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A B S T R A C T

Purpose
Squamous cell carcinoma of the anal canal (SCCAC) is characterized by high locoregional failure
(LRF) rates after sphincter-preserving definitive chemoradiation (CRT) and is typically associated
with anogenital human papilloma virus infection. Because cetuximab enhances the effect of ra-
diation therapy in human papilloma virus–associated oropharyngeal squamous cell carcinoma, we
hypothesized that adding cetuximab to CRT would reduce LRF in SCCAC.

Methods
Sixty-one patients with stage I to III SCCAC received CRT including cisplatin, fluorouracil, and
radiation therapy to the primary tumor and regional lymph nodes (45 to 54 Gy) plus eight once-
weekly doses of concurrent cetuximab. The study was designed to detect at least a 50% re-
duction in 3-year LRF rate (one-sided a, 0.10; power 90%), assuming a 35% LRF rate from
historical data.

Results
Poor risk features included stage III disease in 64% and male sex in 20%. The 3-year LRF rate was
23% (95% CI, 13% to 36%; one-sided P = .03) by binomial proportional estimate using the pre-
specified end point and 21% (95% CI, 7% to 26%) by Kaplan-Meier estimate in a post hoc analysis
usingmethods consistent with historical data. Three-year rateswere 68% (95%CI, 55% to 79%) for
progression-free survival and 83% (95% CI, 71% to 91%) for overall survival. Grade 4 toxicity
occurred in 32%, and 5% had treatment-associated deaths.

Conclusion
Although the addition of cetuximab to chemoradiation for SCCAC was associated with lower LRF
rates than historical data with CRT alone, toxicity was substantial, and LRF still occurs in ap-
proximately 20%, indicating the continued need for more effective and less toxic therapies.

J Clin Oncol 35:718-726. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Squamous cell carcinoma (SCC) of the anal canal
(SCCAC) is a potentially curable disease with
sphincter-sparing definitive chemoradiation (CRT)
including concurrent radiation plus fluorouracil
(FU) and mitomycin-C or cisplatin.1,2-6 Locore-
gional failure (LRF) occurs in up to approximately
one third after CRT and is associated with signif-
icant morbidity, distant recurrence, and mortality.7

New approaches are needed to developmore effective

therapies that result in improved local and systemic
disease control.

SCCAC is a rare cancer, as defined by the US
National Institutes of Health,8,9 with 1.8 cases
annually per 100,000 in the United States, thereby
creating additional challenges in designing and
conducting clinical trials in this population. It ac-
counts for only approximately 2% of all gastroin-
testinal cancers, with 8,080 new cases and 1,080
deaths expected in 2016 in the United States.10 On
the other hand, SCCAC and other rare cancers
collectively account for up to 25% of all cancers,

Author affiliations and support information

(if applicable) appear at the end of this

article.

Published at jco.org on January 9, 2017.

The content of this study is solely the

responsibility of the authors and does not

necessarily represent the official views of

the National Cancer Institute.

Clinical trial information: NCT00316888.

Corresponding author: Joseph A.

Sparano,MD,MontefioreMedical Center,

1695 Eastchester Rd, Bronx, NY 10461;

e-mail: jsparano@montefiore.org.

© 2017 by American Society of Clinical

Oncology

0732-183X/17/3507w-718w/$20.00

ASSOCIATED CONTENT

See accompanying Editorial

on page 699

Appendix

DOI: 10.1200/JCO.2016.69.1667

Data Supplement

DOI: 10.1200/JCO.2016.69.1667

DOI: 10.1200/JCO.2016.69.1667

718 © 2017 by American Society of Clinical Oncology

VOLUME 35 • NUMBER 7 • MARCH 1, 2017

http://jco.org
mailto:jsparano@montefiore.org
http://ascopubs.org/doi/full/10.1200/JCO.2016.70.9394
http://ascopubs.org/doi/full/10.1200/JCO.2016.69.1667
http://ascopubs.org/doi/full/10.1200/JCO.2016.69.1667
http://ascopubs.org/doi/full/10.1200/JCO.2016.69.1667


which has prompted national and international efforts to coordinate
clinical trials testing new approaches via the International Rare
Cancer Initiative (ICRI).11-13 Approximately 1% of women and 28%
of men with anal cancer also have HIV infection,14 indicating a need
to also evaluate new treatment options for SCCAC in this context.

Concurrent with the development of the ICRI, the Eastern
Cooperative Oncology Group (ECOG) and AIDS Malignancy
Consortium (AMC), two of the ICRI’s participating organizations,
began a collaboration in 2005 to coordinate the planning and
conduct of prospective clinical trials designed to test new treatment
approaches for SCCAC in patients with and without HIV infection.
Our strategy focused on therapeutically exploiting the strong as-
sociation between SCCAC and human papilloma virus (HPV) in-
fection.15-17 The HPV-associated E5 protein amplifies the mitogenic
signals mediated by the epidermal growth factor receptor (EGFR),18

which is broadly expressed in epithelial cancers, including SCCof the
anogenital tract and oropharynx.19,20 Cetuximab is a chimeric IgG1
monoclonal antibody that binds EGFRwith high specificity andwith
greater affinity than its ligands, thus blocking ligand-induced acti-
vation of EGFR.21 Cetuximab prolongs survival when used in
combination with radiation therapy (RT) in patients with locally
advanced SCCof the oropharynx,22,23 another cancer that is typically
associated with HPV infection,24-26 but not other head and neck
cancers not associated with HPV.27 Cetuximab also enhances the
effectiveness of cisplatin in advanced head and neck carcinoma.28We
therefore hypothesized that the addition of cetuximab to CRTwould
improve locoregional control in patients with SCCAC and, as such,
designed two trials that were concurrently conducted to determine
the effectiveness of this combination in patients with HIV infection
(AMC045) and withoutHIV infection (E3205).We herein report the
results of E3205 and also report the results of AMC045 in a separate
accompanying report.29 Both trials were single-arm phase II designs
evaluating cetuximab plus the same CRT regimen of cisplatin, FU,
and external beam RT. The treatment regimen in the two studies
differed only in the use of two neoadjuvant cycles of cisplatin and FU
in the E3205 trial on the basis of evidence at the time of a potential
benefit for neoadjuvant chemotherapy.30 After accrual of the first 28
patients in the trial, the neoadjuvant chemotherapy was eliminated
based on evolving data that it may not be beneficial.31

METHODS

Eligibility Criteria
Patients were required to have histologically confirmed anal canal or

perianal (anal margin) squamous cell carcinoma (or tumors of non-
keratinizing histology, such as basaloid, transitional cell, or cloacogenic
histology) and stage I (excluding well-differentiated stage I anal margin
cancer), II (T2N0, T3N0), IIIA, or IIIB disease. After accrual of the first 28
patients, the eligibility criteria were modified to include only patients with
high-risk stage II (T3N0), IIIA, or IIIB disease (thereby excluding patients
with lower risk T1-2N0 disease who had previously been eligible). Other
requirements included age 18 years or older; ECOG performance status 0 to
2; no prior potentially curative surgery, RT, or chemotherapy for this ma-
lignancy; no prior pelvic radiotherapy; no other concurrent malignancies
(except for nonmelanomatous skin cancer); and adequate organ function (on
the basis of laboratory values obtained within 2 weeks before registration).
Exclusion criteria included prior history of rheumatic disorders, irritable
bowel syndrome or inflammatory bowel disease, and other significant ill-
nesses within the past 6 months, including active infection, uncontrolled
diabetes or hypertension, or cerebrovascular or cardiovascular disease.

Study Objectives
The primary objective was LRF rate at 3 years. Secondary objectives

included response rate and overall toxicity. Other clinical end points in-
cluded progression-free survival (PFS), colostomy-free survival (CFS), and
overall survival (OS).

Study End Point Definitions
LRF was defined as progression/relapse of disease in the anal canal

and/or regional organs and/or regional lymph nodes. PFS was defined as
time from registration to progression, relapse, or death from any cause.
CFS was defined as date of registration until date that colostomy was
required or death from any cause. OS was defined as time from registration
until death from any cause. Response was classified according to Response
Evaluation Criteria in Solid Tumors (RECIST, version 1.0) and required
radiologic confirmation at least 4 weeks after initial objective response.32

Tumor assessments were made by physical examination and computerized
tomography (CTof the abdomen and pelvis) at baseline, within 4 weeks of
the completion of protocol treatment, every 6 months if patient was 1 to 4
years from registration, and annually thereafter. National Cancer Institute
Common Adverse Events Criteria, version 3.0, was used to grade toxicity.

Cetuximab 400 mg/m2 IV beginning 1 week before RT on
day –8, then 250 mg/m2 weekly (maximum 8 doses)

Neoadjuvant chemotherapy
(patients 1-28 only)

Cisplatin 75 mg/m2 IV on days –56, –28, +1, +29

5FU 1000 mg/m2/d by continuous IV infusion x 4 days
on days: –56 to –53; –28 to –25; +1 to +4,  and +29 to +32

Treatment schema

RT 1.8-Gy fraction 5 days per week x 5 weeks or longer
    Primary tumor: 45-54 Gy
    Regional nodes: 30.6-54 Gy

RT day No.

–8–28–56 +43+1 +36+29+22+15+8

Fig 1. Treatment schema. FU, fluorouracil; IV,
intravenous; RT, radiation therapy.
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Table 1. Patient Characteristics and Demographics

Variable

All Patients (N = 61) Arm A (n = 27) Arm B (n = 34)

Arm A v B, PN % N % N %

Age at randomization, median (range), years 56 (37-48) 56 (42-77) 56 (37-88)
Sex .655
Male 12 20 6 22 6 18
Female 49 80 21 78 28 82

Ethnicity (N = 56) .655
Hispanic 2 2 2 8 0 0
Non-Hispanic 54 96 23 92 31 100
Unknown 5 2 — 3 —

Race (N = 60)
White 51 85 25 96 26 76 .088
Black 6 10 0 0 6 18
Other 3 5 1 4 2 6
Unknown 1 1 — 0 —

ECOG PS .636
0 32 52 15 56 17 50
1 28 46 12 44 16 47
2 1 2 0 0 1 3

Disease stage .006
I 3 5 3 11 0 0
II 19 31 13 48 6 18
IIIA 16 26 5 19 11 32
IIIB 23 38 6 22 17 50

Clinical T stage (N = 60) .052
1 7 12 5 19 2 6
2 21 35 12 44 9 27
3 22 37 5 19 17 52
4 10 17 5 19 5 15
Unknown 1 — 0 — 1 —

Clinical N stage (N = 57) , .001
0 26 46 18 75 8 24
1 8 14 0 0 8 24
2 17 30 5 21 12 36
3 6 10 1 4 5 15
Unknown 4 3 — 1 —

Histologic type .125
Squamous cell 54 89 21 78 33 97
Basaloid 5 8 4 15 1 3
Cloacogenic 1 2 1 4 0 0
Transitional cell tumors 1 2 1 4 0 0

Histologic grade (N = 55) .097
Grade I 8 15 6 26 2 6
Grade II 24 44 7 30 17 53
Grade III 22 40 9 39 13 41
Grade IV 1 2 1 4 0 0
Unknown 6 4 2

Tumor location .569
Above dentate line 4 7 1 4 3 9
Anal canal 40 66 19 70 21 62
Perianal skin 1 1 1 4 0 0
Anal canal and perianal skin 15 25 6 22 9 27
Anal margin 1 1 0 0 1 3

Pelvic lymph nodes suspected .006
Absent 38 62 22 82 16 47
Present 23 38 5 18 18 53

Presence of measurable disease .028
No 9 15 7 26 2 6
Yes 52 85 20 74 32 94

Presence of nonmeasurable disease .743
No 42 69 18 67 24 71
Yes 19 31 9 33 10 29

Colostomy at study entry .811
No 57 93 25 93 32 94
Yes, temporary 4 7 2 7 2 6
Yes, permanent 0 0 0 0 0 0

Abbreviation: ECOG, Eastern Cooperative Oncology Group.
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Formalin-fixed paraffin-embedded tumor biopsy specimens were assessed
for HPV DNA using previously described methods.33

Statistical Considerations
The study was designed to detect at least a 50% reduction in 3-year LRF

rate (one-sided a, 0.10; power, 90%), the primary study end point, and
assumed a 3-year LRF rate of 35% on the basis of historical data. For
example, the 3-year LRF rate was 39% in the Anal Cancer Trial (ACT1)1 in
which patients were treated with mitomycin-C/FU, and the 5-year LRF rate
was 33% for the cisplatin/FU arm of the Radiation TherapyOncology Group
RTOG 9811 trial (on the basis of information available from a preliminary
report of study results in 2006).34 In both reports, deaths from other causes
were censored in estimating LRF rates by the Kaplan-Meier method. The
study originally had an accrual goal of 45 eligible patients (50 total, assuming
10% ineligible), but was amended after accrual of the first 28 patients to
eliminate the two cycles of neoadjuvant chemotherapy; accrual of 34 ad-
ditional patients was planned (62 total), which retained the original 90%
power to detect at least a 50% reduction in 3-year LRF rate.

For the primary study end point definition and analysis plan, patients
were classified into two groups as a binary variable, including failure
(defined as LRF, death due to disease or treatment within 3 years, or lost to
follow-up without LRF within 3 years) or no failure, and evaluated by
binomial proportion. The distributions of PFS, CFS, and OS were esti-
mated using the Kaplan-Meier method, with 95% CIs calculated using
Greenwood’s formula. Event rates at 3 years were evaluated, because prior
studies indicated that most events related to SCCAC or its treatment
occurred within 3 years.1,2-6 The cutoff date for the data analysis was
November 4, 2015.

Informed Consent and Regulatory Approval
The study was developed and coordinated by the ECOG–American

College of Radiology Imaging Network (ACRIN) Research Group,
reviewed and approved by the Cancer Evaluation Therapy Program of the
National Cancer Institute (E3205), and also reviewed and approved by the
institutional review board at each participating institution (ClinicalTrials.

gov identifier NCT00316888). All patients provided written informed
consent.

Cetuximab, Chemotherapy, and Radiation Therapy
The treatment schema is shown in Figure 1. Criteria for treatment

modifications are summarized in the next two paragraphs, with more
detailed information provided in the Data Supplement. The protocol was
suspended to accrual on November 3, 2008 after accrual of 28 patients, to
eliminate the two cycles of neoadjuvant cisplatin and FU, and was reopened
on August 18, 2009 with an additional modification to include only pa-
tients with more advanced stage (T3-4N0 or N1-3) disease.31

Chemotherapy cycles were repeated every 4 weeks if the absolute
neutrophil count was at least 1,200/mL and platelet count at least 100,000/
mL, and doses of cisplatin and FU were reduced 25% or 50% depending on
absolute neutrophil count or platelet nadir or for specific types of non-
hematologic toxicity, including modifications of FU dosing (for diarrhea
and/or stomatitis) or cisplatin dosing (for renal, neurologic, or ototox-
icity). Cetuximab was discontinued if there was a grade 3 or 4 hyper-
sensitivity reaction or grade 3 or higher cardiac toxicity and held if there
was grade 3 skin rash or grade 2 or greater pulmonary toxicity.

Radiation therapy compliance was monitored by the Quality As-
surance Review Center.35 Concurrent RT consisted of 1.8 Gy once per day
5 days per week for a minimum of 5 weeks and was based on pre-
chemotherapy tumor volumes (minimum 45.0 Gy, maximum 54.0 Gy).
Intensity modulated radiation therapy was used at the discretion of the
treating physician according to the guidelines outlined in this protocol. The
total dose of irradiation to the primary tumor was 45 Gy for T1 or T2
lesions, or between 50.4 Gy and 54.0 Gy for T3 or T4 lesions or T2 disease
with clinical evidence of residual disease after 45 Gy. The total dose to the
inguinal nodes was 30.6 Gy for N0 or N1 disease, or 50.4 to 54.0 Gy for N2
or N3 disease, for clinical evidence of residual disease after 45 Gy, or for any
lymph node . 3 cm (see Data Supplement for additional specific details).
RT (and cetuximab) were held for grade 3 or greater diarrhea (more than
six stools per day above baseline); grade 4 vomiting (parenteral nutrition,
intensive care, or hemodynamic collapse); or grade 4 skin ulceration or
localized or generalized infection secondary to an area of confluent moist

Table 2. Treatment Administered

Treatment
Induction Chemotherapy*

(N = 28)

Cetuximab Plus Concurrent
Chemoradiotherapy*

(N = 27)

Cetuximab Plus Concurrent
Chemoradiotherapy†

(N = 34)

Cisplatin (intended dose intensity), %
Mean (SD) 97 (9) 90 (19) 97 (9)
Median (range) 100 (75-101) 98 (44-109) 100 (73-100)

Fluorouracil (intended dose intensity),
%

Mean (SD) 85 (27) 83 (21) 91 (19)
Median (range) 99 (24-102) 89 (25-107) 98 (25-114)

IMRT Not applicable 20 (74%) 31 (91%)
Total radiation dose (Gy) Not applicable
Mean (SD) 48.5 (4.9) 50.2 (10.1)
Median (range) 49.7 (37.8-54) 52.3 (18.0-75.6)

Time to completion of radiation (days) Not applicable
Mean (SD) 45.1 (10.5) 44.6 (11.1)
Median (range) 43 (31-71) 44 (11-71)

Radiation dose modification Not applicable
Not completed because of toxicity 1 (4%) 5 (15%)
Treatment interruption 11 (41%) 11 (32%)
Treatment interruption . 7 days 10 (37%) 5 (15%)
Median No. days interruption
(range)

12 (2-32) 7 (3-28)

Abbreviation: SD, standard deviation.
*Arm A.
†Arm B.
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desquamation. RT was continued if there was moist desquamation in the
absence of infection.

RESULTS

Patient Characteristics
A total of 63 patients were accrued between January 19, 2007

and May 29, 2012 at 22 sites and their affiliates, of whom one
withdrew before beginning any therapy and another withdrew
before beginning CRT (and after two cycles of neoadjuvant che-
motherapy). The characteristics of the study population including
61 patients treated with CRT are outlined in Table 1. The median
age was 56 years, and the distribution of stage I, II, and III disease
was 5%, 31%, and 64%, respectively. Tumors were HPV positive in
25 (89%) of 28 specimens examined. Histology included SCC in 54
patients and other histologies in seven patients (five basaloid, one
cloacogenic, one transitional cell). Poor risk features included male
sex in 20%, T3 to 4 lesions in 54%, and positive regional nodes in
54%. Comparison of the characteristics between the first 28 pa-
tients treated with neoadjuvant chemotherapy (arm A) and the
remaining 33 patients treated without neoadjuvant chemotherapy
(arm B) revealed that patients in arm B were more likely to have
advanced-stage disease (P = .006), as expected, because of the
change in eligibility criteria when the trial was amended to
eliminate neoadjuvant chemotherapy.

Treatment Administration
Information regarding chemotherapy dose intensity, radiation

therapy administration, and dose modifications are summarized in
Table 2. Treatment was completed as per protocol in 49 patients
(79%), whereas 9 patients (15%) had adverse events preventing
completion of therapy, and 4 patients (7%) withdrew before
completion of therapy. All 28 patients in arm A assigned to
neoadjuvant chemotherapy completed both cycles. Concurrent
chemotherapy plus at least six cycles of cetuximab was completed
in 24 (89%) of 27 patients in arm A and 26 (76%) of 34 patients
treated in arm B. At least six doses of cetuximab were administered
to 50 patients (82%), and 28 patients (46%) received eight doses.

Imaging and radiation treatment plans were acquired and
reviewed at the Quality Assurance Review Center, with supervision
by the radiation oncology study chair. In all cases there was no
transection of gross tumor in either primary or involved lymph
nodes. There were differences in contour of primary target volumes
including the mesorectum and nodal drainage. RT was delivered
per protocol in 69%, with minor deviations in 23% and major
deviations in 8%. Although patients with major deviations all had
appropriate primary tumor target coverage, each had difficulty
meeting normal tissue constraints generally to the small bowel and
femoral heads.

Adverse Events
Adverse events are summarized in Table 3 for the 62 patients

who received at least one dose of protocol chemotherapy and are
shown separately for arms A and B. The most common grade 3 and
4 adverse events in arm B, occurring in 10% or more of patients,
included diarrhea in 68% (68% grade 3, 0% grade 4), neutropenia

in 50% (26% grade 3, 24% grade 4), nausea in 32% (32% grade 3,
0% grade 4), dehydration in 32% (32% grade 3, 0% grade 4),
hypokalemia in 24% (21% grade 3, 3% grade 4), infection in 18%
(9% grade 3, 9% grade 4), anemia in 15% (15% grade 3, 0% grade
4), thrombocytopenia in 12% (9% grade 3, 3% grade 4). The
adverse event profile was generally similar in arm A compared with
arm B, although there was more grade 3 and 4 neutropenia in arm
B (50% v 21%). There were three deaths within 30 days of
completing treatment, one of which was attributed by the treating
physician to be possibly related to treatment (one patient in arm B
with renal failure and pneumonitis), and two of which were not

Table 3. Grade 1 to 4 Adverse Events

Toxicity Type

Grade

Arm A (n = 28) Arm B (n = 34)

1, 2 3 4 1, 2 3 4

Hematologic
Neutrophils 32 14 7 21 26 24
Platelets 39 4 4 41 9 3
Hemoglobin 32 7 — 32 15 —

Febrile neutropenia — — — — 3 —

Nonhematologic
Allergic reaction 4 — — 3 3 —

Constitutional
Anorexia 54 11 — 38 21 —

Dehydration 4 32 — 15 32 —

Fatigue 64 21 — 68 18 3
Weight loss 36 4 — 74 3 —

GI
Hemorrhage
Nausea 64 25 — 56 32 —

Vomiting 57 7 — 38 12 3
Diarrhea (w/o prior
colostomy)

29 50 4 26 68 —

Rectum, hemorrhage 7 — 4 6 — —

Stomatitis (by examination,
oral cavity)

43 4 — 26 9 —

Genitourinary
Elevated creatinine 14 — — 9 3 —

Cystitis 4 — — 3 3 —

Other genitourinary 8 4 — 3 3 —

Infection 16 8 4 9 9 9
Metabolic
Acidosis — — 4 — — 3
Hypoalbuminemia 14 4 — 26 9 —

Hypocalcemia 14 — — 24 6 —

Hyperglycemia 7 — — 9 — 3
Hypomagnesemia 57 7 — 62 3 —

Hypophosphatemia — 4 — — 6 3
Hypokalemia 14 7 7 18 21 3
Hyponatremia 11 — — 21 6 —

Pulmonary (including
infiltrates)

— 4 — — — 3

Skin
Rash 61 — — 62 9 —

Radiation dermatitis 4 11 — 12 3 —

Ulceration 14 — 4 6 3 —

Cardiac (LVEF) — — — — 3 —

Vascular (thrombosis) — 4 — — 3 3
Worst degree* 7 61 32 15 50 32

Abbreviation: LVEF, left ventricular ejection fraction.
*Percentage of patients who had grade 2, 3, or 4 toxicity as worst grade
reported.
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attributed to treatment (one patient in arm A [gastrointestinal
bleeding] and one in in arm B [aspiration pneumonia]).

Primary End Point: LRF at 3 Years
At 3 years, nine patients had a locoregional recurrence (15%),

seven patients (11%) died without locoregional recurrence (two
from disease or treatment within 3 years, five from other or un-
known causes), and 45 surviving patients (74%) did not have an
LRF event (of whom three were followed for, 3 years). The 3-year
LRF rate was 23% (14 of 61 patients; 95% CI, 13% to 35%; one-
sided P = .03) by binomial proportional estimate using the pre-
specified end point (LRF, death due to disease or treatment, or alive
without LRF and followed , 3 years), and 21% (95% CI, 7% to
26%) by Kaplan-Meier estimate in a post hoc analysis using
definitions and methods consistent with historical data,4

Secondary End Points: Objective Response and Other
Clinical Outcomes

The objective response rate was 65% (95%CI, 52% to 77%) in
both arms combined and was similar in arm A (63%; 95% CI, 42%

to 81%) and arm B (67%; 95% CI, 20% to 55%). Complete re-
sponse rates were higher in arm A (59%; 95% CI, 39% to 78%)
than arm B (35%; 95% CI, 20% to 54%). At the time of the
analysis, with a median follow-up time of 84 months (range, 25 to
97months) for surviving patients, 13 patients died (including eight
from anal cancer, five from other causes), 25 patients had a PFS
event (including 20 with disease progression and five deaths from
other causes), 14 patients had an LRF event (including nine
locoregional recurrences and five deaths from other causes), and
four patients had a colostomy. For the five patients who died of
causes other than anal cancer, three deaths occurred during
concurrent chemoradiotherapy as previously described, and two
deaths occurred after completing therapy (acute myelogenous
leukemia at 32 months and cardiac failure at 18 months). Kaplan-
Meier estimates for PFS, OS, and CFS are shown in Figures 2A to
2C. Three-year event rates including both arms were 68% (95%CI,
55% to 79%) for PFS, 75% (95% CI, 61% to 84%) for CFS, and
83% (95% CI, 71% to 91%) for OS, and event rates at 1, 2, and 3
years and other outcomes by arm are shown in Appendix Table A1
(online only). Clinical outcomes were less favorable in arm B
compared with arm A, likely due to change in the eligibility
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Fig 2. Kaplan-Meier estimates of (A) progression-free survival (PFS), (B) overall survival (OS), and (C) colostomy-free survival (CFS).
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criterion to include higher-risk disease rather than omission of
neoadjuvant chemotherapy.

DISCUSSION

We performed a single-arm, nonrandomized phase II trial eval-
uating the anti-EGFR targeted agent cetuximab plus CRT including
cisplatin, FU, and RT in immunocompetent patients with SCCAC
(E3205). The trial was designed to determine whether adding
cetuximab to CRTreduced LRF rates, which occurs in up to 35% of
patients treated with CRTalone.3,4 We observed 3-year LRF rates of
approximately 20% when similar definitions of LRF were used,
suggesting cetuximab may have contributed to lower LRF rates
observed in this trial and another trial evaluating the same regimen
in patients with SCCAC associated with HIV infection
(AMC045).29 Of important note, SCCAC has low rates of K-ras
mutations,20,36, 37 which has been associated with resistance to
cetuximab in colorectal cancer.38

The patient characteristics and clinical outcomes from the
phase II trials evaluating cetuximab-containing regimens (E3205,
AMC045) and prior phase III trials evaluating CRT without
cetuximab are shown in Table 4. Patients enrolled in the E3205 trial

had higher rates of node-positive disease and larger (T3-4) tumors
than prior phase III studies (RTOG 9811, ACT2), whereas patients
enrolled in AMC45 had comparable rates of node-positive disease.
Cross-trial comparison is limited by the lack of consistency re-
garding end point definitions and reporting of results and use of
advanced imaging that may have resulted in upstaging in the more
recent trials. Although some but not all phase I39-41 or II42-44 trials
evaluating the combination of EGFR inhibitors (cetuximab or
panitumumab) with CRTshowed higher toxicity than expected with
CRT alone, no other trials were specifically designed to evaluate
whether the addition of EGFR inhibitors reduced LRF rates. Efficacy
results from the UNICANCER trial with cetuximab were not en-
couraging,43 and the final results of the Vectibix for the Treatment of
Anal Cancer (VITAL) trial with panitumumab are still awaited.44

In conclusion, although these findings suggest that the addition
of cetuximab to CRT for anal cancer may reduce LRF rates, toxicity
was substantial, and LRF still occurs in approximately 20%, in-
dicating the continued need for more effective and less toxic ther-
apies. Although cetuximab improved clinical outcomes when added
to RT in SCC of the oral cavity,22,23 similar benefit was not observed
when cetuximab was added to cisplatin plus RT in this population,45

suggesting that the evaluation of cetuximab plus RT without che-
motherapy may also be considered an option in future trials.

Table 4. Comparison of Patient Characteristics and Clinical Outcomes for Patients Enrolled in Clinical Trials of ChemoradiationWithout Cetuximab (RTOG 9811, ACT2)
and With Cetuximab (E3205, AMC045)

Patient Characteristic or
Outcome

Clinical Trial

RTOG98114,5 RTOG98114,5 ACT11,2 ACT26 AMC04529
E3205

(this report)

Systemic therapy MMC/FU CP/FU MMC/FU MMC/FU or CP/FU Cetuximab plus CP/FU Cetuximab plus CP/FU
RT dose to primary tumor 45-59 Gy 45-60 Gy 50.4 Gy 45-54 Gy 45-54 Gy

IMRT, 0% IMRT, 0% IMRT, 0% IMRT, 62% IMRT, 84%
No. of patients 324 320 295 940 45 61
Male sex, % 31 30 43 38 91 20
T stage, %
1 0 0 12 10 29 12
2 63 66 29 42 44 35
3 27 26 41 31 27 37
4 10 7 15 14 0 16

Node-positive, % 26 26 23 32 35 54
Median follow-up, years 2.5 13.1 5.9 4.7 7.0
Range or IQR Range, 0.1-7.44 IQR, 3.6-6.9 Range, 0-5.7 Range, 2.1-8.1

3-year PFS rate, % 67† 61† NS 72* 72 68%
95% CI 62 to 72 55 to 66 66 to 78 56 to 84 55 to 79

3-year OS rate, % 84 76 82 83 79 83
95% CI 78 to 88 70 to 81 NS N.S. 63 to 89 71 to 91

3-year LRF‡ rate, % 25 31 39 N.S 20 21
95% CI NS NS NS 10 to 37 7 to 26

Interruptions in CRT NS
No. (%) 200 (62) 163 (51) 126 (15) 19 (44) 22 (36%)
Median No. days 7 6 NS 5 12
Range, days 4-33 4-34 1-21 2-32

Adverse events, grade 3, 4, % 53, 24 63, 20 48§ 63, 13 46, 26 61, 32
Treatment-associated deaths NS NS 6 (2%) 8 (, 1%) 2 (4%) 3 (5%)

Abbreviations: ACT, Anal Cancer Trial; AMC, AIDS Malignancy Consortium; CFS, colostomy-free survival; CP, cisplatin; FU, fluorouracil; IMRT, intensity-modulated
radiation therapy; IQR, interquartile range; LRF, locoregional failure; MMC, mitomycin-C; NS, not stated; OS, overall survival; PFS, progression-free survival; RTOG,
Radiation Therapy Oncology Group.
*For patients treated with cisplatin, no maintenance.
†Disease-free survival reported for R9811 study.
‡Includes only LRF, with deaths from other causes censored
§Early morbidity.
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Appendix

Table A1. Clinical Outcomes in Analyzable Patients (N = 61)

Efficacy End Points Arm A (n = 27) Arm B (n = 34) All (N = 61)

3-year locoregional failure rate 4/27 (14.8%) 10/34 (29.4%) 14/27 (23.0%)
95% CI, 4.2 to 33.7 95% CI, 15.1 to 47.5 95% CI, 13.2 to 35.5

Clinical response
CR 16 (59.3%) 12 (36.4%) 28 (46.7%)

95% CI, 38.8 to 77.6 95% CI, 20.4 to 54.9 95% CI, 33.7 to 60.0
PR 1 (3.7%) 10 (30.3%) 11
SD ($ 8 weeks) 6 (22.2%) 6 (18.2%) 12
PD 0 0 0
Unevaluable 4 (14.8%) 5 (15.2%) 9
Unknown No. 0 1 1
Objective response rate
(CR + PR)

17/27 (63.0%) 22/33 (66.7%) 39/60 (65.0%)
95% CI, 42.4 to 80.6 95% CI, 48.2 to 82.0 95% CI, 51.6 to 76.9

22/34 (64.7%) 39/61 (63.9%)
95% CI, 46.5 to 80.2 95% CI, 50.6 to 75.8

OS
Total No. of deaths/patients 4/27 9/34 13/61
1-year rate (95% CI), % 96.3 (76.5 to 99.5) 94.1 (78.5 to 98.5) 95.1 (85.5 to 98.4)
2-year rate (95% CI), % 92.6 (73.5 to 98.1) 85.2 (68.0 to 93.6) 88.5 (77.4 to 94.3)
3-year rate (95% CI), % 88.7 (69.0 to 96.2) 78.9 (60.6 to 89.3) 83.3 (71.2 to 90.7)

PFS
Total No. of FPS events/patients 10/27 (7 progression, 3 death

without progression)
16/34 (13 progression, 3 death

without progression)
26/61 (20 progression, 6 death

without progression)
1-year rate (95% CI), % 96.3 (76.5 to 99.5) 73.5 (55.3 to 85.2) 83.5 (71.5 to 90.8)
2-year rate (95% CI), % 88.6 (68.6 to 96.2) 61.6 (43.2 to 75.6) 73.4 (60.3 to 82.8)
3-year rate (95% CI), % 80.9 (60.0 to 91.6) 61.6 (43.2 to 75.6) 68.3 (54.9 to 78.5)

Time colostomy-free
Total No. of events/patients 8/27 (4 colostomy, 4 death

without colostomy)
11/34 (5 colostomy, 6 death

without colostomy)
19/61 (9 colostomy, 10 death

without colostomy
1-year rate (95% CI),% 96.3 (76.5 to 99.5) 82.4 (64.9 to 91.7) 88.5 (77.4 to 94.4)
2-year rate (95% CI), % 92.6 (73.5 to 98.1) 79.2 (61.2 to 89.5) 85.2 (73.4 to 92.0)
3-year rate (95% CI), % 84.9 (64.5 to 94.0) 65.7 (44.6 to 80.4) 75.0 (61.2 to 84.4)

Abbreviations: CR, complete response; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PR, partial response; SD, stable disease.
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