics: age, sex, race, insurance status, income, education, urban vs. rural 

dwelling, distance between patient’s residence and treatment facility, treatment facility type, 

treatment facility location, Charlson-Deyo comorbidity score, tumor location, tumor grade, 
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tumor histology, tumor size, and AJCC staging (clinical and pathologic T, N, M and overall 

stage). Smoking status, toxicities, and tumor control status are not available in the database.

The NCDB was queried for patients with stage III NSCLC diagnosed between 2004 and 

2014 who received external beam photon-based definitive radiation therapy (50 Gy-80 Gy) 

to the chest. Patients were excluded if they received chemotherapy, surgical resection or RT 

with palliative intent. See Figure 1 for the CONSORT diagram depicting patient selection.

The total radiation dose was the sum of the regional dose and boost dose, if applicable. The 

dose per fraction was calculated by dividing the total radiation dose by the number of 

fractions. Because Biological Effective Dose (BED10) is associated with improved local 

control and outcomes, particularly in patients receiving SBRT, the BED10 was calculated 

using the standard formula with 10 used as the alpha/beta ratio[21]. Patients were grouped 

into CFRT or HFRT. CFRT was defined as patients treated to a total dose of 60–80 Gy and a 

dose/fraction of 1.8–2 Gy/fraction. HFRT was defined as patients treated to a total dose of 

50–80 Gy and a dose/fraction of 2.25–4 Gy/fraction.

We first performed logistic regression to evaluate factors associated with HFRT treatment 

assignment. The following baseline patient and tumor characteristics were analyzed using 

both univariable and multivariable logistic regression predicting HFRT vs CFRT treatment: 

Age, BED10, Miles from hospital (“Crowfly”), Sex, Race (white vs other), Insurance 

(Medicare vs others), Income (<$38K vs >=$38K), Education (No High School Diploma 

(HSD) vs others), Urban (population >1million vs other), Facility Location (East Coast, 

Central, West Coast), Facility type (Academic vs other), Charlson-Deyo Comorbidity Index 

(CDCC) Total, Year of Diagnosis (2004–2009 vs. 2010–2014), Tumor location (upper vs 

other), Tumor laterality (Right vs other), Histology (squamous, adenocarcinoma, other), 

Grade of differentiation (well, moderate, poor), T-stage (T3/T4 vs others), and N-stage 

(N2/N3 vs others). Next, Kaplan-Meier survival curves were used to evaluate overall 

survival based on the date of diagnosis until the date of death or last contact. Cox 

proportional-hazards regression models were used for univariable and multivariable analyses 

predicting overall survival. The multivariable analysis included variables that were 

statistically significant (p<0.05) on univariable analysis.

Propensity score matched analysis was subsequently performed to adjust the imbalance in 

patient and clinical characteristics between HFRT and CFRT groups. This is a method for 

analyzing observational data by aiming to reduce the bias due to confounding variables, 

which is especially important in a retrospective study. Propensity scores were computed as 

the conditional probability of HFRT vs CFRT using a logistic regression model which 

included 19 demographic and clinical variables (listed above). Propensity-score-matched 

pairs were identified without replacement using a 1:1 nearest neighbor matching algorithm 

with caliper width equal to 0.132 (determined by 0.2 of the standard deviation of the logit of 

the propensity score recommended by Austin et al.[22]). Criteria of balance was satisfied for 

each of the variables included in the propensity score matching, given by absolute 

standardized mean difference (ASMD) between the two groups <0.1. p-values and 95% 

confidence intervals were two sided, and a p-value less than 0.05 was considered statistically 
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significant. STATA/IC v13 software (College Station, TX) and R 3.5.2 (www.r-project.org) 

were used for statistical analysis.

Results:

Patient Characteristics

A total of 6,490 patients were evaluated: 5,378 received CFRT and 1,112 received HFRT. 

Patient, tumor and treatment characteristics are listed in Table 1.

For the CFRT versus HFRT groups, median RT dose was 66 Gy (range: 60–80 Gy, 

Interquartile Range (IQR): 61.2–68) vs. 58.5 Gy (range: 50–80 Gy, IQR: 51.0 – 64.0), 

median RT dose per fraction was 2 Gy (range: 1.8–2 Gy, IQR: 1.8–2) vs. 2.50 Gy (range: 

2.25–4 Gy, IQR: 2.5–2.75), median number of fractions was 34 (range: 30–43, IQR: 32–36) 

vs. 22 (range: 13–35, IQR: 20–25), and median BED10 was 78.6 (range: 70.9–96, IQR: 

72.22–80.71) vs. 74.1(range: 61.36–112, IQR: 66.15–81.25).

Logistic regression results for factors associated with HFRT vs CFRT assignment are 

presented (Table 2). HFRT was associated with older age (odds ratio [OR] 1.01, p<0.001), 

lower BED10 (OR: 0.91, p<0.001), Academic Facility Type (OR 1.32, p<0.001), higher T-

stage (T3/4 OR: 1.26, p=0.004), lower N-stage (N2/3 OR: 0.77, p=0.003), Central Location 

vs. East Coast Location (OR: 0.80, p=0.003) and poorly differentiated grade vs. well/

moderately differentiated grade (OR: 0.79, p=0.018).

Overall Survival

The median, 1-year, 2-year and 5-year rates of overall survival were 11.1 months, 47.3%, 

23.4% and 6.5%, respectively, for patients who received CFRT versus 9.9 months, 42.9%, 

20.7% and 5.1%, respectively, for patients who received HFRT, and survival time between 

the groups was statistically significant by log-rank test (p<0.001) (Figure 2A).

Due to the overall poor prognosis of this patient population, there is a steep drop off in 

survival early on and the few survivors beyond 5 years. To minimize the bias from patients 

treated with palliative intent, a secondary analysis was performed on patients with a 

minimum survival of 3 months. In this analysis, HFRT was no longer significantly 

associated with poorer survival (median survival: 12.2 months with CFRT vs. 11.8 months 

with HFRT, p=0.052 (log-rank test)).

Univariable and Multivariable Cox Regression Analyses

The results from univariable and multivariable analyses predicting overall survival are 

demonstrated in Table 3. According to multivariable Cox regression analysis predicting 

overall survival, HFRT (compared to CFRT), increasing age, Medicare insurance, increasing 

Charlson-Deyo Comorbidity Score, higher T-stage, and higher N-stage were associated with 

inferior overall survival. In contrast, increasing BED10, female gender, urban dwelling, 

treatment at an academic center, more recent diagnosis (after 2009), upper lobe location and 

adenocarcinoma histology were associated with better overall survival.
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Propensity score matching analysis

To minimize selection bias, we performed propensity score matching analysis using the 19 

demographic and clinical covariates. After matching to adjust for the imbalanced 

demographic and clinical characteristics between CFRT and HFRT groups (including age, 

BED10, T-stage and N-stage), there were 841 matched pairs for both treatments. Using a 

Cox regression model stratified by propensity score matched pairs, HFRT compared to 

CFRT was no longer a significant predictor of OS with a HR (95% CI) of 1.13 (0.98–1.3) 

and p-value =0.095. In this matched cohort, the median, 1-year, 2-year and 5-year rates of 

overall survival were 10.9 months, 47.2 %, 22.7 % and 5.0 %, respectively, for patients who 

received CFRT versus 10.5 months, 44.6 %, 22.7 % and 5.6 %, respectively, for patients who 

received HFRT (Figure 2B).

Discussion:

This large analysis presents data from 6,490 patients with Stage III NSCLC treated with 

radiation therapy alone administered as either HFRT or CFRT. Because these patients did 

not receive surgical resection or chemotherapy, they are presumably patients with poor 

prognosis due to older age, medical comorbidities and/or extent of disease.

The data presented reflect a trend for prioritizing convenience as older patients and patients 

treated at academic centers were more likely to receive HFRT on logistic regression. HFRT 

was also associated with higher T-stage and lower N-stage on logistic regression. This is not 

surprising as practitioners may prefer a higher dose per fraction in larger tumors (T-stage) to 

improve local control. Additionally, practitioners are likely more comfortable using HFRT in 

patients with limited mediastinal nodal disease (N-stage) because toxicity is often related to 

the degree of target overlap with central structures.

Although hypofractionation is used to deliver an increased BED10 to patients, particularly 

for those who have tumors with high propensities for local failures like NSCLC, this study 

demonstrates that HFRT administered clinically was associated with a lower BED10. 

Although patients were selected for treatment with definitive intent, clinically, there are 

often cases treated with “aggressive palliation,” that are difficult to identify and exclude in a 

database study. Because patients in the HFRT group were older with larger tumors and 

treated with a lower BED10, the HFRT group likely included more patients treated with 

some degree of palliative intent and practitioners are likely selecting out worse-prognosis 

patients for HFRT. Unfortunately, NCDB does not record baseline performance status, 

which is an important predictor for outcome in this patient population. Due to the concern 

for confounding, MVA, PSMA and secondary analysis omitting patients surviving less than 

3 months were performed. After adjusting for the confounders of age, BED10, T-stage and 

N-stage through PSMA, the difference in overall survival with HFRT was no longer 

statistically significant. Presuming that patients in the HFRT group had worse baseline 

performance status, if it were possible to control for baseline performance status, we 

anticipate that the difference in overall survival would be further diminished.

It should be noted that, despite statistically significant differences in the initial analysis, the 

absolute differences in overall survival rates were small: 2.7% difference at 2 years, 1.4% at 
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5 years and 1.2 months at median. This small difference in overall survival needs to be 

considered in the appropriate clinical context as convenience may need to be prioritized in a 

patient population that is not fit for chemotherapy or surgery. The difference in median 

number of fractions of RT between CFRT and HFRT was 12, which indicates that the 

patients who received CFRT spent on average an additional >0.5 months of their lives 

receiving radiation, compared to the HFRT patients. Therefore, despite the small OS 

detriment seen on initial analysis with HFRT, HFRT can be considered in the appropriate 

clinical context.

The overall survival rates (2-year: HFRT 20.7%- CFRT 23.4%; 5 year: HFRT 5.1% -CFRT 

6.5%) are consistent with the published literature on locally advanced NSCLC patients 

treated with radiation therapy alone[4, 7]. To our knowledge, there are no randomized trials 

directly comparing CFRT vs. HFRT. Small, single-institution, single-arm studies have found 

RT alone with HFRT to be relatively well-tolerated with acceptable toxicity rates, disease 

control and overall survival [9, 18, 19]. The two systematic literature reviews examining 

HFRT in locally advanced NSCLC found that in patients treated with RT alone, the 2-year 

overall survival rates ranged from 18–68.7% and 5-year overall survival rates ranged from 

0–7.4%. Acute grade ≥3 esophagitis occurred in 0–15%, while late esophageal toxicity was 

0–16%. Acute pneumonitis (all grades) occurred in 0–44%, whereas late pneumonitis (all 

grades) occurred in 0–47%, most commonly grade ≤3[23, 24].

The strengths of our study include the large patient population and the novelty of being the 

first to compare CFRT vs. HFRT for locally advanced NSCLC on a large scale. Our study is 

limited by inherent weaknesses of the NCDB, including the absence of information 

regarding tumor control and cancer-specific survival and the lack of recording of other 

potential confounding variables, such as baseline performance status, toxicity rates and more 

aggressive biology (histologic subtype, PET scan avidity, etc.).

Prospective data and data comparing CFRT vs. HFRT are necessary to further understand 

the role of HFRT in locally advanced NSCLC patients undergoing RT alone. With the recent 

publication of the PACIFIC trial demonstrating improved overall survival with 

immunotherapy in patients with locally advanced NSCLC undergoing definitive concurrent 

chemoradiation,[25] the role of fractionation in the setting of immunotherapy needs to be 

explored. The recently activated NRG-LU004 (NCI number: NCT03801902) trial will 

evaluate these two questions. This study is evaluating the role of the addition of durvalumab 

to CFRT or HFRT without chemotherapy in patients with locally advanced NSCLC. We are 

also investigating the role of immunotherapy and CFRT in patients who cannot undergo 

concurrent chemotherapy through a phase II study, which will determine the safety and 

clinical outcomes with such a regimen (DART study, NCI number: NCT03999710).

Conclusions:

In conclusion, HFRT is associated with older age, lower BED10, academic facility type, 

higher T-stage, and lower N-stage. The slightly inferior overall survival rates seen in patients 

who received HFRT on initial analysis was no longer statistically significant after adjusting 

for the confounders of age, BED10, T-stage and N-stage through PSMA. HFRT can be 
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considered in the appropriate clinical context, such as in older patients with a higher 

comorbidity score and more limited life expectancy. Further data comparing CFRT vs. 

HFRT are necessary to better understand the role of HFRT in locally advanced NSCLC 

patients undergoing RT alone and in conjunction with adjuvant or concurrent 

immunotherapy
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Figure 1: 
CONSORT Diagram depicting patient selection
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Figure 2: 
Overall Survival Rates Comparing HFRT vs. CFRT
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Table 1 -

Patient, tumor and treatment characteristics:

Variable All Patients CFRT HFRT

N = 6490 (100%) N = 5378 (83%) N = 1112 (17%)

Age (Mean (min, max)) 75 (40, 90) 74 (40, 90) 76 (41, 90)

BED (Mean (min, max)) 77.0 (61.4, 112.0) 77.6 (70.9, 96.0) 74.3 (61.4, 112.0)

Miles from hosp (Mean (min, max)) 18 (0, 2588) 17 (0, 2420) 20 (0, 2588)

Sex (Female vs Male) 2877 (44%) 2369 (44%) 508 (46%)

Race (White vs Other) 5566 (86%) 4618 (86%) 948 (85%)

Insurance (Medicare vs Other) 4934 (76%) 4069 (76%) 865 (78%)

Urban (Pop. >1 million) 2802 (43%) 2277 (42%) 525 (47%)

Facility Location

 1. East Coast 2570 (40%) 2089 (39%) 481 (43%)

 2. Central 3105 (48%) 2631 (49%) 474 (43%)

 3. West Coast 815 (13%) 658 (12%) 157 (14%)

CDCC_TOTAL

 0 3817 (59%) 3178 (59%) 639 (57%)

 1 1709 (26%) 1411 (26%) 298 (27%)

 2 686 (11%) 558 (10%) 128 (12%)

 3 278 (4.3%) 231 (4.3%) 47 (4.2%)

Year of Diagnosis >2009 2828 (44%) 2312 (43%) 516 (46%)

Tumor location (Upper vs Lower) 4098 (63%) 3391 (63%) 707 (64%)

Tumor laterality (Right vs Left) 3825 (59%) 3162 (59%) 663 (60%)

Histology

 1. Squamous 3081 (47%) 2554 (47%) 527 (47%)

 2. Adeno 1754 (27%) 1461 (27%) 293 (26%)

 3. Other 1655 (26%) 1363 (25%) 292 (26%)

Grade

 1. Well/mod 1323 (20%) 1075 (20%) 248 (22%)

 2. Poor 1940 (30%) 1624 (30%) 316 (28%)

 3. Not determined 3227 (50%) 2679 (50%) 548 (49%)

T-stage 3/4 3337 (51%) 2684 (50%) 653 (59%)

N-stage 2/3 5051 (78%) 4248 (79%) 803 (72%)

Median Income <$38K 1532 (24%) 1264 (24%) 268 (24%)

Education (No HSD vs other) 1219 (19%) 1003 (19%) 216 (19%)

Variable All Patients CFRT HFRT

Continuous variables presented as Mean (Minimum, Maximum). Categorical variables presented as n (%).

HFRT = Hypofractionated Radiotherapy, CFRT = Conventional Radiotherapy, BED = Biologic Effective Dose, HSD = High School Diploma, 
CDCC = Charlson Deyo Comorbidity Index
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Table 2 –

Logistic Regression predicting HFRT vs CFRT assignment:

Univariable Multivariable

N = 6490 OR 95% CI p-value OR 95% CI p-value

Increasing Age 1.02 1.01, 1.02 <0.001 1.01 1.01, 1.02 <0.001

Increasing BED 0.91 0.90, 0.92 <0.001 0.91 0.90, 0.92 <0.001

Miles from hosp. 1.00 1.00, 1.00 0.2 1.00 1.00, 1.00 0.3

Sex (Female vs Male) 1.07 0.94, 1.22 0.3 1.03 0.90, 1.18 0.7

Race (White vs Other) 0.95 0.79, 1.14 0.6 1.03 0.84, 1.26 0.8

Insurance (Medicare vs Other) 1.13 0.97, 1.32 0.13 0.99 0.83, 1.19 >0.9

Urban (Pop. >1 million) 1.22 1.07, 1.39 0.003 1.08 0.94, 1.24 0.3

Facility Type (Academic vs Other) 1.34 1.16, 1.54 <0.001 1.32 1.14, 1.54 <0.001

CDCC_TOTAL

 0 Ref. Ref.

 1 1.05 0.90, 1.22 0.5 1.04 0.89, 1.21 0.6

 2 1.14 0.92, 1.40 0.2 1.17 0.94, 1.45 0.2

 3 1.01 0.72, 1.39 >0.9 1.04 0.74, 1.45 0.8

Year of Diagnosis >2009 1.15 1.01, 1.31 0.037 1.12 0.97, 1.28 0.12

Tumor location (Upper vs Lower) 1.02 0.89, 1.17 0.7 1.05 0.92, 1.21 0.5

Histology

 Squamous Ref. Ref.

 Adeno 0.97 0.83, 1.14 0.7 1.02 0.86, 1.20 0.8

 Other 1.04 0.89, 1.21 0.6 1.18 0.99, 1.40 0.061

T-stage 3/4 1.43 1.25, 1.63 <0.001 1.26 1.08, 1.47 0.004

N-stage 2/3 0.69 0.60, 0.80 <0.001 0.77 0.65, 0.91 0.003

Location

 East Coast Ref. Ref.

 Central 0.78 0.68, 0.90 <0.001 0.80 0.69, 0.93 0.003

 West Coast 1.04 0.85, 1.26 0.7 1.04 0.84, 1.28 0.7

Tumor laterality (Right vs Left) 1.03 0.91, 1.18 0.6 1.05 0.92, 1.20 0.5

Grade

 Well/mod Ref. Ref.

 Poor 0.84 0.70, 1.01 0.069 0.79 0.65, 0.96 0.018

 Not determined 0.89 0.75, 1.05 0.2 0.82 0.69, 0.98 0.029

Median Income <$38K 1.03 0.89, 1.20 0.7 1.15 0.95, 1.38 0.14

Education (No HSD vs other) 1.05 0.89, 1.24 0.5 1.09 0.90, 1.33 0.4

Univariable (UVA) Odds Ratio (OR), 95% Confidence Interval (CI), and p-value calculated by univariable logistic regression predicting HFRT 
assignment. Multivariable (MVA) OR, 95% CI and p-value calculated by using multivariable logistic regression predicting HFRT assignment, 
adjusting for all variables in the model.

HFRT = Hypofractionated Radiotherapy, CFRT = Conventional Radiotherapy, BED = Biologic Effective Dose, HSD = High School Diploma, 
CDCC = Charlson Deyo Comorbidity Index
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Table 3-

Univariable and Multivariable Cox Regression Analyses Predicting OS:

Univariable Multivariable

N = 6490 HR 95% CI p-value HR 95% CI p-value

HFRT vs CFRT 1.14 1.06, 1.22 <0.001 1.08 1.01, 1.16 0.027

Increasing Age 1.01 1.01, 1.01 <0.001 1.01 1.01, 1.01 <0.001

Increasing BED 0.98 0.98, 0.99 <0.001 0.98 0.98, 0.99 <0.001

Miles from hosp. 1.00 1.00, 1.00 0.2

Sex (Female vs Male) 0.83 0.79, 0.87 <0.001 0.83 0.79, 0.88 <0.001

Race (White vs Other) 1.09 1.02, 1.18 0.018 1.03 0.95, 1.11 0.5

Insurance (Medicare vs Other) 1.24 1.17, 1.32 <0.001 1.14 1.07, 1.23 <0.001

Urban (Pop. >1 million) 0.91 0.86, 0.96 <0.001 0.91 0.86, 0.96 <0.001

Facility Type (Academic vs Other) 0.89 0.84, 0.95 <0.001 0.92 0.86, 0.97 0.004

CDCC_TOTAL

 0 Ref. Ref.

 1 1.10 1.03, 1.16 0.003 1.09 1.02, 1.15 0.007

 2 1.20 1.10, 1.31 <0.001 1.19 1.09, 1.30 <0.001

 3 1.32 1.16, 1.50 <0.001 1.33 1.17, 1.51 <0.001

Year of Diagnosis >2009 0.91 0.86, 0.96 <0.001 0.88 0.84, 0.93 <0.001

Tumor location (Upper vs Lower) 0.84 0.79, 0.88 <0.001 0.84 0.80, 0.89 <0.001

Histology

 Squamous Ref. Ref.

 Adeno 0.83 0.78, 0.88 <0.001 0.89 0.84, 0.95 <0.001

 Other 0.97 0.91, 1.03 0.3 0.99 0.93, 1.06 0.8

T-stage 3/4 1.17 1.11, 1.23 <0.001 1.34 1.26, 1.42 <0.001

N-stage 2/3 1.10 1.03, 1.17 0.003 1.33 1.24, 1.43 <0.001

Location

 East Coast Ref.

 Central 1.03 0.98, 1.09 0.2

 West Coast 0.97 0.89, 1.05 0.4

Tumor laterality (Right vs Left) 0.98 0.93, 1.03 0.4

Grade

 Well/mod Ref.

 Poor 1.03 0.96, 1.11 0.4

 Not determined 0.97 0.91, 1.04 0.4

Median Income <$38K 0.98 0.92, 1.04 0.5

Education (No HSD vs other) 0.94 0.88, 1.01 0.084

Univariable (UVA) Hazard Ratio (HR), 95% Confidence Interval (CI), and p-value calculated by univariable Cox proportional hazards regression 
with an endpoint of overall survival. Multivariate (MVA) OR, 95% CI and p-value calculated by using multivariable Cox proportional hazards 
regression with an endpoint of overall survival, adjusting for all variables that were significant in the UVA model. HFRT = Hypofractionated 
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Radiotherapy, CFRT = Conventional Radiotherapy, BED = Biologic Effective Dose, HSD = High School Diploma, CDCC = Charlson Deyo 
Comorbidity Index
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