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Background and purpose: Standard treatment of epidermoid anal cancer is 5-fluorouracil (5FU) and mit-
omycin C (MMC) based chemoradiotherapy (CRT). This phase I study aims to evaluate the addition of
panitumumab (Pmab) to CRT and to determine the maximum tolerated dose (MTD) of Pmab and 5-FU
in combination with CRT.
Materials and methods: Immunocompetent patients with locally advanced tumour without metastases
(Stage T2, T3 or T4, whatever N stage; Stage N1–N3 whatever T stage) followed two RT periods (45 Gy
in 5 weeks and 20 Gy in 2 weeks, separated by a 2-week break) with concomitant CT sessions of 5FU/
MMC at RT weeks 1, 5 and 8. Pmab was administered on RT weeks 1, 3, 5, 8 and 10 according to a pre-
defined dose escalation schedule.
Results: Ten patients were enroled. One was excluded due to unmet dose constraints respect. Three
patients received dose level (DL) 0 (Pmab 3 mg/kg + 5FU 600 mg/m2/day) and six received DL-1 (Pmab
3 mg/kg + 5FU 400 mg/m2/day). Dose-limiting toxicities occurred in all patients at DL 0 and 2 at DL-1.
Most common grade 3–4 toxicities observed at DL 0 were haematologic (100%), dermatitis (67%), and
anaemia (67%). No death occurred. Four months after ending CRT, five and two patients had a local com-
plete response and a partial response, respectively. One patient had a colostomy with abdomino-perineal
amputation due to a tumour recurrence.
Conclusions: The MTD is 5FU at 400 mg/m2/day, MMC at 10 mg/m2 and Pmab at 3 mg/kg. The effect of the
MTD on tumour response is evaluated in the phase 2 study.

� 2019 Elsevier B.V. All rights reserved. Radiotherapy and Oncology 140 (2019) 84–89
Epidermoid anal cancer, a rare disease, had increased annual
incidence in the recent decades due to high prevalence of HPV
and HIV infections [1,2]. Chemoradiotherapy (CRT) is the current
standard of care achieving a good loco-regional control and pre-
serving anal function to avoid a colostomy and to maintain good
quality of life in patients with locally limited tumours. While there
is no global consensus in the radiotherapy (RT) dose to be deliv-
ered, French Intergroup Clinical Practice guidelines recommend
total doses of 59.4–65 Gy to the tumour [2,3]. 5-Fluorouracil (5-
FU) infusion plus mitomycin C (MMC) intravenous bolus combined
with RT significantly improved local control and survival outcomes
in randomized controlled trials [4–8]. CRT led to a 32% higher
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colostomy-free rate, and clinical and pathological complete
response reached 80% and 83%, respectively [5–7]. The observed
effects persisted within long-term follow-up [9–11]. However,
recurrence-free and global survival results still remain disappoint-
ing for locally advanced tumours thus leading to conduct more
treatment intensification trials.

The epidermal growth factor receptor (EGFR) is overexpressed
in the squamous cell carcinomas of the anal canal [12] and is co-
expressed with c-Met and VEGFR1 in anal cancers especially in
HIV-positive individuals [13]. EGFR overexpression was recently
identified in human HPV-16-immortalized anal epithelial cell line
[14]. These observations suggest EGFR-based targeted therapies
as a potential candidate for combined modality treatment of anal
cancers [15]. The addition of an anti-EGFR targeted therapy, such
as panitumumab (Pmab) or cetuximab to standard CT resulted in
an acceptable toxicity profile and a clinically relevant improve-
ment of survival outcomes in patients with locally advanced col-
orectal cancer [16,17] and in patients with resectable
oesophageal carcinoma [18]. However, results of the UNICANCER
ACCORD 16 trial with cetuximab associated with CRT showed
unexpected acute toxic effects and failure to prove clinical benefit
on survival outcomes [19,20]. Substantial toxicities of cetuximab
combined with CRT were further observed in immune-competent
patients and in HIV positive patients with anal carcinoma
[21,22], thus confirming the toxicity of cetuximab-based CRT in
patients with locally advanced anal cancer. As cetuximab and
Pmab have different signalling pathways, different toxicity profiles
may be expected [15]. Pmab could be appropriately used in combi-
nation to CRT for the treatment of epidermoid anal cancer. This
phase 1 study aims to evaluate the tolerability and the maximum
tolerated dose (MTD) of Pmab added to standard CRT for the treat-
ment of locally advanced carcinoma of the anal canal.
Material and methods

Patient eligibility and study design

This open prospective multicenter single-arm phase I study
included adult males or females, with histologically proven squa-
mous cell carcinoma of the anal canal, with locally advanced
tumour without metastases (AJCC TNM Stage T2 > 3 cm or T3 or
T4 , whatever N stage; Stage N1–N3 whatever T stage [23]), WHO
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Fig. 1. Schedule of chemoradiotherapy. The CRT modality applied to each dose-escalation
therapy, MMC: mitomycin, W: Week.
general health status 0 or 1, life expectancy above 3 months, and
blood CD4+ �400 cells/mm3 in HIV positive individuals only.
Patients with previous anti-EGFR treatment, or previous pelvic
RT, or other previous malignancy within 5 past years, or known
or suspected central nervous system metastasis were not included
(full list of exclusion criteria in Table A.1). All eligible patients had
to follow the two RT periods (5 and 2 weeks) and the CT sessions
(Fig. 1).

All participating patients signed an informed consent. The study
protocol was approved by the Ethics Committee at site. The study
was conducted according to the principles of the Declaration of
Helsinki, the International Conference on Harmonization Guideline
on Good Clinical Practice, the French laws and regulations.
Radiotherapy

Conformational 3D RT or intensity-modulated radiation therapy
(IMRT) was planned into two sequences separated by a 2-week
break. In the first sequence, a dose of 45 Gy (5 fractions of 1.8 Gy
per week over 5 weeks) was delivered to the pelvis. In the second
sequence a dose boost of 20 Gy (10 fractions of 2 Gy per week over
2 weeks) was delivered to the tumour and involved nodes. Delin-
eation of pelvic clinical target volume (CTV) included external
and internal iliac, mesorectal, presacral and inguinal nodes as well
as ischio-rectal fossae. The gross tumour volume (GTV) included
the anal tumour and the involved nodes that were to receive the
total dose of 65 Gy (pelvic + boost doses). Anisotropic 10 mm mar-
gin was added to the CTV and to the GTV in order to define the
planning target volume (PTV) for the first and second sequences
respectively. Contouring of target volumes used initial examina-
tions, imaging and endoscopy findings. Dose prescriptions fol-
lowed the International Commission on Radiological Units 62
guidelines [24]. Dose constraints were organ dependent ([25,26],
see Appendix Table A.2.). For each patient, treatment position
was verified using orthogonal X-rays or cone beam CT on RT days
1 and 2, and then at least once weekly. In case of grade 3–4 toxic-
ities, RT delivery was delayed until toxicity grade was �grade 2.
Standard CT plus Panitumumab

All patients received a combination of 5FU, MMC and Pmab.
During the first RT sequence, patients received a continuous
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intravenous infusion of 5FU on Days 1–4 and Days 29–32 and MMC
(10 mg/m2) as a bolus on Days 1 and 29, plus Pmab by infusion on
Days 1, 15 and 29. During the additional RT boost sequence,
patients received 5FU on Days 1–4, MMC on Day 1 and Pmab on
Days 1 and 15. 5FU and Pmab doses were defined according to a
dose escalation process with five DL. Two Pmab doses (3 mg/kg
and 6 mg/kg) and four 5FU doses (400, 600, 800 and 1000 mg/
m2/day) were to be tested (Fig. 1). The MTD corresponds to the pre-
ceding DL defining the dose-limiting toxicities (DLT). Patients’ indi-
vidual data were reviewed by an Independent Safety Monitoring
Committee (ISMC) defining DLT and MTD, and made decision for
escalating to the upper DL. Dose modifications of 5FU, MMC and
Pmab were allowed for toxicities observed 48 hours before or dur-
ing the injections (see Appendix Table A.3). The CT modality ini-
tially planned was modified due to the acute toxicity observed
with DL 0. A decrease in 5FU dose from 600 to 400 mg/m2/day
and suppression of MMC injection during RT boost sequence were
used at DL-1. 5FU and MMC treatments weren’t discontinued in
case of skin toxicities related to Pmab. Any toxicity, disease pro-
gression, RT interruption �7 days due to toxicity, patient refusal
to continue the treatment and patients lost to follow-up led to pre-
mature discontinuation of the treatment.
Dose-limiting toxicity and all toxicities assessment

DLT were defined as any specific toxicities occurring during CRT
plus Pmab and within 30 days after the end of the RT, or after treat-
ment withdrawal. Specific toxicities were febrile neutropenia, neu-
tropenic infection, neutropenia (grade 4 lasting �7 days),
thrombocytopenia (grade 3+ lasting � 7 days, and grade 4), nausea
(grade 3), vomiting and diarrhoea despite appropriate concomitant
treatment, fatigue (grade 3 lasting � 7 days and grade 4), skin tox-
icity (grade 3+), any other grade 3 toxicity (except alopecia),
incomplete first CRT period (patient received <75% of planned
doses), CT or RT delayed for �7 days due to toxicities. All toxicities
were assessed using Clinical Trials Criteria for Adverse Events
(CTCAE) version 4.0.
Patient follow-up and data assessment

Patient health, weight assessments, CRT tolerability, laboratory
assessments and clinical examinations were collected 48 h before
each CT session, 6 weeks after the first CT and 8 weeks after the last
Pmab administration. Proctoscopy results were reviewed before
the first CT session and 6 weeks after. Toxicity, patient health,
weight and toxicities were evaluated once a week during the RT
periods. Haematology, platelet counts and electrolytes were evalu-
ated before each Pmab infusion. Tumour response evaluations by
pelvic MRI and/or rectal echo-endoscopy, and thoracic-
abdomino-pelvic CT were performed 6 weeks after the beginning
of treatment, during the treatment break, 8 weeks and, 4 months
after end of treatment, then every 4 months for 2 years and every
6 months for 3 years.
Table 1
Patient and tumour characteristics at baseline.

Nb. Patients (N = 9) %

Female/male 7/2 78/22
Median age, range (years) 57.4 (52.0–71.1)
Median weight, range (Kg) 62.8 (48–87)
WHO general health
0/1 6/3 67/33
Tumour stage
T2/T3/T4 1/6/2 11/67/22
Nodal stage
N0/N1/N2/N3 2/4/2/1 22/45/22/11
Median tumour size, range (mm) 40, 15–80

WHO: World Health Organisation.
Statistical methods

The primary study endpoint was to evaluate DLT and MTD of
Pmab and 5FU added to standard CRT. This was a dose escalation
study using a 3 + 3 design. A minimum of 9 and a maximum of
24 patients were required, corresponding to a minimum of 3
patients per DL (and 6 at the recommended dose). The tumour
response to treatment was evaluated as a secondary endpoint at
6, 8 and 16 weeks after last RT day. Qualitative and continuous
variables were described using usual descriptive statistics (SAS,
Version 9.4): numbers, percentages and medians with ranges
(min–max).
Results

Ten patients were enroled in 6 centres between June 2012 and
March 2015. Three patients were treated at DL 0 and 6 patients at
DL-1. One patient included in the DL-1 group was excluded before
treatment due to unmet dose constraints. Median age was 57 years
(Table 1). No colostomy was performed prior to first CRT. All
patients were HIV and HBs negative. Tumour and nodal stages
were T3 or N1, respectively, for most of patients. Median tumour
diameter was 40 mm (range 15–80).

All patients had a total RT dose of 65 Gy delivered in 35 frac-
tions by IMRT (7 patients) or 3D RT (2 patients, No. 2 DL 0 and
No. 8 DL-1). Two patients (No. 1 DL 0 and No. 8 DL-1) had a daily
RT cancelled due to toxicities. At DL 0, patient No. 1 had no CT ses-
sion at week 5 due a non-haematologic toxicity leading to a
decrease in 5FU and MMC doses at week 8 (Table 2). Febrile neu-
tropenia was reported at week 4 and aggravated to grade 3 neu-
tropenia at week 7. Patient No. 2 had reduced 5FU and MMC
doses at week 8 and then discontinued CT due to toxicities related
to both CT and RT. This patient had thrombocytopenia at week 5,
episodes of severe diarrhoea at week 5 and 10, and dermatitis at
week 5. Dermatitis was downgraded to 1 at weeks 8, 9 and 10.
Patient No. 3 had a reduced 5FU dose at week 8 due to toxicities.
Anal pain, cystitis, proctitis and dermatitis were all graded 3 at
week 5. At week 8 and 10, anal pain was downgraded to 1, cystitis
to grade 2, proctitis to grade 1 and dermatitis to grade 1.

All six patients treated at the DL-1 had Pmab injections as
planned to the protocol (Table 3). Only 2 patients had further
reduction in the 5FU dose due to toxicities. Patient No. 4 had 5FU
infused at a dose 300 mg/m2/day at week 5 and at week 8, due
to non-haematologic toxicity. Fatigue (grade 3) and anorexia
(grade 3) were reported as DLT at week 4 and week 5, respectively.
Patient No. 6 had the 5FU dose reduced due to a haematologic tox-
icity at week 3. Lymphopenia (grade 3) not leading to a dose mod-
ification were reported for patient No. 7 at weeks 1 and 2. Anal
pain (grade 3) was reported at week 3.

All patients at each DL reported at least one toxicity event of
grade 1–2 (mainly diarrhoea, nausea, platelet count decreased,
white blood cell, anaemia, dermatitis and fatigue, Table A.4 in
Appendix). At DL 0, all patients experienced at least one grade 3–
4 toxicity: white blood cell decreased (all patients), neutrophil
count decreased (all patients), anaemia (2 patients), dermatitis (2
patients). At DL-1, 3 patients experienced at least one grade 3–4
toxicity: lymphocyte count decreased (2 patients), anorexia (1
patient) and fatigue (1 patient).

At 6 weeks after the beginning of CRT, complete response (CR)
and partial response (PR) were achieved for one patient, each, trea-
ted at DL 0 (Table 4). PR and stable disease (SD) were achieved for 4
and 2 patients, respectively at DL-1. At 16 weeks after the end of
CRT, all patients treated at DL 0 had a CR. At DL-1, CR was achieved
in one patient who had a PR evaluated 8 weeks after last CRT. Two



Table 3
Treatment outcomes at dose level-1.

Patient No. RT
completed

CT Session
Week No.

Pmab dose
(mg/kg)

5FU dose
(mg/m2/day)

MMC dose
(mg/m2)

Reason for dose
modification

DLT

4 yes 1 3 400 10 Fatigue (G3), anorexia (G3)
3 3 NA NA
5 3 300 NA Non-haematologic tox.
8 3 300 10 Non-haematologic tox.
10 3 NA NA

6 yes* 1 3 400 10 None
3 3 NA NA
5 3 400 NA
8 3 302 10 Non-haematologic tox.
10 3 NA NA

7 yes 1 3 400 10 No dose modification Lymphopenia episodes (G3),
anal pain (G3)3 3 NA NA

5 3 400 NA
8 3 400 10
10 3 NA NA

8 yes* 1 3 400 10 No dose modification None
3 3 NA NA
5 3 400 NA
8 3 400 10
10 3 NA NA

9 yes 1 3 400 10 None
3 3 NA NA
5 3 300 NA Haematologic tox.
8 3 300 10 Haematologic tox.
10 3 NA NA

10 yes 1 3 400 10 No dose modification None
3 3 NA NA
5 3 400 NA
8 3 400 10
10 3 NA NA

* Patients No. 6 and No. 8 received 45.7 Gy and 45.3 Gy respectively at PVT1. CT: chemotherapy, DLT: dose-limiting toxicities, FU: fluorouracil, MMC: mitomycin C, NA: not
applicable, Pmab: Panitumumab, RT: radiotherapy, tox.: toxicity.

Table 2
Treatment outcomes at dose level 0.

Patient
No.

RT
completed

CT Session
Week No.

Pmab Dose
(mg/kg)

5FU Dose
(mg/m2/day)

MMC Dose
(mg/m2)

Reason for dose modification DLT

1 yes* 1 3 150 10 Wrong CT prescription Febrile neutropenia, neutropenia (G3),
incomplete 1st CT3 3 NA NA

5 0 0 0
8 3 113 8 Non-haematologic and

haematologic toxicities
10 3 NA NA

2 yes 1 3 600 10 Thrombocytopenia (G3), diarrhoea (G3),
dermatitis (G3)3 3 NA NA

5 3 600 10
8 3 400 8 Non-haematologic tox.
10 0 NA NA

3 yes 1 3 600 10 Anal pain (G3), dermatitis (G3), cystitis
(G3), proctitis (G3)3 3 NA NA

5 3 600 10
3 8 3 450 10 Non-haematologic DLT

10 3 NA NA

* One daily RT was cancelled due to toxicity. CT: chemotherapy, DLT: dose-limiting toxicities, FU: fluorouracil, MMC: mitomycin C, NA: not applicable, Pmab: Panitu-
mumab, RT: radiotherapy, tox: toxicity.
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patients remained with a PR. Based on a last data update done in
March 2017, patient No. 8 (DL-1) with PR at 16 weeks had an
abdomino-perineal amputation 9 months after last CT session
due to a tumour recurrence. No death was reported. Patient No.
2 (DL 0) with CR at 16 weeks had a partial internal lateral sphinc-
teromyotomy 6 months after last CT session because of a persistent
rectovaginal fistula.
Discussion

This phase 1 study evaluated the tolerability and safety of pan-
itumumab added to 5FU/MMC plus RT in 9 patients with locally
advanced carcinoma of the anal canal. The main objective deter-
mined the MTD of Pmab and 5FU, combined to standard MMC
and RT modalities. The RT modality included a high dose boost



Table 4
Tumour response.

Patient No. Dose level Tumour response

6 weeks* 8 weeks** 16 weeks**

1 0 PR CR CR
2 0 CR CR CR
3 0 Not evaluable PR CR

4 �1 SD PR –
6 �1 PR CR CR
7 �1 SD PR PR
8 �1 PR PR PR
9 �1 PR PR CR
10 �1 PR PR Not evaluabley

* After beginning of CRT.
** after the end of CRT.

y Due to the presence of a recto-vaginal fistula. CR: complete response (all lesions disappeared in all examinations), PR: partial response (tumour size decreased by at least
30% in MRI evaluation or a significant decrease in clinical examination), SD: stable disease (no progression [i.e., at least a 20% increase in tumour size or a significant in MRI
evaluation or a significant increase in clinical examination], or no CR or no PR).
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administered after a 2-week interruption of the CRT leading to a
total dose of 65 Gy. Even if the dose intensification schedule of
the ACCORD 03 trial didn’t demonstrate a clear benefit of induction
CT (ICT) and/or high dose RT, a trend was observed with the CFS at
5 years in the arm receiving ICT plus standard CRT plus high dose
boost delivered after a 3-week interruption [27].

The low number of dose limiting toxicities observed at DL-1
established the MTD as 5FU continuous infusion 400 mg/m2/day
on RT weeks 1, 5 and 8, MMC infusion 10 mg/m2 on Day 1 of each
RT period, and Pmab infusion on Days 1, 15 and 29 of standard RT
period and Days 1 and 15 of the boost RT period. Non-
haematologic toxicities (dermatitis, anal pain) were the frequently
reported DLT. As all patients at DL 0 experienced one or more DLT,
a decrease in 5FU dose from 600 to 400 mg/m2/day, 2 injections of
MMC instead of 3 and Pmab at 3 mg/kg were recommended for use
at DL-1. Such adaptation led to a relevant reduction in the DLT
number, with only 2 out of 6 patients experiencing DLT (fatigue,
anorexia, lymphopenia, anal pain) at DL-1. A lower general toxicity
was also observed at this DL with only half of patients experiencing
grade 3–4 toxicity (vs. all at DL 0).

The toxicity and efficacy of cetuximab added to 5FU/MMC and
RT were firstly reported in a phase 1 study including 13 patients
with locally advanced anal cancer [28]. Patients received a weekly
cetuximab standard dose starting 1 week before CRT and for
6 weeks. 5FU/MMC were administered concomitantly on RT weeks
1 and 5, according to a predefined dose escalation, similarly to the
CRT design of Olivatto et al. [29] The high toxicity profile of cetux-
imab and failure to show a relevant benefit on survival outcomes
were also confirmed with the long term results of the Unicancer
ACCORD 16 trial [20]. Three out of 11 patients had dose-limiting
toxicity events (diarrheoa, febrile neutropenia and thrombocytope-
nia) at the dose level 1. Dermatitis (63%), haematologic toxicity
(54%), and diarrhoea (36%) were the most common grade 3–4 tox-
icities. A less favourable toxicity profile was further evidenced in
the phase 2 E3205 study evaluating cetuximab with cisplatin/5FU
[19]. In this study, 32% of patients had grade 4 toxicities (mainly
neutropenia and infection) and 5% (3 patients) died for
treatment-related events. A similar rate of treatment-related
deaths was observed in HIV positive patients receiving the same
CRT regimen as in the study of Garg et al. [21].

In our study evaluating Pmab no patient had a treatment
related death. Grade 3–4 toxicities were experienced by 67% of
patients, with a high frequency at DL 0. The starting dose level con-
sidering 3 infusions of 5FU 600 mg/m2 plus 3 injections of MMC
and 5 injections of Pmab 3 mg/kg concomitant to RT periods as
designed in the protocol was too ambitious and led to a high rate
of DLT and severe haematologic toxicities. After ISMC decision,
DL-1 modality was adapted with the suppression of the interim
MMC injection at CT on week 5, plus a reduction in the 5-FU dose
by 33%. As a result, DLT and general toxicities were also reduced.

Our study has several limitations. First, the radiotherapy sched-
ule included a break of 2 weeks between the standard and the RT
dose boost, which may have reduced the clinical benefit as com-
pared to a continuous RT schedule. Standard 3D RT conformal tech-
niques have the disadvantage to prolong the treatment duration
due to the frequent need for an interruption due to acute toxicity.
Such treatment interruption could negatively impact CRT benefit
[25]. Second, the planning technique varied between patients (3D
RT vs IMRT) that would likely have some bearing on toxicity. At
the initiation of this phase 1 study the French National Authority
for Health guidelines recommending the use of IMRT in anal cancer
treatment were not published and effective yet (published in
2015). In our phase 1 study, 2 patients only out of 9 had radiation
dose delivered by 3D RT, which may limit the interpretation of the
results with regard to the other patients treated with IMRT. All in
all, the toxicity profile of these two patients was not different from
the toxicity profile of the seven patients receiving IMRT, whatever
the CT dose level. The ISMC then recommended the use of IMRT for
all patients to be enroled in the phase 2 study to limit the interrup-
tion between the two RT periods, to reduce the RT toxicity profile
and to comply with the current French RT recommendations.

Based on the acceptable toxicity profile observed at the MTD,
the ISMC favorably recommended the progression to the phase 2
study with substantial modifications of the CRT modality. The pel-
vic RT dose and dose boost were delivered consecutively using
IMRT for all patients. Then, the CT modality was adapted with
5FU 400 mg/m2 infusions on RT week 1 and 5, MMC 10 mg/m2

injections on RT Days 1 and 29, and Pmab 3 mg/kg on RT Days 1,
15, 29 and 43. The safety surveillance was also reinforced with
the inclusion of an interim analysis of the toxicity observed on
12 out of 45 patients. The phase 2 is currently ongoing for patients’
follow-up. Tumour response rates, survival outcomes and safety
results are expected in 2019.

At the selected MTD, Pmab administered concomitantly to 5FU/
MMC showed a low toxicity profile. First efficacy results in terms of
complete and partial tumour response rates observed 4 months
after end of treatment are promising for the phase 2 study cur-
rently ongoing.
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