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Introduction

In 2016, there were an estimated 8,080 new cases of anal 
cancer in the US and 1,080 deaths (1). The incidence of anal 
squamous cell carcinoma (A-SCC) has been increasing in 
the US over the last 30 years (2). The standard therapy for 
A-SCC is definitive radiation therapy (RT) with concurrent 

5-fluorouracil and mitomycin-C (3). This treatment results 
in excellent outcomes, with one recent cohort study finding 
a 4-year overall survival (OS) of 86% in patients with non-
metastatic disease (4). 

Black patients with anal cancer have a lower 5-year 
relative survival (56%) compared to White patients (67%) (1).  
Although relative survival of Hispanics with anal cancer 
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has not been reported, analysis from other primary disease 
sites indicates that Hispanic patients have a lower 5-year 
survival (5). The etiology of the racial discrepancy in 
survival of patients with anal cancer is likely multifactorial; 
for example, Black patients diagnosed with non-metastatic 
A-SCC are less likely to receive RT than their White 
patient counterparts (6). Another possible etiology is an 
increased time to treatment initiation (TTI). Increased TTI, 
defined as the duration between diagnosis and treatment, is 
independently associated with worse OS in head and neck 
cancer (7) and breast cancer (8). However, disparities in 
initial treatment delay and the impact of treatment delay on 
oncologic or OS outcomes have not been previously studied 
in A-SCC.

A-SCC and head and neck cancer share similar etiologies 
and histology. Human papillomavirus (HPV) infection has 
been shown to be present in 93% of A-SCC tumors (9) 
and 64% of oropharyngeal cancer tumors (10) although 
HPV positivity is lower in non-oropharyngeal head 
and neck cancers (11). In addition, smoking is a strong 
independent risk factor for both A-SCC (9) and head and 
neck cancer (12). More than 90% of head and neck cancers 
are squamous cell carcinoma; as a result, head and neck 
cancer and A-SCC have a common histology and similar 
potential doubling time (13). Since these two cancers share 
similar pathogenesis, it would be expected that the survival 
consequences of delayed treatment initiation observed in 
head and neck cancer might also be seen in A-SCC.

TTI has been shown to be increased in Black patients 
compared to White patients in breast cancer (8,14), prostate 
cancer (15), and head and neck cancer (16). Likewise, longer 
TTI’s have been noted in Hispanic patients with head and 
neck cancer when compared to Non-Hispanic patients (16).  
However, the socioeconomic and/or demographic factors 
influencing TTI in patients with A-SCC have never been 
described. A variety of other factors [e.g., transitions of 
care (16), use of intensity-modulated radiation therapy 
(IMRT) (17), treatment at academic centers (16), treatment 
facility volume (18), socioeconomic status (16), urban or 
rural status (15), and insurance status (16,17,19)] have also 
been associated with TTI in previous analyses from other 
primary disease sites but have not been previously assessed 
in A-SCC. We hypothesized that TTI of chemoradiation 
(CRT) for A-SCC is longer for Non-Hispanic Black and 
Hispanic patients when compared to Non-Hispanic White 
patients. In the current study, we analyzed A-SCC patients 
in the National Cancer Database (NCDB) treated with 
definitive CRT to determine patient characteristics that 

affect TTI. Additionally, a secondary analysis was performed 
to determine whether increasing TTI was associated with 
worse OS.

Methods

The University of Miami Institutional Review Board 
(IRB) deemed this study exempt from review since only 
de-identified data was used. The American College of 
Surgeons granted access to the 2014 NCDB participant 
user file. The NCDB is a joint project of the Commission 
on Cancer (CoC) of the American College of Surgeons and 
the American Cancer Society. The CoC’s NCDB and the 
hospitals participating in the CoC NCDB are the source 
of the de-identified data used herein; they have not verified 
and are not responsible for the statistical validity of the data 
analysis or the conclusions derived by the authors. Over 
1,500 programs submit data to the NCDB, representing 
approximately 70% of new cancer cases in the US and 
Puerto Rico (20). For anal cancer, NCDB reporting rates 
are estimated to be even higher at 87% of cases (21). Data 
collected by NCDB undergo a variety of automated tests, 
and institutions are required to have regular reviews to 
improve data accuracy (22,23). Furthermore, at least a 
90% follow-up rate for 5 years is required of reporting 
institutions (22).

Patient selection

There were 54,069 adult patients (ages 18 and above) 
diagnosed with anal cancer between 2004 and 2014 who were 
analyzed for this study. Figure 1 shows sequential exclusion 
criteria and the number of patients excluded by each 
criterion. Patients with American Joint Committee on Cancer 
(AJCC) clinical group stage 3 without subcategorization 
(i.e., A versus B), in situ disease without nodal metastases, 
or distant metastases were excluded. The International 
Classification of Diseases for Oncology, 3rd Edition 
(ICD-O-3) site codes were used to define histology (24).  
Only patients treated with concurrent CRT (defined 
as chemotherapy and RT starting within 7 days of each 
other) were included. Thus, patients treated with surgery, 
chemotherapy alone, RT alone, brachytherapy alone, 
radiation of unspecified type, or non-concurrent CRT 
were excluded. Patients receiving non-standard radiation 
modalities for anal cancer treatment (e.g., orthovoltage, 
strontium, Gamma Knife, etc.) were excluded. Finally, 
patients with an unknown TTI, TTI of 0 days, or TTI 
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greater than 365 days (given concern that a TTI of this 
length could represent coding error) were excluded (7).

Additional exclusion factors applied prior to the OS 
analysis are also displayed in Figure 1. Patients were 
excluded if time from diagnosis to death was unknown or 
listed as “0” months. This criterion resulted in exclusion of 
all patients diagnosed in 2014 because of the NCDB’s policy 
of not reporting survival data for patients with less than  
1 year of follow-up. As has been previously recommended 
for OS analyses using the NCDB, patients with a history of 
prior malignancy were excluded (25). Patients who received 
a non-standard RT dose of less than 45 Gy or greater than 
60 Gy were also excluded from the OS analysis.

Variable definitions

Variables used for this study are defined as follows. Percent 
of high school graduates and median household income 
quartiles were defined by 2012 American Community 

Survey data based on the patient’s zip code of residence 
at diagnosis. Urban-rural categorization similarly relied 
on United States Department of Agriculture Economic 
Research Service data from 2013. The distance from the 
patient’s home to the reporting center was defined as the 
“greatest circle” distance in miles from the center of the 
patient’s zip code at diagnosis to the reporting center. A 
transition in care was defined as a patient diagnosed at 
one facility and treated at another. Reporting centers were 
divided into tertiles based on the number of cases reported by 
that center between 2004–2014 as previously described (26).  
In the final cohort for this study, 20 patients were treated 
with protons and were analyzed with the IMRT cohort. 
Comorbid conditions as described by the Charlson/Deyo 
comorbidity index are derived using a weighted score based 
on the presence and severity of ten diagnosis codes (27). 
Charlson/Deyo scores are condensed by the NCDB to 0, 
1, and 2 (with 2 representing all cases with a score >1 due 
to the small proportion of patients with scores >2) (25). 

Figure 1 Diagram of exclusion criteria with number of patients excluded by each subsequent criterion. NCDB, National Cancer Database; 
OS, overall survival; RT, radiation therapy; TTI, time to treatment initiation.

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 TTI (n=12,546)

Included in analysis of OS (n=7,233)

Additional exclusions for OS analysis

Total dose of RT <45 Gy or >60 Gy (n=2,569)

Time form diagnosis to death or last contact blank or 0 months (n=1,481)

History of previous malignancy (n=1,263)

Excuded from analysis of factors impacting TTI

Metastatic disease, in situ disease, unstaged, stage 3 without A or B 

specification (n=20,823)

Non-squamous histology (n=6,936)

No pathologic confirmation or tumor size of “0” (n=93)

Surgery performed (n=8,330)

Treatment listed as palliative (n=333)

No RT, brachytherapy alone, or unknown type of RT given (n=1,041)

RT volume outside of pelvis or non-standard RT modality (e.g., 

orthovoltage, strontium, Gamma knife, etc.) (n=956)

TTI >365 days, TTI of 0 or TTI unspecified (n=280)

No chemotherapy given (n=720)

Chemotherapy not given concurrently with RT (initiation of 

chemotherapy >7 days apart from initiation of RT) (n=2,011)
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AJCC clinical stage and TNM classification were reported 
based on the edition of the AJCC Cancer Staging Manual 
in place at the time of diagnosis (i.e., 6th edition for patients 
diagnosed from 2004 to 2009 and 7th edition for patients 
diagnosed from 2010 to 2014). No changes to AJCC anal 
cancer staging were made between these editions. TTI 
was defined as days from clinical or histological diagnosis 
(defined as the first definitive mention of a cancer diagnosis 
in the medical record) to start of RT or chemotherapy. OS 
was defined as the number of months from diagnosis to 
death. Individuals still alive at last follow-up were censored 
at that time point.

Statistical methods

Initially, covariates listed in Table 1 were assessed in a 
univariable analysis (UVA) for effect on TTI. TTI values 
within each categorical variable were compared using a 
Kruskal-Wallis nonparametric test. All covariates were 
incorporated into the multivariable analysis (MVA) 
assessing TTI variation based on different demographic, 
treatment and prognostic factors. To improve simplicity of 
comparisons of differences in TTI by various independent 
variables, a predicted TTI (pTTI), measured in days, 
was created as previously described (16) using a negative 
binomial regression model. Relative risk (RR) of treatment 
delay values was also compared between individual 
subcategories to evaluate whether differences were 
significant between individual covariates. 

A subsequent analysis of OS was then performed after 
additional exclusion criteria (Figure 1) were applied. The 
Cox proportional hazard model was used to calculate hazard 
ratios (HRs) and 95% confidence intervals (CIs) with 
adjustment for all factors used in the initial MVA of factors 
associated with TTI (Table 2) with the addition of TTI and 
radiation dose as independent variables. The proportionality 
assumption was tested utilizing Schoenfeld residuals. Tests 
were two-sided, and findings were considered statistically 
significant if the P value was ≤0.05. All statistical analyses 
were performed with statistical software packages SAS/
STAT® version 9.4 (SAS Institute Inc.) or R (version 3.3.1).

Results

Baseline characteristics and UVA analysis of factors 
impacting TTI

A total of 12,546 patients with non-metastatic A-SCC 

treated with definitive CRT were included in the initial 
cohort analyzing factors associated with TTI. The 
median OS of this cohort was 132.9 months. The cohort 
demographic and prognostic characteristics are described 
in Table 1 along with the mean and median TTI associated 
with each characteristic. Additionally, Table 1 includes 
p-values of each categorical variable’s TTI compared using 
a Kruskal-Wallis nonparametric test. On UVA, median TTI 
varied significantly by race and ethnicity with Non-Hispanic 
White and Asian-American and Pacific Islander patients 
waiting a median of 33 and 35 days for CRT, respectively, 
compared to Non-Hispanic Black and Hispanic patients 
waiting a median of 42 and 40 days, respectively, for 
initiation of CRT (P<0.001). Patient’s insurance status was 
also associated (P<0.001) with TTI; patients with private 
insurance had a median TTI of 32 days compared to 35, 34 
and 40 days for patients without insurance, with Medicare, 
and with Medicaid, respectively. Figure 2 illustrates the 
distribution of TTI by race and ethnicity (Figure 2A) as well 
as by insurance status (Figure 2B). Furthermore, median 
TTI varied significantly (P<0.001) by patient distance to 
reporting facility, gender, medical comorbidities, AJCC 
clinical tumor classification, and AJCC clinical nodal 
classification. Patient age was not associated with median 
TTI. The year of diagnosis had a significant impact on 
TTI (P<0.001): patients diagnosed with A-SCC in 2004 
had a median TTI of 30 days, which increased to 35 days 
for patients diagnosed in 2014. TTI also varied with the 
education level and median income of the zip code where 
the patient resided. Treatment characteristics associated 
with TTI on UVA (P<0.001) included reporting facility 
type (i.e., academic, community), reporting facility anal 
cancer patient volume, reporting facility regional location, 
radiation treatment with IMRT or protons, and a transition 
of care during diagnosis and treatment.

MVA of factors impacting TTI

For MVA, a pTTI was generated using a negative 
binomial regression model (Table 2). On MVA, race and 
ethnicity remained a significant contributor to treatment 
delays. The pTTI of Non-Hispanic Black patients was 
49.5 days and of Hispanic patients was 48.0 days, both 
significantly longer (P<0.001) than the 37.8 days’ pTTI 
of Non-Hispanic White patients. Asian-American and 
Pacific Islander patients had a pTTI of 42.1, but this 
was not statistically significant relative to Non-Hispanic 
White patients. Male patients had an increased pTTI of 
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Table 1 Time to treatment initiation UVA cohort: patient demographic, treatment/treatment center, and prognostic characteristics with 

associated mean and median TTI

Category Number (%) Mean TTI Median TTI P value

Total 12,546 (100.0)

Race/ethnicity <0.001

Non-Hispanic White 10,091 (80.4) 37.7 33

Hispanic 546 (4.4) 48.6 40

Non-Hispanic Black 1,116 (8.9) 49.8 42

AAPI 117 (0.9) 41.8 35

Other/unknown 676 (5.4) 36.4 32

Gender <0.001

Male 3,727 (29.7) 42.9 35

Female 8,819 (70.3) 37.7 33

Year of diagnosis <0.001

2004 641 (5.1) 34.8 30

2005 656 (5.2) 37.1 32

2006 739 (5.9) 36.3 31

2007 905 (7.2) 39.0 33

2008 943 (7.5) 38.4 33

2009 1,134 (9.0) 38.8 33

2010 1,181 (9.4) 39.9 34

2011 1,324 (10.6) 40.4 34

2012 1,539 (12.3) 38.9 34

2013 1,717 (13.7) 40.8 34

2014 1,767 (14.1) 41.2 35

Age (years) 0.177

>70 2,396 (19.1) 38.5 34

61–70 3,105 (24.7) 39.0 34

51–60 4,278 (34.1) 39.1 34

41–50 2,341 (18.7) 39.9 33

≤40 426 (3.4) 43.1 35

Insurance type <0.001

Private insurance 5,790 (46.2) 36.6 32

Medicare 4,500 (35.9) 39.7 34

Medicaid 1,110 (8.8) 46.7 40

Not insured 747 (6.0) 42.2 35

Other/unknown 399 (3.2) 45.7 37

Table 1 (continued)
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Table 1 (continued)

Category Number (%) Mean TTI Median TTI P value

Median household income (dollars) in zip code of patient residence <0.001

≥63,000 3,627 (28.9) 37.6 33

48,000–62,999 3,335 (26.6) 38.6 33

38,000–47,999 3,132 (25.0) 39.8 34

<38,000 2,355 (18.8) 41.9 35

Unknown 97 (0.8) 40.1 33

Education status (% without high school diploma) in zip code of patient residence <0.001

<7.0 2,993 (23.9) 36.3 32

7.0–12.9 4,096 (32.6) 38.4 33

13–20.9 3,348 (26.7) 40.1 34

≥21.0 2,017 (16.1) 43.6 38

Unknown 92 (0.7) 40.7 33.5

Urban/rural category <0.001

Metropolitan ≥1 million 6,409 (51.1) 41.1 34

Metropolitan <1 million 3,887 (31.0) 36.9 33

Urban 1,747 (13.9) 37.8 34

Rural 198 (1.6) 38.9 33

Unknown 305 (2.4) 39.1 35

Distance to reporting center (miles) <0.001

≤10 7,016 (55.9) 38.9 33

11–20 2,569 (20.5) 38.8 34

21–50 2,025 (16.1) 38.9 34

>50 847 (6.8) 43.5 39

Reporting facility type <0.001

Community 1,287 (10.3) 38.0 33

Comprehensive community 5,528 (44.1) 36.0 32

Academic 3,996 (31.9) 44.1 38

Integrated network 1,385 (11.0) 38.0 33

Unknown 350 (2.8) 44.8 35

Reporting facility anal cancer patient volume <0.001

Lower third of facilities 996 (7.9) 37.7 33

Middle third of facilities 2,635 (21.0) 37.4 32

Upper third of facilities 8,915 (71.1) 40.0 34

Table 1 (continued)
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Table 1 (continued)

Category Number (%) Mean TTI Median TTI P value

Reporting facility location <0.001

Northeast 2,466 (19.7) 42.3 38

South 4,296 (34.2) 38.7 33

Midwest 3,288 (26.2) 35.7 32

West 2,146 (17.1) 41.2 35

Unknown 350 (2.8) 44.8 35

Transition in care <0.001

No 2,365 (18.9) 37.7 33

Yes 6,742 (53.7) 41.6 35

Unknown 3,439 (27.4) 35.7 31

Radiation plan type <0.001

Non-IMRT, non-proton 7,071 (56.4) 38.0 33

IMRT, proton 5,475 (43.6) 40.9 35

Charlson/Deyo comorbidity score <0.001

0 10,212 (81.4) 38.7 34

1 1,528 (12.2) 39.2 34

2 806 (6.4) 46.1 38

Clinical tumor classification <0.001

T0/IS 9 (0.1) 37.1 28

T1 1,809 (14.4) 43.2 36

T2 6,374 (50.8) 38.4 33

T3 3,042 (24.2) 37.6 33

T4 1,108 (8.8) 40.7 34

Unknown 204 (1.6) 45.3 39

Clinical nodal classification <0.001

N0 7,861 (62.7) 39.0 34

N1 1,528 (12.2) 37.8 33

N2 1,739 (13.9) 39.8 34

N3 1,231 (9.8) 41.8 35

Unknown 187 (1.5) 38.2 32

P values reported from Kruskal-Wallis test. UVA, univariable analysis; TTI, time to treatment initiation; AAPI, Asian-American and Pacific 
Islander; IMRT, intensity-modulated radiation therapy; IS, in situ.
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Table 2 Multivariable analyses assessing impact of demographic, treatment/treatment center, and prognostic factors on TTI

Category Predicted TTI RR (95% CI) P value

Race/ethnicity

Non-Hispanic White 37.8 Reference

Hispanic 48.0 1.19 (1.14–1.24) <0.001

Non-Hispanic Black 49.5 1.21 (1.17–1.25) <0.001

AAPI 42.1 1.06 (0.97–1.17) 0.182

Other/unknown 36.5 0.97 (0.94–1.01) 0.197

Gender

Male 42.8 Reference

Female 37.7 0.92 (0.90–0.94) <0.001

Year of diagnosis

2004 34.8 Reference

2005 37.1 1.06 (1.00–1.12) 0.050

2006 36.2 1.04 (0.99–1.10) 0.141

2007 38.7 1.09 (1.04–1.15) 0.001

2008 38.3 1.08 (1.03–1.14) 0.002

2009 38.6 1.07 (1.01–1.12) 0.011

2010 40.0 1.10 (1.05–1.16) <0.001

2011 40.2 1.09 (1.04–1.15) <0.001

2012 39.0 1.06 (1.01–1.11) 0.027

2013 40.7 1.11 (1.05–1.16) <0.001

2014 41.4 1.13 (1.08–1.19) <0.001

Age (years)

>70 38.6 Reference

61–70 39.1 0.89 (0.79–1.01) 0.061

51–60 39.0 0.99 (0.96–1.02) 0.534

41–50 39.6 1.00 (0.97–1.03) 0.797

≤40 43.3 1.00 (0.97–1.03) 0.852

Insurance type

Private insurance 36.7 Reference

Medicare 39.7 1.07 (1.05–1.10) <0.001

Medicaid 46.3 1.17 (1.14–1.21) <0.001

Not insured 41.8 1.11 (1.07–1.16) <0.001

Other/unknown 45.6 1.17 (1.11–1.23) <0.001

Table 2 (continued)
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Table 2 (continued)

Category Predicted TTI RR (95% CI) P value

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

≥63,000 37.5 Reference

48,000–62,999 38.7 1.02 (0.99–1.04) 0.222

38,000–47,999 39.8 1.02 (0.99–1.05) 0.173

<38,000 41.8 1.00 (0.96–1.04) 0.890

Unknown 39.7 0.77 (0.49–1.21) 0.257

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

<7.0 36.3 Reference

7.0–12.9 38.5 1.11 (1.06–1.15) <0.001

13–20.9 40.0 1.06 (1.03–1.09) <0.001

≥21.0 43.5 1.05 (1.02–1.08) <0.001

Unknown 40.1 1.64 (0.96–2.81) 0.069

Urban/rural category

Metropolitan ≥1 million 40.9 Reference

Metropolitan <1 million 37.0 0.95 (0.92–0.97) <0.001

Urban 37.8 0.92 (0.89–0.95) <0.001

Rural 39.0 0.93 (0.86–1.00) 0.052

Unknown 39.3 0.97 (0.91–1.04) 0.449

Distance to reporting facility (miles)

≤10 38.9 Reference

11–20 38.9 1.03 (1.00–1.05) 0.032

21–50 38.9 1.02 (0.99–1.05) 0.123

>50 43.6 1.11 (1.06–1.15) <0.001

Reporting facility type

Community 38.1 Reference

Comprehensive community 36.0 0.95 (0.92–0.98) 0.003

Academic 43.9 1.08 (1.04–1.12) <0.001

Integrated network 37.8 0.94 (0.90–0.99) 0.011

Unknown 45.0 1.20 (1.05–1.36) 0.006

Reporting facility anal cancer patient volume

Lower tertile 37.9 Reference

Middle tertile 37.3 0.99 (0.96–1.03) 0.715

Upper tertile 39.9 1.02 (0.98–1.06) 0.256

Table 2 (continued)
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Table 2 (continued)

Category Predicted TTI RR (95% CI) P value

Transitions in care

No 37.7 Reference

Yes 41.5 1.13 (1.11–1.16) <0.001

Unknown 35.7 1.01 (0.98–1.05) 0.402

Radiation plan type

Non-IMRT, non-proton 37.8 Reference

IMRT, proton 41.0 1.06 (1.04–1.08) <0.001

Charlson/Deyo comorbidity score

0 38.7 Reference

1 39.2 1.01 (0.98–1.04) 0.560

2 45.9 1.09 (1.05–1.13) <0.001

Clinical tumor classification 

T1 43.1 Reference

T2 38.5 0.88 (0.86–0.90) <0.001

T3 37.6 0.84 (0.82–0.87) <0.001

T4 40.4 0.91 (0.87–0.94) <0.001

T0/IS 37.9 0.85 (0.61–1.18) 0.323

Unknown 44.5 0.99 (0.91–1.06) 0.695

Clinical nodal classification

N0 39.0 Reference

N1 37.8 0.97 (0.94–1.00) 0.032

N2 39.8 1.00 (0.98–1.03) 0.720

N3 41.6 1.01 (0.98–1.04) 0.494

Unknown 38.5 0.99 (0.92–1.07) 0.877

P values reported from Wald test of zero-inflated Negative Binomial regression model. TTI, time to treatment initiation; RR, relative risk; CI, 
confidence interval; AAPI, Asian-American and Pacific Islander; IMRT, intensity-modulated radiation therapy; IS, in situ.

42.8 days compared to 37.7 days for female patients with 
A-SCC (P<0.001). Patients with private insurance had 
a significantly lower pTTI (36.7 days, P<0.001) relative 
to patients with Medicare (39.7 days), with Medicaid  
(46.3 days), or without insurance (41.8 days). More 
advanced AJCC clinical tumor classification (i.e., T2, T3, 
T4) was associated with a decreased pTTI. Although more 
advanced tumor classification was independently associated 
with reduced treatment delay, only AJCC clinical nodal 
classification of N1 was associated with a significant 
decrease in pTTI compared to patients with N0 disease. 

Additional patient characteristics associated with prolonged 
pTTI included a high Charlson/Deyo comorbidity 
score and residing in a zip code with a low proportion of 
high school graduates. Patients with a Charlson/Deyo 
comorbidity score of 2 had a pTTI of 45.9 compared to 
38.7 for patients with a Charlson/Deyo comorbidity score 
of 0 (P<0.001). In contrast to the UVA, median income 
of the zip code of the patient’s residence in MVA was not 
associated with pTTI. Treatment facility characteristics 
associated with an elevated pTTI included academic 
reporting facilities, which had a pTTI of 43.9 days  
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Figure 2 Distribution of time to treatment initiation by race and ethnicity (A) and insurance status (B). AAPI, Asian-American and Pacific 
Islander.
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compared to 38.1 days for community reporting facilities 
(P<0.001). Treatment at a reporting facility greater than 
50 miles away from the patient’s zip code of residence was 
associated with an elevated pTTI (P<0.001). Although 
reporting facility anal cancer patient volume was significant 
on UVA, this factor was not significant on MVA. Similar 
to the UVA, treatment involving a transition of care or RT 
modalities of IMRT or proton therapy was associated with 

a significant increase in pTTI (P<0.001).
The year of diagnosis had a significant, independent 

impact on treatment delay. Patients diagnosed in 2004 had 
a pTTI of 34.8 days, which increased to 41.4 days in 2014 
(P<0.001). Figure S1 demonstrates the variation in TTI by 
year within race/ethnicity (Figure S1A), insurance statuses 
(Figure S1B), reporting facility type (Figure S1C), and AJCC 
clinical tumor classifications (Figure S1D).
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Analysis of TTI and other factors on OS

A total of 7,233 patients with non-metastatic A-SCC 
treated with definitive concurrent CRT were included in a 
secondary cohort for the analysis of factors associated with 
OS. This cohort included all previously selected patients 
who had available survival data, were treated with 45 to 
60 Gy of RT, and had no history of prior malignancy. 
Patient demographic, treatment, and reporting facility 
characteristics are summarized in Table S1 with mean and 
median TTI. The median follow-up was 50.7 months.

To determine factors independently associated with OS, 
a Cox proportional hazard model was used to generate 
adjusted HRs (Table 3). TTI, treated as a continuous 
variable, was not independently associated with OS with an 
HR of 0.999 (95% CI, 0.997–1.002; P=0.582). There was no 
independent impact of race/ethnicity on OS. Patients with 
Medicare (HR, 1.52; 95% CI, 1.32–1.75), Medicaid (HR, 
1.76; 95% CI, 1.48–2.09), and without insurance (HR, 1.40; 
95% CI, 1.14–1.71) had inferior OS compared to patients 
with private insurance. A-SCC patients treated at academic 
facilities (HR, 0.72; 95% CI, 0.59–0.88) or comprehensive 
community cancer programs (HR, 0.83; 95% CI, 0.69–0.98) 
and treated with IMRT or proton therapy (HR, 0.82; 95% 
CI, 0.73–0.92) had better OS.

Discussion

This nationwide database analysis of patients with A-SCC 
treated with concurrent CRT found that Non-Hispanic 
Black and Hispanic patients have a significantly prolonged 
TTI when compared to Non-Hispanic White patients. 
The pTTI for Non-Hispanic Black patients with A-SCC 
was 31% longer or, more specifically, 49.5 days in Non-
Hispanic Black patients compared to 37.8 days in Non-
Hispanic White patients. Likewise, the pTTI of 48.0 days  
for Hispanic patients was significantly longer than that 
of Non-Hispanic White patients. In our analysis, this 
difference did not translate into a difference in OS; however, 
this healthcare disparity deserves further study given the 
potential impact such delays could have on other endpoints 
such as A-SCC specific survival, local control, and patient-
reported outcomes, including psychological distress.

Murphy et al. demonstrated that Black patients with 
head and neck cancer had a prolonged pTTI compared 
to White patients, with a pTTI of 30.4 and 33.5 days in 
White patients and Black patients, respectively (16). In 
absolute and relative terms, the racial disparity in A-SCC 

TTI evaluated in the present study was greater than that 
previously reported for head and neck cancer. However, 
the present study included only patients treated with CRT; 
CRT is associated with a longer TTI compared to surgery 
in head and neck cancer (16,28). Nonetheless, surgical 
treatment delays also exist among Black patients with breast, 
colon, lung, pancreas, and rectal cancers (29). In analyses of 
data from the SEER-Medicare and NCDB, time to surgery 
from diagnosis of breast cancer was longer among Black 
patients in unadjusted analyses of both databases. Hispanic 
ethnicity was also more common in patients with longer 
delay intervals in the SEER-Medicare database (8).

Additional patient characteristics independently associated 
with an increased pTTI in the present study were male 
gender, lack of private health insurance (i.e., Medicare, 
Medicaid, uninsured), residing in an area with a low education 
level, and a Charlson/Deyo comorbidity score of 2. One 
institution reported that their head and neck cancer patients 
on Medicaid had worse outcomes and a longer TTI (19).  
Characteristics associated with lower socioeconomic status 
(being uninsured, having low education level, and having 
low income) are commonly cited barriers to healthcare 
access (30). However, median income was not independently 
associated with pTTI in the present study.

The treatment factors associated with an increased 
pTTI following diagnosis with A-SCC in the present study 
included a transition of care, home address greater than 
50 miles from the reporting facility, treatment at academic 
centers, and use of IMRT or proton therapy. Cancer 
treatment involving transition of care and/or IMRT has 
previously been shown to be associated with head and neck 
cancer TTI delay (16,17). The aggregate pTTI for patients 
with A-SCC was found to be trending up from 2004 to 
2014, a trend observed in other cancer sites (16,29,31). It is 
possible that increasing transitions to high-volume centers 
and utilization of IMRT as recommended by national 
guidelines (3) may be partly responsible for the increasing 
pTTI in A-SCC patients observed over the last decade.

Black patients with anal cancer have previously been 
reported to have a lower relative 5-year survival than 
White patients (1). Higher mortality rates in Black patients 
is not unique to anal cancer; Black patients suffer higher 
mortality rates than White patients from heart disease, 
cerebrovascular disease, and HIV/AIDS due to potential 
differences in disease surveillance, treatment, access to care, 
and biology (32). Males also have lower overall and disease-
specific survival rates from anal cancer relative to females 
(1,33,34). In this analysis, a link between pTTI and OS 
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Table 3 Multivariable analyses assessing impact of demographic, treatment/treatment center, and prognostic factors on overall survival

Category HR (95% CI) P value

Time to treatment initiation

Continuous variable 0.999 (0.997–1.002) 0.582

Race/ethnicity 

Non-Hispanic White Reference

Hispanic 0.82 (0.63–1.07) 0.139

Non-Hispanic Black 1.06 (0.89–1.26) 0.491

AAPI 0.54 (0.29–1.00) 0.051

Other/unknown 0.87 (0.70–1.09) 0.228

Gender

Male Reference

Female 0.57 (0.52–0.63) <0.001

Age (years)

>70 Reference

61–70 0.63 (0.54–0.72) <0.001

51–60 0.54 (0.46–0.64) <0.001

41–50 0.47 (0.39–0.56) <0.001

≤40 0.34 (0.16–0.68)  0.003

Insurance type

Private insurance Reference

Medicare 1.52 (1.32–1.75) <0.001

Medicaid 1.76 (1.48–2.09) <0.001

Not insured 1.40 (1.14–1.71)  0.001

Other/unknown 1.14 (0.86–1.52)  0.356

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

≥63,000 Reference

48,000–62,999 1.11 (0.96–1.30) 0.170

38,000–47,999 1.21 (1.02–1.44) 0.028

<38,000 1.37 (1.12–1.68) 0.002

Unknown 14.73 (2.02–107.67) 0.008

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

<7.0 Reference

7.0–12.9 1.10 (0.95–1.28) 0.189

13–20.9 1.07 (0.90–1.27) 0.421

≥21.0 0.84 (0.68–1.04) 0.115

Unknown 0.23 (0.02–2.17) 0.198

Table 3 (continued)
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Table 3 (continued)

Category HR (95% CI) P value

Urban/rural category

Metropolitan ≥1 million Reference

Metropolitan <1 million 0.95 (0.84–1.07) 0.380

Urban 0.97 (0.81–1.16) 0.734

Rural 1.15 (0.78–1.68) 0.483

Unknown 0.86 (0.58–1.28) 0.461

Distance to reporting center (miles)

≤10 Reference

11–20 0.95 (0.83–1.08) 0.443

21–50 0.95 (0.81–1.12) 0.565

>50 0.93 (0.74–1.17) 0.559

Reporting facility type

Community Reference

Comprehensive community 0.83 (0.69–0.98) 0.032

Academic 0.72 (0.59–0.88) 0.002

Integrated network 0.89 (0.70–1.12) 0.313

Unknown 1.17 (0.55–2.49) 0.690

Reporting facility anal cancer patient volume

Lower tertile Reference

Middle tertile 1.04 (0.85–1.27) 0.712

Upper tertile 0.93 (0.76–1.14) 0.509

Transitions in care

No Reference

Yes 1.04 (0.89–1.23) 0.594

Unknown 1.00 (0.83–1.20) 0.979

Radiation plan type

Non-IMRT, non-proton Reference

IMRT, proton 0.82 (0.73–0.92) <0.001

Charlson/Deyo comorbidity score

0 Reference

1 1.36 (1.18–1.56) <0.001

2 2.03 (1.72–2.41) <0.001

Clinical tumor classification 

T1 Reference

T2 1.34 (1.13–1.59)  0.001

Table 3 (continued)
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Table 3 (continued)

Category HR (95% CI) P value

T3 1.94 (1.62–2.33) <0.001

T4 2.68 (2.17–3.31) <0.001

T0/IS Not estimable

Unknown 1.59 (1.07–2.38)  0.023

Clinical nodal classification

N0 Reference

N1 1.36 (1.17–1.59) <0.001

N2 1.45 (1.26–1.67) <0.001

N3 1.69 (1.45–1.98) <0.001

Unknown 1.29 (0.89–1.87) 0.186

Radiation dose

Continuous variable 1.00 (0.99–1.01) 0.820

P values from Wald test of Cox proportional hazards regression model. HR, hazard ratio; CI, confidence interval; AAPI, Asian-American 
and Pacific Islander; IMRT, intensity-modulated radiation therapy; IS, in situ.

from A-SCC was not elucidated.
Prolonged TTI has been shown in prior studies to be a 

predictor of worse OS in patients with bladder cancer (18),  
breast cancer (35), cervical cancer (36), endometrial  
cancer (31), and head and neck cancer (7,28). Unlike the 
current study which demonstrated no difference in OS with 
prolonged TTI, these prior studies all included patients 
treated with surgery. The data on treatment delay and OS 
in patients treated exclusively with RT or CRT is scarcer. A 
retrospective study of patients with cervical cancer treated 
with curative RT found higher disease-related mortality rates 
in patients with a longer TTI (37), and another retrospective 
study of patients with nasopharyngeal carcinoma treated 
exclusively with RT found worse OS in patients with wait 
times for treatment over 4 weeks only when the length of 
radiotherapy also exceeded 10 weeks (38).

Although no relationship between OS and TTI following 
diagnosis of A-SCC was observed in the present study, 
there may exist differences in toxicities, patient-reported 
outcomes, disease-specific mortality, local control, and/
or disease-free survival which could not be analyzed given 
the lack of information on these endpoints in the NCDB. 
Delay in RT can result in a deterioration in local control 
rates, and tumor size can increase significantly even between 
simulation and treatment (39,40). In a pooled analysis of two 
Radiation Therapy Oncology Group trials, delays during 

CRT for anal cancer were associated with increased local 
failure and a trend (P=0.06) toward increased colostomy 
failure (34). Thus, long waits for treatment may permit the 
evolution of the tumor to more advanced stages of A-SCC 
that would result in higher treatment failure rates (41).

Unfortunately, Non-Hispanic Black and Hispanic 
patients on average spent nearly two more weeks waiting for 
CRT treatment to start than Non-Hispanic Whites, a delay 
which could prompt increased psychological distress. For 
instance, one study found patients with newly diagnosed 
cancer are mentally distressed while waiting for treatment, 
resulting in a diminished quality of life (42). Nonetheless, 
most patients are willing to wait for RT if they believe that 
waiting will not reduce the effectiveness of treatment (43).

There are some limitations to this retrospective study. 
These include restriction of data to hospitals that report 
to the NCDB. In addition, the retrospective nature of 
this study does not allow us to control unobservable 
or unreported factors that may contribute to the TTI. 
Furthermore, it is impossible to determine whether delays 
are due to “patient factors” (e.g., transportation issues, 
support system, denial, etc.) or “system factors” (e.g., 
inaccessibility of certain services, provider cancellations, lack 
of streamlined process). Future projects designed to assess 
and improve delays would be helpful in providing further 
information on which factors carry the largest influence 
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and which could be effectively targeted for intervention. 
However, strengths include the size of the NCDB database 
(covering approximately 85% of cancer patients in the 
United States), the regional diversity of providers, and the 
availability of matched census data allowing the incorporation 
of socioeconomic factors into the MVA.

In conclusion, this analysis of a large national cohort 
demonstrates that Non-Hispanic Black patients and 
Hispanic patients have a significantly longer time to 
treatment with CRT after being diagnosed with A-SCC 
compared to Non-Hispanic White patients. Although no 
relationship was found between TTI and OS, we could 
not assess the relationship between TTI and disease-
free survival, local control, or distant metastases. These 
endpoints merit further study to fully assess the impact of 
TTI on outcomes for patients with A-SCC. Further studies 
are also needed to determine the cause of these racial and 
ethnic disparities. Quality metrics or patient navigators may 
be helpful to track TTI and to reduce these disparities.
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Figure S1 Changes in median time to treatment initiation over time (years) stratified by race and ethnicity (A), insurance status (B), 
reporting facility type (C), and AJCC clinical tumor classification (D). TTI, time to treatment initiation; AJCC, American Joint Committee 
on Cancer.
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Table S1 Overall survival analysis cohort: patient demographic, treatment/treatment center, and prognostic characteristics with associated mean 
and median TTI

Category Number (%) Mean TTI Median TTI P value

Total 7,233 (100.0)  

Race/ethnicity <0.001

Non-Hispanic White 5,803 (80.2) 36.6 33

Hispanic 332 (4.6) 47.6 39

Non-Hispanic Black 629 (8.7) 49.2 40

AAPI 75 (1.0) 42.6 35

Other/unknown 394 (5.4) 35.5 31  

Gender <0.001

Male 2,168 (30.0) 41.5 35

Female 5,065 (70.0) 36.8 33

Year of diagnosis <0.001

2004 377 (5.2) 36.2 31

2005 409 (5.7) 37.1 33

2006 470 (6.5) 35.8 31

2007 594 (8.2) 37.7 33

2008 595 (8.2) 37.7 33

2009 781 (10.8) 37.2 33

2010 808 (11.2) 39.5 34

2011 936 (12.9) 38.5 34

2012 1,046 (14.5) 38.4 34

2013 1,217 (16.8) 40.0 34

Age (years) 0.658

>70 1,173 (16.2) 37.3 34

61–70 1,742 (24.1) 37.8 34

51–60 2,599 (35.9) 38.4 34

41–50 1,444 (20.0) 38.4 33

≤40 275 (3.8) 41.9 33

Insurance type <0.001

Private insurance 3,576 (49.4) 36.1 32

Medicare 2,327 (32.2) 37.9 34

Medicaid 596 (8.2) 46.3 39

Not insured 496 (6.9) 42.8 36

Other/unknown 238 (3.3) 43.3 37

Median household income (dollars) in zip code of patient residence <0.001

≥63,000 2,103 (29.1) 36.7 32

48,000–62,999 1,954 (27.0) 37.9 33

38,000–47,999 1,803 (24.9) 38.7 34

<38,000 1,321 (18.3) 40.4 34

Unknown 52 (0.7) 37.1 36

Education status (% without high school diploma) in zip code of patient residence <0.001

<7.0 1,765 (24.4) 35.9 32

7.0–12.9 2,363 (32.7) 37.3 33

13–20.9 1,931 (26.7) 39.2 34

≥21.0 1,124 (15.5) 42.2 36

Unknown 50 (0.7) 37.2 36

Urban/rural category <0.001

Metropolitan ≥1 million 3,685 (50.9) 39.8 34

Metropolitan <1 million 2,241 (31.0) 36.2 32

Urban 1,035 (14.3) 36.7 34

Rural 113 (1.6) 39.3 32

Unknown 159 (2.2) 37.8 36

Distance to reporting center (miles) <0.001

≤10 4,049 (56.0) 38.0 33

11–20 1,490 (20.6) 37.4 33

21–50 1,146 (15.8) 38.4 33.5

>50 500 (6.9) 41.7 39

Reporting facility type <0.001

Community 702 (9.7) 36.4 32

Comprehensive community 3,207 (44.3) 35.0 32

Academic 2,300 (31.8) 43.2 38

Integrated network 802 (11.1) 36.6 32

Unknown 222 (3.1) 43.3 34

Reporting facility anal cancer patient volume <0.001

Lower tertile 497 (6.9) 35.6 32

Middle tertile 1,490 (20.6) 36.5 32

Upper tertile 5,246 (72.5) 38.9 34

Reporting facility location <0.001

Northeast 1,446 (20.0) 41.8 38

South 2,425 (33.5) 38.0 33

Midwest 1,947 (26.9) 34.1 31

West 1,193 (16.5) 40.0 34

Unknown 222 (3.1) 43.3 34

Transition in care <0.001

No 1,278 (17.7) 35.9 32

Yes 3,873 (53.5) 40.7 35

Unknown 2,082 (28.8) 35.0 31

Radiation plan type <0.001

Non-IMRT, non-proton 4,029 (55.7) 36.5 32

IMRT, proton 3,204 (44.3) 40.3 35

Charlson/Deyo comorbidity score 0.001

0 5,982 (82.7) 37.8 33

1 839 (11.6) 37.4 34

2 412 (5.7) 45.6 35

Clinical tumor classification <0.001

T1 1,045 (14.4) 41.4 35

T2 3,794 (52.5) 37.6 33

T3 1,684 (23.3) 36.4 32

T4 599 (8.3) 40.4 34

T0/IS 5 (0.1) 38.4 28

Unknown 106 (1.5) 45.1 39

Clinical nodal classification 0.001

N0 4,569 (63.2) 37.9 33

N1 900 (12.4) 37.0 33

N2 981 (13.6) 38.7 34

N3 682 (9.4) 41.6 35

Unknown 101 (1.4) 35.4 30

P values reported from Kruskal-Wallis test. TTI, time to treatment initiation; AAPI, Asian-American and Pacific Islander; IMRT,  
intensity-modulated radiation therapy; IS, in situ.


