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ABSTRACT
Background

Concurrent chemoradiation with fluorouracil (5ru)
and mitomycin C (MMmc) is standard treatment for
anal canal carcinoma (acc). The current protocol
in Alberta is administration of 5ru and mmc during
weeks 1 and 5 of radiation. However, administra-
tion of the second bolus of mMMc has been based
largely on centre preference. Given limited pub-
lished data on outcomes with different mmc regi-
mens, our objective was to compare the efficacy
and toxicity of 1 compared with 2 cycles of Mmc in
ACC treatment.

Methods

Our retrospective study evaluated 169 acc patients
treated with radical chemoradiotherapy between
2000 and 2010 at two tertiary cancer centres. All
patients were treated with 2 cycles of 5Fu and with
1 cycle (Mmcl) or 2 cycles (Mmc2) of mmc. Acute
toxicities, disease-free (Drs) and overall survival (0s)
were analyzed.

Results

Baseline demographics, performance status, and
stage were similar in the groups of patients who
received mmcl (52%) and mmc2 (48%). Before treat-
ment, median hematologic parameters were compa-
rable, except for white blood cell count, which was
higher in the MmMmc2 group, but within normal range.
The 5-year os and prs were similar (75.1% and 54.2%
for mmcl vs. 70.7% and 44.2% for mmc2, p = 0.98
and p = 0.63 respectively). On multivariate analysis,
MMmc2 was the factor most strongly associated with
specific acute toxicities: grade 3+ leukopenia (hazard
ratio: 4.82; p < 0.01), grade 3+ skin toxicity (hazard
ratio: 4.76; p <0.001), and hospitalizations secondary
to febrile neutropenia (hazard ratio: 9.91; p = 0.001).

Conclusions

In definitive chemoradiotherapy for acc, 1 cycle of Mmc
appears to offer outcomes similar to those achieved
with 2 cycles, with significantly less acute toxicity.

KEY WORDS
Chemoradiotherapy, anal cancer

1. INTRODUCTION

Carcinoma of the anal canal, although relatively
rare, has been increasing in incidence since the early
1980s!. Historically, anal canal carcinoma (Acc) was
treated with abdominal—perineal resection resulting
in permanent colostomy. However, since the 1980s,
standard management of acc has been definitive
concurrent chemoradiation therapy (CCRT) using
S5-fluorouracil (5Fu) and mitomycin C (MMc), with
salvage abdominal—perineal resection for those in
whom ccrr fails?=>.

Several pivotal randomized controlled trials
have established ccrT with 5Fru and mmc as standard
treatment for acc. In those trials, 1 and 2 cycles of
MMc have both been used concurrently with 2 cycles
of 5ru and radiotherapy (rRT). The ccrT regimen in
trials conducted by the U.K. Co-ordinating Com-
mittee on Cancer Research (acT 1) and the European
Organisation for Research and Treatment of Cancer
used a single cycle of mmc and, compared with rRT
alone, demonstrated superiority in locoregional
control and disease-free survival (prs). However, no
overall survival (0s) benefit was found® 8. The Ra-
diation Therapy Oncology Group (rRTOG) 87-04 trial
similarly demonstrated significant improvements in
colostomy-free survival and prs with the addition of
2 cycles of MMc to 5FU and RT, but again, no survival
benefit was observed®.

More recent trials have investigated cisplatinum
as an alternative to mmc. However, those phase 111
studies have failed to show significant improvements
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in DFs, 0s, and progression-free survival, and thus
continue to support MmmMmc-based chemotherapy as the
standard of care!%!!,

Although ccrt with 5Fu and MMcC remains stan-
dard treatment for acc, published data comparing
outcomes and toxicities for different Mmmc regimens
are limited. A retrospective study by Cummings et al.
compared 6 regimens of ccrRT with RT alone, including
an uninterrupted course of ccrT with a single cycle
of SFu—mmc and a split course of RT with 2 cycles of
Sru—mmc. Although patients receiving split-course
RT received 2 cycles of mmc, they developed less
hematologic toxicity than did patients receiving
the continuous course (8% vs. 28%), likely because
of the mandatory treatment break. Overall 5-year
cancer-specific survival was similar in the split and
continuous courses, but the sample size was small'?.
Various MMc regimens in the context of a continuous
RT course (which is currently considered standard acc
treatment) were not examined.

The current Acc treatment protocol in Alberta
is administration of mmc and 5fFu during weeks 1
and 5 of radiation. However, administration of the
second MmmMmc cycle has been based largely on centre
preference. The objectives of the present study were
to compare efficacy and toxicity of 1 or 2 cycles of
MMC in the treatment of Acc patients with CCRT.

2. METHODS
2.1 Patient Population

This retrospective study included Acc patients treated
with definitive ccrt between 2000 and 2010 at Alber-
ta’s two tertiary cancer centres [Tom Baker Cancer
Centre (TBCC), Calgary, and Cross Cancer Institute
(ccn), Edmonton]. Patients were included if they were
18 years of age or older, had a histologic diagnosis
of Acc and no other active malignancies, and were
treated with curative intent. All patients included in
the analysis received 2 cycles of 5ru 1000 mg/m?
given over 96 hours starting on day 1 of weeks 1 and
5 of rt, and 1 or 2 cycles of Mmc 10 mg/m? admin-
istered on day 1 of 5ru. Patients who received a RT
dose of 45 Gy or more were included in the analysis.
Patients who received rT less than 45 Gy, rT alone, or
chemotherapy other than mmc and 5ru were excluded.

Before treatment, evaluation of all patients in-
cluded clinical examination, tumour biopsy, baseline
complete blood count, and computed tomography im-
aging of abdomen and pelvis. Tumour size was based
on clinical exam (when documented) or imaging.
Weekly complete blood count and toxicities (skin,
gastrointestinal, genitourinary) while on treatment
were documented and graded using the RTOG acute
scoring index!3. All blood counts were retrieved from
the provincial clinical database (Alberta Netcare)
during ccrT and up to 4 weeks after the last chemo-
therapy cycle. Hematologic nadirs were recorded and

analyzed. Testing for HIV was not routinely performed
and was not included in the analysis.

Approval for this study was obtained from the
University of Calgary Conjoint Health Research
Ethics board.

2.2 Statistical Analysis and Definitions

Patients were classified into two treatment cohorts:
those who received 1 cycle of mmc (MMmcl) and those
who received 2 cycles (MMmc2). Group analyses con-
sidered DFs, 0s, colostomy-free survival (crs), and
acute hematologic and non-hematologic toxicities.

Study endpoints were defined based on RTOG
definitions. Disease-free survival was the interval
between diagnosis and evidence of local, regional,
or metastatic failure; second primary; death; or last
follow-up for patients without treatment failure. Lo-
cal failure was evidence of persistent local disease or
local recurrence. Regional failure was persistence,
appearance, or recurrence of regional nodal disease.
Patients with persistent disease were considered to be
in failure on the day of their first follow-up after ccrT
or date of biopsy-proven persistent disease (when
available). Failure for the os endpoint was death from
any cause, and it was measured from diagnosis to the
date of death or last follow-up. Colostomy-free sur-
vival was the interval between diagnosis and date of
colostomy, including diverting colostomy and colos-
tomy from salvage abdominal—perineal resection, or
last follow-up for patients not requiring a colostomy.

Results were analyzed using the Stata software
application (version 12.0 for Microsoft Windows:
StataCorp LP, College Station, TX, U.S.A.). Chi-
square or Fisher exact testing was used to evaluate
differences between discontinuous variables. Wil-
coxon rank-sum testing was used to evaluate differ-
ences between continuous variables. Kaplan—Meier
survival analyses with log-rank testing were used to
analyze DFs, 0s, and cFs. Statistical significance was
accepted at p values less than 0.05.

Multivariate logistic regression was used to
model factors associated with toxicity outcomes.
Cox proportional hazards modelling was used for
multivariate analysis of survival outcomes.

3. RESULTS
3.1 Demographics

Between 2000 and 2010, 210 patients were diagnosed
with acc in Alberta. Of those patients, 41 were ex-
cluded from the analysis (21 received rT alone, 4 re-
ceived an RT dose <45 Gy, 13 received chemotherapy
other than mmc, and 3 had incomplete charts). Of the
remaining 169 patients, 88 received 1 cycle of Mmmc
(95.5% TBCC, 4.5% Ccc1), and 81 received 2 cycles
(7.4% TBCC, 92.6% Cc1). Table 1 summarizes patient,
tumour, and treatment characteristics.

CURRENT ONCOLOGY—VOLUME 21, NUMBER 3, JUnE 2014

Copyright © 2014 Multimed Inc. Following publication in Current Oncology, the full text of each article is available immediately and archived in PubMed Central (PMC).



ONE VS. TWO CYCLES OF MITOMYCIN C IN CCRT FOR ANAL CANCER

Median age and sex distribution were similar in
the mmcl and mMMmc2 groups. Most tumours were of
squamous cell histology; the most common nonsqua-
mous tumours were cloacogenic or basaloid.

In the mmc2 group, the proportion of smokers
was higher, and the median tumour size was slightly
larger (43 mm vs. 40 mm, p = 0.03). The proportion
of clinically node-positive patients was similar, and
the stage distribution was not statistically differ-
ent in the two groups. In the mmcl group, 1 patient
had stage 1v disease at diagnosis, with a resectable
solitary liver lesion, and was offered radical ccrr
(per tumour board consensus). Most patients in both
groups were treated with two-dimensional planning
or three-dimensional conformal rT. Before treatment,
median hematologic parameters were similar in the

TABLET Baseline characteristics of patients with anal canal car-
cinoma treated with chemoradiation, by treatment cohort

Characteristic Study group p
Value®
mccl? mcc2?
Patients (n) 88 81
Treatment centre (7 (%)]
Tom Baker Cancer Centre 84 (95.5) 6(74) <0.001
Cross Cancer Institute 4 (4.6) 75 (92.6)
Age (years)
Median 57.5 559 0.16
Range 33.6-87.3 34.8-79.0
Sex [1 (%)]
Men 24 (27.3) 16 (19.7)  0.25
Women 64 (72.7)  65(80.2)
Smokers [1 (%)] 24 (30.8) 35(46.7) 0.04
ECOG PS
0 51(60.0) 54 (68.3) 0.27
>1 34 (40.0) 25(31.7)
Histology [n (%)]
Squamous 73 (849) 66(81.5) 0.56
Other 13 (15.1) 15 (18.5)
Tumour size (mm)
Median 40 43 0.03
Range 7, 100 10, 120
aicc T stage [1n (%)]
1 18 (20.4) 10(12.4) 0.08
2 42 (4777) 35432
3 18 (20.5) 30 (37.0)
4 10 (11.4) 6 (7.4)

AJce N stage [1 (%)]
NO 64 (72.7)
NI-3 24 (27.3)

61(75.3)  0.70
20 (24.7)

groups, with the exception of white blood cell count,
which was higher in the mmc2 group, but within
normal laboratory range.

3.2 Toxicities

Table 11 presents acute hematologic and non-he-
matologic toxicities. The overall grade 3+ toxicity
rate was higher in the Mmmc2 group than in the mmcl
group. The most common non-hematologic toxicity
was acute skin reaction, with a higher proportion of
MMC2 patients experiencing grade 3+ skin toxicity.
On multivariate regression controlling for age, sex,
smoking, Eastern Cooperative Oncology Group
performance status, histology, T and N stage, and
radiation dose, MMc2 group membership remained

alcc stage [n (%)]

18 (20.4) 9(11.1)  0.08
2 37 (42.0) 49 (60.5)
3a 11 (12.5) 11 (13.6)
3B 21 (23.9) 12(14.8)
4 1(1.1) 0 (0)
Pre-treatment blood counts
Hemoglobin (g/dL)
Median 136 137 0.49
Range 87-167 72-171
wacs (x10%/L)
Median 6.9 8.1 0.007
Range 4.1-17.0 3.9-199
Neutrophils (x10%/L)
Median 47 5.4 0.07
Range 2.2-11.6 2.5-17
Platelets (x10%/L)
Median 277 292 0.41
Range 98-536 133-490
Radiotherapy

Dose to primary tumour (Gy)
Median 54 54 0.94

Range 45-60 45-59
Technique [n (%))

IMRT 28 (31.8) 21(259) 04

Other¢ 60 (68.2) 60 (74.1)

2 Patient cohort receiving 1 cycle of mitomycin C with radiation.
b Patient cohort receiving 2 cycles of mitomycin C with radiation.
¢ By Fisher exact test where any cell #<5; otherwise, by chi-square
test.

Two- or three-dimensional conformal radiation therapy.

EcoG ps = Eastern Cooperative Oncology Group performance status;
AJcc = American Joint Committee on Cancer; wscs = white blood
cells; IMRT = intensity-modulated radiotherapy.

d
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TABLE I Grade 3 or greater toxicities in patients with anal canal carcinoma treated with chemoradiation, by treatment cohort
Toxicity” Study group p Value?
Overall mmcl? Mmc2°
(N =169) m=388) m=381)
Overall toxicities (%) 76.9 70.5 84.0 0.04
Hematologic toxicities (%)
Leukopenia 37.9 30.7 45.7 0.045
Neutropenia 32.0 26.1 383 0.09
Thrombocytopenia 9.5 6.8 124 0.22
Anemia 1.2 0 2.5 0.23
Febrile neutropenia requiring hospitalization 11.2 34 19.8 0.001
Non-hematologic toxicities (%)
Skin 58.0 443 72.8 <0.001
Gastrointestinal 15.4 14.8 16.1 0.82
Genitourinary 1.8 34 0 0.25
Unscheduled treatment break 237 227 247 0.76

Patient cohort receiving 1 cycle of mitomycin C with radiation.

a o o o

the only independent predictor of grade 3+ skin
toxicity [odds ratio (oRr): 4.76; p < 0.001].

For hematologic toxicities, rates of grade 3+ leuko-
penia and febrile neutropenia requiring hospitalization
were higher in the Mmc2 group. On multivariate regres-
sion for grade 3+ leukopenia, MmMc2 group membership
(or: 4.82; p < 0.001) and having a lower white blood
cell count before treatment (or: 1.97; p = 0.003) or a
higher pretreatment neutrophil count (or: 1.60; p =
0.03) were significantly associated.

The risk of hospitalization for febrile neutropenia
was increased by a factor of 10 for mmc2 patients
compared with mmcl patients on both the univariate
and multivariate analyses [hazard ratio (HR): 9.91;
p = 0.001]. The only other factor independently as-
sociated with hospitalization for febrile neutropenia
was a performance status greater than 1 before treat-
ment (HR: 4.11; p = 0.01).

3.3 OS and DFS

Median follow-up for survivors at the time of analysis
was 39 months. Estimated 5-year os [75.1% mmcl vs.
70.7% mmc2, p = 0.98, Figure 1(A)] and prs [54.2%
mmMmcl vs. 44.2% mmc2, p = 0.63, Figure 2(A)] were
similar in the two groups. At the time of the present
analysis, 36 patients had died (19 deaths in mmcl, 17
deaths in Mmc2).

Figure 1(B—D) shows factors significantly associ-
ated with worse 5-year os on univariate Kaplan—Mei-
er analysis. In Cox modelling, only a performance
status of 1 or greater and an N stage of 1-3 were
associated with worse 5-year os (Table 11). Squamous

Patient cohort receiving 2 cycles of mitomycin C with radiation.
By Fisher exact test where any cell n<5; otherwise, by chi-square test.

Using the Radiation Therapy Oncology Group acute radiation morbidity scoring criterial’.

cell histology approached significance as a predictor
of better outcome (HR: 0.44; p = 0.07).

Figure 2(B—C) shows factors significantly asso-
ciated with poorer 5-year prs on Kaplan—Meier uni-
variate analysis. In Cox modelling, N stage 1-3 was
the only factor that remained significant (Table 1v).

3.4 CFS

Rates of colostomy (25.0% mmcl vs. 22.2% mMmc2, p =
0.67) and of salvage abdominal—perineal resection
(11.4% mmcl vs. 12.3% mmc2, p = 0.84) were similar
in the two groups. The estimated 5-year rate of crs
was also comparable (72.6% mmcl vs. 77.7% mmc2,
p = 0.57). Only lower T stage was associated with
better 5-year cFs on both univariate analysis (61.3%
T1/2 vs. 83.1% T3/4, p = 0.0004) and Cox modelling
(HR: 3.72; p = 0.004).

4. DISCUSSION

For many years, MMmc has been used as a radiosensitizer
in Acc treatment!*. A well-established adverse effect
of MmMmc is cumulative myelosuppression resulting in
leukopenia and thrombocytopenial®. Since the estab-
lishment of ccrT using 5Fu and mmc as standard acc
treatment, many trials have investigated other chemo-
therapy regimens in effort to reduce the toxic effects
of MMmc while maintaining or improving outcomes.
Cisplatinum has frequently been studied as an
alternative to mmc!®1L16:17 Tn Jarge retrospective
studies, good results have been shown with cispl-
atin-based regimens compared with standard mmc
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FIGURE 1 Overall survival of patients with anal canal carcinoma treated with chemoradiation: (4) 1 (umcl) compared with 2 (Mmc2) cycles
of mitomycin C; (B) Eastern Cooperative Oncology Group (Ecoc) performance status 0 compared with >1; (C) stage T1/2 compared with

73/4; (D) stage NO compared with NI-3.

treatment'®!”. However, two phase 1 trials failed
to demonstrate superiority for cisplatin compared
with mmc for the treatment of acc. In rRToGg 98-11,
ccrt with 2 cycles of mmc and 5Fu was compared
with a course of neoadjuvant cisplatinum and 5Fu
followed by ccrt with cisplatinum and S5ru. In the
MMC group, 5-year os and DFs were superior, and a
trend toward improved crs was observed. However,
the study was criticized for the use of neoadjuvant
therapy in the cisplatinum arm, which might have
contributed to inferior outcomes because of delays
in ccrt'®, More recently, the U.K. Co-ordinating
Committee on Cancer Research AcT 11 study ran-
domized patients to SFu-based ccrt with either con-
current MMc or cisplatinum followed by no further
therapy or by maintenance chemotherapy. Complete
response at 26 weeks and 3-year progression-free
survival were similar in the groups. Grade 3+ acute
toxicities were also similar, although greater grade 3

hematologic toxicity occurred in the Mmc arm than
in the cisplatinum arm (26% vs. 16%, p < 0.001)!'.
Because neither of the prospective trials demon-
strated superiority for cisplatinum compared with
MMC, CCRT with MMc and 5Fu remains the standard
treatment for acc.

Results from our retrospective study suggest
that a reduction in mmc cycles (1 vs. 2) and a lower
dose might be another feasible option for reducing
acute toxicities while maintaining similar clinical
outcomes. Although the present study was not a ran-
domized comparison of the two regimens, the mmcl
and mMmc2 cohorts were almost evenly split between
the two tertiary cancer centres. The decision to use
1 or 2 cycles of Mmc with ccrT was established his-
torically at each centre (1 cycle at TBcc, 2 cycles at
cci). Earlier phase 111 trials have used a single bolus
of mmc at 12—15 mg/m? or 2 cycles at 10 mg/m?. In
our study, mmc was prescribed at a lower dose of
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FIGURE 2 Disease-free survival of patients with anal canal carcinoma treated with chemoradiation: (A) 1 (mmcl) compared with 2 (Mmc2)
cycles of mitomycin C; (B) stage T1/2 compared with T3/4; (C) stage NO compared with N1-3.

10 mg/m?, but survival outcomes in the two study
arms were similar®1!,

Baseline characteristics in the mmcl and mmc2
groups were comparable on most factors, but differed
slightly in median tumour size. The proportion of
node-negative patients and the overall TNM stage
were, however, similar. Before treatment, most he-
matologic parameters were also comparable between
the groups—with the exception of white blood cell
count, which was slightly higher in the mmc2 group,
although within normal limits. Despite that differ-
ence, acute leukopenia was significantly greater in
the MMc2 group. That observation is not surprising
given the cumulative leukopenic effects of mmc.

Although rates of neutropenia were similar, fe-
brile neutropenia requiring hospitalization occurred
almost 10 times more often in patients who received
2 cycles of mmc (HR: 9.91; p = 0.001). Grade 3+ acute
skin reactions also occurred more frequently in the
MMc2 group, but interestingly, did not translate to

a higher rate of unintended treatment breaks. That
finding might be a result of variation in the threshold
at which physicians decide to offer treatment breaks.
On multivariate analysis, receiving 2 cycles of MMmc
was the strongest factor associated with hospital-
izations secondary to febrile neutropenia, grade 3+
leukopenia, and dermatologic toxicity.

Development of more-conformal RT techniques
have allowed for reductions in toxicity to normal tis-
sue. In rRTOG 0529, acute toxicities in ACC treatment
were compared for intensity-modulated rT (IMRT) and
conventional two-dimensional planning rT, with sig-
nificantly lower grade 2+ hematologic and grade 3+
gastrointestinal and dermatologic toxicities being
demonstrated with imMrT'S.

Although our study included patients treated with
two-dimensional planning RrT, three-dimensional
conformal RT, and IMRT, acute toxicities were com-
parable to those reported in rTOG 0529'8. Overall
grade 3+ toxicity and grade 3+ genitourinary and
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TABLE 111 Cox proportional hazards model for overall survival

TABLE IV Cox proportional hazards model for disease-free survival

Variable HR 95% cL p Value Variable HR 95% cL p Value

Smoker 1.30 0.61,2.78 0.50 Age > 60 years 0.71 0.41,1.23 0.22
ECOG Ps > 1 2.19 1.03, 4.66 0.04 Male 0.89 0.48, 1.65 0.72
Squamous cell histology 0.44 0.18, 1.08 0.07 Smoker 1.10 0.65, 1.87 0.71
N Stage 1-3 3.39 1.54,7.49 0.002 ECOG PS > 1 1.42 0.84,2.40 0.19
T Stage 3/4 1.30 0.56, 3.01 0.54 Squamous cell histology 0.71 0.37,1.36 0.34
MmMmc2 chemotherapy 0.92 0.44,1.91 0.83 N Stage 1-3 1.88 1.08, 3.27 0.02
HR = hazard ratio; cL = confidence limits; EcoG ps = Eastern Coop- T Stage 3/4 1.30 0.72,2.36 0.38
erative Oncology Group performance status; Mmc2 = patient cohort Radiation dose > 54 Gy 0.72 0.40, 1.29 0.27
receiving 2 cycles of mitomycin C with radiation. MMc2 chemotherapy 1.17 0.69, 2.01 0.56

Worst grade 3+ toxicity 0.71 0.40, 1.24 0.23

gastrointestinal toxicities were comparable between
the studies (83%, 2%, and 21% respectively in the
RTOG study vs. 77%, 2%, and 15% in the present
study). Total grade 3+ hematologic toxicities were
lower in our study (58% RTOG vs. 43%). There was a
higher proportion of grade 3+ dermatologic toxicities
in our study (23% RrTOG vs. 58%), which might be a
result of differences in rRT delivery, such as less use
of IMRT. Interestingly, a treatment break was more
often required for patients in the RTOG IMRT arm than
in our patients (49% vs. 24%). That finding might be
attributable to RTOG guidelines for the introduction of
treatment breaks. Similar results are seen when the
MMmc2 arm of our study is compared with the rRTOG
0529 trial, which used 2 cycles of mmc. The 5-year
os and crs results from our Mmmc2 study arm compare
favourably with results from other phase i trials!©.
The 5-year os and cFs in the standard arm of rRTOG
98-11 were similar to those in our study (78.3% and
71.9% respectively for rToG vs. 70.7% and 77.7%
for Mmmc2). However, the 5-year DFs in our study was
lower (44.2% mmc2 vs. 67.8% RrRTOG), which might
be attributable to our smaller sample size and might
reflect a more general population of Acc patients.

Our study has the inherent limitations of a retro-
spective study from a single health authority. Also,
no formal pathology or radiology review was under-
taken. Despite using a standardized toxicity grading
scale, there is potential subjectivity in retrospectively
grading toxicities. In effort to obtain consistency, a
single reviewer graded all toxicities.

5. CONCLUSIONS

In this analysis of radical ccrr for acc, 1 cycle of Mmc
appears to offer outcomes similar to those achieved
with 2 cycles, but with significantly fewer adverse
effects, particularly with respect to hospitalization
rates for febrile neutropenia and acute dermato-
logic toxicities. Our results support the need for a
randomized controlled trial to further investigate
the optimal dose and number of MMmc cycles in ccrT
treatment of Acc.

HR = hazard ratio; cL = confidence limits; EcoG ps = Eastern Coop-
erative Oncology Group performance status; Mmc2 = patient cohort
receiving 2 cycles of mitomycin C with radiation.
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