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Abstract

Introduction The standard treatment for anal squamous cell carcinoma (ASCC) is multiagent chemotherapy with radiation
(CRT). This is based on several randomized trials demonstrating lower recurrence and colostomy-free survival rates with
multiagent CRT; however, these studies could not confirm an overall survival (OS) benefit. We hypothesized that the lack of
improved OS was due to limited sample sizes and follow-up, and that multiagent CRT is associated with higher OS.

Methods The National Cancer Database was queried for patients diagnosed with stages I, II, and II ASCC and received between
45 and 59.4 Gy of radiation between 2004 and 2015. OS of patients receiving multiagent CRT compared to monoagent CRT and
radiation alone was analyzed across stages.

Results A total of 10,438 patients received multiagent CRT, 1163 had monoagent CRT and 446 received radiation alone.
Compared to the other two groups, patients receiving multiagent CRT were younger, had fewer comorbidities, and more
advanced disease (all p <0.001). After adjusting for available confounders, multiagent CRT remained independently associated
with higher OS for stages II and IIIl ASCC. A subset analysis of patients > 70 years demonstrated similar survival between
monoagent versus multiagent CRT across all stages.

Conclusion Multiagent CRT is associated with an OS benefit compared to monoagent CRT or radiation alone for stages I and I11,
but not stage I ASCC. Monoagent CRT may represent an adequate treatment for selected patients > 70 years. The benefit of
multiagent CRT should be balanced against treatment-related toxicities depending on disease stage and patient physiology.
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Introduction

Anal squamous cell cancer (ASCC) is a rare type of cancer,
with an estimated 8580 new cases and 1160 cancer-related
deaths in the USA in 2018." Although ASCC accounts for
only 2.7% of all gastrointestinal cancers, its incidence has
been steadily increasing over the last four decades in both
men and women in the USA .

Abdominoperineal resection (APR) used to be considered
the primary treatment modality for ASCC before the develop-
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ment of effective chemoradiation therapy. In the early 1970’s,
Norman Nigro and colleagues established that ASCC patients
treated with low-dose pelvic radiation (30 Gy) plus concurrent
5-flourourcil (SFU) and mitomycin C (MMC) could achieve a
complete pathologic response.” They subsequently demon-
strated that the long-term oncologic outcomes were compara-
ble to those achieved with an APR, but without its adverse
consequences.4 As aresult, over the next four decades, several
randomized control trials (RCTs) were conducted to deter-
mine the optimal radiation dose and strategy as well as che-
motherapy regimens that would optimize oncologic outcomes
while minimizing short- and long-term treatment-related mor-
bidity. In this context, while multiagent chemoradiation (CRT)
was determined to be effective, concerns were raised about the
high morbidity due to the synergetic effect of chemotherapy
and radiation-related toxicities. Also, several earlier studies
evaluating high doses of radiation alone in the treatment of
ASCC had shown promising efficacy.” Therefore, the ques-
tion became as to whether chemotherapy was indeed essential
in the treatment regimen for ASCC. In order to address this
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issue, several RCTs investigating the need and type of chemo-
therapy were designed.®’

The United Kingdom Coordinating Committee on Cancer
Research Anal Cancer Trial I (UKCCCR ACT 1) and the
European Organization for Research and Treatment of
Cancer (EORTC) trials confirmed the benefit of multiagent
CRT (5FU and MMC) over radiation alone by demonstrating
lower local failure rates.*” Although the ACT I and EORTC
trials established the benefit of chemotherapy with radiation,
they did not determine whether multiagent CRT was necessary
as both studies used MMC and 5FU. Hence, the Radiation
Therapy Oncology Group (RTOG) 87-04 trial® was conducted
to compare multiagent versus monoagent CRT regimens and
found a higher rate of disease-free (DFS) and colostomy-free
(CFS) survival in the multiagent group. While the above three
trials demonstrated significantly lower locoregional failure
rates and higher DFS in patients who received multiagent
CRT, they failed to demonstrate an overall survival (OS) ben-
efit with this regimen. Also, the toxicity rates were significant-
ly higher in the patients receiving MMC across all the trials.
Furthermore, the aforementioned trials excluded older patients
and those with low performance status and did not include or
had a small number of patients with stage I disease, thus lim-
iting their external validity to the general ASCC population.

‘We hypothesized that the lack of evidence for benefit in OS
in the above RCTs was due to limited sample sizes or length of
follow-up and that multiagent CRT is in fact associated with a
more favorable OS as compared to monoagent CRT or radia-
tion alone. We also hypothesized that stage I disease and older
patients may not experience an OS benefit from the addition
of a second chemotherapeutic agent to their CRT regimen.
The primary aim of the current study was therefore to inves-
tigate differences in OS rates among different CRT strategies
based on stage and age at presentation. The secondary aim
was to identify patient, disease, and treatment factors associ-
ated with receiving multiagent CRT.

Patients and Methods
Data Sources and Study Subjects

The National Cancer Database (NCDB) is a joint program of
the Commission on Cancer (CoC) of the American College of
Surgeons and the American Cancer Society.” It is a nationwide
oncology outcomes database that collects data for approxi-
mately 70% of all newly diagnosed cancers in the USA.
Data elements are collected and submitted to the NCDB from
CoC-accredited cancer program registries using nationally
standardized data item and coding definitions.

The NCDB Participant User File was used to identify all
patients diagnosed with ASCC from 2004 to 2015. This data-
base utilizes the International Classification of Diseases for

Oncology, Third Edition (ICD-O-3) for histology coding
(SCC: code 8070-8078).'° Patients aged < 18 years were ex-
cluded from this study. The analyses were further restricted to
those patients who had known data regarding staging and
treatment. Standard radiation dose was defined per NCCN
guidelines as receiving between 45 and 59.4 Gy."'

Demographic variables of interest were patient gender, age
at diagnosis, race, insurance status, annual income, education
level, institution type, and facility volume (defined as high if
>upper quartile =4 cases/year). Clinical variables included
Charlson/Deyo score to evaluate comorbidity, radiation dose,
undergoing salvage APR, and type of chemotherapy
(multiagent versus monoagent). Radiation dose was binary
treated as low (45-54) vs high (54.1-59.4 Gy). Pathologic
variables were tumor size, lymph node and metastatic status,
and AJCC stage. Tumors >200 mm were excluded from our
size analyses due to the possibility of coding errors.

Statistical Analyses

Demographic, clinical, and pathologic data were analyzed
using summary statistics; chi-square and Student’s ¢ test were
used to compare categorical and continuous variables, respec-
tively. A stepwise binary logistic regression was employed to
identify factors associated with receiving multiagent
chemotherapy.

The Kaplan-Meier method was used to analyze the overall
survival, and the log-rank test to calculate statistical signifi-
cance of comparisons of survival. The Cox proportional haz-
ards regression was employed for the multivariable models;
hazard ratios and 95% confidence intervals were calculated
for the strength of association between each variable and sur-
vival. A subset analysis similar to the one performed on the
entire cohort was performed in patients older than 70 years of
age.

Data analyses were performed using Statistical Package for
the Social Sciences (SPSS) software (version 23.0; SPSS Inc.,
Chicago, IL); all tests were two-sided, and a p value of < 0.05
was set for statistical significance. The NCDB database is
publicly available, and all patient information is de-
identified; hence, this study was deemed exempt from our
institutional review board approval.

Results

Patient Characteristics

A total of 12,047 patients were identified: 86.6% underwent
treatment with multiagent CRT, 9.7% had monoagent CRT,

and 3.7% received radiation only (Table 1). Patient who re-
ceived multiagent chemotherapy were younger, healthier, and
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Table 1 Demographic, clinical, and pathologic characteristics of patients with ASCC who received multiagent CRT, monoagent CRT, and radiation
alone, NCDB 2004-2015 (All patients received radiation dose between 45 and 59.4 Gy)

Patient characteristics ASCC p value
Multiagent n = 10,438, % Monoagent n=1163, % No chemo n =446, %
Demographic Gender 0.077
Female 68.1 66.2 63.7
Age at diagnosis, years (mean + SD) 58.8+11.1 624+14.2 63.2+15.0 <0.001
Race n=10,378 n=1154 n=439 0.351
White 88.2 87.6 86.3
Black 10.0 10.3 12.5
Others 1.8 2.1 1.1
Primary payer n=10312 n=1151 n=440 <0.001
Not insured 5.6 4.4 5.9
Private 48.8 39.8 36.6
Government 45.5 55.8 57.5
Income n=10,116 n=1122 n=423 0.352
Low 32.8 34.0 35.7
Education level n=10,116 n=1122 n=423 0.133
Low 36.5 33.9 33.8
Institution n=10,086 n=1119 n=433 0.803
Academic 34.7 36.0 34.9
Comprehensive 55.5 53.9 54.3
Community 9.8 10.1 10.9
Facility Volume n =10,093 n=1114 n =437 0.924
High 25.6 25.5 24.7
Clinical Salvage APR 0.177
Yes 1.8 1.5 *
Radiation dose, Gy 0.231
High (54-59.4) 114 10.0 12.6
Median 50.4 50.4 50.0
Charlson/Deyo score 0.010
0 81.2 79.2 77.6
1 12.1 11.8 13.0
>2 6.7 9.0 9.4
Pathologic AJCC T stage n=9878 n=1073 n=376 <0.001
T1,<20 17.9 20.8 29.8
T2, 21-50 53.8 50.7 44.9
T3, >50(=200) 21.6 20.9 19.1
T4, spread to nearby organs 6.8 7.6 6.1
Lymph node involvement n=9973 n=1084 n=390 <0.001
N+ 36.9 33.8 21.0
Metastases n=10,120 n=1114 n=439 0.039
M+ 33 4.5 *
AJCC stage (A-SCC) <0.001
I 33.6 17.9 16.3
I 41.9 44.0 42.8
I 36.7 31.6 21.5
v 4.0 4.8 #*

Percentages have been rounded and may not add up to 100%

APR, abdominoperineal resection; CRT, chemoradiation

*Per NCDB policy, the exact number of cells < 10 cannot be reported

had a higher stage at presentation. No significant difference

was observed in race and socioeconomic distributions.

After adjustment for available confounders, factors associat-
ed with receiving multiagent chemotherapy were female gen-
der, younger age, Charlson/Deyo score < 2, and advanced dis-
ease at presentation (Table 2). Race, social-economic status,
and being uninsured and treated at a community-based hospital
were not associated with monoagent CRT or radiation alone.

@ Springer

Survival Analyses

The unadjusted 5-year OS was consistently higher for patients
receiving multiagent CRT as compared to monoagent CRT or
radiation alone (Fig. 1). Five-year OS for stage I was 86, 80,
and 77%, respectively (p =0.004); stage Il was 77, 70, and
55% (p<0.001); and stage III was 67, 57, and 40%
(p<0.001).
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After stratifying by stage and adjusting for available con-
founders, male gender, older age, private insurance, higher
number of comorbidities, undergoing salvage APR, and re-
ceiving radiation alone were associated with lower OS across
all three stages. Monoagent CRT was associated with lower
OS only in patients with stages II and III disease (Table 3).
Higher doses of radiation did not improve OS (Table 3).

In a subset analysis of patients > 70 years, male gender,
older age, higher Charlson/Deyo score, and undergoing sal-
vage, APR remained independently associated with lower OS
(Table 4). Within this subset, patients with stage I disease had
similar OS regardless of the treatment strategy employed. In
stages II and III, there was no significant difference in OS
between multiagent and monoagent chemotherapy, while re-
ceiving radiation alone was associated with worse OS.

Discussion

The current study analyzes a large hospital-based cohort of
patients diagnosed with ASCC between 2004 and 2015. We
found that multiagent CRT therapy was independently asso-
ciated with higher OS as compared to monoagent CRT in
stages Il and III ASCC, but was not associated with improved
OS in stage I patients. In a subset of patients older than
70 years, receiving monoagent CRT did not impact the overall

Table 2 Multivariable analysis for factors associated with receiving
multiagent chemoradiation

Characteristics ASCC
OR 95% CI p value

Gender, male 0.89 0.79-1.00 0.050
Age, years 0.97 0.97-0.98 <0.001
Insurance

Government Reference

None 0.89 0.68-1.17 0.420
Private 1.14 1.00-1.30 0.047
Institution type

Academic Reference

Comprehensive 1.16 1.03-1.32 0.013
Community 1.07 0.88-1.30 0.506
Charlson/Deyo score

0 Reference

1 1.10 0.93-1.30 0.285
>2 0.75 0.61-0.92 0.007
AJCC staging

I Reference

I 1.48 1.28-1.70 <0.001
I 1.74 1.49-2.04 <0.001

OR indicates odds ratio; CI, confidence interval

prognosis across all stages and had similar OS to patients
receiving multiagent CRT. Factors associated with receiving
standard multiagent chemotherapy were younger age, having
fewer comorbidities, and advanced tumor stage; however,
race, socioeconomic status, being uninsured, or treatment at
a community-based hospital were not associated with receiv-
ing monoagent CRT or radiation alone.

Multiagent chemotherapy with radiation is considered to be
the first-line treatment for non-metastatic ASCC.? This recom-
mendation has been based upon empiric evidence from sever-
al randomized trials that were designed to determine the opti-
mal chemotherapy regimen to treat ASCC patients. The ACT
1 trial was the first study to provide definitive evidence of
better oncologic outcomes with radiation plus SFU and
MMC versus radiation alone.” A total of 585 patients of all
ages with stage [-IV ASCC were randomized to the two arms
(stage IV patients were included as the primary outcome mea-
sure was locoregional disease control). The study demonstrat-
ed a reduction in the risk of local failure and improved DFS in
patients receiving CRT but no difference in OS. This study
however excluded patients with stage I ASCC that were ame-
nable to local excision and only had 12% patients with stage I
disease. The long-term follow-up analysis of the ACT I trial
showed similar results to the initial report, but still no signif-
icant improvement in OS for the CRT arm (HR 0.70-1.04).'?
The benefit of multiagent CRT was confirmed in the EORTC-
22861 trial, which randomized 110 patients with stages Il and
III disease, ECOG performance status of 0 or 1, and age <
76 years between multiagent CRT and radiation alone. This
trial also found that the combination of radiation plus SFU and
MMC was associated with better locoregional control and
progression-free survival but could not establish a difference
in OS. Finally, in order to determine the benefit of multiagent
versus monoagent chemotherapy, the RTOG 87-04 random-
ized 291 patients with Karnofsky performance status of > 60
and a median age of 60 years (only 15% patients of the study
had stage I disease). The patients receiving MMC had a better
DFS and CFS, but did not experience a statistically significant
increase in OS. Moreover, most of the benefit in oncologic
outcomes was seen in larger primary tumors (T3/T4) as com-
pared to small primary tumors (T1/T2). While all the above-
discussed trials established the benefit of SFU and MMC in
improving DFS and CFS, they could not show a difference in
OS. Our data, likely due to the larger number of patients and
longer follow-up, indicate that multiagent chemotherapy with
appropriate radiation doses is in fact associated with an OS
benefit in patients with stages II and III disease compared to
monoagent chemotherapy or radiation alone. However, we
were unable to observe an OS benefit for multiagent CRT in
stage I cancers, suggesting that monoagent CRT could be con-
sidered an appropriate treatment in stage I ASCC patients.

The toxicity profile of MMC includes myelosuppression
resulting in dose limiting thrombocytopenia and leukopenia,

@ Springer



716 J Gastrointest Surg (2019) 23:712-719
Overall survival, stage | Overall survival, stage Il
1.0 1.0
Muttiagent
-‘._“--\. ------ Woosaet—1 | Y e
S o e SR e ETSeag .
0.8 " ----'L—------\._::_-_ T e Multiagent
Radiation only e,
e, T, .

g g L‘_\'_“_-__-—_‘ Monoagent
S 06 9 06 o S ——
S S Radiation only *~eany
° 4
o a
" ©
= =
> 04 S 0.4
c <
3 3
(] [

0.2 Log rank test: p =0.004 0.7 Log rank test: p <0.001

0.0 0.0

T T T T T T T T T T T T
0 1 2 3 4 5 0 1 2 3 4 5

Survival time, years

Overall survival, stage lIl

Muttiagent

Survival probability

Log rank test: p <0.001

T T T
0 1 2 3 4 5

Survival time, years

Fig. 1 Overall survival based on treatment by stage, NCDB 2004-2015

pulmonary toxicity, nephrotoxicity, and hemolytic uremic
syndrome."® Grade 3+ toxicities have been reported in ap-
proximately 80% of patients undergoing multiagent CRT
and are primarily driven by MMC.'*'® Due to its toxicities,
other agents such as Cisplatin have been evaluated and com-
pared to MMC in the RTOG 98-11, ACT 11, and ACCORD-03
trials.'®'® However, MMC-based regimens were still found
to be superior to the cisplatin-based regimens. Therefore,
while the benefit of MMC has been well established in the
treatment of ASCC, its positive impact on oncologic out-
comes has to be balanced against its toxicities. Because of
its significant morbidity, Buckstein et al. have recently an-
alyzed the outcomes of chemoradiation versus radiation
alone in a population-based study from the Surveillance,
Epidemiology and End Results registry linked to
Medicare between 1996 and 2011. They analyzed 200 pa-
tients with stage I ASCC older than 65 years'® and observed
similar OS, DFS, and CFS between the two groups. They
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concluded that the exclusion of chemotherapy might not
adversely impact oncologic outcomes in the subset of the
elderly population with early stage anal cancers.
Furthermore, they observed that addition of chemotherapy
was associated with an increased risk of toxicity.
Nevertheless, the authors did not differentiate between
monoagent and multiagent CRT regimens and did not re-
port the radiation doses or compliance with therapy due to
limitations of their database. In our analyses, we found that
there was no difference in OS between older patients re-
ceiving multiagent and monoagent chemotherapy and ap-
propriate radiation across all three stages. In the absence of
prospective randomized clinical trials, large retrospective
databases offer the unique opportunity to explore potential
oncologic outcomes of non-standard treatments.
Additionally, even though this database does not collect
data on recurrence and colostomy rates, these findings
bring attention to the importance of individualized



J Gastrointest Surg (2019) 23:712-719 717
Table 3  Multivariable analysis for factor associated with overall survival by stage, NCDB 20042015
Risk factor Stage I, n=1761 Stage II, n=4553 Stage III, n=3502
HR (95% CI) D HR (95% CI) p HR (95% CI) P

Gender, male 1.40 (1.08-1.81) 0.012 1.50 (1.33-1.69) <0.001 1.65 (1.45-1.88) <0.001
Age, years 1.04 (1.03-1.06) <0.001 1.03 (1.02-1.03) <0.001 1.02 (1.01-1.02) <0.001
Institution

Academic Reference

Comprehensive N/A 1.23 (1.07-1.41) 0.003 N/A

Community N/A 1.43 (1.18-1.75) <0.001 N/A
Insurance

Medicare Reference

Private 0.60 (0.45-0.81) 0.001 0.66 (0.57-0.76) <0.001 0.65 (0.56-0.75) <0.001
None 1.08 (0.60-1.94) 0.800 0.97 (0.72-1.30) 0.826 1.05 (0.84-1.32) 0.656
Comorbidities

None Reference

1 1.25 (0.89-1.78) 0.201 1.37 (1.17-1.61) <0.001 1.20 (1.01-1.43) 0.048
>2 2.08 (1.39-3.11) 0.001 2.07 (1.72-2.50) <0.001 1.69 (1.37-2.07) <0.001
Radiation, high dose N/A N/A 1.20 (1.02-1.41) 0.029
Chemotherapy

Multiagent Reference

Monoagent 1.14 (0.81-1.60) 0.462 1.27 (1.07-1.51) 0.008 1.31 (1.08-1.58) 0.006
Radiation alone 1.54 (1.072.22) 0.020 2.10 (1.65-2.68) <0.001 1.87 (1.35-2.58) <0.001
Surgery

None Reference

Salvage APR 4.58 (2.09-10.03) <0.001 3.37 (2.50-4.55) <0.001 2.66 (1.96-3.61) <0.001

Race and social-economic factors were not significant

HR indicates hazard ratio; CI, confidence interval

medicine with older individuals potentially not needing ag-
gressive chemotherapy regimens.

The secondary aim of our analysis was to evaluate factors
associated with receiving multiagent CRT. In a previous study
from the NCDB, Geltzeiler et al.° demonstrated that several
patient- and treatment-related factors influenced the receipt of
CRT in the USA. They analyzed 12,801 patients with stages II
and III ASCC treated from 2003 to 2010 of which 88% pa-
tients received CRT. They found that CRT was less likely to be
administered to males, Black patients, and those with multiple
comorbidities. While we identified similar discrepancies in
treatment for males and patients with higher Charlson/Deyo
score, we did not observe racial (and socioeconomic) dispar-
ities. This is likely due to a selection bias in our subset of
patients as we included in the study only those who had a
therapeutic dose of radiation and therefore had already access
to healthcare.

The limitations of the current study include those inherent
to an analysis of the NCDB, including coding errors and lack
of data on potentially informative variables, such as local and
regional recurrence rates, colostomy-free survival, dose and
type of chemotherapeutic agents administered, treatment

compliance, and treatment-related complications and toxic-
ities. Another limitation is related to the potential for selection
bias due to the relatively smaller number of patients who may
have been too frail to tolerate the standard multiagent chemo-
radiation treatment or opted for palliative treatment.
Therefore, given the retrospective nature of this series, our
results may not be completely generalizable due to non-
random selection and unmeasurable differences in patient
populations. Information regarding the HIV status, human
papillomavirus infection, and other known risk factors are
either not included or reliably reported in the database.
Finally, even though the NCDB is a national database that
captures most newly diagnosed cancers in the USA, all par-
ticipating hospitals are CoC accredited, thus limiting the gen-
eralizability of these findings to patients treated at non-CoC
accredited facilities. Regardless of these limitations, the
NCDB has been well validated for oncologic studies.*'*

In conclusion, our data suggest that multiagent chemother-
apy with radiation is associated with a definite overall survival
benefit compared to monoagent chemotherapy or radiation
alone in patients with stages II and III but not stage I ASCC.
Therefore, the potential oncologic benefits associated with
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Table 4 Multivariable analysis for factor associated with overall survival by stage in patient over the age of 70 years, NCDB 2004-2015

Risk factor

Stage I, n =355

Stage II, n=1018

Stage III, n =583

HR (95% CI) p HR (95% CI) p HR (95% CI) p

Gender, male N/A 1.43 (1.15-1.77) 0.001 1.70 (1.29-2.24) <0.001
Age, years 1.08 (1.04-1.12) <0.001 1.07 (1.05-1.09) <0.001 1.06 (1.04-1.08) <0.001
Institution

Academic Reference

Comprehensive N/A 1.11 (0.86-1.41) 0.428 N/A

Community N/A 1.49 (1.06-2.09) 0.021 N/A
Comorbidities

None Reference

1 1.43 (0.85-2.38) 0.177 1.49 (1.17-1.90) 0.001 1.18 (0.86-1.62) 0.302
>2 2.30 (1.15-4.60) 0.018 1.59 (1.15-2.21) 0.006 1.84 (1.10-3.07) 0.020
Chemotherapy

Multiagent Reference

Monoagent 1.07 (0.66-1.72) 0.798 0.98 (0.75-1.28) 0.883 1.32 (0.93-1.86) 0.121
Radiation alone 1.62 (0.94-2.77) 0.081 1.56 (1.10-2.20) 0.012 1.81 (1.07-3.05) 0.026
Surgery

None Reference

Salvage APR N/A 3.41 (1.95-5.98) <0.001 4.80 (2.10-11.00) <0.001

Race and high-radiation dose were not significant

HR indicates hazard ratio; CI, confidence interval

multiagent chemotherapy should be balanced against its tox-
icities in the management of ASCC patients, particularly for
stage I cancers. Conversely, given the lack of improvement in
OS among the elderly population with the addition of a second
chemotherapeutic agent, healthcare providers might consider
a less aggressive management strategy for older patients who
may have a limited physiologic reserve and/or functional

capacity.
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