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Cetuximab and chemoradiation for rectal cancer-is the water
getting muddy?

ROB GLYNNE-JONES, SUZY MAWDSLEY & MARK HARRISON
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Abstract

The epidermal growth factor receptor (EGFR) inhibitor cetuximab has been successfully combined with radical radio-
therapy in head and neck cancer. In colorectal cancer, increased response rates are achieved by cetuximab and panitumu-
mab within standard chemotherapy schedules, but not in chemoradiation regimens. This review examines the clinical
evidence and potential mechanisms for an interaction when EGFR inhibitors are added to fluoropyrimidine-based chem-
oradiation in rectal adenocarcinoma. Methods. This review was compiled by searching PubMed and Medline for English
language articles published until 2009 with established search strategies, supplemented by hand searching of abstracts from
the proceedings of relevant international meetings. The primary outcome measure was pathological complete response
(pCR). Results. Only 13 publications and three presentations in abstract of 13 phase I/II trials of preoperative chemora-
diation with cetuximab in rectal cancer were identified. A total of 316 patients were identified who received cetuximab in
combination with radiotherapy and 5-fluorouracil or capecitabine preoperatively. One hundred and thirty eight of these
patients received either additional irinotecan or oxaliplatin. One study with panitumumab with safety but no efficacy results
was identified, and two studies with gefinitib. The pCR rate ranged from 0-20%. The overall pooled pCR for cetuximab
based chemoradiation was 9.1% (29/316). The rate of G3/G4 gastrointestinal toxicity, in terms of diarrhoea, varied from
5-30%, with an overall pooled rate of 47/313 (15%). Discussion. Potential reasons for the disappointing results of EGFR
inhibition with fluoropyrimidine-based preoperative chemoradiation include a less critical role of repopulation in rectal
adenocarcinoma using a non-curative radiation dose; or antagonistic effects on 5FU-based chemoradiation and oxaliplatin,
if some cells arrest in Gl or G2-M and fail to pass through S phase. Conclusion. Cetuximab combined with
fluoropyrimidine-based chemoradiation is not currently recommended. A better understanding of the mechanisms involved
in combinations of chemotherapy and radiotherapy might allow more effective future scheduling of biological and
chemical agents in combination with radiation.

Randomised phase III trials of neoadjuvant preop-
erative chemoradiation (CRT) in resectable rectal
cancer [1-3] show the addition of 5FU to preopera-
tive radiation increases the pCR rate over radiother-
apy alone [4], and improves loco-regional control
[2,3], but has not extended disease-free survival
(DFS) or overall survival (OS). Phase II studies of
chemoradiation consistently use pCR as the primary
endpoint of novel combinations of oxaliplatin and
irinotecan to demonstrate efficacy. The overall
pathological complete response (pCR) rate of 3 157
patients included in a review of 77 phase II and phase
IIT was 13.5%, and the use of two cytotoxic drugs in
combination with radiation increased the pCR rate [5].

Recent efforts to improve outcome of chemoradio-
therapy further have focussed on adding biological
strategies to avoid overlapping toxicities.

EGEFR regulates cellular growth, survival, prolif-
eration and differentiation. Inhibitors of the receptor
include the monoclonal antibodies cetuximab and
panitumumab. Clinical studies in colorectal cancer
have confirmed the efficacy of these agents in irino-
tecan refractory patients in terms of response rate
and progression free survival [6], and have shown a
significant benefit in response rates and progression
free survival for the addition of cetuximab to
FOLFIRI [7,8]. However, these results have not
been replicated in the COIN study, where cetuximab
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was added to oxaliplatin and 5FU or capecitabine in
the first-line setting [9], apart from a small improve-
ment in response rate from 55 to 59% in patients
with wild type K-ras.

A landmark randomised phase III study in
patients with locally advanced head and neck cancer
showed that cetuximab in combination with radical
radiotherapy significantly improved overall survival
[10] compared to radiation alone. Many mechanisms
for this advantage have been proposed [11], includ-
ing inhibition of repopulation during the latter phase
of radiotherapy. Accelerated treatments improve out-
come only in head and neck cancers, which have high
EGFR expression [12].

This review aims to examine the current evidence
from phase I/Il and phase III randomised trials of
preoperative cetuximab and fluoropyrimidine-based
CRT in rectal adenocarcinoma, to test whether addi-
tive effects and increased efficacy in terms of the
early alternative endpoint of pathological complete
response are achieved. Also, we aimed to assess if
irinotecan or oxaliplatin was a more effective partner
with cetuximab and radiotherapy.

Methods

The information used to produce this review was
compiled by searching PubMed and Medline for
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English language articles published until October
2009 with established search strategies, supple-
mented by hand searching of abstracts from the pro-
ceedings of the American Society of Clinical
Oncology and other international meetings. The pri-
mary outcome measure was pathological complete
response. Secondary outcome measures included
acute toxicity, local recurrence (LR), disease free
survival (DFS) and overall survival (OS), a negative
circumferential margin, RO resections and node
positivity following chemoradiation. The search
strategy employed the key words — EGFR inhibition,
cetuximab, complete pathological response, pre-
operative, synchronous, concurrent, irradiation,
radiotherapy, chemoradiation, radiochemotherapy,
combined modality, adenocarcinoma, and rectal
cancer.

Results

A total of only 13 reports of 10 phase I/II trials of
preoperative chemoradiation with cetuximab in rec-
tal adenocarcinoma were identified—four (see Tables
I and II) reported the phase I [13] and phase I/II
components of the same patient group [14-16]. In
addition we found two studies integrating gefitinib
[17,18] and one integrating panitumumab [19] (see

Table I. Published papers and abstracts documenting pCR in preoperative chemoradiation studies using cetuximab.

No of pts* Cetuximab Capecitabin 5FU Oxaliplat Irinotecan RT dose =~ PCR** RO  Good TRG***

Chung 20 Yes Yes No No 50.4 Gy 2/17 17/17 NS
2006 [51] 128#/38 12%)  (100%)

Machiels 40 Yes Yes No No 45 2/40 >2 mm Few cells only
2007 [52] Gy/25#/33 (5%) 27/40 10/40 (25%)

(73%)

Rodel 48 Yes Yes No 50.4 Gy 4/48 42/45 Good (>50%)
2008 [20] /28#/38 (8%) (93%) 10/45 (21%)

Hoftheinz 20 Yes Yes No Yes 50.4 Gy 5/20 18/20  6/20 (30%)
2006 [13] /28#/38 25%)  (90%)

Horisberger 50 Yes Yes No Yes 50.4 Gy 4/50 50/50  30/50 (60%)
2009 [16] /28#/38 8%)  (100%)

Bertolini Yes 50 Gy/25#/ 3/40 36/38  Dworak 8/38
2008 [53] 40 Yes No No 33-50.4 (7.5%) ©95%) (21%)

Gy/28#/38

Hong 10 Yes Yes No No first Yes 50.4 Gy 2/10 10/10  2/10 (20%)
2007 [22] 10 pts /28#/38 (20%)  (100%)

Cabebe 23 Yes Yes only No 50.4 Gy 4/23 NS NS
2008 [21] /28#/38 (17%)

Eisterer 28 Yes Yes No No 45 0/28 NS NS
2009 [54] Gy/25#/33  (0%)

Velenik 37 Yes Yes No No No 45 3/37 NS TRG3 7/37
2009 [55] Gy/25#/33 (8.1%) (18.9%)

Total 316 Yes-all 45-50.4 Gy 29/316

(9.1%)

stk

“number entering study; “‘number having had surgery;

using tumour regression grading not yp (various systems used). NS, not specified;

RT, radiotherapy; PCR, pathological complete response; RO resection, curative resection; TRG, tumour regression grade; (NB The terms
Tmic and TRGs remain unvalidated surrogate endpoints, and the lack of consistency in their reporting, hinders their interpretation; as a

measure of response within rectal cancer trials).
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Table III). There were no published phase III trials
or meta-analyses. We therefore retained only 10 stud-
ies with cetuximab (see Table I). In eight of the 10
studies oral capecitabine was partnered with radia-
tion (256 patients) and in two studies a prolonged
venous infusion of 5FU (60 patients). In three stud-
ies cetuximab was partnered with capecitabine as a
single agent with radiation. In total 58 patients
received additional oxaliplatin [20,21], and 80
patients in three studies received additional Irinote-
can [13,16,22]. The pCR rate in the 10 retained
studies with a total of 316 patients ranged from 0 to
20%. Twenty nine of three hundred and sixteen
achieved a pCR giving an overall pCR rate of 9.1%.
In the irinotecan containing studies, the pCR was
11/80 (13.8%). In the main oxaliplatin containing
study the pCR rate was 4/48 (8%). In the 10 trials
integrating cetuximab, an RO resection varied from
90-100% with an overall pooled rate of 173/185
(93.5%). Good regression following chemoradiation
ranged from 21 to 60%. Only two papers gave infor-
mation on nodal downstaging, which occurred in
8/19 patients (42%) [13], and 24/37 (65%) [16].
There was no long-term data provided in terms of
LR, DFS or OS from any of the reported studies.

The rate of G3/G4 acute gastrointestinal toxicity,
in terms of diarrhoea, varied from 5-30% in the
cetuximab studies, with an overall pooled rate of
47/313 (15%).

Discussion

The addition of cetuximab to fluoropyrimidine-based
CRT schedules suggest an overall pooled pCR of
9.1%, compared with an overall pCR rate of 13.5%
seen with fluoropyrimidine-based chemoradiation
schedules in a recent review [9], and 13.1% overall
from the results of randomised trials using fluoropy-
rimidine-based chemo-radiation (Table VI). In these
randomised phase III studies, the pCR rate with
radiotherapy alone has consistently been in the region
of 4-5% [2,4,23].The rate with CRT ranges between
8% and 17% (see Table IV). A pooled pCR of 8.5%
for preoperative chemo-radiotherapy with the addi-
tion of cetuximab appears to be a rate which falls
between that achieved with radiotherapy alone and
that with fluoropyrimidine-based chemoradiation.
The heterogeneity of the data presented in this
present review makes it difficult to draw firm conclu-
sions. The eligibility criteria for inclusion in phase I/II
studies are wide and permissive in terms of initial
stage. The studies are few with small numbers of
patients, and there are no large phase III studies.
There are also limitations of the use of pCR as an
endpoint, since the confidence intervals for achieving
a pCR in such small studies must be very wide. The
potential for achieving a pCR depends on the case-
mix and clinical stage of patients on entry to any
study [24,25]. Also as pathologists become more

Table II. Published papers and abstracts documenting toxicity and surgical morbidity in preoperative chemoradiation studies using

cetuximab.
No of G3/G4 Anastom
pts*  Cetuximab Oxali Irinotecan RT dose diarrhoea SEPSIS Leak Reoperation

Chung 20 Yes No No 50.4 Gy/28#/38 2120 (10%) NS NS NS
2006 [51]

Machiels 40 Yes No No 45 Gy/25#/33 6/40 (15%) 5/40 (12.5%) NS 5/40 (12.5%)
2007 [52]

Rodel 48 Yes Yes No 50.4 Gy/28#/38  9/48 (19%) 2/48 (4%)  5/48 (11%) 5/48 (11%)
2008 [20]

Hotheinz 20 Yes No Yes 50.4 Gy/28#/38 2/10 (20%) 2/20 (10%) 3/20 (15%) NS
2006[13]

Horisberger 50 Yes No Yes 50.4 Gy/28#/38  15/50 (30%) NS 8/50 (16%) NS
2009 [16]

Bertolini 40 Yes No No 50 Gy/25#/33-50.4 3/40 (7.5%) 1/40 (5%) 1/40 (5%) 1/40 (5%)
2008 [53] Gy/28#/38

Hong 10 Yes No Yes 50.4 Gy /28#/38 1/40 (5%) NS NS NS
2007 [22]

Cabebe 23 Yes first 10 pts No 50.4 Gy /28#/38 4/23 (17%) NS NS NS
2008 [21]

Eisterer 28 Yes No No 45 Gy/25#/33 4/28 (15%) NS NS NS
2009 [54]

Velenik 37 Yes No No 45 Gy/25#/33 4/37 (11%) NS NS NS
2009 [55]

Total 316 45-50.4 Gy 47/313 (15%)

‘number entering study; ““number having had surgery; ““using tumour regression grading not yp. NS, not specified in paper; RT,

radiotherapy; G3/G4, grade 3 and grade 4 toxicity.



Table III. Studies with panitumumab and gefitinib chemoradiation.
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No of Biol G3/G4
pts* Fluoropyrimidine Agent RT dose diarrhoea  PCR*™ Good TRG™*
Czito 2006 [17] 6  Capecitabine Gefitinib 50.4 Gy/28#/38 16% 0/6 No data
650 mg/m? bid
Valentini 2008 [18] 33  5FU 225 mg/m? PVI + Gefitinib 50.4 Gy/28#/38  12.8% 10/33  7/33 (21%)
+10 Gy IORT
Star-02 Fabio 2009 [19] 51 5FU 225 mg/m? PVI + Panitumumab 50.4 Gy /28#/38 32% No data No data
Oxaliplatin
Total 920 22/90 10/39 7133

RT, radiotherapy; PCR, pathological complete response; RO resection, curative resection; TRG, tumour regression grade.

thorough, and work rigorously to an agreed tech-
nique, the pCR is likely to more difficult to achieve
compared to historical controls [26]. Hence, more
recent studies tend to have lower rates of pCR. Com-
parisons between phase II trials are statistically invalid,
but pCR rates observed with the same chemoradio-
therapy regimens without cetuximab, [27,28] are
higher (see Tables III, IV and V for details). The only
phase III trial using capecitabine and oxaliplatin
reported a pCR rate of 18.8% for a combination of
capecitabine, oxaliplatin and 50.4 Gy [29].

An RO resection in the cetuximab trials varied
from 90-100% with an overall pooled rate of 173/185
(93.5%). These data compare with a range of
81-98%, and with a pooled rate of 220/238 (92.8%)
from recently published phase II preoperative chemo-
radiation trials of capecitabine and oxaliplatin in rec-
tal cancer. There is a range of 96—-100% with a pooled
rate of 58/59 (98%) from trials of capecitabine and
irinotecan chemoradiation. One group used a histo-
logical margin of 2 mm with and without cetuximab
27/40 (73%) and 30/40 (75%) respectively. It is not
statistically valid to compare phase II studies, but the
results appear similar with the addition of cetuximab.
Data on tumour regression grading is also pooled
and ranges for good regression from 21 to 60%.

The side-effects of cetuximab include an acnei-
form rash and diarrhoea, which could still prove a
problem of overlapping toxicity with pelvic radiation.
A trial integrating cetuximab with cisplatin, 5FU and
radiation in head and neck cancer was terminated
early because of unexpected adverse effects [30]. In
rectal cancer the crude rate of G3/G4 gastrointestinal
toxicity, in terms of diarrhoea, does not appear
increased by the addition of cetuximab to chemora-
diation, although this effect has been observed in ran-
domized clinical trials of chemotherapy in patients
with metastatic colorectal cancer [31,32]. The overall
rate of G3/G4 gastrointestinal toxicity, in terms of
diarrhoea, in the cetuximab studies was 47/313 (15%)
and compares with a range of 8-30% with a pooled
rate of 48/297 (16%), from chemoradiation trials of
capecitabine and oxaliplatin, and a range of 11-42%
with a pooled rate of 16/71 (22.5%) from chemora-
diation trials of capecitabine and irinotecan.

A large multinational randomised phase II study
EXPERT-C (NCT00383695) has compared neoad-
juvant therapy comprising oxaliplatin, capecitabine,
and chemoradiotherapy with or without cetuximab
in 164 patients [40]. The study has completed in July
2008, and results may throw more light on combina-
tions of cetuximab and chemoradiation in the clinical

Table IV. Studies documenting pCR in preoperative chemoradiation studies using capecitabine and oxaliplatin.

No of Good
pts” Capecitabine Oxaliplatin ~ RT dose PCR™ RO resection TRG™
Gerard 2009 [56] 291 800 mg/m2bid  YES  50.4 Gy/28#/38  54/291 (18.8%) 282/291 (94%)
NS

(phase III)
Aristu 2008 [57] 20
Fakih 2008 [58] 25
Hospers 2007 [59] 22
Koeberle 2008 [60] 60

825 mg/m? bid YES
725 mg/m? bid YES
1000 mg/m? bid YES
825 mg/m? bid YES

various

50.4 Gy/28#/38
50.4 Gy/28#/38
45 Gy/25#/33

4/20 (20%) 17/20 (85%)
6/25 (24%) NS

2/21 (10%) 18/22 (81%)
6/60 (10%) 59/60 (98%)

11/20 (55%)
6/25 (24%)
1/22 (5%)
8/60 (13%)

Machiels 2005 [61] 40 825 mg/m? bid YES 45 Gy/25#/33 5/40 (12.5%) >2 mm 6/38 (15.8%)
30/40 (75%)

Rodel 2003 [62] 32 825 mg/m? bid YES  50.4 Gy/28#/38 6/31 (19%) 29/32 (91%)  12/31 (39%)

Rodel 2007 [63] 110 825 mg/m? bid YES  50.4 Gy/28#/38  17/104 (23%) 98/104 (95%) NS

Total 600 45-50.4 Gy 100/592 (16.9%) 380/395 (96%) 44/196 (22.4%)

NS, not specified in paper; RT, radiotherapy; PCR, pathological complete response; RO resection, curative resection.
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Table V. Published papers documenting pCR in preoperative chemoradiation studies using capecitabine and irinotecan.

No of pts*  Capecitabine  Irinotecan RT dose PCR™ RO resection Good TRG™*
Hoffheinz 2005 [64] 19 500 mg/m? bid YES 50.4 Gy/28#/38  4/19 (21%) NS 5/19 (26%)
Klautke 2006 [65] 28 750 mg/m? bid YES 55. Gy/31#/42 4/28 (14%) 24/25 (96%) 3/28 (11%)
Willeke 2007 [66] 36 500 mg/m? bid YES 50.4 Gy/28#/38  5/34 (14%) 34/34 (100%)  9/34 (26%)
Total 83 13/83 (15.6%) 58/59 (98%) 17/83 (20.4%)

RT, radiotherapy; PCR, pathological complete response; RO resection, curative resection; TRG, tumour regression grade.

setting in locally advanced rectal cancer. There are
three other ongoing or recently closed phase II trials
registered in the http://clinicaltrials.gov website:
NCT00297128 a study of preoperative chemoradia-
tion with capecitabine and cetuximab by the
Austrian Breast & Colorectal Cancer Study Group;
NCT00795301 A study of radiotherapy in rectal
cancer using oxaliplatin, capecitabine with or with-
out cetuximab from Singapore; NCT00689702
cetuximab, capecitabine and radiotherapy in neoad-
juvant treatment of patients with rectal cancer
(XERT), and a British study EXCITE which com-
bines radiation with capecitabine, irinotecan and
cetuximab, and finally a Phase II study from Vander-
bilt-Ingram Cancer Centre of Cetuximab, 5FU and
Radiation as neoadjuvant therapy for patients with
locally advanced rectal cancer.

In the first-line metastatic setting there appears
an advantage when cetuximab is added to regimens
containing irinotecan [7], but not always oxaliplatin
[9]. The least promising results in the chemoradia-
tion studies have been seen with the combination of
capecitabine, oxaliplatin, radiation and cetuximab.
Interestingly, there was a trend for inferior results
in the COIN study for the combination of oxalipla-
tin, cetuximab and capecitabine, [9], compared
to 5FU.

There may be differences between integrating
cetuximab with radiotherapy alone in comparison
with 5FU- based chemoradiation, although the com-
bination of cetuximab and capecitabine is clearly
active in wild type K-ras patients and doubles the

response rates from 24 to 48% over capecitabine
alone [32].

There could also be a difference for a rectal ade-
nocarcinoma, where 45-50 Gy is not considered as
a radical curative dose, but sufficient for microscopic
disease. Repopulation may be less crucial in a pre-
operative setting, when surgery is scheduled, than in
squamous carcinomas of the head and neck. Repop-
ulation does not appear to be a major issue in adeno-
carcinoma of the rectum, since neither overall
treatment length nor a treatment interruption appear
to impact on local control [33]. Repopulation may
also be less crucial in the presence of a continuous
exposure to 5FU, or capecitabine chemoradiation.

In advanced colorectal cancer treated with cetux-
imab there is a low chance to benefit from therapy,
when K-ras mutations at codons 12 and 13 have
been observed [17,34,35]. However the recent results
of the large UK COIN study have not confirmed a
benefit in terms of PFS or OS from the addition of
cetuximab to oxaliplatin based chemotherapy in
patients who have wild type K-ras over 5FU and
oxaliplatin alone [9].

In addition, the proportion of patients with rectal
cancer (as opposed to colon cancer) with mutant
K-ras varies between 30% [36] and 40% [37]. In a
recent preoperative chemoradiation study using cetux-
imab, K-ras mutant type was found in 9/39 (23%)
patients. Only one of these nine K-ras mutant patients
(11%) demonstrated a good pathological regression
(TRG3 and 4) compared to 11/30 (37%), (p=0.12)
in patients with wild-type K-ras [38]. In contrast,

Table VI. Published papers of randomised single agent fluoropyrimidine-based chemoradiation documenting pCR.

Patient

Trial numbers Chemo RT Dose pCR oS
NSABP RO3 [67] 267 FUFA 50.4 Gy/28#/38 days 15% 5 year 74%
CA0/ARO/AIO-9%4 [1] 394 120 hour 5FU infusion 50.4 Gy/28#/38 days 8% 4 year 74%
Polishstudy [68,69] 157 FUFA 50 Gy/25#/33 days 16% 4 year 66%
FFCD 9203 [2] 375 FUFA 45 Gy/25#/33 days 11.4% 5 year 66%
EORTC 22921 [3,4] 505 FUFA 45 Gy/25#/33 days 13.4% 5 year 65%
ACCORD 12/0405 Prodige 2 [29] 295 capecitabine 45 Gy/25#/33 days 13.8% NS
STAR-01 [70] 379 PVI 225 mg/m?/day 50.4 Gy/28#/38 days 15.8% NS

All 2372 312/2372

13.1%

[ 1, reference number; FUFA, 5FU and folinic acid; RT, radiotherapy; PCR, pathological complete response; OS, overall survival.



K-ras status did not significantly influence response
in a Belgian study using cetuximab prior to and con-
current with capecitabine [39].

Cell cycle effects seem crucial to achieve these
additive effects, because cells which fail to progress
through S phase in the presence of 5FU do not accu-
mulate additive effects with radiation [40,41]. 5FU
is S-phase specific and acts by inhibiting thymidylate
synthase and the synthesis of thymidine nucleotides
required for DNA replication, thus preventing cell
division. Additive effects can normally be observed
by the addition of 5FU to radiation at concentra-
tions, which on their own are non-cytotoxic and
when tumour cells have become resistant to 5FU.
The hypothesis generated to explain these findings is
that these additive effects with 5FU and RT occur in
cells, which are provoked into an inappropriate pro-
gression through S-phase in the presence of 5FU,
arising from a disordered S-phase checkpoint [42].
This is supported by evidence demonstrating that if
S-phase entry is blocked resulting in G1 arrest or the
progression to S-phase is inhibited; no additive effects
are observed from the combination of 5FU and radi-
ation. If S-phase entry is blocked, producing Gl
arrest or progression to S-phase is inhibited, additive
effects are not observed from the combination of
5FU and radiation [42]. Similarly acquired resis-
tance to 5FU appears to work via cell cycle delay in
the G1 and G1/S boundary [43]. High EGFR expres-
sion appears to be linked to high Ki-67 and PCNA
[44] and studies suggest that both Ki-67 and PCNA
predict for an improved response to chemoradiation
in rectal cancer.

Thus slowing down the cell cycle time may
increase the amount of time available for DNA repair
prior to mitosis, and thus could increase the potential
for resistance to both 5FU and radiation. The use of
cetuximab prior to or concurrently with radiation
might therefore abolish fluoropyrimidine-based radi-
osensitisation, if only a small proportion of cells
arrest in GO/G1 or G2/M. High EGFR expression
appears linked to high Ki-67 and PCNA, demonstrating
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increased rates of cell turnover [45]. This study showed
that significant decreases in proliferation with the
addition of 5FU, which were not seen with radiation
alone. This finding also suggests that 5FU does not
recruit quiescent cells into proliferation. Other authors
also suggest that elevated tumour proliferation is associ-
ated with improved outcomes with chemoradiation in
rectal cancer [46—48].

Cetuximab can lead to G1 or G2/M cell cycle
arrest, and if only a small proportion of cells within
the tumour are affected, this decrease in proliferation
could impact on the chance of achieving a pCR.
This hypothesis is supported by the evidence
from one of the cited studies, which suggests that
cetuximab up-regulated several genes involved in
proliferation (PIK31, CGREF1 and PLAGL1)
with a reduction in Ki-67 [39]. This process might
also affect oxaliplatin, which is mainly active in S
phase, but would be less likely to be impacted by
irinotecan.

Pre-clinical data suggests that the sequencing of
chemotherapy, EGFR inhibition and radiation may
be clinically significant, and that the sequence of
oxaliplatin followed by cetuximab may be more effec-
tive than cetuximab prior to oxaliplatin [49]. Better
efficacy might be achieved by integrating cetuximab
in the latter portion of the radiotherapy, or following
chemoradiation. This strategy has already been pro-
posed when integrating anti-metabolites such as
gemcitabine with EGFR inhibitors and radiation
[50]. In the light of all these results above, in the UK
we have amended the protocol of an ongoing funded
phase I/IT study (XERXES), to compare a schedule
of capecitabine based chemoradiation with a cetux-
imab sandwich approach (see Figure 1). Finally, bet-
ter selection for the potential efficacy of EGFR
inhibition by molecular markers could be appropri-
ate in the future [38].

Early endpoints in terms of efficacy at the level
of the primary tumor (eg, pCR), may not ‘per se’ be
coupled to longer-term endpoints such as DFS and
OS. Phase III randomised studies are the best way

Randomisation Week
1 2 3 4 |5 6 (7 |8 9 |10 (11 |12 |13 (14
Radiotherapy - - - - -
Arm A Capecitabine -- - - -
Radiotherapy |:||:I|:I|:I
Arm B |Capecitabine EIEIEII:I
Cetuximab [C x|C x|C x|C x C x|C x|C x|C x|C x

CX = weekly Cetuximab

Figure 1. Diagram of trial schedule
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to define the advantages of a novel treatment. Sadly,
the pharmaceutical industry is unlikely to commit
resources to a large costly undertaking without the
promise of increased efficacy (such as an increase in
pCR rate) demonstrated in phase II trials, which we
have yet to deliver.

Conclusions

Integration of targeted drugs such as cetuximab into
preoperative chemoradiation schedules in rectal ade-
nocarcinoma is attractive in principle. However, the
results of chemoradiation clinical trials with cetux-
imab, as discussed above, on the early clinical end-
point of pCR are at best disappointing. Cetuximab
if delivered concurrently with radiation could poten-
tially abolish additive effects of 5FU, by inhibiting
proliferation. However, the combination may yet
reproduce the results achieved when cetuximab has
been combined with radiation alone in studies of
head and neck cancer.

More rationally designed preclinical and trans-
lational studies (with recognised negative predictive
factors such as k-ras mutations, b-raf mutatations,
and EGFR gene copy numbers) might therefore
help select out inappropriate patients, and deter-
mine the optimal sequence of such chemotherapy
and biological triple combinations. Only then can
we move on to perform large randomised phase III
trials.
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