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Introduction

In 2019 an estimated 8,300 patients will be diagnosed with 

anal cancer, and the disease is expected to result in 1,280 

deaths (1). The incidence of squamous cell carcinoma 
of the anus (SCCA) has steadily increased, likely due to 
changing sexual practices resulting in increased prevalence 
of HPV (2-4). SCCA is the most common histology 
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accounting for 80% of anal cancers (5). Chemoradiotherapy 
(CRT), consisting of radiotherapy (RT) and concurrent 
5-fluorouracil and mitomycin-C, is the standard therapy 
for SCCA (6,7). Outcomes for patients with localized 
SCCA treated with this regimen are favorable with 5-year 
progression-free survival of 79% (7). 

The optimal RT duration, fractionation schedule, and 
dose have not been definitively established and vary based 
upon individual provider practice. National Comprehensive 
Cancer Network (NCCN) guidelines recommend a 
minimum dose of 45 Gy delivered in 1.8 Gy fractions 
resulting in 25 fractions delivered over 5 weeks (8). For 
T2–T4 lesions or node-positive disease these guidelines 
recommend a boost of 9–14 Gy, delivered in 1.8–2 Gy 
fractions, resulting in a total dose of 54–59 Gy delivered 
in 30–32 fractions over 6–7.5 weeks. Due to the toxicity of 
CRT, RT delays are common with toxicity-related breaks in 
49–80% of patients (6,9,10).

Although delays are common, the impact of delays 
on SCCA outcomes has not been well characterized. 
Limited evidence suggests that longer RT treatment gaps 
result in reduced local control (LC) (11-13) and disease-
free survival (DFS) (14). Other studies, however, show 
no differences in outcomes based on RT interruptions, 
including a pooled analysis of two Radiation Therapy 
Oncology Group (RTOG) studies (15-17). Many of these 
studies, however, did not utilize the current standard of 
care treatment or relied on a small sample size (11-17). In 
cancers of other primary anatomic sites, prolongation of 
RT has been well associated with reduced overall survival 
(OS) and LC (18). This has been found particularly in head 
and neck cancer (19-21) and cervical cancer (22,23), two 
malignancies that often share similar viral etiology (HPV) 
and histology (squamous cell carcinoma) to SCCA. These 
poorer outcomes associated with prolonged treatment may 
be caused by accelerated repopulation of tumor cells during 
treatment interruptions (18).

Given the limited and conflicting results of previous 
studies on the effect of RT prolongation on outcomes in 
SCCA, a more thorough analysis is justified. This study was 
designed to assess the impact of radiation treatment time 
on OS for patients with SCCA using the National Cancer 
Database (NCDB) and to evaluate possible demographic 
and prognostic characteristics associated with a prolonged 
duration of RT. 

Methods

Since de-identified data was used in this analysis, it was 
declared exempt from Institutional Review Board oversight 
by the sponsoring institution. Data was obtained from 
the American College of Surgeons and consisted of the 
2014 NCDB participant user file (PUF). The NCDB is a 
joint project between the Commission on Cancer (CoC) 
of the American College of Surgeons and the American 
Cancer Society. The database consists of 34 million cancer 
patient records consisting of approximately 70% of newly 
diagnosed cancer patients reported from approximately 
30% of all US hospitals (24-26). The CoC's NCDB and the 
hospitals participating in the CoC NCDB are the source of 
the de-identified data used here; they have not verified and 
are not responsible for the statistical validity of the analysis 
or the conclusions derived by the authors (24).

Patient selection

A total of 54,069 patients aged 18 or older diagnosed 
with anal cancer between 2004 and 2014 were initially 
identified. Exclusion criteria are displayed in Figure 1. 
Patients were excluded if they had in situ primary disease 
without nodal metastases or distant metastases. Only 
patients with International Classification of Diseases for 
Oncology, 3rd Edition (ICD-O-3) site codes for histology 
of SCCA and pathologic confirmation of disease were 
included (27). Included patients received concurrent CRT, 
defined as a maximum 7-day period between the initiation 
of chemotherapy and the initiation of RT. Patients who 
underwent salvage surgery were included if surgery followed 
initiation of RT by at least 89 days (33 days for a minimal 
time to complete 25 fractions plus 56 days for the minimum 
NCCN recommended time for follow-up digital rectal exam 
after RT) (8). Patients receiving non-standard RT modalities 
and patients receiving RT to non-pelvic sites were excluded. 

Patients were included if RT duration was 33–100 days, 
if the number of RT fractions were 25–33 fractions, and 
the total RT dose was 45–60 Gy. The upper bound for 
elapsed days of RT was based on the standard CRT arm of 
RTOG 98-11 which allowed for a maximum of 100 days (6).  
The lower bound of 33 days is the minimum number of 
possible days for delivery of 5 fractions per week with 
weekend breaks on a 25 fraction schedule. Bounds for 
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Figure 1 Exclusion criteria showing the number of patients excluded by each criterion. NCDB, National Cancer Database; OS, overall 
survival; RT, radiation therapy.

Primary anal cancer cases in adults (≥18 years 
old) reported to the NCDB and diagnosed from 

2004-2014 (n=54,069) 

Included in analysis of factors impacting 
RT delays (n=8,948) 

Included in analysis of OS 
(n=6,429)

Excluded from analysis of factors impacting RT delays Metastatic disease, 
in situ disease, unstaged (n=20,537) 
Non-squamous histology (n=6,995) 
No pathologic confirmation or tumor size of “0” (n=94) 
Surgery performed prior to radiation or surgery performed within 89 days 
after RT initiation (n=7,808) 
Treatment listed as palliative (n=349) 
No RT, brachytherapy alone, or unknown type of RT given (n=1,110)
RT volume outside of pelvis or non-standard RT modality (e.g., 
orthovoltage, strontium, Gammaknife, etc.) (n=1,002) 
No chemotherapy given (n=1,405) 
Chemotherapy not given concurrently with RT (initiation of chemotherapy 
>7 days apart from initiation of RT) (n=1,691) 
Elapsed days of RT <33 days or >100 days (n=1,026) 
Number of fractions delivered <25 or >33 (n=2,204) 
Total RT dose <45 Gy or >60 Gy (n=745) 
Ratio of elapsed days of RT to number of fractions delivered is >1.32 (to 
exclude patients treated with accelerated radiation schedules) (n=155) 

Additional exclusions for OS analysis 
Time from diagnosis to death or last contact blank or 0 months (n=1,384) 
History of previous malignancy (n=1,135) 

fraction number and total dose were determined by NCCN 
guidelines, except for the upper bound of total dose (8). 
The upper bound of 60 Gy was based on the standard arm 
of the ACCORD 03 trial to allow for variability beyond 
NCCN guidelines (8,28). Finally, patients were excluded if 
they had a ratio of fractions to treatment days of more than 
5.3 fractions per week (maximum possible RT treatment 
rate determined based on 25 fractions starting on a 
Monday including weekend breaks) to exclude accelerated 
fractionation regimens. Additional exclusion criteria for the 
OS analysis included patients with an unknown time from 
diagnosis to death or a time listed as ‘0’ and patients with a 
prior malignancy (29).

Statistical methods

Multivariable analysis (MVA) assessed the impact of 
demographic, treatment, and prognostic factors on 
duration of RT, and utilized covariates listed in Table 1. 
The Charlson/Deyo comorbidity index is a weighted score 

derived from ICD-9 and ICD-10 secondary diagnosis codes. 
Scores are condensed by the NCDB to 0, 1, and 2 (with 2 
representing all cases with a score >1). AJCC clinical stage 
and TNM classification were reported based on the edition 
in place at the time of diagnosis (29). Patients receiving 
proton therapy were grouped with patients receiving IMRT. 
Total duration of RT was calculated as the number of days 
between the date RT started and the date on which RT 
ended plus 1 day. For the OS analysis, duration of RT was 
normalized to fractions delivered per week (total duration 
of RT in days divided by 7) given the variation in treatment 
schedules (i.e., patients could have 25 to 33 planned 
fractions and would have inherent differences in treatment 
time). The estimated missed days of RT was based on the 
difference between total duration of RT and the maximum 
possible number of days the patient’s fractionation schedule 
would require if it were started on a Friday (i.e., treatment 
for a 25 fraction regimen would take 35 days if started 
on a Friday and 33 days if started on a Monday therefore 
35 days would be used in this calculation). This method 
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Table 1 Patient demographic, treatment/treatment center, and 
prognostic characteristics within the RT duration cohort and the 
overall survival (OS) cohort

Category
RT duration cohort 

number (%)
OS cohort 

number (%)

Total 8,948 (100.0) 6,429 (100.0)

Race/ethnicity

Non-Hispanic White 7,253 (81.1) 5,179 (80.6)

Hispanic 391 (4.4) 295 (4.6)

Non-Hispanic Black 755 (8.4) 537 (8.4)

AAPI 88 (1.0) 68 (1.1)

Other/unknown 461 (5.2) 350 (5.4)

Gender    

Male 2,617 (29.2) 1,928 (30.0)

Female 6,331 (70.8) 4,501 (70.0)

Year of diagnosis    

2004 348 (3.9) 290 (4.5)

2005 392 (4.4) 337 (5.2)

2006 424 (4.7) 375 (5.8)

2007 595 (6.6) 508 (7.9)

2008 641 (7.2) 532 (8.3)

2009 796 (8.9) 673 (10.5)

2010 880 (9.8) 743 (11.6)

2011 996 (11.1) 863 (13.4)

2012 1,143 (12.8) 972 (15.1)

2013 1,352 (15.1) 1,136 (17.7)

2014 1,381 (15.4) 0 (0)

Age (years)    

>70 1,592 (17.8) 1,023 (15.9)

61–70 2,270 (25.4) 1,559 (24.2)

51–60 3,142 (35.1) 2,323 (36.1)

41–50 1,654 (18.5) 1,287 (20.0)

≤40 290 (3.2) 237 (3.7)

Insurance type

Private insurance 4,271 (47.7) 3,184 (49.5)

Medicare 3,133 (35.0) 2,069 (32.2)

Medicaid 743 (8.3) 524 (8.2)

Not insured 525 (5.9) 446 (6.9)

Table 1 (continued)

Table 1 (continued)

Category
RT duration cohort 

number (%)
OS cohort 

number (%)

Other/unknown 276 (3.1) 206 (3.2)

Median household income (dollars) in zip code of patient 
residence

>63,000 2,634 (29.4) 1,865 (29.0)

48,000–62,999 2,379 (26.6) 1,734 (27.0)

38,000–47,999 2,220 (24.8) 1,599 (24.9)

<38,000 1,654 (18.5) 1,184 (18.4)

Unknown 61 (0.7) 47 (0.7)

Education status (% without high school diploma) in zip code of 
patient residence

<7 2,178 (24.3) 1,567 (24.4)

7.0–12.9 2,949 (33.0) 2,119 (33.0)

13–20.9 2,353 (26.3) 1,701 (26.5)

≥21.0 1,409 (15.7) 997 (15.5)

Unknown 59 (0.7) 45 (0.7)

Urban/rural category

Metropolitan ≥1 million 4,539 (50.7) 3,233 (50.3)

Metropolitan <1 million 2,796 (31.2) 2,021 (31.4)

Urban 1,259 (14.1) 923 (14.4)

Rural 139 (1.6) 103 (1.6)

Unknown 215 (2.4) 149 (2.3)

Distance to reporting center (miles)

≤10 4,980 (55.7) 3,596 (55.9)

11–20 1,853 (20.7) 1,314 (20.4)

21–50 1,463 (16.4) 1,040 (16.2)

>50 596 (6.7) 436 (6.8)

Unknown 56 (0.6) 43 (0.7)

Reporting facility type

Community 911 (10.2) 638 (9.9)

Comprehensive community 3,997 (44.7) 2,904 (45.2)

Academic 2,847 (31.8) 2,010 (31.3)

Integrated network 957 (10.7) 689 (10.7)

Unknown 236 (2.6) 188 (2.9)

Table 1 (continued)
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Table 1 (continued)

Category
RT duration cohort 

number (%)
OS cohort 

number (%)

Reporting facility anal cancer patient volume

Upper third of facilities 5,287 (59.1) 3,778 (58.8)

Middle third of facilities 2,986 (33.4) 2,171 (33.8)

Lower third of facilities 675 (7.5) 480 (7.5)

Reporting facility location

Northeast 1,843 (20.6) 1,296 (20.2)

South 2,940 (32.9) 2,133 (33.2)

Midwest 2,425 (27.1) 1,765 (27.5)

West 1,504 (16.8) 1,047 (16.3)

Unknown 236 (2.6) 188 (2.9)

Radiation plan type

Non-IMRT, non-proton 4,576 (51.1) 3,458 (53.8)

IMRT, proton 4,372 (48.9) 2,971 (46.2)

Charlson/Deyo comorbidity score

0 7,297 (81.5) 5,310 (82.6)

1 1,093 (12.2) 756 (11.8)

2 558 (6.2) 363 (5.6)

Clinical tumor classification

T0/IS 7 (0.1) 4 (0.1)

T1 1,299 (14.5) 961 (14.9) 

T2 4,579 (51.2) 3,329 (51.8)

T3 2,151 (24.0) 1,545 (24.0)

T4 782 (8.7) 557 (8.7)

Unknown 130 (1.5) 93 (1.4)

Clinical nodal classification

N0 5,597 (62.6) 4,025 (62.6)

N1 1,150 (12.9) 821 (12.8)

N2 1,213 (13.6) 864 (13.4)

N3 865 (9.7) 624 (9.7)

Unknown 123 (1.4) 95 (1.5)

Clinical grade    

Well/moderately 
differentiated

3,929 (43.9) 2,817 (43.8)

Table 1 (continued)

Table 1 (continued)

Category
RT duration cohort 

number (%)
OS cohort 

number (%)

Poorly differentiated/
undifferentiated, anaplastic

2,538 (28.4) 1,847 (28.7)

Unknown 2,481 (27.7) 1,765 (27.5)

Chemotherapy administered

Multi-agent 7,780 (86.9) 5,560 (86.5)

Single agent 805 (9.0) 575 (8.9)

Unknown 363 (4.1) 294 (4.6)

AAPI, Asian-American and Pacific Islander; IMRT, intensity-
modulated radiation therapy; IS, in situ.

underestimates the number of missed days for some patients 
but was felt to be the most conservative technique given 
that the exact planned number of treatment days is not 
recorded in the NCDB.

Negative binomial regression was used to assess the 
effect of demographic and prognostic factors on duration of 
RT. An offset was used to adjust for the number of fractions 
delivered. Cox proportional hazards regression model 
was used for OS analysis. Schoenfeld residual analysis was 
used to assess the proportional hazards assumption. The 
penalized spline regression method was used to obtain 
adjusted hazard ratio (HR) of OS according to fractions 
delivered per week and missed days of RT as continuous 
variables. A cutoff value dichotomizing fractions delivered 
per week was determined using the minimum P value 
approach (30). All tests were two-sided and P<0.05 was used 
as criteria for statistical significance. All statistical analyses 
were performed with statistical software packages SAS/
STAT version 9.4 (SAS Institute Inc.) or R (version 3.3.1).

Results

Patient cohort characteristics

A final cohort of 8,948 patients with non-metastatic SCCA 
treated with definitive CRT was used for the MVA to 
determine factors associated with total duration of RT. 
Table 1 summarizes the cohort’s demographics, prognostic 
characteristics, and treatment factors. Cohort characteristics 
include a majority of non-Hispanic white patients (81.1%), 
mostly female patients (70.8%), a near even distribution 
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of non-IMRT (51.1%) or IMRT (48.9%), and a majority 
receiving multi-agent chemotherapy (86.9%). The mean 
of total elapsed days of RT was 48.5 days [SD (standard 
deviation) =9.5], and the median was 46.0 days. The mean 
total dose was 53.46 Gy (SD =3.98), and the median was 
54.00 Gy. The mean fractions delivered were 29.5 fractions 
(SD =2.3) with a median of 30.0 fractions. The mean 
fractions delivered per week was 4.37 fx/week (SD =0.65) 
with a median of 4.53 fx/week. The mean missed days of 
RT were 6.5 days (SD =8.2) with a median of 3 days.

 MVA of factors impacting duration of RT

An MVA was completed to assess the relative risk (RR) 
that factors included in Table 1 may contribute to total 
duration of RT. The results of this analysis are shown 
in Table 2. Female gender was associated with a longer 
duration of RT [RR, 1.03; 95% confidence interval (CI), 
1.02–1.04]. Patients diagnosed in the years 2008–2014 had 
a significant decrease in total RT duration relative to the 
reference variable of 2004 (P<0.05). Patients without private 
insurance were more likely to have a longer duration of 
RT, particularly among patients with Medicaid (RR, 1.07; 
95% CI, 1.05–1.08). Living >50 miles from a reporting 
center was associated with a shorter duration of RT relative 
to patients living within 10 miles of a reporting center 
(RR, 0.97; 95% CI, 0.96–0.99). Treatment at an academic 
center was associated with a shorter duration of RT relative 
to a community hospital (RR, 0.98; 95% CI, 0.97–1.00). 
Treatment at high volume facilities was associated with a 
significantly shorter duration of RT relative to treatment at 
intermediate and low volume facilities. Patients treated with 
IMRT relative to Non-IMRT were associated with a shorter 
duration of RT (RR, 0.97; 95% CI, 0.96–0.97). Charlson/
Deyo score ≥2 was associated with a longer duration of RT 
(RR, 1.03; 95% CI, 1.02–1.05). More advanced AJCC T and 
N stages were associated with significantly longer durations 
of RT. Patients treated with single-agent chemotherapy had 
a shorter duration of RT relative to those receiving multi-
agent chemotherapy (RR, 0.99; 95% CI, 0.97–1.00). 

Impact of radiotherapy prolongation on OS (Figures 2,3)

After excluding patients with no data on time from 
diagnosis to death or last contact and excluding patients 
with prior malignancies, 6,429 patients were included in 
the OS analysis (Table 3). The number of fractions delivered 

Table 2  Multivariable analyses on the effects of patient 
demographic, treatment/treatment center, and prognostic 
characteristics on total radiotherapy duration

Category RR (95% CI) P value

Race/ethnicity

Non-Hispanic White Reference

Hispanic 1.00 (0.98, 1.02) 0.819

Non-Hispanic Black 1.00 (0.98, 1.01) 0.498

AAPI 0.98 (0.94, 1.02) 0.252

Other/unknown 1.01 (0.99, 1.02) 0.486

Gender    

Male Reference  

Female 1.03 (1.02, 1.04) <0.001

Year of diagnosis    

2004 Reference  

2005 0.99 (0.97, 1.02) 0.621

2006 1.01 (0.98, 1.03) 0.482

2007 0.99 (0.97, 1.01) 0.481

2008 0.98 (0.96, 1.00) 0.044

2009 0.98 (0.96, 1.00) 0.033

2010 0.97 (0.95, 0.99) 0.011

2011 0.96 (0.94, 0.98) <0.001

2012 0.95 (0.93, 0.97) <0.001

2013 0.95 (0.93, 0.97) <0.001

2014 0.95 (0.93, 0.97) <0.001

Age (years)    

>70 Reference  

61–70 0.99 (0.98, 1.00) 0.158

51–60 0.99 (0.98, 1.00) 0.174

41–50 1.00 (0.99, 1.02) 0.702

≤40 0.99 (0.94, 1.04) 0.675

Insurance type    

Private insurance Reference  

Medicare 1.03 (1.02, 1.04) <0.001

Medicaid 1.07 (1.05, 1.08) <0.001

Not insured 1.02 (1.01, 1.04) 0.010

Other/unknown 1.04 (1.02, 1.06) <0.001

Table 2 (continued)
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Table 2 (continued)

Category RR (95% CI) P value

Median household income (dollars) in zip code of patient 
residence

>63,000 Reference  

48,000–62,999 1.01 (1.00, 1.02) 0.250

38,000–47,999 1.00 (0.99, 1.02) 0.697

<38,000 1.01 (0.99, 1.02) 0.308

Unknown 0.92 (0.72, 1.18) 0.518

Education status (% without high school diploma) in zip code of 
patient residence

<7 Reference  

7.0–12.9 1.00 (0.99, 1.01) 0.506

13–20.9 1.02 (1.00, 1.03) 0.011

≥21.0 1.01 (0.99, 1.02) 0.533

Unknown 1.12 (0.86, 1.46) 0.408

Urban/rural category    

Metropolitan ≥1 million Reference  

Metropolitan <1 million 1.00 (0.99, 1.01) 0.601

Urban 1.01 (0.99, 1.02) 0.353

Rural 1.02 (0.99, 1.05) 0.222

Unknown 0.98 (0.96, 1.01) 0.223

Distance to reporting center (miles)  

≤10 Reference  

11–20 1.00 (1.00, 1.01) 0.346

21–50 1.00 (0.99, 1.01) 0.759

>50 0.97 (0.96, 0.99) <0.001

Unknown 1.00 (0.89, 1.12) 0.987

Reporting facility type    

Community Reference  

Comprehensive community 0.99 (0.97, 1.00) 0.049

Academic 0.98 (0.97, 1.00) 0.019

Integrated network 1.01 (0.99, 1.02) 0.479

Reporting facility anal cancer patient volume

Upper third of facilities Reference  

Middle third of facilities 1.01 (1.01, 1.02) <0.001

Lower third of facilities 1.02 (1.00, 1.03) 0.015

Table 2 (continued)

Table 2 (continued)

Category RR (95% CI) P value

Reporting facility location    

Northeast Reference  

South 1.00 (0.99, 1.01) 0.656

Midwest 0.99 (0.98, 1.00) 0.091

West 0.97 (0.95, 0.98) <0.001

Radiation plan type    

Non-IMRT, non-proton Reference  

IMRT, proton 0.97 (0.96, 0.97) <0.001

Charlson/Deyo comorbidity score  

0 Reference  

1 1.01 (0.99, 1.02) 0.342

2 1.03 (1.02, 1.05) <0.001

Clinical tumor classification

T0/IS 0.93 (0.82, 1.06) 0.289

T1 Reference  

T2 1.02 (1.01, 1.03) <0.001

T3 1.02 (1.01, 1.04) <0.001

T4 1.03 (1.02, 1.05) <0.001

Clinical nodal classification

N0 Reference  

N1 1.00 (0.99, 1.01) 0.623

N2 1.02 (1.00, 1.03) 0.006

N3 1.01 (1.00, 1.03) 0.045

Unknown 0.99 (0.96, 1.02) 0.552

Clinical grade    

Well/moderately differentiated Reference  

Poorly differentiated/
undifferentiated, anaplastic

1.00 (0.99, 1.01) 0.764

Unknown 1.00 (1.00, 1.01) 0.356

Chemotherapy administered

Multi-agent Reference  

Single agent 0.99 (0.97, 1.00) 0.031

Unknown 1.02 (1.00, 1.04) 0.016

Dose per fraction 1.05 (1.01, 1.09) 0.009

AAPI, Asian-American and Pacific Islander; IMRT, intensity-
modulated radiation therapy; IS, in situ.
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Figure 2 Multivariable analyses of risk of death in relation to radiation therapy treatment schedules. (A) Adjusted hazard ratio of death 
relative to fractions delivered per week as a continuous variable. Dashed lines represent the upper and lower bound of the confidence interval 
for the hazard ratio. The vertical lines at the base of the graph show the frequency of patients treated at each fraction per week interval. 
Note: hazard ratios are shown on a log scale. (B) Adjusted hazard ratio of death relative to the number of RT missed days as a continuous 
variable. Higher values represent an increased risk of death. Dashed lines represent the upper and lower bound of the confidence interval 
for the hazard ratio. The vertical lines at the base of the graph show the frequency of patients treated at each value of missed RT days. Note: 
hazard ratios are shown on a log scale.
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Figure 3 Kaplan-Meier plots of overall survival  in relation to radiation therapy treatment schedules. (A) Kaplan-Meier plots comparing 
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per week was independently associated with OS (HR, 0.79; 
95% CI, 0.73–0.85). The minimum P value approach 
was used to dichotomize this variable (30). The value was 
determined to be 4.72 fractions per week, and the MVA 
was then repeated with fractions per week as a categorical 
variable (≤4.72 vs. >4.72). Patients treated at a rate >4.72 
fractions per week had greater OS relative to the group 
treated at a rate ≤4.72 fractions per week (HR, 0.70; 95% 
CI, 0.63–0.79). Figure 2A displays the HR for OS relative 
to fractions delivered per week and shows that the HR for 

OS increased as the rate of treatment decreased. Figure 3A 
displays the difference in OS between the cohort treated 
with >4.72 fractions per week and the cohort treated with 
≤4.72 fractions per week. Additional factors associated with 
improved OS on MVA included female gender, younger 
age, private insurance, treatment in an academic center, 
treatment in a high volume facility, treatment with IMRT 
compared to Non-IMRT, Charlson/Deyo score of 0, and 
less advanced AJCC T and N stages.

To better translate these results for clinical practice, 
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Table 3 Multivariable analyses on the impact of fractions delivered 
per week, patient demographic, treatment/treatment center, and 
prognostic characteristics on overall survival

Category HR (95% CI) P value

Race/ethnicity    

Non-Hispanic White Reference  

Hispanic 0.79 (0.60, 1.06) 0.114

Non-Hispanic Black 1.08 (0.89, 1.30) 0.454

AAPI 0.56 (0.29, 1.08) 0.084

Other/unknown 0.94 (0.75, 1.18) 0.579

Gender    

Male Reference  

Female 0.52 (0.46, 0.58) <0.001

Age (years)    

>70 Reference  

61–70 0.65 (0.56, 0.76) <0.001

51–60 0.55 (0.46, 0.65) <0.001

41–50 0.49 (0.40, 0.60) <0.001

≤40 0.31 (0.14, 0.71) 0.005

Insurance type    

Private insurance Reference  

Medicare 1.39 (1.20, 1.61) <0.001

Medicaid 1.69 (1.40, 2.05) <0.001

Not insured 1.44 (1.16, 1.78) <0.001

Other/unknown 1.12 (0.83, 1.51) 0.452

Median household income (dollars) in zip code of patient 
residence

>63,000 Reference  

48,000–62,999 1.07 (0.90, 1.26) 0.445

38,000–47,999 1.13 (0.94, 1.37) 0.196

<38,000 1.25 (1.00, 1.55) 0.049

Unknown 1.77 (1.75, 1.93) 0.012

Education status (% without high school diploma) in zip code of 
patient residence

<7 Reference  

7.0–12.9 1.07 (0.91, 1.26) 0.393

13–20.9 1.10 (0.91, 1.32) 0.332

≥21.0 0.92 (0.73, 1.16) 0.467

Unknown 0.25 (0.03, 2.45) 0.233

Table 3 (continued)

Table 3 (continued)

Category HR (95% CI) P value

Urban/rural category    

Metropolitan ≥1 million Reference  

Metropolitan <1 million 0.88 (0.77, 1.00) 0.051

Urban 0.87 (0.72, 1.06) 0.16

Rural 0.93 (0.62, 1.39) 0.716

Unknown 0.95 (0.65, 1.39) 0.796

Distance to reporting center (miles)  

≤10 Reference  

11–20 0.96 (0.83, 1.10) 0.538

21–50 1.05 (0.89, 1.24) 0.56

>50 1.10 (0.87, 1.40) 0.427

Unknown 1.48 (0.44, 4.93) 0.524

Reporting facility type    

Community Reference  

Comprehensive community 0.85 (0.71, 1.02) 0.081

Academic 0.76 (0.62, 0.93) 0.009

Integrated network 0.93 (0.73, 1.19) 0.56

Reporting facility anal cancer patient volume

Upper third of facilities Reference  

Middle third of facilities 1.14 (1.01, 1.28) 0.038

Lower third of facilities 1.03 (0.83, 1.28) 0.773

Reporting facility location

Northeast Reference  

South 1.15 (0.98, 1.34) 0.078

Midwest 1.15 (0.98, 1.35) 0.089

West 1.00 (0.83, 1.20) 0.97

Radiation plan type    

Non-IMRT, non-proton Reference  

IMRT, proton 0.86 (0.77, 0.96) 0.007

Charlson/Deyo comorbidity score

0 Reference  

1 1.44 (1.24, 1.66) <0.001

2 1.91 (1.58, 2.31) <0.001

Clinical tumor classification

T0/IS NA NA

Table 3 (continued)
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estimated number of RT days missed was calculated 
as described above. RT missed days was significantly 
associated with a decrease in OS when considered as a 
continuous variable (HR, 1.04; 95% CI, 1.03–1.06) as seen 
in Figure 2B or as a categorical variable dichotomized as 0–2 
vs. 3+ missed days (HR, 1.42; 95% CI, 1.27–1.59) as seen 
in Figure 3B. Estimated 5-year OS was 79.2% (95% CI, 
77.4–81.0) for 0–2 days versus 69.9% (95% CI, 68.1–71.6) 
for 3+ missed days. To further evaluate whether longer 
delays reduced 5-year OS relative to shorter delays patients 
with 0–2 days of delay, 3–14 days of delay, and 14+ days 
of delay were compared. Patients in the 14+ days of delay 
group (HR, 1.73; 95% CI, 1.50–1.98) had a significantly 

reduced 5-year OS when compared to the 0–2 days of delay 
group (Reference). Those with 3–14 days delay also had 
significantly worse survival relative to those with 0–2 days 
(HR, 1.45; 95% CI, 1.29–1.63), although the difference 
was numerically less compared to those with 14+ days delay 
as seen in Figure 4. A subset OS analysis was performed 
only utilizing patients who received the most common 
fractionation schedule of 54 Gy in 30 fractions (n=1,913). 
This analysis found a significant decrease in OS for patients 
with 3 or more missed days (HR, 1.40; 95% CI, 1.14–1.72) 
(Figure 3C). 

Discussion

This analysis of patients with SCCA treated with definitive 
CRT found that prolongation of RT was independently 
associated with reduced OS. In addition, reduction in OS 
had the greatest effect when RT was delivered at a rate 
of 4.72 fractions or less per week, about 2 days of delayed 
treatment. These data indicate that any delay in RT should 
be avoided in patients with SCCA receiving definitive CRT 
when practical, and attempts should be made to compensate 
for treatment delays.

 Previous studies of SCCA with planned gaps during 
RT have supported improved outcomes with shorter RT 
duration. Two smaller reports found that delays in RT were 
associated with reduced local or locoregional control (LRC) 
(12,13). A larger study of 305 anal cancer patients treated 
with a 4–6-week gap during RT prior to boost delivery 
found that a gap >38 days was associated with reduced DFS 
on MVA (14).

Additional studies that did not include treatment 
gaps also support minimizing RT prolongation. A small 
study evaluating CRT found that a CRT duration <40 
days resulted in a trend towards improved LRC, OS, and  
DFS (31). A recent analysis from the NCDB evaluating 
the effect of facility volume found on multivariate analysis 
that patients with an RT duration >45 days had worse OS; 
however, this study was not designed to specifically evaluate 
effects of RT duration (32).

In contrast, other studies have found no association 
between RT duration and outcomes in anal cancer. Two 
small studies of anal cancer patients receiving definitive 
CRT found no statistically significant difference in any 
oncologic outcomes based on treatment prolongation 
(15,33). A larger study examining 194 patients treated 
with definitive CRT found no difference in 5-year DFS 
between patients with greater than or less than 2 weeks of 

Table 3 (continued)

Category HR (95% CI) P value

T1 Reference  

T2 1.32 (1.10, 1.59) 0.004

T3 1.95 (1.60, 2.38) <0.001

T4 2.53 (2.02, 3.18) <0.001

Unknown 1.66 (1.09, 2.54) 0.018

Clinical nodal classification

N0 Reference  

N1 1.30 (1.10, 1.53) 0.002

N2 1.45 (1.25, 1.69) <0.001

N3 1.55 (1.31, 1.83) <0.001

Unknown 1.25 (0.84, 1.85) 0.27

Clinical grade    

Well/moderately 
differentiated

Reference  

Poorly differentiated/
undifferentiated, anaplastic

1.05 (0.93, 1.19) 0.445

Unknown 0.97 (0.85, 1.10) 0.613

Dose per fraction 1.00 (1.00, 1.01) 0.338

Fractions delivered per week 
(continuous)*

0.79 (0.73, 0.85) <0.001

Fractions delivered per week (categorical)*

≤4.72 Reference  

>4.72 0.70 (0.63, 0.79) <0.001

*, each variable was run separately with OS analysis. AAPI, 
Asian-American and Pacific Islander; IMRT, intensity-modulated 
radiation therapy; IS, in situ.
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treatment delays (16). Finally, a pooled risk analysis of two 
RTOG trials with 937 patients, approximately one third 
of whom were treated with induction chemotherapy prior 
to concurrent CRT, showed that overall treatment time 
(including induction chemotherapy time) was associated 
with increased risk of local failure. However, duration of RT 
specifically did not have a significant impact on local failure 
or other endpoints (17).

The current NCDB analysis concurred with previous 
studies that showed improved outcomes when delays 
were minimized. As noted above, prior studies evaluating 
duration of RT included smaller sample sizes, precluding 
definitive conclusions regarding the impact of RT duration 
on OS (11-16,31,33). Although the pooled analysis, 
consisting of 937 patients, utilized a larger sample size, 
approximately one-third of the patients received induction 
chemotherapy prior to concurrent CRT (17). This regimen 
may have confounded results, and induction chemotherapy 
is not currently standard of care for SCCA (8). Additionally, 
many of the studies utilized long treatment breaks to 
evaluate the effects of RT duration. These scheduled gaps 
do not accurately reflect the intermittent manner in which 
treatment delays occur. This current NCDB analysis of 
6,429 patients improves on prior studies by providing 
increased power to detect a difference in OS while limiting 
the patient population to patients receiving standard of care 
concurrent CRT. 

These conclusions should further discourage unnecessary 

breaks in SCCA treatment. Both the NCCN and The Royal 
College of Radiologists (RCR) recommend minimizing 
delays during RT (8,34). The RCR has labeled SCCA as 
a Category 1 malignancy, defined as a rapidly growing 
tumor type for which interruptions greater than 2 days 
above the initial prescription duration should be avoided. 
When feasible and safe for the patient, the Royal College 
of Radiologists has published guidelines that recommend 
consideration of an accelerated treatment time to maintain 
the treatment schedule and/or other compensatory 
treatment measures (34). The current study indicates 
that even treatment delays of this length should be 
avoided when practical and that any delays may result in a 
reduction in OS. 

The primary cause of delay during CRT treatment 
of SCCA has been identified as severity of side effects to 
CRT (6,9,10). Attempted modifications to current standard 
regimens have been generally unsuccessful at reducing 
toxicity and/or maintaining outcomes (7,35). IMRT, though, 
has shown potential to improve outcomes and reduce delays. 
A recent trial showed IMRT reduced toxicity, shortened 
treatment interruptions, and had comparable outcomes to 
conventional RT (9). An NCDB study evaluating use of 
IMRT found a significant reduction in treatment time and 
improved OS (36). An additional Veteran Affairs database 
study found IMRT was associated with reduced treatment 
breaks (37). Based on these results the NCCN recommends 
IMRT over 3D-conformal RT (8). The current analysis 
also showed that IMRT was significantly associated with a 
shorter duration of RT. Therefore, when possible IMRT 
should be considered. 

In this study female patients, patients without private 
insurance, patients with more comorbidities, and patients 
with more advanced disease had longer durations of RT. 
Additional attention should be considered in these patients 
to minimize RT delays. Based on these results, it appears 
simply having insurance such as Medicaid of Medicare is 
not protective against treatment delays relative to having 
private insurance. Further investigation into this disparity 
may prove important. Numerous studies have evaluated 
the factors that predict delays in treatment initiation; 
however, few have evaluated factors that affect delays 
during treatment (38,39). Future studies should attempt to 
elucidate these disparities.

There are inherent limitations to performing a 
retrospective database analysis. Variation of outcomes could 
be due to factors not reported in the dataset and therefore 
not accounted for by analysis. Important endpoints such as 

Figure 4 Kaplan-Meier plots comparing overall survival based 
on RT missed days. Key: black—RT missed days 0–2; blue—RT 
missed days 3–14; red—RT missed days >14.
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LC, colostomy-free survival, and DFS are not provided in 
the dataset. Additionally, the impact of HIV status could 
not be assessed as it was not included in the NCDB, and 
the impact of HPV status could not be assessed as only 869 
patients in this dataset had a reported HPV status. However, 
strengths of this study include the large dataset composed of 
a population that is geographically and racially diverse and 
the extensive sociodemographic information available. 

Conclusions

In conclusion, this study demonstrates that length of RT 
for localized SCCA is independently associated with OS. 
The most significant impact was noted when the treatment 
rate fell below 4.72 fractions per week, about 2 days of RT 
delay. Efforts should be made to minimize treatment delays 
in general and when possible compensate for treatment 
interruptions to maintain an overall treatment rate that 
exceeds 4.72 fractions per week by the end of treatment. 
Future studies should attempt to evaluate the impact of 
RT duration on OS in other datasets and delineate the 
relationship between RT duration and LC, DFS, toxicity, 
and colostomy-free survival.
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