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Background: There are no randomized phase III trials comparing 5-fluorouracil/mitomycin (FM) versus
capecitabine/mitomycin (CM) in combination with radiotherapy (RT) for locally advanced anal cancer. We
aim to evaluate the outcomes of patients treated with FM and CM at our institution.

Methods: Patients with stage I-I1I anal cancer who initiated curative-intent RT (50-54 Gy) with either CM
or FM between 1998 and 2013 at the BC Cancer Agency were reviewed. Cox proportional models were used
to analyze the impact of regimen on disease-free survival (DFS) and anal cancer-specific survival (ACSS).
Results: A total of 300 patients were included. Baseline characteristics were well-distributed between the
groups. A total of 194 patents (64.6%) received FM and 106 (35.3%) CM. The 2-year DFS was 79.7% for CM
[95% confidence intervals (95% CI), 71.1-88.3%] and 78.8% for FM (95% CI, 73-84.6%); 2-year ACSS was
88.7% for CM (95% CI, 81.8-95.5%) and 87.5% for FM (95% ClI, 82.8-92.2%). On multivariate analysis, only
HIV status, clinical T size (<5 vs. >5 cm), and N status (negative vs. positive) remained as significant prognostic
factors for both DFS and ACSS. Chemotherapy regimen (CM vs. FM) had no impact on either DFS [P=0.995;
hazard ratios (HR) =0.99; 95% CI, 0.57-1.74] or ACSS (P=0.847; HR =0.93; 95% CI, 0.46-1.86).
Conclusions: In our population-based study, CM and FM concomitant with RT achieved similar DFS and
ACSS. Substitution of capecitabine for infusional 5-FU may therefore be a reasonable option for patients and

physicians who prefer to avoid the inconvenience and potential complications of a central infusional device.
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Introduction

Carcinoma of the anal canal is a relatively rare malignancy,
accounting for approximately 2.4% of all gastrointestinal
cancers (1). Although uncommon, its incidence has been on
the rise for the past decades, possibly due to the increased
sexual transmission of human papilloma virus (HPV) (2-6).
Historically, treatment of anal cancer consisted of
abdominoperineal resection (APR) with inguinal lymph
node dissection, which required removal of the anorectum
and creation of a permanent colostomy (7-9).
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More recently, combined modality therapy with radiation
(RT) and concurrent chemotherapy has emerged as the
preferred method of treatment for squamous cell cancer
(SCC) of the anal canal, which has significantly reduced the
rates of locoregional recurrence and obviated the need for a
permanent colostomy in most cases (10,11). Mitomycin and
S-fluorouracil (5-FU) remain the standard chemotherapy
regimen for combination with RT at most centers worldwide.
The original regimen widely known as the “Wayne State
protocol” uses infusional 5-FU 1,000 mg/m” on days 1 to 4
and 29 to 32 in combination with mitomycin 10 to 15 mg/m’
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on day 1 concurrent with RT (10). However, a modified
version has been in use since the RTOG 98-11 phase 111
trial (11), consisting of the same 5-FU doses combined
with mitomycin 10 mg/m’ on days 1 and 29. Four-year
colostomy-free survival (CFS) and disease-free survival
(DFS) were 71% and 73 %, respectively.

Capecitabine is an oral fluoropyrimidine shown to be
equivalent to infusional 5-FU when given concurrently with
RT in the neoadjuvant treatment of rectal adenocarcinoma
(12-14). Given important advantages in terms of convenience
and a decrease in the use of hospital resources (such as
intravenous chemotherapy administration and central
catheter insertion) for the substitution of infusional 5-FU
for capecitabine, many centers have been recently adopting
capecitabine plus mitomycin concurrent with RT. However,
no randomized trials in anal canal cancer have so far
compared 5-FU and capecitabine. A non-randomized phase
IT trial of 31 patients has explored the use of capecitabine,
mitomycin and RT in anal cancer patients. RT comprised
50.4 Gy in 28 fractions of 1.8 Gy with mitomycin 12 mg/m’
on day 1 and capecitabine 825 mg/m’ twice daily on each
RT treatment day. Complete clinical response was observed
in 77% 4 weeks after completion of therapy and there were
only 3 locoregional recurrences at a median follow-up of
14 months (15).

The aim of our study was to compare the outcomes of
patients treated with chemoradiation with 5-fluorouracil/
mitomycin (FM) versus capecitabine/mitomycin (CM).

Methods
Characteristics of the study setting and study population

British Columbia (BC) is a Canadian province with a
population of 4.4 million. The BC Cancer Agency (BCCA)
is responsible for funding all systemic cancer therapy and is
the sole provider of radiotherapy in BC. All patients in the
province who require radiation therapy for a diagnosis of
SCC or cloacogenic carcinoma of the anal canal are referred
to 1 of 5 BCCA centers for consultation and treatment
delivery.

Initially chemoradiation with FM was the standard
therapy for patients with non-metastatic anal cancer at
our institution. Treatment recommendation consisted of
radiation in combination with infusional 5-FU 1,000 mg/m’
on days 1 to 4 and 29 to 32 and mitomycin 10 mg/m’
(maximum dose: 20 mg) on days 1 and 29. In February
2010, a standardized protocol of chemoradiation with CM
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was introduced and posted on the BCCA website, offering
the substitution of capecitabine for infusional 5-FU (16).
It includes the same radiation schedule. Capecitabine is
delivered twice a day at a dose of 825 mg/m’ on days that
radiotherapy is administered (days 1-5, 8-12, 15-19, 22-26,
29-33, 36-40), to a total daily dose of 1,650 mg/m’. Until
2012 mitomycin was administered on day one only at a dose
of 12 mg/m’ (maximum dose: 20 mg), but the most recent
protocol allows mitomycin administration at a dose of
10 mg/m’ on days 1 and 29.

At our institution radiation therapy for stage I-III anal
cancer typically includes a minimum dose of 45 Gy in
25 fractions of 1.8 Gy over 5 weeks to the primary cancer
with supervoltage radiation (photon energy of >6 mv) using
anteroposterior-posteroanterior (AP-PA) or multifield
techniques. For patients with T3, T4, node-positive disease
or patients with T2 residual disease after 45 Gy, the intent
is to deliver an additional boost of 10 to 14 Gy in 2 Gy
fractions (total dose of 55-59 Gy in 30-32 fractions over
5.5-6.5 weeks).

Records of patients who received curative-intent
radiation with either FM or CM for newly diagnosed
stage I-III anal cancer between 1998 and 2013 at the
BCCA were reviewed. Initially 637 patients who received
chemoradiation for anal cancer were identified through
the pharmacy database. Sixty-four were excluded due to
either prior APR or evidence or metastatic disease before
embarking on chemoradiation. Another 23 patients were
excluded due to the use of cisplatin instead of mitomycin.
Finally, 250 patients were excluded due to suboptimal
radiation doses. The final cohort consisted of 300 patients.
The local institutional review board approved this study.

Eligibility criteria for chemoradiation with either
FM or CM at the BCCA include a diagnosis of stage I-
IIT squamous cell or cloacogenic carcinoma of the anal
canal and Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of less than or equal to 2. Patients
also need to have an adequate marrow reserve (neutrophils
greater than or equal to 1.5x10%/L, platelets greater than
100x10°/L), with adequate renal (creatinine less than or
equal to 1.5x ULN) and liver function (bilirubin less than
or equal to 26 pmol/L; AST/Alkaline Phosphatase less than
or equal to 5x ULN).

Statistical analysis

Baseline characteristics were summarized with descriptive
statistics. Variations in baseline parameters across the
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Table 1 Baseline characteristics

667

Variables Total (n=300) Capecitabine (n=106) 5-FU (n=194) P value
Age, median [range] 58 [35-84] 59 [38-82] 58 [35-84] 0.547
Gender [%)] 0.432
Female 195 [65] 72 [67] 123 [63]
Male 105 [35] 34 [32] 71 [37]
T size [%] 0.231
<5cm 199 [66] 75 [71] 124 [64]
>5cm 101 [34] 31 [29] 70 [36]
Nodal status [%] 0.818
N- 164 [55] 57 [54] 107 [55]
N+ 136 [45] 49 [46] 87 [45]
Tumor type [%] 0.726
Cloacogenic 57 [19] 19[18] 38 [20]
Squamous 243 [81] 87 [82] 156 [80]
Differentiation [%] 0.741
Well 28 [9] 181[9] 10 [9]
Moderate 94 [31] 29 [27] 65 [34]
Poor 71 [24] 27 [26] 44 [23]
Unknown 107 [36] 40 [38] 67 [35]
HIV status [%] 0.809
Positive 13 [4] 5[5] 8 [4]
Negative 287 [96] 101 [95] 186 [96]

different groups (FM and CM) were evaluated using the
Chi-square test for categorical variables and the F test for
continuous variables.

The primary endpoint of DFS was calculated from the
date of the first treatment to the date of disease recurrence
(metastasis or local recurrence after prior complete clinical
response), disease persistence (histologically documented
persistent cancer in the treated radiation field), or death
from any cause, whichever occurred first. Anal cancer
specific survival (ACSS) was measured from the date of the
first treatment to the date of death by anal cancer. Deaths
from other causes were censured. The 2-year DFS and
2-year ACSS were estimated for the different groups using
the Kaplan-Meier method. Differences in survival outcomes
were assessed with the log-rank test.

Multivariate Cox proportional hazards regression models
were subsequently fitted to evaluate the relationship of
chemotherapy regimen (CM vs. FM) on DFS and ACSS.
The multivariate model was constructed incorporating the
significant prognostic factors found in the univariate log-rank
test. They were expressed as hazard ratios (HR) and
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95% confidence intervals (95% CI) for relapse. All tests
were two-sided where a P value of <0.05 was considered
statistically significant. SPSS (version 14.0) was used to
conduct all of the statistical analyses.

Results

A total of 300 patients (65% females) were included in the
analysis. Median age was 58 years. Median tumor size was
4 cm (66% <5 cm and 34% >5 cm). The majority (54.7%)
had clinical negative lymph nodes based on either imaging
or physical examination. Histology included basaloid/
cloacogenic carcinoma in 19% and SCC in 81%. In terms of
tumor differentiation, 9% were well, 31% moderately, 24%
poorly differentiated and 36% had missing information.
Only 13 patients (4%) were HIV positive. One-hundred
and six patients (35.3%) received chemoradiation with CM
while 194 (64.7%) were treated with FM. Baseline patient
and tumor characteristics were well balanced between
the two groups (Table 1). More patients received 2 cycles
of mitomycin in the FM group (69% vs. 40%, P<0.001).

jgo.amegroups.com 7 Gastrointest Oncol 2016;7(4):665-672



668 Peixoto et al. FM vs. CM in combination with radiation for anal cancer

Table 2 Treatment characteristics

Variables Total (n=300) (%) Capecitabine (n=106) (%) 5-FU (n=194) (%) P value
Mitomycin number of cycles <0.001
1 125 [42] 64 [60] 61 [31]
2 175 [58] 42 [40] 133 [69]
RT completion 0.546
Yes 286 [95] 100 [94] 186 [96]
No 14 [5] 6 [6] 8[4]
1.0 FM group) and 64 experienced either disease persistence or
recurrence. Anal cancer death accounted for the majority
0.8 of death cases (83.6%). For those patients with persistent
g disease, median time to biopsy-proven diagnosis was
%o.e- 5.2 months (95% CI, 4.1-6.3). Among the 64 patients with
8 a disease event, only 9.3% were diagnosed after 2 years.
20.4-
2 Univariate analysis
] There was no difference in DFS between CM and FM
0o (medians not reached, P=0.663; HR =1.13; 95% CI, 0.65-1.96)
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Figure 1 Disease-free survival curve.
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Figure 2 Anal cancer specific survival curve.

There was no difference in radiation completion among the
groups (96 for EM vs. 94% for CM, P=0.546) (Table 2).
Median follow-up was 43.9 months (23.8 months for
CM wvs. 60.2 months for FM, P<0.001). By the time of the
analysis, 63 patients had died (14 in the CM and 49 in the
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(Figure 1). Two-years DFS was 79.7% for CM (95% CI,
71.1-88.3%) and 78.8% for FM (95% CI, 73-84.6%). Anal
cancer-specific survival (ACSS) was also similar between
groups (medians not reached, P=0.839) (Figure 2). Two-years
ACSS was 88.7% for CM (95% CI, 81.8-95.5%) and 87.5%
for FM (95% CI, 82.8-92.2%). There was no difference
in failure colostomy-free survival (medians not reached,
P=0.336; HR =0.66; 95% CI, 0.28-1.54). APR-free survival
was also similar between CM and FM (medians not reached,
P=0.520; HR =0.75; 95% CI, 0.31-1.79).

Patients with HIV+ had shorter DFS (P=0.007;
HR =3.02; 95% CI, 1.30-7.01) and ACSS (P=0.008; HR
=3.29; 95% CI, 1.30-8.31). Tumors larger than 5 cm also
had shorter DFS (P<0.001; HR =3.64; 95% CI, 2.20-6.00)
and ACSS (P<0.001; HR =4.69; 95% CI, 2.61-8.40).
Clinical node positivity conferred worse DFS (P<0.001;
HR =4.30; 95% CI, 2.44-7.59) and ACSS (P<0.001;
HR =4.61; 95% CI, 2.41-8.82). Males had worse DFS
(P=0.003; HR =2.08; 95% CI, 1.27-3.41) and a trend towards
worse ACSS (P=0.086; HR =1.62; 95% CI, 0.93-2.81). There
was a trend towards better DFS for patients >60 years of age
(P=0.061; HR =0.58; 95% CI, 0.37-1.02), but no difference
in ACSS (P=0.139; HR =0.65; 95% CI, 0.36-1.14).

There was no difference in DFS and ACSS between
cloacogenic/basaloid and SCC histology (P=0.644 and
0.340, respectively) or between well, moderately, and poorly
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Table 3 Multivariate analysis
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Variables DFS ACSS
HR 95% ClI P value HR 95% ClI P value
HIV 0.021 0.002
Negative Ref - Ref -
Positive 2.92 1.17-7.27 4.64 1.77-12.15
Gender 0.119 -
Female Ref - - -
Male 1.52 0.89-2.57 - -
T size <0.001 <0.001
<5cm Ref - Ref -
>5cm 2.93 1.73-4.94 411 2.23-7.57
N status <0.001 <0.001
N- Ref - Ref -
N+ 3.40 1.91-6.06 3.40 1.76-6.57
Regimen 0.995 0.847
CM Ref - Ref -
FM 0.99 0.57-1.74 0.93 0.46-1.86

DFS, disease-free survival; ACSS, anal cancer-specific survival; CM, capecitabine/mitomycin; FM, 5-FU/mitomycin.

differentiated tumors (P=0.177 and 0.089, respectively).
Likewise, DFS and ACSS were similar among patients who
received 1 or 2 cycles of mitomycin (P=0.499 and 0.943,
respectively).

Multivariate analysis

On multivariate analysis, only HIV status, clinical T size
(5 vs. >5 cm), and clinical N status (negative vs. positive)
remained as significant prognostic factors for DFS. The
chemotherapy regimen had no impact on DFS (P=0.995;
HR =0.99; 95% CI, 0.57-1.74). Similar results were found
for ACSS, in which only HIV status, T size, and N status
were significant prognostic factors. The chemotherapy
regimen also had no impact on ACSS (P=0.847;
HR =0.93; 95% CI, 0.46-1.86). Table 3 shows the results of
the multivariate analysis for both DFS and ACSS.

Discussion

Our results support the substitution of capecitabine for
infusional 5-FU in combination with mitomycin and pelvic
radiation to a total dose of 50.4 Gy in 28 daily fractions
over 5.5 weeks for curative-intent treatment of anal cancer.
Both DFS and ACSS were similar between CM and FM. To
the best of our knowledge, this is the first study to compare
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CM and FM concomitant with radiation in the treatment of
stage I-1II anal cancer. So far the only data supporting CM
comes from a small non-randomized phase II trial, in which
90% of the patients achieved local control at 6 months (15).

Similarly to other studies (17-20), we also demonstrated
that tumor size, nodal status and HIV status are the most
significant prognostic factors for patients with anal SCC.
On multivariate analysis, patients with tumors >5 cm as
well as those with HIV+ had almost 3 times more risk of
developing a disease event and at least 4 times the risk of
dying from anal cancer. Clinical node positivity conferred
3.4 times the risk of both a disease event and death from
anal cancer. Although two prior studies demonstrated
poor outcomes for male sex (21,22), the results of our
multivariate analysis did not support gender as a prognostic
factor.

The favorable outcomes achieved by capecitabine in
substitution for 5-FU in the present study are in accordance
with other gastrointestinal malignancies, where capecitabine
has been studied more extensively. A recent meta-analysis,
based on individual patient data from six randomized non-
inferiority trials, compared the effects of single-agent
capecitabine or capecitabine-containing chemotherapy
versus matched 5-FU-based regimens in terms of overall
survival (OS) in patients with stage III colon, metastatic
colorectal or advanced gastric cancer (23). The unadjusted
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HR for OS for capecitabine-containing chemotherapy
versus 5-FU-containing chemotherapy was 0.94 (95% CI,
0.89-1.00, P=0.0489), showing that capecitabine and 5-FU
can be used interchangeably in these gastrointestinal patient
populations (23).

The choice of capecitabine over 5-FU is therefore
primarily based on ease of administration in addition to
differences in toxicity. In general, there is less mucositis,
nausea and neutropenia with capecitabine-containing
regimens, with the trade-off of more hand-foot syndrome
reactions (24). Aside from different adverse events, using
capecitabine in combination therapy avoids the use of
long-term indwelling catheters, infusion pumps, and their
potential complications, allied to reduced frequency of
clinic visits (25,26). Cost comparisons of capecitabine
monotherapy versus 5-FU/leucovorin show that the higher
drug cost per se of capecitabine is partially or completely
offset by costs associated with treating toxicity and the
higher administration costs of intravenous 5-FU/leucovorin
in both the metastatic (27-30) and adjuvant (30-34) settings.

Although this study included a large population-based
series reflecting the real-world practice, it does have
several limitations including the retrospective nature of the
data collection and the lack of toxicity report. In parallel,
patients who received CM had significantly shorter median
follow-up time since capecitabine was only approved for
use concomitant with radiation and mitomycin in 2010 at
our institution. Nonetheless, only 9.3% of patients who
experience disease persistence or recurrence were diagnosed
after 24 months. In addition, we have not collected data
on toxicity or rates of chemotherapy dose reduction.
Differently than in clinical trials, the precise surveillance
strategy after the completion of chemoradiation was not
captured in our study. Typically, after the completion
of chemoradiation, a digital examination is performed
within 6 to 8 weeks at our institution. Thereafter, patients
are followed up every 3 months for 2 years with rectal
examination, anoscopy and examination of inguinal lymph
nodes, and then every 6 months for 3 additional years. For
tumors with extensive rectal involvement and/or pelvic
nodal involvement, CT, magnetic resonance imaging
(MRI) or positron emission tomography (PET)/CT may be
considered as an adjunct to clinical examination. However,
whether patients were being followed up according to those
guidelines was not confirmed.

In conclusion, CM and FM concomitant with
radiotherapy achieved similar DFS and ACSS in our study.
Substitution of capecitabine for infusional 5-FU may
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therefore be a reasonable option for patients and physicians
who prefer to avoid the inconvenience and potential
complications of a central infusional device. While no
randomized trials are under way comparing CM and FM,
our retrospective study supports the use of CM concomitant
with radiation therapy for patients with anal cancer.
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