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ANAL CANAL CARCINOMA IS AN

uncommon malignancy in
the United States. Among
1 437 180 new cancer diag-

noses projected for the year 2008, ap-
proximately 5070 will be new cases of
anal canal carcinoma.1 Anal canal car-
cinoma has a unique clinical biology
that can be distinguished from all other
gastrointestinal cancers. It is mostly a
local-regional cancer, with a meta-
static potential in only 15% of pa-
tients,2 and it is highly sensitive to con-
current chemoradiation,3 resulting in
a cure in 60% of cases. The size of the
primary tumor has a direct bearing on
the cure rates,4-6 and the 5-year sur-
vival rates decrease precipitously for tu-
mors larger than 5 cm in diameter.7

Similarly, the presence of nodal metas-
tases results in a reduction in the cure
rate.4,8-10 In addition, with larger pri-
mary cancers, the likelihood of lymph
node metastases increases.11-14 Approxi-
mately 25% of newly diagnosed anal ca-
nal carcinomas are larger than 5 cm in
diameter and clinically node-positive.

It has been established that chemora-
diationismoreeffectivetherapyforsmaller
analcanalcarcinomasthanforlargerones.
Thissuggests thatastrategythatcouldre-
duce theburdenofcancer in theprimarySee also Patient Page.
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Context Chemoradiation as definitive therapy is the preferred primary therapy for
patients with anal canal carcinoma; however, the 5-year disease-free survival rate from
concurrent fluorouracil/mitomycin and radiation is only approximately 65%.

Objective To compare the efficacy of cisplatin-based (experimental) therapy vs mi-
tomycin-based (standard) therapy in treatment of anal canal carcinoma.

Design, Setting, and Participants US Gastrointestinal Intergroup trial RTOG 98-
11, a multicenter, phase 3, randomized controlled trial comparing treatment with fluoro-
uracil plus mitomycin and radiotherapy vs treatment with fluorouracil plus cisplatin and ra-
diotherapy in 682 patients with anal canal carcinoma enrolled between October 31, 1998,
and June 27, 2005. Stratifications included sex, clinical nodal status, and tumor diameter.

Intervention Participants were randomly assigned to 1 of 2 intervention groups: (1)
the mitomycin-based group (n=341), who received fluorouracil (1000 mg/m2 on days
1-4 and 29-32) plus mitomycin (10 mg/m2 on days 1 and 29) and radiotherapy (45-59
Gy) or (2) the cisplatin-based group (n=341), who received fluorouracil (1000 mg/m2

on days 1-4, 29-32, 57-60, and 85-88) plus cisplatin (75 mg/m2 on days 1, 29, 57,
and 85) and radiotherapy (45-59 Gy; start day=day 57).

Main Outcome Measures The primary end point was 5-year disease-free sur-
vival; secondary end points were overall survival and time to relapse.

Results A total of 644 patients were assessable. The median follow-up for all pa-
tients was 2.51 years. Median age was 55 years, 69% were women, 27% had a tu-
mor diameter greater than 5 cm, and 26% had clinically positive nodes. The 5-year
disease-free survival rate was 60% (95% confidence interval [CI], 53%-67%) in the
mitomycin-based group and 54% (95% CI, 46%-60%) in the cisplatin-based group
(P=.17). The 5-year overall survival rate was 75% (95% CI, 67%-81%) in the mitomycin-
based group and 70% (95% CI, 63%-76%) in the cisplatin-based group (P=.10). The
5-year local-regional recurrence and distant metastasis rates were 25% (95% CI, 20%-
30%) and 15% (95% CI, 10%-20%), respectively, for mitomycin-based treatment
and 33% (95% CI, 27%-40%) and 19% (95% CI, 14%-24%), respectively, for cisplatin-
based treatment. The cumulative rate of colostomy was significantly better for mitomycin-
based than cisplatin-based treatment (10% vs 19%; P=.02). Severe hematologic tox-
icity was worse with mitomycin-based treatment (P� .001).

Conclusions In this population of patients with anal canal carcinoma, cisplatin-
based therapy failed to improve disease-free-survival compared with mitomycin-
based therapy, but cisplatin-based therapy resulted in a significantly worse colostomy
rate. These findings do not support the use of cisplatin in place of mitomycin in com-
bination with fluorouracil and radiotherapy in the treatment of anal canal carcinoma.

Trial Registration clinicaltrials.gov Identifier: NCT00003596
JAMA. 2008;299(16):1914-1921 www.jama.com
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tumor and in the lymph node(s) prior to
administrationof chemoradiationcould
potentiallybequiteeffective.Forthecur-
rent study, it was hypothesized that
disease-free survival might be improved
byadministeringactiveinductionchemo-
therapy(thatwoulddown-stageordown-
size cancer) prior to concurrent chemo-
radiation.

Previous randomized phase 3 trials
have established that concurrent che-
moradiation with fluorouracil and
mitomycin is superior to radiotherapy
alone.15,16 A prior US phase 3 random-
ized trial (Radiation Therapy Oncology
Group[RTOG]/EasternCooperativeOn-
cology Group [ECOG]) had demon-
strated significant improvement in lo-
cal control and colostomy-free survival
with the addition of mitomycin to con-
current fluorouracil plus radio-
therapy16 and established the use of con-
current fluorouracil-mitomycin plus
radiation as the standard primary therapy
of local or local-regional anal canal car-
cinoma. An updated analysis of this trial
showed that the 5-year disease-free sur-
vival rate after treatment with concur-
rent fluorouracil-mitomycin plus radia-
tion was approximately 63%.17 This 63%
disease-free survival rate served as the
benchmark for the US Gastrointestinal
Intergroup RTOG 98-11 trial.

At conceptionof the IntergroupRTOG
98-11 trial, there was considerable in-
terest in cisplatin as a radiation sensi-
tizer for anal canal carcinoma.18-21 In ad-
dition, 2 studies had piloted the use of
induction fluorouracil and cisplatin in
patients with anal canal carcinoma with
encouraging results.22,23

The Intergroup RTOG 98-11 trial
was a comparison between (1) fluoro-
uracil plus cisplatin induction chemo-
therapy followed by the same chemo-
therapy and concurrent radiation
(experimental group) and (2) fluoro-
uracil plus mitomycin and concurrent
radiation (control group). Disease-
free survival was the primary end point.

METHODS
Organization

TheUSGastrointestinalIntergroupRTOG
98-11trialwascoordinatedbytheRTOG,

withparticipationby theECOG,Cancer
and Leukemia Group B, North Central
CancerTreatmentGroup,andSouthwest
Oncology Group.

Hypothesis and Objectives

We hypothesized that induction chemo-
therapy with fluorouracil and cisplatin
would reduce the volume of the pri-
mary tumor and that the ensuing con-
current chemoradiation (experimental
group) would be more effective for lo-
cal control and colostomy-free survival
compared with traditional up-front con-
current chemoradiation with fluoroura-
cil-mitomycin (control group). The pri-
mary objective of this study was to
observe an increase in the 5-year disease-
free survival rate from 63% to 73%. The
major secondary objectives were to de-
tect a 5% or greater difference in the
2-year colostomy rate and to detect a 12%
or greater difference in nonhemato-
logic grade 3 or 4 toxic effects.

Patient Eligibility

The protocol was approved by the in-
stitutional review board of each par-
ticipating institution, and all partici-
pants provided written informed
consent. All patients with histologi-
cally documented squamous, basa-
loid, or cloacogenic carcinoma of the
anal canal were eligible if they were at
least 18 years of age, had a Karnofsky
performance score of at least 60%, had
category T2 to T4 tumors (T2=diameter
of the primary cancer �2 cm but �5
cm; T3=�5 cm; and T4=invading ad-
jacent organs) with any N category (pel-
vic or inguinal defined by clinical ex-
amination, biopsy, or imaging studies),
had adequate organ function, and were
willing to provide written consent.

Patients were excluded if they had a
T1 or M1 tumor, severe comorbid con-
ditions (including AIDS), or major ma-
lignancy (unless successfully treated
and disease-free for at least 5 years).

Evaluation

Prior to any therapy, patients had proc-
toscopy or sigmoidoscopy, chest radi-
ography, and computed tomography or
magnetic resonance imaging of the ab-

domen/pelvis to establish the stage of
disease. In addition, blood and serum
chemistry evaluations were per-
formed to determine the adequacy of
hepatic, renal, and bone marrow func-
tions. Eight weeks after therapy, pa-
tients underwent reevaluation similar
to baseline except that a full-thickness
biopsy was optional. Local-regional
treatment failure was defined as histo-
logically documented persistent or re-
curring cancer in the treated radiation
field. Patients were followed up every
3 months for 1 year, every 6 months for
the second year, then yearly.

Randomization, Stratification,
and Therapy

This study was not blinded. Patients were
stratified according to sex, clinical nodal
status (positive or negative), and size of
the primary tumor (�2-5 cm or �5 cm).
Patients were randomly assigned to re-
ceive fluorouracil plus mitomycin and
concurrent radiation (the control [mi-
tomycin-based]group)or induction fluo-
rouracil plus cisplatin followed by con-
current fluorouracil-cisplatin and
radiation (the experimental [cisplatin-
based] group) according to the Zelen24

permuted block randomization method,
which ensures that the institutions have
the opportunity to treat patients with dif-
ferent protocol groups.

Chemotherapy in the mitomycin-
based group included mitomycin, a 10-
mg/m2 intravenous bolus on days 1 and
29 (not to exceed 20 mg per course),
and fluorouracil, 1000 mg/m2/d by con-
tinuous infusion on days 1 to 4 and 29
to 32. Chemotherapy in the cisplatin-
based group included cisplatin, 75
mg/m2 intravenously over 60 minutes
on days 1 and 29 and repeated on days
57 and 85, and fluorouracil, 1000 mg/
m2/d by continuous infusion on days 1
to 4, 29 to 32, 57 to 60, and 85 to 88
(days 57 and 85 corresponding to days
1 and 29 of radiotherapy). Patients re-
ceived appropriate premedications and
hydration. The doses were modified ac-
cording to prespecified criteria. In case
of grade 4 neutropenia or febrile neu-
tropenia, the doses of cisplatin and fluo-
rouracil were reduced by 50%.
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All patients received a minimum dose
of 45 Gy in 25 fractions of 1.8 Gy over
5 weeks to the primary cancer with su-
pervoltage radiation (photon energy of
�6 mV) using anteroposterior-
posteroanterior (AP-PA) or multifield
techniques. Initial radiation fields were
to include the pelvis, anus, perineum,
and inguinal nodes, with the superior
field border at L5-S1 and the inferior
border to include the anus with a mini-
mum margin of 2.5 cm around the anus
and tumor. The lateral border of AP
fields was to include the lateral ingui-
nal nodes as determined from bony
landmarks or imaging (lymphangio-
gram, computed tomography), but lat-
eral inguinal nodes were not routinely
included in the PA fields to allow ad-
equate sparing of the femoral heads. Af-
ter a dose of 30.6 Gy in 17 fractions,
the superior field extent was reduced
to the bottom of the sacroiliac joints and
an additional 14.4 Gy was given in 8
fractions (total dose of 45 Gy in 25 frac-
tions/5 weeks), with additional field re-
duction off node-negative inguinal
nodes after 36 Gy. For patients treated
with an AP-PA rather than 4-field tech-
nique, an anterior electron boost
(matched to the PA exit field) was used
to bring the lateral inguinal region to
the minimum dose of 30.6 Gy.

For patients with T3, T4, node-
positive disease or patients with T2 re-

sidual disease after 45 Gy, the intent was
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). The target volume for boost
field 2 was the original primary tumor
volume/node plus a 2- to 2.5-cm mar-
gin. Treatment field options included
a multifield photon approach (AP-PA
plus paired laterals, PA � laterals, or
other) or a direct perineal boost with
electrons or photons with the patient
in lithotomy position. Acute toxic ef-
fects were recorded according to the
National Cancer Institute’s Common
Toxicity Criteria version 2.025 and long-
term toxic effects according to the
RTOG/European Organization for Re-
search and Treatment of Cancer mor-
bidity scoring system.26 Temporary sus-
pension of chemoradiation was allowed
for grade 3 or 4 neutropenia until re-
covery to grade 2 or lower.

Statistical Analyses

It was assumed that the mitomycin-
based group had a disease-free sur-
vival hazard rate of 0.0917 (meaning
5-year disease-free survival of 63%). The
study was designed to detect a 33% re-
duction in hazard for the cisplatin-
based group, corresponding to a 5-year
disease-free survival of 73% and a haz-
ard ratio (HR) of 1.49, with 80% power,
a 2-sided � level of .05, and exponen-

tial distribution for survival rates.
Adapting the group sequential de-
sign27 with 2 planned interim analyses
and a final analysis, 215 events (per-
sistent tumor, local or regional re-
lapse, or colostomy) were required. The
O’Brien-Fleming boundary shape,
determined using EaST software,28

was used for the early stopping rules.
We further assumed a constant ac-
crual rate for 5 years and a 3-year fol-
low-up period. The total sample size
needed was 650.

Patients were analyzed based on the
treatment group to which they were ran-
domized, and patients who were deter-
mined to be ineligible, withdrew con-
sent, or had inadequate data were
excluded. Pretreatment characteristics
between the treatment groups were com-
pared using Kruskal-Wallis and �2 tests.
z Tests were used to test for differences
in binomial proportions of grade 3 or
higher toxic effects (worst overall, worst
nonhematologic, and worst hemato-
logic). Treatment failure was defined for
the efficacy end points as follows: for
overall survival, death due to any cause;
for disease-free survival, local, regional,
or distant failure, second primary
tumor, or death due to any cause; for lo-
cal-regional treatment failure, local or re-
gional relapse, progression, or persis-
tence; for distant metastases, appearance
of distant metastases; and for colos-
tomy, having a colostomy. All efficacy
end points were measured from date of
randomization to date of first treatment
failure for the given end point or date of
last follow-up for patients in whom a
given end point did not result in treat-
ment failure. Overall survival and dis-
ease-free survival were estimated uni-
variately with the Kaplan-Meier
method,29 and treatment groups were
compared using the log-rank test.30 Time
to local-regional treatment failure, dis-
tant metastases, and colostomy were es-
timated by the cumulative incidence
method,31 and treatment groups were
compared using the Gray test.32 All re-
ported P values are 2-sided, with a sta-
tistical significance level of P�.05. Mul-
tivariate analyses were performed with
Cox proportional hazard models to test

Figure 1. Flow of Trial Participants

17 Patients excluded

2 Withdrew consent
2 No baseline information
2 No follow-up information

11 Ineligible

1 Potentially curative resection
1 Concurrent colon cancer
1 Malignancy <5 years prior
1 Unable to verify colonscopy results
1 Unable to verify tumor measurements

3 Category T1 tumor
2 Hemoglobin <10 g/dL
1 Prior surgery other than biopsy

21 Patients excluded
12 Ineligible

1 Unable to verify tumor measurements
3 Withdrew consent
6 No follow-up information

3 Hemoglobin <10 g/dL
2 Category T1 tumor

1 Neutrophil count <1800/µL
1 Proctoscopy/sigmoidoscopy not done

3 Prior surgery other than biopsy
1 Metastasis

320 Included in analysis

682 Randomized

341 Randomized to receive fluorouracil
plus mitomycin and radiotherapy

341 Randomized to receive fluorouracil
plus cisplatin and radiotherapy

324 Included in analysis
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for treatment differences (mitomycin-
based group vs cisplatin-based group)
while adjusting for sex, clinical nodal sta-
tus (no vs yes), and tumor diameter
(�2-�5 cm vs �5 cm). All variables
were coded such that an HR greater than
1 indicates an increased risk for the sec-
ond level of the variable. For example,
treatment (mitomycin-based group vs
cisplatin-based group) was coded such
that an HR greater than 1 indicates an in-
creased risk of treatment failure in the
cisplatin-based group and sex was coded
such that an HR greater than 1 indi-
cates an increased risk of treatment fail-
ure among men. The study was moni-
tored by the RTOG data monitoring
committee. SAS software, version 9.1
(SAS Institute Inc, Cary, North Carolina)
was used for calculating all analyses.

RESULTS
Patient Characteristics

The study accrued 682 patients from
October 31, 1998, to June 27, 2005. All
analyses are based on data as of Octo-
ber 2006. There were 23 ineligible pa-
tients (3%) and 15 patients who with-
drew consent or had inadequate data
(2%) (FIGURE 1). Pretreatment char-
acteristics of 644 patients are shown in
TABLE 1. Sixty-nine percent of pa-
tients were women, 27% had tumors
larger than 5 cm in diameter, 35% had
T3 or T4 lesions, and 26% had clini-
cally positive nodes. The groups were
well-balanced with respect to the pre-
treatment characteristics, with the ex-
ception that there were more cases with
a cancer located in the perianal skin and
anal canal in the cisplatin-based group
(P=.045).

Disease-Free Survival

Median follow-up time for all patients
was 2.51 years (range, 0.05-7.41 years).
At the time of the second interim analy-
sis (summer 2005), 162 events had oc-
curred and the results crossed the fu-
tility boundary, indicating that even
with the additional specified number of
events, the data would not show a sta-
tistically significant difference in dis-
ease-free survival between the 2 groups.
The data monitoring committee there-

fore recommended reporting study
results.

The 3- and 5-year estimated disease-
free survival rates were 67% (95% con-
fidence interval [CI], 62%-72%) and
60% (95% CI, 53%-67%), respectively,
in the mitomycin-based group and 61%
(95% CI, 55%-66%) and 54% (95% CI,

46%-60%), respectively, in the cisplatin-
based group (P=.17; FIGURE 2). In a
multivariate analysis, male sex (P=.02),
clinically positive nodes (P� .001), and
tumor size greater than 5 cm (P=.004)
were independent prognosticators for
worse disease-free survival. Type of
treatment was not a prognosticator for

Table 1. Baseline Patient Characteristicsa

Characteristics

Mitomycin-
Based Treatment

(n = 324)

Cisplatin-Based
Treatment
(n = 320) P Valueb

Age, median (range), y 55 (25-83) 55 (31-88)

Male/female 101 (31)/223 (69) 97 (30)/223 (70) .81

Karnofsky performance score, %
60 3 (1) 2 (1)

70 11 (3) 10 (3)

80 41 (13) 40 (13) .74c

90 133 (41) 146 (46)

100 136 (42) 122 (38)

Tumor location
Above dentate line 34 (10) 42 (13)

Anal canal 228 (70) 194 (61)

Perianal skin 8 (2) 7 (2) .045

Anal canal and perianal 53 (16) 77 (24)

Unknown 1 (�1) 0

Primary (largest) tumor size, cm
2-5 238 (73) 234 (73)

.92
�5 86 (27) 86 (27)

Histology
Squamous cell 278 (86) 273 (85)

Basaloid 18 (6) 21 (7)

Cloacogenic 24 (7) 19 (6) .65

Basaloid/squamous 3 (1) 6 (2)

Basaloid/squamous/cloacogenic 1 (�1) 1 (�1)

T category
T2 204 (63) 212 (66)

T3 86 (27) 84 (26) .39c

T4 34 (10) 24 (7)

N category
N0 227 (70) 221 (69)

N1 40 (12) 24 (8)

N2 34 (10) 45 (14) .16c

N3 10 (3) 14 (4)

NX 13 (4) 16 (5)

Clinical node status
Positive 84 (26) 83 (26)

.99
Negative 240 (74) 237 (74)

AJCC stage33

I 150 (47) 152 (48)

II 62 (19) 53 (17)

III 33 (10) 24 (7) .35c

IV-A 67 (21) 76 (24)

Unknown 12 (4) 15 (5)
Abbreviation: AJCC, American Joint Committee on Cancer.
aData are expressed as No. (%) of participants unless otherwise specified.
bBased on �2 test unless otherwise indicated.
cBased on Kruskal-Wallis test.
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disease-free survival (HR, 1.20; 95% CI,
0.93-1.55; P=.17). Tumor location was
also not a prognosticator for disease-
free survival.

Overall Survival, Local-Regional
Failure, Distant Metastases,
and Colostomy

Overall survival was not significantly
different between the 2 treatment

groups (2-sided log-rank P = .10;
FIGURE 3). The 3- and 5-year overall
survival rates were 84% (95% CI, 78%-
88%) and 75% (95% CI, 67%-81%), re-
spectively, in the mitomycin-based
group and 76% (95% CI, 70%-81%) and
70% (95% CI, 63%-76%), respec-
tively, in the cisplatin-based group.
There were more study cancer-related
deaths in the cisplatin-based group (54

patients) compared with the mitomy-
cin-based group (28 patients). In a
multivariate analysis, male sex (P=.02),
clinically positive nodes (P� .001), and
tumor size greater than 5 cm (P=.01)
independently prognosticated for
poor overall survival, but type of
treatment did not (HR, 1.28; 95% CI,
0.90-1.84; P=.17). There were non–
statistically significant results for time
to local-regional treatment failure (HR,
1.32; 95% CI, 0.98-1.78; P=.07) and
distant metastases (HR, 1.38; 95% CI,
0.90-2.10; P=.14). There was a statis-
tically significant difference in colos-
tomy rates, with 3- and 5-year cumu-
lative rates of 10% (95% CI, 6%-14%)
at both 3 and 5 years in the mitomycin-
based group and 16% (95% CI, 12%-
20%) and 19% (95% CI, 13%-24%), re-
spectively, in the cisplatin-based group
(HR, 1.68; 95% CI, 1.07-2.65; P=.02;
Figure 3).

Sites of Treatment Failure

The percentages of patients alive
without treatment failure at the end of
follow-up were 68% and 60% in the
mitomycin- and cisplatin-based
groups, respectively. Sites of first
treatment failure were similar for local
(mitomycin-based group, 13% [95%

Figure 2. Disease-Free Survival in the Mitomycin- and Cisplatin-Based Groups

100

25

Log-rank P = .17

50

75

0

No. at risk
Mitomycin group
Cisplatin group

324
320

1

226
223

2

150
160

3

114
104

5

34
34

4

76
62

6

10
18

Years From Randomization

A
liv

e 
W

ith
ou

t D
is

ea
se

, %

Mitomycin group
Cisplatin group

Incidence of treatment failure was 105 of 324 with mitomycin-based treatment and 127 of 320 with cisplatin-
based treatment. Error bars indicate 95% confidence intervals.

Figure 3. Overall Survival and Cumulative Incidence of Colostomy in the Mitomycin- and Cisplatin-Based Groups
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Mortality rates were 53 of 324 with mitomycin-based treatment and 72 of 320 with cisplatin-based treatment. Error bars indicate 95% confidence intervals. Incidence
of treatment failure (persistent tumor, relapsed tumor, or colostomy) was 30 of 324 with mitomycin-based treatment and 50 of 320 with cisplatin-based treatment.
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CI, 9%-17%] and cisplatin-based
group, 19% [95% CI, 15%-23%]),
regional (mitomycin-based group,
6% [95% CI, 3%-9%] and cisplatin-
based group, 7% [95% CI, 4%-10%]),
and distant (mitomycin-based group,
6% [95% CI, 3%-9%] and cisplatin-
based group, 8% [95% CI, 5%-11%]),
tumors; other types of relapse were
rare. The 5-year local-regional recur-
rence and distant metastasis rates
were 25% (95% CI, 20%-30%) and
15% (95% CI, 10%-20%), respec-
tively, for mitomycin-based treatment
and 33% (95% CI, 27%-40%) and
19% (95% CI, 14%-24%), respec-
tively, for cisplatin-based treatment.

Adherence
Radiotherapy adherence (per protocol
and acceptable variation [only mini-
mum variation in the radiation dose or
field]) was 91% in the mitomycin-
based group and 88% in the cisplatin-
based group. Chemotherapy adher-
ence (per protocol and acceptable
variation [only minimum variation in
the drug dose, omission of chemo-
therapy, or nonspecified delay in che-
motherapy]) was 95% in the mitomy-
cin-based group and 94% in the
cisplatin-based group. The mean and
median radiation doses were 55 Gy
(range, 9-69 Gy; interquartile range,
45.9-59 Gy) and 55 Gy (range, 14.4-

70.2 Gy; interquartile range, 45-59 Gy),
respectively, in the mitomycin-based
and cisplatin-based groups.

Toxic Effects

The acute and long-term toxic effects
are listed in TABLE 2 and TABLE 3. The
“worst” toxic effects data represent the
sums of patients with highest grades of
1 through 4 in each toxic effects cat-
egory (hematologic, nonhematologic,
and overall). The rate of acute nonhe-
matologic grade 3 or 4 toxicity was 74%
in both the mitomycin- and cisplatin-
based groups. A post hoc test was sta-
tistically significant for differences in
severe acute hematologic toxicity (grade

Table 2. Acute Toxic Effects of Chemotherapy and Radiation

Toxicity Grade, No. (%)

Mitomycin-Based Treatment (n = 324) Cisplatin-Based Treatment (n = 320)

1 2 3 4 1 2 3 4

Toxicity category
Allergy/immunology 6 1 0 0 6 2 1 0

Auditory/hearing 2 1 0 0 10 29 2 0

Blood/bone marrow 33 73 114 85 60 98 86 49

Arrhythmias 5 2 2 0 5 1 1 1

Cardiovascular (general) 22 20 11 1 30 21 23 1

Coagulation 2 0 0 0 1 1 5 0

Constitutional symptoms 94 97 29 2 102 109 38 2

Dermatology/skin 28 113 140 15 30 122 126 6

Endocrine 3 2 0 0 4 5 1 0

Gastrointestinal 56 122 103 12 40 118 138 8

Nausea 106 53 29 0 109 83 56 0

Stomatitis 53 63 18 2 40 90 38 4

Vomiting 29 31 19 1 59 61 48 0

Diarrhea 72 91 73 3 82 76 76 2

Hemorrhage 32 6 1 1 45 7 0 0

Hepatic 41 12 5 0 40 6 6 0

Infection/febrile neutropenia 8 42 51 6 9 50 29 3

Lymphatics 1 0 0 0 2 0 0 0

Metabolic/laboratory 59 18 23 3 62 30 27 5

Musculoskeletal 2 3 2 1 0 4 0 0

Neurology 30 21 13 2 69 44 17 1

Ocular/visual 3 1 1 0 8 2 0 0

Pain 24 71 70 7 33 89 53 2

Pulmonary 18 13 8 2 25 20 3 2

Renal/genitourinary 53 60 10 1 55 63 11 0

Secondary malignancy 0 0 0 0 1 0 0 0

Sexual reproductive function 3 2 4 0 3 6 1 0

Syndromes 0 0 0 0 1 0 0 0

Worst grade
Hematologic 33 (10) 73 (23) 114 (35) 85 (26) 60 (19) 98 (31) 86 (27) 48 (15)

Nonhematologic 8 (2) 68 (21) 199 (61) 41 (13) 6 (2) 68 (21) 212 (66) 27 (8)

Overall 4 (1) 32 (10) 172 (53) 110 (34) 3 (1) 46 (14) 200 (63) 65 (20)
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3 or 4, 61% in the mitomycin-based
group and 42% in the cisplatin-based
group; P� .001). The rate of severe
long-term toxic effects was similar in
both groups (11% vs 10%).

COMMENT
The initial observations that anal ca-
nal carcinoma is highly sensitive to con-
current chemoradiation have led the
way to drastic alterations in the treat-
ment paradigm for this disease. The cur-
rent goal is to avoid colostomy, and sur-
gery has become a salvage or secondary
therapy.

A series of trials established that con-
current chemoradiation is better than
radiation alone15,16 and that the com-
bination of fluorouracil plus mitomy-
cin given concurrently with radiation
is superior to fluorouracil given con-
currently with radiation,17 as noted pre-
viously. However, the 5-year disease-
free survival rate of approximately 65%
has not improved since the early 1990s.

The US Gastrointestinal Intergroup
RTOG 98-11 trial was not a pure test of
concurrent chemoradiation with fluo-
rouracil-cisplatin vs fluorouracil-
mitomycin but, rather, was a test of one
strategy vs another. The strategy of in-
duction chemotherapy to reduce the
bulk of local-regional anal canal carci-
noma had an appeal, and preliminary
data suggested considerable sensitivity
of anal canal carcinoma to the combi-
nation of fluorouracil plus cisplatin. The
US Gastrointestinal Intergroup RTOG
98-11 trial was not set up to quantify the
actual downsizing of the primary tu-
mor or lymph nodes; instead, it was an
assumption that would have translated

into improved disease-free survival and
decreased colostomy rates, a notion in-
corporated in the global hypothesis. The
data on treatment adherence suggest that
the lack of difference in disease-free sur-
vival was not related to inadequate
therapy in either group. These results
also reinforce the importance of ran-
domized controlled trials because the
prior assumptions about a treatment
strategy based on uncontrolled experi-
ences may turn out to be erroneous.

Clearly, the strategy of induction che-
motherapy with fluorouracil-cisplatin
followed by concurrent chemoradia-
tion with fluorouracil-cisplatin proved
ineffective in improving disease-free sur-
vival for patients with anal canal carci-
noma compared with the prior stan-
dard of concurrent chemoradiation with
fluorouracil-mitomycin. Cisplatin-
based treatment did not reduce either lo-
cal-regional or distant relapse com-
pared with mitomycin-based treatment
and did not improve disease-free or co-
lostomy-free survival as hypothesized.
In fact, trends favoring concurrent che-
moradiation with fluorouracil and mi-
tomycin over induction and concur-
rent fluorouracil and cisplatin existed in
a number of outcomes analyses (local-
regional relapse: 3-year rate, 23% vs 31%,
and 5-year rate, 25% vs 33%; P=.07; dis-
ease-free survival: 3-year rate, 67% vs
61%, and 5-year rate, 60% vs 54%;
P=.17; overall survival: 3-year rate, 84%
vs 76%, and 5-year rate, 75% vs 70%;
P=.10). The better cumulative colos-
tomy rate in the mitomycin-based group
was statistically significant (3-year rate,
10% vs 16%, and 5-year rate, 10% vs
19%; P=.02).

There are no clear explanations for
the failure of fluorouracil-cisplatin to
improve disease-free survival com-
pared with fluorouracil-mitomycin as
a component of treatment for patients
with anal canal carcinoma. In theory,
induction chemotherapy may have
resulted in accelerated repopulation and
an increase in the number of clono-
gens at the onset of radiation despite
the decrease in overall tumor volume.
Alternatively, mitomycin may be a more
effective radiosensitizer than cispla-
tin, especially in hypoxic areas of the
tumor. The increase in the rate of cumu-
lative colostomies may have resulted
from a combination of these factors or
because of other, unknown reasons. The
results of the current trial, however,
clearly demonstrate the importance of
conducting phase 3 trials to test hypoth-
eses that appear to have merit instead
of establishing the alternate treatment
as an acceptable standard based on
single-institution phase 2 trials.

Cisplatin-based treatment resulted in
significantly higher cumulative rates of
colostomy and should generally be
avoided in this patient population as pri-
mary therapy. Exceptions include only
a clinical trial setting or patients in whom
the combination of fluorouracil and mi-
tomycin would not be tolerable.

The question remains how to further
improvedisease-freeandcolostomy-free
survival relative to the continued stan-
dardofconcurrentchemoradiationwith
fluorouracilandmitomycin.Itmaybethat
further manipulations with different
classes of cytoxic agents are not likely to
producebetterresults.Optionstoexplore
include targeted agents (eg, results with

Table 3. Long-term Toxic Effects of Radiation

Toxicity Category

Toxicity Grade, No. (%)

Mitomycin-Based Treatment (n = 317) Cisplatin-Based Treatment (n = 308)

1 2 3 4 1 2 3 4

Small/large intestine 56 28 5 5 41 17 5 1

Skin 52 16 5 5 34 15 3 4

Bladder 17 8 2 0 17 9 1 0

Subcutaneous tissue 18 8 4 1 15 4 2 2

Other 46 42 13 1 39 35 11 5

Worst overall grade 72 (23) 73 (23) 25 (8) 11 (3) 53 (17) 58 (19) 17 (6) 11 (4)
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concurrentcetuximabplus radiation for
head/neckcancer34),doseescalationwith
intensity-modulated radiationpluscon-
current chemotherapy, and surgical ex-
cisionofresidualcancerafterconcurrent
chemoradiation at an earlier interval,
whensphincterpreservationmaystillbe
feasible in select patients.

In conclusion, the US Gastrointesti-
nal Intergroup RTOG 98-11 trial dem-
onstrates that cisplatin should not re-
place mitomycin when given with
fluorouracil and radiotherapy in the pri-
mary treatment of localized anal canal
carcinoma.
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