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Background: Definitive chemoradiation is the standard of care for anal squamous cell carcinoma. 
Compared to three-dimensional conformal radiation therapy (3DCRT), intensity modulated radiation 
therapy (IMRT) is increasingly becoming the preferred technique in order to reduce treatment related 
toxicity. The objective of this study is to evaluate practice patterns and total radiation treatment times of two 
radiation modalities.
Methods: A total of 6,966 patients with non-metastatic squamous cell carcinoma of the anus who received 
definitive chemoradiation were queried from the National Cancer Database (NCDB) from 2004–2013. 
Logistic regression was performed to assess for predictors of IMRT receipt. The Kaplan-Meier method and 
multivariable Cox regression analysis was used to assess overall survival (OS).
Results: In total, 3,868 (55.5%) received 3DCRT and 3,098 (44.5%) received IMRT. Total radiation 
treatment time was <7 weeks for 54.3% of patients treated with 3DCRT versus 63.8% of patients treated 
with IMRT. On multivariable logistic regression, positive clinical nodes (OR =1.20, P=0.001) and treatment 
at an academic facility (OR =1.23, P<0.001) were associated with increased likelihood of receiving IMRT. 
The 5-year OS was 73.0% for 3DCRT and 73.9% for IMRT (P=0.315). On multivariable analysis, total 
radiation treatment time ≥7 weeks (HR =1.33, P<0.001) was associated with worse survival while radiation 
modality (3DCRT vs. IMRT) did not impact survival (HR =0.98, P=0.763). 
Conclusions: IMRT has dramatically increased in utilization from 2% to 65% during the study time 
period. IMRT was less likely than 3DCRT to have prolonged radiation treatment times, which was 
associated with worse survival.
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Introduction

Definitive chemoradiation is the standard of care 
for anal squamous cell carcinoma (1,2). These trials 
utilized 3D-conformation radiation therapy (3DCRT) 
technique and a subsequent trial (RTOG 9811) evaluating 
chemoradiation with 5-FU/MMC versus 5-FU/cisplatin 
showed significant adverse events with 34% incidence of 
grade ≥3 GI toxicity and 48% grade ≥3 skin toxicity (3). 
Given that the majority of patients have curable disease, 
strategies to decrease long-term toxicity from treatment is 
an important area of focus.  

While toxicity itself adds to the morbidity of treatment, 
studies have shown that treatment breaks due to toxicity 
are common in the management course and can adversely 
impact outcomes (4). One method to reduce treatment 
related toxicity is with IMRT, which has increasingly 
becoming the preferred technique over conventional 
radiation. NRG Oncology RTOG 0529 was a phase 2 study 
that showed improvement in hematologic, GI and skin 
toxicity profile with dose-painted IMRT over conventional 
radiation (5). The primary endpoint of improvement in 
adverse events by at least 15% was not met and 81% of 
patients on the study required re-planning on central 
review. To date, there has not been a randomized study 
evaluating the two radiation treatment modalities.

We sought to elucidate practice patterns in the U.S. 
and total radiation treatment times of IMRT versus 
3D-conformal radiation therapy (3DCRT) for anal cancer 
using the National Cancer Database (NCDB).

Methods

The NCDB is a nationwide, hospital-based registry 
that consists of patients who received care at cancer 
centers accredited by the American College of Surgeons 
Commission on Cancer (CoC) and currently captures 
approximately 70% of all patients newly diagnosed with 
cancer. The CoC’s NCDB and the accredited facilities 
participating in the NCDB are the source of the de-
identified data used in this study. However, they have not 
verified and are not responsible for the statistical validity or 
conclusions derived by the authors of this study. Exemption 
was obtained from the New York Harbor Veterans Affairs 
Committee for Research and Development prior to the 
initiation of this study.

The NCDB was queried for patients with non-
metastatic squamous cell carcinoma of the anus from 

2004–2013 who received definitive chemoradiation. 
Concurrent chemoradiation was defined as receipt of either 
chemotherapy or radiation within 14 days of each other. 
The cohort was further selected for those who received 
either IMRT or 3DCRT and total radiation dose received 
was limited to 4,500–6,000 cGy. To account for immortal 
time bias, patients living less than 6 months from the time 
of diagnosis were excluded (6). Those who received RT 
outside of the primary area were also excluded. 

The primary goal of this analysis was to assess patterns 
of care regarding IMRT use over time. The secondary goal 
was to analyze survival. Patient-related factors included age, 
race (White, Black, Other), gender (male, female), Charlson-
Deyo comorbidity index (0, 1, ≥2), insurance type (not 
insured, private, Medicaid, Medicare, other/unknown), and 
median income quartile. Clinical-related factors included 
primary tumor size (<2, 2–5, >5 cm), clinical node status 
(negative/unknown, positive), HPV status (negative, positive), 
facility type (non-academic, academic), region of treatment 
(Northeast, Midwest, South, West) and treatment year. 
Total radiation treatment time was defined as the number of 
days from the start to the end of radiation therapy and was 
stratified by those treated for <7 and ≥7 weeks. 

Statistical analysis

Patient- and clinical-related factors were compared via the 
Chi-square and Mann-Whitney tests when appropriate 
between those treated with IMRT versus 3DCRT. 
Univariable logistic regression was performed to assess 
for predictors of IMRT usage. The variables included age 
(<50, 50–60, >60 years), total radiation treatment time 
(<7, ≥7 weeks), race (White, Black, Other), gender (male, 
female), Charlson-Deyo comorbidity index (0, 1, ≥2), 
primary tumor size (<2, 2–5, >5 cm), clinical node status 
(negative/unknown, positive), facility type (non-academic, 
academic), insurance status (not insured, private insurance, 
Medicaid, Medicare, other/unknown), median income 
quartile and years of diagnosis (2004–2006, 2007–2010, 
2011–2013). Variables with a P value <0.10 on univariable 
analysis were planned to be included in the multivariable 
analysis.

Overall  survival curves comparing 3DCRT and 
IMRT were generated using the Kaplan-Meier method 
and compared via the log-rank test. Univariable and 
multivariable Cox regression was used to determine 
covariables associated with differences in overall survival. 
Factors associated with a P value <0.10 on univariable 
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analysis were included in the multivariable analysis. To 
assess whether treatment modality and total radiation 
treatment time potentially confounded one another, an 
interaction term was created and was analyzed in the 
regression model. All analysis was performed using SPSS 
version 21.0 (IBM Inc, Armonk, NY, USA).

Results

There were 6,966 patients who met the study criteria, of 
which 3,868 (55.5%) received 3DCRT and 3,098 (44.5%) 
received IMRT (Figure 1). Median follow up was 40.7 months 
and median RT dose was 5,400 cGy (IQR, 5,040–5,580 cGy) 
for the entire cohort. Median total radiation treatment time 
was 47 days (IQR, 43–57 days) for 3DCRT and 45 days (IQR, 
42–52 days) for IMRT (P<0.001). The utilization of IMRT 
increased from 2.3% in 2004 to 65% in 2013. Total radiation 
treatment time was <7 weeks for 54.3% of patients treated 
with 3DCRT versus 63.8% of patients treated with IMRT. 
Further details regarding patient and clinical characteristics 
between the two treatment groups can be found in Table 1. 

On multivariable logistic regression, positive clinical 
nodes (OR =1.20; 95% CI, 1.08–1.35; P=0.001), treatment 
at an academic facility (OR =1.23; 95% CI, 1.09–1.38; 
P<0.001) and more recent year of diagnosis (OR 5.58–14.58; 
P<0.001) were associated with increased likelihood of 
receiving IMRT. Total radiation treatment time ≥7 weeks 

(OR =0.76; 95% CI, 0.69–0.85; P<0.001) and female gender 
(OR =0.88; 95% CI, 0.78–0.99; P=0.032) were associated 
with decreased likelihood of receiving IMRT. Further 
details can be found in Table 2.

Kaplan-Meier curves depicting survival in patients 
grouped by RT modality of 3DCRT versus IMRT are 
shown in Figure 2. The 5-year OS was 73.0% for 3DCRT 
and 73.9% for IMRT (P=0.315). On multivariable survival 
analysis, age >60 years (HR =1.49; 95% CI, 1.24–1.79; 
P<0.001), total radiation treatment time ≥7 weeks  
(HR =1.33; 95% CI, 1.19–1.49; P<0.001), Charlson-Deyo 
score >0 (HR 1.51–2.08, P<0.001), and tumor size >2 cm  
(HR =1.40–2.01; P<0.001) were associated with worse 
survival. Female gender (HR =0.58; 95% CI, 0.51–0.65; 
P<0.001), treatment at an academic facility (HR =0.85; 95% 
CI, 0.75–0.95; P=0.011) and more recent years of diagnosis 
(HR =0.80–0.83, P<0.05) were associated with improved 
survival. Radiation modality (3DCRT vs. IMRT) did not 
impact survival (HR =0.98; 95% CI, 0.87–1.11; P=0.763). 
Additional Cox proportional hazard submodels did not 
detect a significant interaction effect between mode of RT 
and increasing treatment time. Summary of the univariate 
and multivariate models can be found in Table 3. 

Discussion

In this large hospital-based cohort, IMRT use had increased 

Figure 1 CONSORT diagram for patients included in the study.

Intensity Modulated Radiation 
Therapy (IMRT)

N=3,098 (44.5%)

Three Dimensional Conformal 
Radiation Therapy (3DCRT)

N=3,868 (55.5%)

NCDB Anal Cancer Primary
[2004–2013]
N=54,069

Exclude
• Non-SCC histology (N=19,493)
• Definitive surgery (N=1,013)
• Did not get concurrent CRT (N=17,003)
• Dose outside 4,500−6,000cGy (N=4,599)
• Metastatic disease (N=527)
• Lived less than 6 months (N=1,773)
• RT outside the primary site (N=1,920)
• Did not get 3DCRT or IMRT modality (N=775)

Total Analyzable Cohort
N=6,966
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Table 1 Patient characteristics and comparison between those 
receiving 3DCRT and IMRT

Parameters 3DCRT (n=3,868) IMRT (n=3,098) P value

Age (median), years 58 59 0.001

Radiation dose 
(median), Gy

54 54 0.008

Total treatment time 
(median), days

47 45 <0.001

Total treatment time, n (%) <0.001

<7 weeks 2,101 (51.5) 1,976 (48.5)

≥7 weeks 1,767 (61.2) 1,122 (38.8)

Race, n (%) 0.182

White 3422 (55.4) 2753 (44.6)

Black 347 (54.8) 286 (45.2)

Other 99 (62.7) 59 (37.3)

Gender, n (%) 0.038

Male 1,087 (53.6) 941 (46.4)

Female 2,781 (56.3) 2,157 (43.7)

Charlson-Deyo, n (%) 0.020

0 3,203 (56.0) 2,513 (44.0)

1 466 (55.3) 377 (44.7)

≥2 199 (48.9) 208 (51.1)

Primary tumor size, n (%) 0.832

<2 cm (T1) 553 (54.1) 469 (45.9)

2–5 cm (T2) 1,782 (53.9) 1,526 (46.1)

>5 cm (T3) 693 (54.9) 570 (45.1)

Clinical node status, n (%) <0.001

Negative/unknown 2,723 (57.9) 1,976 (42.1)

Positive 1,145 (50.5) 1,122 (49.5)

HPV status, n (%) 0.005

Negative 168 (43.5) 218 (56.5)

Positive 136 (33.8) 266 (66.2)

Facility type, n (%) <0.001

Non-academic 2,651 (57.6) 1,952 (42.4)

Academic 1,086 (50.2) 1,079 (49.8)

Region, n (%) <0.001

Northeast 816 (57.3) 607 (42.7)

Midwest 983 (53.7) 848 (46.3)

South 1,343 (57.4) 996 (42.6)

West 595 (50.6) 580 (49.4)

Table 1 (continued)

Table 1 (continued)

Parameters 3DCRT (n=3,868) IMRT (n=3,098) P value

Insurance, n (%) 0.151

Not insured 263 (59.1) 182 (40.9)

Private insurance 1,903 (56.3) 1,476 (43.7)

Medicaid 324 (53.6) 281 (46.4)

Medicare 1,267 (54.6) 1,052 (45.4)

Other/unknown 111 (50.9) 107 (49.1)

Income, n (%) 0.449

Lowest (first) quartile 743 (57.3) 553 (42.7)

Second quartile 981 (55.5) 785 (44.5)

Third quartile 1,027 (54.6) 855 (45.4)

Highest (fourth) 
quartile

1,087 (55.0) 891 (45.0)

Year of diagnosis, n (%) <0.001

2004 384 (97.7) 9 (2.3)

2005 389 (91.1) 38 (8.9)

2006 404 (81.8) 90 (18.2)

2007 449 (71.2) 182 (28.8)

2008 408 (64.7) 223 (35.3)

2009 431 (58.5) 306 (41.5)

2010 360 (48.1) 389 (51.9)

2011 333 (39.7) 505 (60.3)

2012 320 (33.6) 631 (66.4)

2013 390 (35.0) 725 (65.0)

3DCRT, 3D conformal radiation therapy; IMRT, intensity 
modulated radiation therapy; Gy, Gray.

from 2% to 65% over the study period (P<0.001). On 
multivariable Cox regression model, treatment modality 
did not impact survival and the two groups were not 
significantly different on Kaplan-Meier analysis. However, 
IMRT was less likely than 3DCRT to have prolonged 
radiation treatment duration, which was associated with 
worse survival. 

The benefit of IMRT has been clearly established in 
both prospective (5,7) and retrospective studies (8-11) 
by its ability to provide conformality of the dose to the 
target and spare normal structures while maintaining local 
control. Studies directly comparing IMRT to 3DCRT have 
consistently shown improvements in toxicity while some 
have even shown a benefit to overall survival. 
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Table 2 Univariable and multivariable logistic regression for IMRT 
usage

Parameters

Univariable Multivariable

OR  
(95% CI)

P value
OR  
(95% CI)

P value

Age

<50 years 1 1

50–60 years 1.21  
(1.06–1.38)

0.005 1.04  
(0.89–1.21)

0.610

>60 years 1.31  
(1.15–1.49)

<0.001 1.16  
(0.98–1.38)

0.079

Total treatment time

<7 weeks 1 1

≥7 weeks 0.68  
(0.61–0.74)

<0.001 0.76  
(0.69–0.85)

<0.001

Race

White 1 1

Black 1.02  
(0.87–1.21)

0.773 1.01  
(0.84–1.22)

0.933

Other 0.74  
(0.54–1.03)

0.071 0.69  
(0.48–0.99)

0.041

Gender

Male 1 1

Female 0.90  
(0.81–0.99)

0.038 0.88  
(0.78–0.99)

0.032

Charlson-Deyo 

0 1 1

1 1.03  
(0.89–1.19)

0.679 0.90  
(0.76–1.05)

0.182

≥2 1.33  
(1.10–1.63)

0.005 1.15  
(0.92–1.45)

0.224

Primary tumor size

<2 cm 1 – –

2–5 cm 1.01  
(0.88–1.16)

0.893 – –

>5 cm 0.97  
(0.82–1.14)

0.717 – –

Clinical node status

Negative/unknown 1 1

Positive 1.35  
(1.22–1.49)

<0.001 1.20  
(1.08–1.35)

0.001

Table 2 (continued)

Table 2 (continued)

Parameters

Univariable Multivariable

OR  
(95% CI)

P value
OR  
(95% CI)

P value

Facility type

Non-academic 1 1

Academic 1.35  
(1.22–1.50)

<0.001 1.23  
(1.09–1.38)

<0.001

Insurance

Not insured 1 1

Private insurance 1.12  
(0.92–1.37)

0.266 1.16  
(0.92–1.45)

0.203

Medicaid 1.25  
(0.98–1.61)

0.074 1.25  
(0.94–1.65)

0.121

Medicare 1.20  
(0.98–1.47)

0.083 1.10  
(0.86–1.41)

0.428

Other/unknown 1.39  
(1.01–1.93)

0.046 1.39  
(0.97–2.00)

0.077

Income

Lowest (first) 
quartile

1 – –

Second quartile 1.08  
(0.93–1.24)

0.326 – –

Third quartile 1.12  
(0.97–1.29)

0.124 – –

Highest (fourth) 
quartile

1.10  
(0.96–1.27)

0.181 – –

Year of diagnosis

2004–2006 1 1

2007–2010 5.73  
(4.73–6.95)

<0.001 5.58  
(4.58–6.79)

<0.001

2011–2013 15.33  
(12.65–18.58)

<0.001 14.58  
(11.97–17.75)

<0.001

OR, odds ratio; CI, confidence interval; 3DCRT, 3D conformal 
radiation therapy; IMRT, intensity modulated radiation therapy.

A retrospective study from Stanford of anal cancer 
patients treated with chemotherapy and 3DCRT (n=17) 
versus IMRT (n=29) found 65% of patients in the 3DCRT 
had grade >2 nonhematologic toxicity compared to 21% 
in the IMRT group (P=0.003) (12). The IMRT group 
also showed benefit at 3 years for OS, LRC and PFS over 
3DCRT (P<0.01) however, these latter findings have not 
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been reproduced in other retrospective studies. A larger 
retrospective review at Memorial Sloan Kettering found 
that the 45 patients treated with IMRT had significantly 
higher N-stage (P<0.01) than the 178 patients who received 
3DCRT but there was no difference in recurrence-free 
survival, metastases-free survival and overall survival at 
2 years, even after propensity score matching (13). The 
present study similarly found that patients treated with 
IMRT were more likely to have node positive disease  
(OR =1.20, P=0.001). A retrospective UK study of 10 patients 
comparing dosimetric coverage of both IMRT and 3DCRT 
found that IMRT significantly reduced dose to organs at risk 
while maintaining excellent PTV coverage (14) thus, careful 
target delineation with modern CT-based techniques may 
allow adequate coverage to high-risk regions. 

Arguably the most notable finding of the current study 
was that patients treated with IMRT were less likely to have 
a total radiation treatment time over 7 weeks (OR =0.76, 
P<0.001) and those who had longer total treatment times had 
worse survival (HR =1.33, P<0.001). While the NCDB does 
not code for data regarding toxicity or reason for prolonged 
treatment times, this is likely due to chemoradiation-related 
toxicity as these events have been reported to occur in up to 
80% of anal cancer patients (15). 

Multiple studies have now shown that prolonged 
treatment times and interruptions are associated with poorer 
outcomes (12,15,16), which is supported by our study. Bazan 
et al. found that those in the 3DCRT group had a median 

treatment duration of 57 days compared to 40 days for the 
IMRT group and the latter had significant improvements 
in survival. Another retrospective study by Huang et al. 
found that among 28 consecutive patients treated with 
dose-escalated chemoradiation, longer treatment breaks 
was associated with a higher local failure rate even after 
accounting for higher local dose. Specifically, those who 
received more than 54 Gy within 60 days had 2-year local 
PFS of 89% compared to 42% (P=0.01) for those who 
received more less than 54 Gy or longer than 60 days. 

Yet treatment time has been carefully examined in a 
pooled analysis of 937 patients from RTOG 98-04 and 
RTOG 98-11. This investigation showed no correlation 
with duration of radiation therapy and local control. This 
was also the metric used in the present study but prolonged 
total treatment time, which includes the utilization of 
neoadjuvant chemotherapy, was associated with higher local 
failure (HR =1.52; P=0.005) and colostomy rates (HR =1.51; 
P=0.02) (4). 

The management of undue side effects was evaluated in 
a 2014 linked SEER-Medicare database showing unplanned 
health care utilization costs such as emergency department 
visits and hospitalizations were higher among patients 
receiving 3DCRT over IMRT (median, $4,957 vs. $711; 
P=0.02) however, IMRT was associated with higher total 
costs than 3DCRT as expected (median total cost $35,890 
vs. $27,262; P<0.001) (17). In the present study, income 
quartile and insurance status were not associated with 
increased utilization of IMRT, which may indicate high 
acceptance rates of insurance companies of IMRT. 

In the present study, we found the utilization of IMRT 
was associated with academic centers (OR =1.23; P<0.001) 
as well as more recent years of diagnosis (OR 5.58–14.58; 
P<0.001). Academic centers may be more likely to adopt 
new technologies or at least incorporate them into clinical 
trial settings. These findings were similarly found in 
another NCDB analysis examining patterns of care of these 
two modalities in anal cancer (18). While the prior NCDB 
study focused on disparities and utilization of IMRT, the 
current analysis includes radiation treatment duration with 
a more stringent selection criteria that excludes potential 
confounders such as immortal time bias and dosing levels 
that may indicate palliative intent.

There are limitations to this study as is with any hospital-
based database. We did not have data regarding the type of 
chemotherapeutic agent used and why some patients had 
longer radiation treatment time than others. Furthermore, 
we did not have data regarding smoking status and HIV 

Figure 2 Log-rank on Kaplan-Meier curves for OS based on 
radiation therapy modality.
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Table 3 Univariable and multivariable Cox regression for overall 
survival

Parameters

Univariable Multivariable

HR  
(95% CI)

P value
HR  
(95% CI)

P value

Age

<50 years 1 1

50–60 years 1.02  
(0.88–1.17)

0.804 1.11  
(0.93–1.32)

0.261

>60 years 1.63  
(1.43–1.86)

<0.001 1.49  
(1.24–1.79)

<0.001

Total treatment time

<7 weeks 1 1

≥7 weeks 1.40  
(1.27–1.54)

<0.001 1.33  
(1.19–1.49)

<0.001

Race

White 1 1

Black 1.35  
(1.16–1.56)

<0.001 1.06  
(0.87–1.29)

0.550

Other 0.50  
(0.33–0.77)

0.002 0.58  
(0.36–0.92)

0.020

Gender

Male 1 1

Female 0.59  
(0.54–0.65)

<0.001 0.58  
(0.51–0.65)

<0.001

Charlson-Deyo 

0 1 1

1 1.74  
(1.53–1.98)

<0.001 1.51  
(1.29–1.76)

<0.001

≥2 2.41  
(2.05–2.84)

<0.001 2.08  
(1.71–2.54)

<0.001

Primary tumor size

<2 cm 1 1

2–5 cm 1.42  
(1.20–1.68)

<0.001 1.40  
(1.18–1.65)

<0.001

>5 cm 2.38  
(1.99–2.84)

<0.001 2.01  
(1.67–2.42)

<0.001

Table 3 (continued)

Table 3 (continued)

Parameters

Univariable Multivariable

HR  
(95% CI)

P value
HR  
(95% CI)

P value

Clinical node status

Negative/unknown 1 1

Positive 1.47  
(1.33–1.62)

<0.001 1.42  
(1.26–1.60)

<0.001

Facility type

Non-academic 1 1

Academic 0.88  
(0.79–0.98)

0.022 0.85  
(0.75–0.96)

0.011

Insurance

Not insured 1 1

Private insurance 0.61  
(0.50–0.76)

<0.001 0.79  
(0.61–1.03)

0.081

Medicaid 1.30  
(1.03–1.66)

0.031 1.36  
(1.01–1.84)

0.044

Medicare 1.40  
(1.14–1.72)

0.001 1.31  
(1.00–1.71)

0.049

Other/unknown 0.88  
(0.63–1.24)

0.468 0.97  
(0.65–1.45)

0.872

Income

Lowest (first) 
quartile

1 1

Second quartile 0.92  
(0.80–1.05)

0.214 1.11  
(0.94–1.31)

0.231

Third quartile 0.83  
(0.72–0.95)

0.007 1.12  
(0.95–1.33)

0.175

Highest (fourth) 
quartile

0.66  
(0.57–0.76)

<0.001 0.91  
(0.77–1.09)

0.311

Year of diagnosis

2004–2006 1 1

2007–2010 0.91  
(0.81–1.02)

0.099 0.80  
(0.69–0.92)

0.002

2011–2013 0.94  
(0.82–1.08)

0.402 0.83  
(0.70–0.99)

0.039

Modality

3DCRT 1 1

IMRT 0.95  
(0.86–1.05)

0.315 0.98  
(0.87–1.11)

0.763

HR, hazard ratio; CI, confidence interval; 3DCRT, 3D conformal 
radiation therapy; IMRT, intensity modulated radiation therapy.
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status, as these covariates may have impacted outcomes (19). 
Most importantly, there was no data regarding toxicity thus 
this important endpoint could not be evaluated. 

Conclusions

IMRT has dramatically increased in utilization from 2% to 
65% during the study time period. There were no survival 
differences between 3DCRT and IMRT. However, IMRT 
was less likely than 3DCRT to have prolonged treatment 
times, which was associated with worse survival.
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