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Background: The optimal management of patients with stage I-II squamous cell carcinoma (SCC) of
the anus is controversial. The current study evaluates the efficacy of combined chemotherapy and radiation
therapy (CRT) versus radiation therapy (RT) alone in the treatment of these patients using the Surveillance,
Epidemiology, and End Results (SEER) registries.

Methods: SEER 18 Custom Data registries were queried for patients with stage I-II SCC of the anus.
Univariate analysis (UVA) and multivariable analysis (MVA) using Kaplan-Meier and Cox proportional
hazards regression modeling were performed. Propensity-score matched analysis with inverse probability of
treatment weighting (IPTW) was used to account for indication bias.

Results: A total of 4,288 patients with stage I-II disease were identified, of whom 3,982 (93%) underwent
CRT and 306 (7%) underwent RT. Median follow-up was 42 months. Approximately 30.8% had T1 disease
and 69.2% had T2-T3 disease. The IPTW-adjusted 5-year overall survival (OS) was 76.7%, with no
significant differences between the CRT and RT groups (77% vs. 73.5%, P=0.33). On multivariate IPTW-
adjusted analysis, the lack of association between CRT use and OS was upheld (HR, 0.84, 95% CI, 0.65-1.08,
P=0.2). On subgroup analyses, 5-year OS was 86% with CRT (n=1,216) and 84.2% with RT (n=103) (P=0.74)
in stage I (T1NO) patients, while 5-year OS was 72.8% with CRT (n=2,766) and 66.4% with RT (n=203)
(P=0.13) in stage II (T2-3N0) patients. CRT was associated with improved median OS in stage II patients (119
months vs. not reached, P=0.04).

Conclusions: The current study suggests that omission of concurrent chemotherapy is not associated with
inferior OS in patients with stage I SCC of the anus. However, combined chemoradiation was superior to
radiation alone in patients with stage II disease. Prospective evidence is needed to optimize clinical decision-
making in this patient population.
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Introduction

The incidence of anus cancer is rising in the United States,
with an estimated 8,590 cases and 1,350 deaths attributed to
the disease in 2020 (1). Importantly, the proportion of early-
stage and in situ disease has also increased (2). Historically,
patients with anus cancer were all treated surgically,
rendering them colostomy-dependent (3). In the 1970s, the
Nigro regimen accelerated the movement towards organ
preservation, with an 86% complete clinical response rate
with chemoradiation (CRT) (4). Two large randomized
trials from the European Organization for Research and
Treatment of Cancer (EORTC) and United Kingdom
Coordinating Committee on Cancer Research (UKCCCR)
subsequently established concurrent CRT as the standard
of care over radiation therapy (RT) alone in patients with
anal cancer (5,6). However, the optimal management of
patients with T1-2N0 disease remains controversial due
to underrepresentation on these studies. The UKCCCR
group did report a local control benefit in the 223 (38%)
patients with TINO and T2NO disease, though this was an
unplanned subset analysis (7). The benefit of chemotherapy
was corroborated on several other studies (8-11).

In contrast, a number of historical series and more
recent population-based studies suggest that omission
of concurrent chemotherapy has no deleterious effect
in patients with T1 lesions (12-16). Nonetheless, the
National Comprehensive Cancer Network (NCCN)
guidelines recommend concurrent CRT and do not offer
RT monotherapy as an alternative in patients with T'1-
T2NO disease (17). This is despite the fact that the most
common concurrent chemotherapy regimen, fluorouracil
and mitomycin C, results in significant, sometimes life-
threatening, hematological toxicity (18).

The present study uses population data from the
Surveillance, Epidemiology, and End Results (SEER)
registries to evaluate the comparative efficacy of concurrent
CRT and RT as monotherapy in patients with stage I-
IT squamous cell carcinoma (SCC) of the anus. We
hypothesized that patients with T'1 lesions (<2 ¢cm) would
not benefit appreciably from the addition of concurrent
chemotherapy. We present the following article in
accordance with the STROBE reporting checklist (available
at: http://dx.doi.org/10.21037/jgo-20-530).

Methods

This study was exempt from institutional review board
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approval because the data set was de-identified and publicly
available. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

Data source

The SEER Program publishes cancer incidence and survival
data for approximately 34% of the US population. The
specialized Radiation/Chemotherapy Database (SEER 18
Custom Data, November 2018 Submission) was used as it
contains information on RT and chemotherapy. Of note,
the chemotherapy field is coded either as yes or none/
unknown.

Cobhort analyzed

We queried the SEER 18 Custom Data registries
for International Classification of Disease (ICD-10)
C21.0-C21.8, with histologic confirmation of malignancy,
corresponding to malignant neoplasms of the anus. Patients
with ICD-10 C44.520, corresponding to squamous cell
cancer of the anal skin, were not included. Patients were
excluded as detailed in the CONSORT diagram (Figure I).
From 2004 to 2016, a total of 4,288 patients with stage I-
II SCC of the anus who received external beam RT were
identified. Among this cohort, 3,982 received CRT and
306 received RT alone. We verified that stage I disease
corresponded to T'1 lesions and that stage II disease
corresponded to T2-3 lesions. We also verified that tumor
size corresponded to appropriate T staging. This study was
exempt from institutional review board approval because
the data set was de-identified and publicly available.

Statistical analysis

Baseline patient characteristics were assessed before and
after matching with chi-squared analysis and standard
mean difference (SMD), where a SMD >0.1 was considered
unbalanced (19). Univariate analysis (UVA) of the
impact of patient characteristics on overall survival (OS)
was performed using the Kaplan-Meier (KM) method,
with the log rank method to assess for significance (20).
Multivariable analysis (MVA) of patient characteristics
and OS was performed using Cox proportional hazards
regression modeling. Covariates with P<0.1 in the UVA
were incorporated in multivariable cox proportional hazards
regression modeling using backward stepwise methodology
to mitigate collinearity of variables and overfitting of the
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Figure 1 CONSORT diagram demonstrating the inclusion and exclusion criteria used to select stage I-II squamous cell carcinoma (SCC)

of the anus.

final MVA model (21).

Multiple imputation by chained equations was used
to replace missing data (22,23). In particular, multiple
imputations were performed for the SEER parameters
Tumor Size Summary 2016 and Grade. We performed a
propensity score-matched analysis to account for indication
bias. Propensity scores (PS) were estimated using binary
logistic regression modeling for receipt of CRT or RT (24).
Inverse probability of treatment weights (IPTW) were
then calculated as 1/PS and 1/(1-PS) (25). We performed
stabilization of the IPTWs by multiplying the standard
IPTWs by the probability of undergoing treatment that
each patient received (26). Finally, we performed IPTW-
adjusted UVA and doubly robust, IPTW-adjusted MVA as
detailed previously (27,28).

We completed all statistics using SEER*Stat (v8.3.5,
The Surveillance Research Program of the Division
of Cancer Control and Population Sciences, National
Cancer Institute) and R version 3.6.2 statistical software (R
Foundation for Statistical Computing, Vienna, Austria).
All statistical analyses were performed as two-sided with
P<0.05 considered statistically significant. R markdown for
all analyses is available upon request.

© Journal of Gastrointestinal Oncology. All rights reserved.

Results
Patient and tumor characteristics

We identified 4,288 patients with stage I-II SCC of the
anus in the SEER registries, of whom 3,982 (92.9%)
underwent CRT and 306 (7.1%) underwent RT alone.
Table 1 depicts patient and tumor characteristics for the
unadjusted populations and the propensity score-matched
patients. Overall median follow-up was 42 months, similar
between CRT and RT groups. Patients in the RT group
were more likely to be African-American (P=0.01), less
likely to be insured (P=0.01), more likely to be widowed
(P<0.001), and more likely to be diagnosed at an earlier
year (P<0.001). Following propensity score matching with
IPTW, there were no significant differences in baseline
characteristics between the CRT and RT groups.

UVA

The impact of patient, tumor, and treatment characteristics
on OS were evaluated using the Kaplan-Meier method.
Table 2 provides the UVA for the unadjusted and
propensity-matched IPTW-adjusted CRT and RT groups.
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Table 1 Patient and tumor characteristics

Unadjusted IPTW
Chemotherapy use No/unknO\aNn Yes . b value® No/unknowg Yes . P value®
(N=306) (N=3,982) (N=266.37) (N=3,967.4)

Age at diagnosis, y 66 [54-81] 59 [52-67] <0.001 61 [52-69] 59 [52-68] 0.449

Sex 0.6 0.201
Female 197 (64%) 2,635 (66%) 164.8 (61.9%) 2,624.8 (66.2%)

Male 109 (36%) 1,347 (34%) 101.6 (38.1%) 1,342.6 (33.8%)

Race 0.01 0.9
Caucasian 252 (82%) 3,528 (89%) 234.7 (88.1%) 3,501.7 (88.3%)
African-American 44 (14%) 348 (8.7%) 24.8 (9.3%) 358.9 (9.0%)

Other 8 (2.6%) 85 (2.1%) 4.7 (1.8%) 85.9 (2.2%)
Unknown 2 (0.7%) 21 (0.5%) 2.2 (0.8%) 20.9 (0.5%)

Insurance status 0.01 0.571
Insured 185 (60%) 2,745 (69%) 178.1 (66.8%) 2,714.5 (68.4%)

Medicaid 43 (14%) 460 (12%) 37.4 (14.0%) 462.7 (11.7%)
Uninsured 8 (2.6%) 118 (3.0%) 5.5 (2.1%) 116.5 (2.9%)
Unknown 70 (23%) 659 (17%) 45.5 (17.1%) 673.7 (17.0%)

Marital status <0.001 0.581

Single 79 (26%) 1,087 (27%) 71.9 (27.0%) 1078.4 (27.2%)
Married 102 (33%) 1,730 (43%) 116.3 (43.7%) 1,701.7 (42.9%)
Divorced 37 (12%) 611 (15%) 40.0 (15.0%) 603.8 (15.2%)
Widowed 76 (25%) 373 (9.4%) 31.5 (11.8%) 402.3 (10.1%)

Unknown 12 (3.9%) 181 (4.5%) 6.7 (2.5%) 181.1 (4.6%)

Median income 0.8 0.819
<$50,000 19 (6.2%) 218 (5.5%) 12.2 (4.6%) 218.3 (5.5%)
$50,000-64,999 62 (20%) 846 (21%) 56.1 (21.1%) 839.2 (21.2%)
$65,000+ 225 (74%) 2,918 (73%) 198.1 (74.4%) 2,909.8 (73.3%)

Grade 0.3 0.988
Well-differentiated (I) 49 (16%) 534 (13%) 37.4 (14%) 536.4 (13.5%)
Moderately-differentiated (Il) 145 (47%) 1,920 (48%) 129.2 (48.5%) 1,918.3 (48.4%)
Poorly-differentiated (ll) 106 (35%) 1,479 (37%) 97.0 (36.4%) 1,463.6 (36.9%)

Anaplastic (IV) 6 (2.0%) 49 (1.2%) 2.8 (1.1%) 49.2 (1.2%)
Year of diagnosis 2010 [2007-2013] 2012 [2008-2014]  <0.001 2011 [2008-2014] 2011 [2008-2014]  0.392
Tumor size, mm 30 [19-44] 30 [20-42] 0.7 30 [15-40] 30 [20-43] 0.1

Table 1 (continued)
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Table 1 (continued)
Unadjusted IPTW
Chemotherapy use No/unknown Yes b No/unknown Yes b
(N=306)" (N=3,982)° P value (N=266.37)" (N=3,967.4)" P value
T stage 0.1 0.478
T 103 (34%) 1,215 (31%) 93.7 (35.2%) 1,211.8 (30.5%)
T2 149 (49%) 2,206 (55%) 138.3 (51.9%) 2,191.2 (55.2%)
T3 54 (18%) 558 (14%) 34.3 (12.9%) 561.5 (14.2%)
Unknown 0 (0%) 3 (<0.1%) 0.0 (0.0%) 2.9 (<0.1%)
Overall stage 0.3 0.161
[ 103 (34%) 1,216 (31%) 93.7 (35.2%) 1,212.8 (30.6%)
Il 203 (66%) 2,766 (69%) 172.6 (64.8%) 2,754.6 (69.4%)
Follow-up time, m 40 [13-75] 42 [17-79] 0.3 43 [14-77] 42 [17-79] 0.89

° Statistics presented: median (interquartile range); n (%). b, Statistical tests performed: Wilcoxon rank-sum test; chi-square test of
independence; Fisher’s exact test. IPTW, inverse probability of treatment weighting; m, months; y, years; mm, millimeters.

In the unadjusted population, older age at diagnosis, male
sex, African-American race, Medicaid recipient status,
widowed status, anaplastic histology, tumor size groupings
>2.6 cm, T2/T3 status, and stage II disease were poor
prognostic features. Conversely, married status, median
income >$65,000, later year at diagnosis and receipt of
chemotherapy (HR 0.47, 95% CI, 0.39-0.57, P<0.001) were
protective. However, after propensity score matching and
IPTW, the use of chemotherapy was no longer associated
with improved OS for the entire cohort analyzed (HR 0.85,
95% CI, 0.67-1.08, P=0.2).

MVA

Opverall stage and T stage were eliminated from the MVA
due to co-linearity with tumor size categories. Tuble 3
provides the MVA for the unadjusted and propensity-
matched IPTW-adjusted CRT and RT groups. For the
unadjusted groups, older age at diagnosis, male sex, African-
American race, Medicaid recipient status, widowed status,
anaplastic histology, and tumor size groupings >2.6 cm,
were negative prognostic factors. Married status, median
income >$65,000, later year at diagnosis, tumor size group
1-1.5 cm, and receipt of chemotherapy (HR 0.66, 95% CI,
0.54-0.80, P<0.001) were associated with improved survival.
After propensity score matching with IPTW, the use of
chemotherapy was no longer associated with improved OS
(HR 0.84, 95% CI, 0.65-1.08, P=0.2).

© Journal of Gastrointestinal Oncology. All rights reserved.

OS by treatment

The 5-year OS for the entire cohort was 76.1% (95% CI,
74.6-77.6%) before and 76.7% (95% CI, 75.2-78.3%) after
propensity score matching with IPTW. Prior to matching,
the RT group had a lower 5-year OS (57.9%, 95% CI, 52—
64.5%) than the CRT group (77.7%, 95% CI, 76.1-79.2%,
P<0.001) (Figure 2A). After propensity score matching with
IPTW, there was no difference in 5-year OS between the
RT group (73.5%, 95% CI, 67.7-79.9%) and the CRT
group (77%, 95% CI, 75.4-78.6%, P=0.33) (Figure 2B).
The unadjusted and IPTW-adjusted 10-year OS rates were
66.9% and 66% for the CRT group and 41.2% and 56.5%
for the RT group, respectively. There was no statistically
significant difference in 10-year OS following propensity
score matching and IPTW (P=0.23).

OS for stage I and II SCC of the anus

The 5-year OS for the subset of stage I patients was 85.2%
(95% CI, 83-87.5%) before and 85.9% (95% CI, 83.7-
88.2%) after propensity score matching with IPTW. Prior
to matching, the RT group had a lower 5-year OS (70.1%,
95% CI, 60.3-81.4%) than the CRT group (86.6%, 95%
CI, 84.4-88.9%, P<0.001) (Figure 34). After propensity
score matching with IPTW, there was no difference in
S-year OS between the RT group (84.2%, 95% CI, 76.8—
92.4%) and the CRT group (86%, 95% CI, 83.7-88.4%,
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Table 2 Univariate Cox proportional hazards analysis

Unadjusted IPTW
HR 95% Cl P value HR 95% Cl P value

Age at diagnosis, y 1.04 1.03-1.04 <0.001 1.03 1.03-1.04 <0.001
Sex

Female - - - -

Male 1.54 1.35-1.75 <0.001 1.57 1.38-1.80 <0.001
Race

Caucasian - - - -

African-American 1.59 1.32-1.92 <0.001 1.57 1.29-1.92 <0.001

Other 1.13 0.75-1.71 0.6 1.03 0.67-1.58 >0.9

Unknown 0.86 0.32-2.30 0.8 0.77 0.27-2.17 0.6
Insurance status

Insured - - - -

Medicaid 1.48 1.21-1.80 <0.001 1.47 1.21-1.80 <0.001

Uninsured 1.29 0.89-1.87 0.2 1.32 0.90-1.92 0.2

Unknown 1.22 1.04-1.42 0.013 1.19 1.01-1.41 0.04
Marital status

Single - - - -

Married 0.63 0.53-0.74 <0.001 0.63 0.53-0.74 <0.001

Divorced 0.99 0.81-1.20 0.9 0.99 0.81-1.21 >0.9

Widowed 1.74 1.44-2.10 <0.001 1.6 1.80-1.97 <0.001

Unknown 0.75 0.53-1.07 0.12 0.74 0.51-1.05 0.095
Median income

<$50,000 - - - -

$50,000-64,999 0.87 0.66-1.16 0.3 0.87 0.65-1.16 0.3

$65,000+ 0.73 0.56-0.94 0.015 0.71 0.54-0.92 0.009
Year of diagnosis 0.97 0.95-0.99 0.002 0.97 0.95-0.99 0.006
Grade

Well-differentiated (I) - - - -

Moderately-differentiated (Il) 1.02 0.84-1.23 0.9 1.04 0.86-1.27 0.7

Poorly-differentiated (1) 0.94 0.77-1.15 0.5 0.92 0.75-1.13 0.4

Anaplastic (IV) 1.6 1.01-2.53 0.046 1.48 0.91-2.41 0.12

Table 2 (continued)
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Table 2 (continued)
Unadjusted IPTW
HR 95% ClI P value HR 95% Cl P value

Tumor size groups (cm)

<1 - - - -

1-1.5 0.66 0.45-0.97 0.037 0.63 0.42-0.95 0.026

1.6-2 1.15 0.82-1.62 0.4 1.23 0.87-1.74 0.2

2.1-2.5 1.19 0.84-1.68 0.3 1.2 0.84-1.72 0.3

2.6-3 1.54 1.12-2.13 0.008 1.59 1.14-2.20 0.006

3.1-3.5 1.54 1.03-2.30 0.034 1.49 0.98-2.25 0.06

3.6-4 1.88 1.36-2.59 <0.001 1.89 1.36-2.62 <0.001

4.1-45 2.1 1.34-3.28 0.001 2.11 1.35-3.31 0.001

4.6-5 1.71 1.21-2.41 0.002 1.8 1.27-2.55 <0.001

5.1-7 2.55 1.85-3.52 <0.001 2.54 1.83-3.53 <0.001

>7 3.14 2.15-4.57 <0.001 3.07 2.08-4.52 <0.001
T stage

T1 - - - -

T2 1.7 1.45-2.00 <0.001 1.7 1.44-2.01 <0.001

T3 2.89 2.37-3.51 <0.001 2.8 2.28-3.44 <0.001
Overall stage

| - - - -

I 1.91 1.64-2.24 <0.001 1.89 1.61-2.22 <0.001
Chemotherapy

No/unknown - - - -

Yes 0.47 0.39-0.57 <0.001 0.85 0.67-1.08 0.2

Cl, confidence interval; HR, hazard ratio; y, years; cm, centimeters.

P=0.74) (Figure 3B). The unadjusted and IPTW-adjusted
10-year OS rates were 75.2% and 74.1% for the CRT
group and 59% and 73.2% for the RT group, respectively.
There was no statistically significant difference in 10-year
OS following propensity score matching and IPTW
(P=0.98).

The 5-year OS for the subset of stage II patients was
72% (95% CI, 70.1-73.9%) before and 72.4% (95% CI,
70.4-74.4%) after propensity score matching with IPTW.
Prior to matching, the RT group had a lower 5-year
OS (51.6%, 95% CI, 44.5-59.9%) than the CRT group
(73.6%, 95% CI, 71.7-75.6%, P<0.001) (Figure 3C). After
propensity score matching with IPTW, there was no

© Journal of Gastrointestinal Oncology. All rights reserved.

difference in 5-year OS between the RT group (66.4%,
95% CI, 58.5-75.2%) and the CRT group (72.8%, 95%
CI, 70.7-74.8%, P=0.13); however, there was a statistically
significant improvement in the median OS favoring the
CRT group (119 months vs. NR, P=0.04) (Figure 3D).
Subset analyses were completed comparing CRT and RT
for tumor sizes <1, 1-2, 2.1-3, 3.1-5, 5.1-7, and >7 cm
(Figure S1).

Discussion

This large population-based cohort analysis fails to reveal
a difference in OS between CRT and RT alone in patients
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Table 3 Multivariable Cox proportional hazards analysis
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Unadjusted IPTW
HR 95% ClI P value HR 95% ClI P value

Age at diagnosis, y 1.04 1.03-1.04 <0.001 1.04 1.03-1.04 <0.001
Sex

Female - - - -

Male 1.78 1.54-2.06 <0.001 1.8 1.55-2.08 <0.001
Race

Caucasian - - - -

African-American 1.54 1.26-1.88 <0.001 1.53 1.25-1.87 <0.001

Other 1.01 0.66-1.53 >0.9 0.94 0.60-1.47 0.8

Unknown 0.85 0.32-2.29 0.8 0.78 0.27-2.28 0.7
Insurance status

Insured - - - -

Medicaid 1.34 1.09-1.64 0.006 1.28 1.04-1.57 0.02

Uninsured 1.42 0.97-2.09 0.074 1.41 0.95-2.09 0.085

Unknown 1.04 0.84-1.30 0.7 1.02 0.82-1.28 0.9
Marital status

Single - - - -

Married 0.75 0.63-0.89 0.001 0.73 0.61-0.88 <0.001

Divorced 1.09 0.89-1.34 0.4 1.09 0.88-1.34 0.4

Widowed 1.33 1.05-1.68 0.017 1.3 1.03-1.66 0.03

Unknown 0.75 0.52-1.07 0.12 0.76 0.52-1.10 0.14
Median income

<$50,000 - - - -

$50,000-64,999 0.9 0.68-1.19 0.5 0.91 0.68-1.21 0.5

$65,000+ 0.77 0.59-0.99 0.046 0.73 0.56-0.95 0.021
Year of diagnosis 0.96 0.93-0.99 0.007 0.95 0.92-0.98 0.003
Grade

Well-differentiated (I) - - - -

Moderately-differentiated (1l) 1.14 0.94-1.40 0.2 1.17 0.96-1.44 0.12

Poorly-differentiated (ll) 1.09 0.88-1.34 0.4 1.07 0.86-1.32 0.5

Anaplastic (V) 2.37 1.48-3.78 <0.001 2.23 1.36-3.67 0.002

Table 3 (continued)

© Journal of Gastrointestinal Oncology. All rights reserved.

7 Gastrointest Oncol 2021;12(2):831-844 | http://dx.doi.org/10.21037/jgo-20-530



Journal of Gastrointestinal Oncology, Vol 12, No 2 April 2021

Table 3 (continued)
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Unadjusted IPTW
HR 95% Cl P value HR 95% ClI P value

Tumor size groups (cm)

<1 - - - -

1-1.5 0.65 0.44-0.96 0.03 0.64 0.43-0.95 0.029

1.6-2 1.13 0.80-1.60 0.5 1.18 0.83-1.67 0.3

2.1-2.5 1.07 0.76-1.52 0.7 1.1 0.77-1.57 0.6

2.6-3 1.46 1.06-2.02 0.021 1.47 1.06-2.04 0.022

3.1-3.5 1.6 1.07-2.39 0.023 1.51 0.99-2.28 0.054

3.6-4 1.72 1.24-2.38 0.001 1.73 1.24-2.41 0.001

4.1-45 1.8 1.14-2.84 0.011 1.72 1.09-2.72 0.019

4.6-5 1.59 1.12-2.25 0.009 1.56 1.10-2.21 0.013

5.1-7 2.25 1.62-3.11 <0.001 2.21 1.59-3.08 <0.001

>7 2.82 1.93-4.12 <0.001 2.81 1.90-4.16 <0.001
Chemotherapy

No/unknown - - - -

Yes 0.66 0.54-0.80 <0.001 0.84 0.65-1.08 0.2

Cl, confidence interval; HR, hazard ratio; y, years; cm, centimeters.

with stage I-II SCC of the anus when adjustment is
performed to account for baseline characteristics. However,
on subgroup analysis, an OS benefit is noted for stage II
patients but not for stage I patients. To our knowledge,
this is the first SEER analysis evaluating this clinical
question. The use of robust statistical techniques with
propensity score matching and IPTW to reduce indication
bias strengthen our findings. The addition or omission of
chemotherapy in this patient population deserves careful
scrutiny.

Chemotherapy is typically combined with RT based
on two landmark trials comparing CRT and RT alone.
A study from the EORTC randomized patients with 13-
T4 or node-positive disease to RT alone versus RT with
concomitant fluorouracil and mitomycin C (5). The addition
of chemotherapy improved complete remission rates (80%
vs. 54%, P=0.02) and 5-year locoregional control (69% uvs.
55%, P=0.02) without a corresponding improvement in
S-year OS (69% wvs. 64%, P=0.17), though patients with T1-
T2NO disease were not included. A study from UKCCCR
similarly found improved locoregional control with the

addition of chemotherapy (61% vs. 39%, P<0.001), though

© Journal of Gastrointestinal Oncology. All rights reserved.

there was again no difference in 5-year OS (65% vs. 58%,
P=0.25) (29). Of note, the rates of distant metastases on
both studies were similar between the RT alone and CRT
arms. It follows that chemotherapy principally improves
locoregional events and likely optimizes outcomes by
potentiating the local benefits of RT. Indeed, mitomycin
C is a prodrug that undergoes bioreductive activation
preferentially within hypoxic environments (30), resulting
in synergism with RT, a hypothesis has been supported
in in vitro studies (31). Accordingly, the hypoxic fraction
within small anal cancers would be expected to be less than
in larger cancers; therefore, there is a putative biological
basis for treating smaller and less hypoxic anal cancers with
RT alone.

In particular, we found that patients with T1NO
disease have no OS detriment when treated with RT
alone. Previous retrospective series have had conflicting
results with regards to optimal management of these
patients. An unplanned subgroup analysis of 223 (38%)
patients on the UKCCCR trial did demonstrate that
TINO patients (P=0.0352) and T2NO patients (P=0.0049)
benefitted from chemotherapy (7). In addition, with
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A Kaplan-Meier Overall Survival: Stage I-ll Anus SCC
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Figure 2 Overall survival curves for stage I-II SCC of the anus for the unadjusted groups (A) and IPTW-adjusted groups (B). SCC,

squamous cell carcinoma; IPTW, inverse probability of treatment weighting.

13-year follow-up on the UKCCCR trial, there were 12.5
fewer anal cancer deaths for every 100 patients treated with
chemoradiation. Moreover, the 9.1% increase in non-anal
cancer deaths, which had been observed in the first 5 years
of chemoradiation, had disappeared by 10 years (6). It is
possible that chemoradiation demonstrates an oncological
benefit even in TINO patients, but this did not lead to
improved OS in our analysis due to non-anal cancer deaths,
such as from cardiotoxicity or second malignancies. That

© Journal of Gastrointestinal Oncology. All rights reserved.

said, the UKCCCR data suggests that this early toxicity
detriment is overcome with improved late oncological
control, so with longer follow-up an OS difference could
emerge. On the other hand, Martenson and colleagues
demonstrated a 5-year 100% local control rate in T1-T2
patients receiving RT alone (13). In another series of 69
patients with Tis or T'1 anal canal carcinoma <I cm treated
with RT alone, the clinical complete response rate was
98% (65/66) and the 5-year disease-free survival rate was
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Figure 3 Overall survival curves for stage I SCC of the anus for the unadjusted groups (A) and IPTW-adjusted groups (B). Overall survival

curves for stage II SCC of the anus for the unadjusted groups (C) and IPTW-adjusted groups (D). SCC, squamous cell carcinoma; IPTW,

inverse probability of treatment weighting.

89% (14). More recently, a SEER-Medicare study evaluated
200 patients age <65 with stage I SCC anus who received
CRT versus 99 with RT alone (16). Complementing the
results reported herein, there was no difference in OS (HR
0.7, 95% CI, 0.4-1.0) between the groups after propensity
score adjustment. They also reported no differences in
cause-specific survival, colostomy-free survival, and disease-
free survival, but did report higher risks of late bleeding
[odds ratio (OR) 2.0, 95% CI, 1.2-3.4] and proctitis (OR
2.1, 95% CI, 1.2-3.5) in patients who underwent CRT.
Interestingly, RT alone was much more commonly pursued
in their analysis (99/299, 33%) than in our series (103/1,319,
8%), suggesting that clinicians rarely consider RT alone in
patients with T1INO disease <65 years of age but are more
willing to do so in patients with advanced age and associated
co-morbidities.

In contrast, we found that omission of chemotherapy in
patients with stage II (T2-T3NO0) disease leads to inferior
OS. The need for multimodality therapy for T3NO disease

© Journal of Gastrointestinal Oncology. All rights reserved.

is not surprising, as it has previously been determined that
primary tumor size >5 cm is a poor prognostic factor (32,33).
More intriguing is that patients with T2NO disease (>2 cm
but <5 c¢m) should not be treated with RT alone. This is
corroborated by several previous studies. Zilli and colleagues
examined 146 patients with predominantly T2NO disease
(80.1%) treated with RT alone or CRT and demonstrated
a crude improvement in cause-specific survival in patients
undergoing CRT (94.9%) compared to RT alone
(88.5%) (8). More recently, a report of the National Cancer
Database (NCDB) identified 4,564 patients with T1-T2NO
patients with SCC of the anus (15). Amongst the 66.5% of
patients with T2NO disease, the 5-year OS was 84.7% with
CRT and 72.8% with RT alone (P<0.001). Similar to the
present study, there was no difference in 5-year OS amongst
CRT (90.3%) and RT (84.7%) patients with T1NO disease
(P=0.11). They also found that the vast majority of patients
(95.8%) were treated with CRT, supporting the finding that
clinicians are potentially over-treating patients for whom
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RT alone may be appropriate.

The current study, in combination with previous series,
suggests that while CRT is likely necessary for T2NO
lesions, omission of chemotherapy may be appropriate in
patients with T1NO disease without a deleterious effect
on OS. The NCCN guidelines do not offer RT alone as a
suitable alternative to CRT, even in the most favorable of
patients (17). Similarly, the most recent publication of the
American College of Radiology (ACR) Appropriateness
Criteria for Anal Cancer favor CRT despite encouraging
results of RT alone (34). This is despite the fact that
concurrent chemotherapy contributes significantly to
treatment intolerance (18). As radiation techniques evolve
and intensity-modulated radiation therapy (IMRT) becomes
standard-of-care (35), there may be a corresponding role
for de-intensification of systemic treatment. Based on our
analysis, this may be most prudent in patients with very
small (<1.5 ¢cm), well-differentiated tumors.

Shortcomings of the present study include weaknesses
inherent to retrospective analyses. In addition, the SEER
registries lack detailed treatment information, limiting the
prescription of both chemotherapy and radiation therapy
(CRT) to binary variables. It is possible that patients
undergoing RT may have received dose-escalation to
account for the lack of systemic therapy. Information on
human immunodeficiency virus (HIV) status and human
papillomavirus (HPV) were not available. In addition,
medical co-morbidities precluding the prescription of
chemotherapy were not available from the database
and could not be accounted for in our statistical model.
Moreover, local control is an important endpoint in the
treatment of anal cancer, as salvage for treatment failure
is an abdominopelvic resection (APR), which can have
significant negative detriments in terms of patient quality
of life. Unfortunately, this endpoint is not provided in
the SEER registries. Indeed, the SEER registries only
provide OS as a clinical endpoint. The SEER registries
are quality-controlled but the data are reliant on accurate
coding and reporting, which may be prone to bias. Finally,
positron emission tomography/computed tomography
(PET/CT) has recently become more widespread in the
staging of patients with anal cancer, and studies suggest
that when compared to conventional imaging, the use
of PET may result in a change of nodal staging in up
to 28% of patients (36). It is possible that some patients
included in the present analysis did not undergo PET/CT
and were thus understaged. On the other hand, the large
number of patients on the SEER registry allows for robust

© Journal of Gastrointestinal Oncology. All rights reserved.
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analysis with sufficient events to perform MVA. As SEER
accounts for 34.6% of the population, it can be considered
representative of the entire population.

To conclude, we present a population-based study
demonstrating an OS benefit in patients with stage II SCC
of the anus treated with CRT compared to RT alone, with
no such benefit in patients with stage I disease. Our findings
are hypothesis-generating, and prospective evidence is
needed to optimize clinical decision-making. In patients
with stage I anus cancer, clinicians should weigh the
potential improvement in clinical outcomes with the added
toxicity of systemic therapy. Definitive RT as monotherapy
may be appropriate in patients with tumors less than 2 cm.
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Figure S1 Overall survival curves for SCC of the anus for IPTW-adjusted groups with tumors <1 cm (A), 1-2 cm (B), 2.1-3 cm (C), 3.1-
5 cm (D), 5.1-7 cm (E), and >7 cm (F).
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