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A B S T R A C T

Radiotherapy remains the foundation of current treatment for patients with locally

advanced squamous cell carcinoma of the head and neck (SCCHN). It has been shown that

the addition of concurrent chemotherapy to radiotherapy (chemoradiotherapy, CRT, or che-

motherapy-enhanced radiation therapy, CERT) results in improved clinical outcome in

terms of both locoregional control and overall survival in some groups of patients. How-

ever, CRT is associated with severe, dose-limiting acute toxicities and, in some patients,

a higher proportion of late toxicities. In addition, most CRT regimens are platinum-based

and there is evidence that the maximum tolerable toxicity has been reached with the dose

intensities currently used in bolus cisplatin regimens. Therefore, if we are to further

improve outcomes through increased treatment compliance, more effective and more tol-

erable regimens are needed. Recent results from a phase III randomised study demonstrate

that the epidermal growth factor receptor (EGFR) inhibitor cetuximab (Erbitux�) given con-

comitantly with radiotherapy yields a significant clinical benefit over radiotherapy alone

without any increase in radiotherapy-associated toxicity. In this review, we explore the

question of the degree to which adding cetuximab improves the efficacy of radiotherapy

in locally advanced SCCHN and how the benefits of cetuximab plus radiotherapy compare

with those achievable with CRT.

� 2006 Elsevier Ltd. All rights reserved.
1. Treatment rationale for SCCHN

Cancers of the head and neck, primarily squamous cell carci-

nomas of the oral cavity, pharynx and larynx, account for over

5% of all malignancies. Worldwide, in 2002, there were in ex-

cess of 500,000 new cases and over 300,000 deaths attributed

to this disease.1

Surgery and/or radiotherapy are commonly used to treat

locally advanced disease.2 However, a considerable propor-
er Ltd. All rights reserved
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tion of patients relapse, either locally or at distant sites, fol-

lowing surgery.3 In addition, the long-term treatment

outcome of patients with locally advanced disease is known

to be poor with conventional schedules of radiotherapy: loco-

regional control of the disease is seen in approximately 30%

of patients,4,5 with 5-year survival rates of only 15%–25%6

and median survival of approximately 12 months.7 The gen-

eral lack of success associated with the range of treatments

available for locally advanced SCCHN prompted the search
.
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for new approaches which resulted in the development of

alternative radiotherapy fractionation schedules, such as

hyperfractionation and accelerated fraction with concomi-

tant boost,8,9 both of which have been shown to be more

effective in terms of locoregional control than standard frac-

tionation in this setting.10

In parallel, strategies were developed to integrate the

administration of systemic chemotherapy into radiotherapy

schedules, with certain of these cytotoxic agents being used

as radio-sensitisers.5,11 The rationale for this approach was

based both on increasing the tumour cell kill at the local level

and additionally on targeting distant micro-metastases pres-

ent at the time of the primary treatment.12 This led to the

implementation of high dose-intensity regimens, which re-

sulted in significant increases in treatment efficacy, in terms

of locoregional control and survival.5,11 However, this increase

in efficacy came at the cost of increased toxicity, particularly

in relation to severe acute side-effects which were seen in a

significant number of patients. Consequently, poor treatment

compliance is observed in around one-third of cases, com-

monly in those receiving cisplatin (100 mg/m2 every 3

weeks).5,11

Therefore, there was a clear need to optimise treatment

combinations based on drug-radiotherapy interactions and

to develop protocols integrating novel, highly efficient agents

able to exert synergistic effects with radiotherapy as well as

increasing its selectivity index.

2. The concept of cytotoxic enhancement

In addition to the systemic effects of cytotoxic chemotherapy,

the concomitant administration of chemotherapy and radio-

therapy capitalises on the radiosensitising properties of stan-

dard cytotoxic agents to improve locoregional control.

Throughout the last two decades, three types of combination

chemotherapy and radiotherapy – neoadjuvant, adjuvant and

concurrent – have been compared with radiotherapy alone.

Concurrent chemoradiotherapy (CRT), also known as chemo-

therapy-enhanced radiation therapy (CERT),13 has been

shown to be the most effective approach, with most studies

showing significant increases at 3 years in both survival and

locoregional control rates when CRT is compared with radio-

therapy alone.4,14–19

Studies have shown a clinical benefit of CRT over radio-

therapy in certain groups of patients with locally advanced

disease. Most studies conducted to date have used radiother-

apy together with cisplatin alone or in combination with

5-FU.4,14,15,20–22 A phase III randomised, three-arm study

reported by Adelstein et al. allowed for a direct comparison

of two concomitant CRT regimens (radiotherapy versus radio-

therapy plus concurrent bolus cisplatin versus split course of

fractionated radiotherapy and concurrent infusional FU and

bolus cisplatin) in 295 patients with unresectable disease.14

The results from this trial demonstrated the superiority of

single-agent cisplatin CRT over radiotherapy alone (3-year

projected overall survival 37% versus 23%, p = 0.014). However,

the use of split-course radiotherapy with combined chemo-

therapy was associated with a similar survival rate to radio-

therapy alone (27%), but with a significant increase in

Pgrade 3 toxicity. A potential reason for the lack of benefit
with the multi-agent arm is the scheduling of the split-course

radiotherapy, which was designed to allow for the possibility

of mid-course surgery for any patients rendered resectable by

the initial CRT. Split-course radiotherapy is generally recogni-

sed as a suboptimal way of delivering radiotherapy23 and in

this case was evidently not offset by either the multi-agent

chemotherapy or the possibility of mid-course surgery.14

Furthermore, treatment compliance was poorer in the CRT/

split-course arm, with 27% of the patients failing to complete

treatment compared with corresponding figures of 7% in the

radiotherapy arm and 15% in the radiotherapy/cisplatin arm.

In a large phase III randomised study in 270 assessable pa-

tients, the addition of cisplatin/5-FU/FA to radiotherapy sig-

nificantly improved 3-year overall survival (49% versus 24%,

p < 0.0003) and 3-year locoregional control rate (35% versus

17%, p < 0.004) compared with radiotherapy alone.4 Interest-

ingly, the proportion of distant failures was similar in each

arm (approximately 9%). Several smaller, but influential, stud-

ies have also shown the efficacy of radiotherapy combined

with cisplatin/5-FU in unresectable disease. A phase III study

compared the survival rates in 171 patients with previously

untreated, unresectable oro- and hypo-pharyngeal carcino-

mas, randomised to receive CRT (3 cycles of cisplatin and 5-

FU plus radiotherapy) or radiotherapy alone.20 The addition

of chemotherapy to radiotherapy significantly improved the

overall survival rate at 18 months (48% versus 36%, p = 0.05),

although these benefits were mainly confined to the 123 pa-

tients with oropharyngeal carcinoma, where the median sur-

vival time was prolonged from 10 to 17 months (p < 0.05). In

another single-arm study in 50 patients, cisplatin and 5-FU

were combined with hyperfractionated radiotherapy and

compared with a historical control group of 29 patients who

had received radiotherapy alone.21 With a median follow-up

of 23 months, the overall 2-year survival rates were 80% and

43% (p < 0.01), respectively.

The use of a different chemotherapy regimen, mitomycin

C plus 5-FU, added to hyperfractionated accelerated radio-

therapy (C-HART) was investigated in a large phase III ran-

domised study in 384 patients with unresectable SCCHN.24

The use of C-HART was associated with a 5% increase in the

5-year survival rate and a 13% increase in the 5-year locore-

gional control rate compared with HART alone.24 Finally, a

phase III randomised study in 350 patients with locally ad-

vanced nasopharyngeal carcinoma, which compared weekly

concurrent cisplatin-enhanced radiotherapy to radiotherapy

alone, demonstrated a significant advantage for the cis-

platin-radiotherapy over radiotherapy alone with 5-year over-

all survival (OS) 70% versus 59%, respectively.25

3. Identifying the most effective CRT regimens

The benefits of CRT compared with radiotherapy alone in

some patients with locally advanced disease have also been

demonstrated by meta-analyses. The update of the Meta-

analysis of Chemotherapy in Head and Neck Cancer (MACH-

NC) Collaborative Group’s database26 confirmed the findings

of a previous, smaller analysis27 and demonstrated a survival

advantage for CRT of 5% at 5 years. This survival benefit was

confined mainly to patients treated with chemotherapy

administered concomitantly with radiotherapy: when data
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from these patients were analysed separately from any other

locally advanced treatment, the survival advantage increased

to 8% at 5 years (p < 0.0001).

A limitation of the initial meta-analyses was that the het-

erogeneity of the trials and the various treatment combina-

tions they employed hindered identification of the optimal

regimen.27 Subsequent meta-analyses identified platinum-

based concomitant CRT regimens as being the most effec-

tive.26 Interestingly, while these analyses have shown that

the magnitude of benefit is significantly improved with plati-

num-based over other CRT regimens, they have also demon-

strated that the use of multi-agent chemotherapy regimens

confers no additional benefit over monotherapy.26 Confirma-

tion of the updated MACH-NC results comes from a review

of pooled data from 18 randomised trials, involving over

3000 patients with locally advanced disease.11 This review

demonstrated an 11% reduction in the risk of death with

the use of concomitant chemotherapy and radiotherapy com-

pared with radiotherapy alone (p < 0.00001), and in particular

that the platinum-based regimens (the most effective of the

regimens used) were associated with a 12% reduction in the

risk of death (p < 0.00001). However, the optimal chemother-

apy regimen to achieve the highest possible therapeutic index

remains to be determined, in terms of both the best agent(s)

(cisplatin alone or in combination with 5-FU) and also the

most effective dosing regimens (bolus high-dose or weekly

fractionated cisplatin).

Similarly, the most effective radiotherapy schedule re-

mains to be defined. In a retrospective analysis, hyperfrac-

tionated radiotherapy plus cisplatin showed a marginally

significant improvement over conventional radiotherapy plus

chemotherapy in terms of an improved overall survival, but

there was no difference in locoregional control.28 Neverthe-

less, a recent review of randomised trials comparing altered

fractionation (AF) to CRT-AF indicated that the advantages

from CRT may be greater when it is based on AF regimen.29

Despite the efficacy benefits of CRT in patients able to

withstand this relatively aggressive type of therapy, poor

compliance due to severe acute side effects in normal tissues

represents a limiting factor in terms of chemotherapy and

radiotherapy dose intensity.

4. The role of neoadjuvant/induction
chemotherapy

Typically, neither neoadjuvant (also often referred to as induc-

tion) chemotherapy plus radiotherapy, nor adjuvant chemo-

therapy plus radiotherapy, have shown such consistent

benefits as CRT in prolonging survival.27,30–32 Nonetheless,

two trials conducted in the 1990s suggested that neoadjuvant

chemotherapy could improve survival33,34 and reduce distant

failure rates.34 It is also now well documented that neoadju-

vant treatment can be used to drive efficient therapeutic pro-

grams of organ preservation35,36 without compromising

overall survival.35 Actually, neoadjuvant chemotherapy and

CRT might play complementary roles: while the strengths of

CRT lie more in enhancing locoregional control,30 neoadju-

vant chemotherapy appears more effective in minimising

the risk of distant metastases.30 A number of interesting stud-

ies have been published which describe attempts to improve
survival by reducing the development of distant disease

through intensive courses of neoadjuvant therapy followed

by concomitant CRT.37–40 In addition, a recent analysis of five

phase II trials confirmed the different patterns of failure of

two different 5-FU/hydroxyurea-based CRT strategies, one

incorporating an intensive course of neoadjuvant chemother-

apy.41 In this analysis, intensive cisplatin/5-FU induction che-

motherapy followed by split-course CRT led to a lower 5-year

rate of distant failure (13% versus 22%, p = 0.03) but a higher 5-

year rate of locoregional failure (31% versus 17%, p = 0.01)

than intensified, split-course, hyperfractionated multi-agent

CRT alone. Moreover, there was no significant difference in

the 5-year progression-free (59% versus 62%) or overall (46%

versus 48%) survival rates between the two treatment strate-

gies. Interest in this avenue of research has been recently

rekindled by the successful inclusion of taxanes in neoadju-

vant regimens strongly suggests that the role of neoadjuvant

chemotherapy should be revisited, including its use prior to

CRT.42–44

5. CRT: efficacy versus toxicity

In the context of very aggressive combination regimens, the

therapeutic benefit of CRT can be significantly jeopardised

by undue toxicity, particularly regarding acute side effects.45

Mucositis and xerostomia are common toxicities in patients

undergoing radiotherapy and are seen with increased fre-

quency with altered fractionation regimens. CRT is invariably

associated with an increase in reports of these and other

acute side effects,46–48 and this can be exacerbated in altered

fractionation-based regimens.30 Patients receiving CRT also

experience significant haematological toxicities.16,17,19,47 Sig-

nificant increases in severe (grade 3/4) acute toxicities are

commonly reported, and data from a number of trials show

increases in grade 3/4 mucositis of up to 32% and in any grade

3/4 toxicity of approximately 40%.4,14,16,46,47 In some of these

patients such toxicities can be very severe and even life-

threatening.49

Although there is evidence of late toxicity developing in

some CRT-treated patients,4,50 whether this is a consequence

of the addition of chemotherapy to radiotherapy is an open

question. Huguenin et al. found that the incidence of late tox-

icity was comparable between the radiotherapy and cisplatin

plus radiotherapy arms of their study, and in both groups the

most frequent event (>20% in both arms) was permanent

xerostomia and dysphagia.18 Wendt et al. also reported no

significant difference in the incidence of serious late effects

between radiotherapy and radiotherapy/cisplatin/5-FU/FA.4

Similarly, in another study, the overall incidence of late ef-

fects at 5-years post-treatment did not indicate a higher level

of late toxicity in the CRT-treated patients compared with

those receiving radiotherapy.50 However, there were signifi-

cant differences in favour of the radiotherapy-only group

when the incidences in the most commonly damaged organs

were compared (salivary glands, skin, teeth, mucosa and

mandible).

Typically, many patients presenting with SCCHN have a

poor performance status51 and are not amenable to aggres-

sive regimens of chemotherapy. Moreover, the maximum tol-

erable toxicity has probably been reached with the most
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widely used chemotherapy regimens of bolus cisplatin (100

mg/m2every 3 weeks): indeed, around only two-thirds of pa-

tients in clinical trials may receive the full number of cycles

of chemotherapy to schedule as planned.47,52 The problems

with the delivery of optimal chemotherapy doses as part of

CRT regimens will most likely be compounded outside the

setting of a clinical trial.

6. The concept of biological cooperation:
targeted agents

Considerable attention has been focused on the use of new

anti-cancer drugs which have been engineered to interact

with defined tumour-associated molecular targets. The fact

that the specificity of such agents will be high by design has

given rise to the expectation that targeted drugs will be very

active but generally well-tolerated. The selective inhibition

of tumour cell repopulation following radiotherapy, while at

the same time leaving normal tissues unaffected, is one pos-

sible approach for optimising the therapeutic index.45 Of

interest in this context are agents targeting the epidermal

growth factor receptor (EGFR), a member of an important

family of transmembrane signalling proteins.53 EGFR signal-

ling is associated with control of normal cell growth and dif-

ferentiation, as well as tumourigenesis and disease

progression in malignant tissues.54 EGFR is richly expressed

by a wide variety of solid tumours, including SCCHN, in which

nearly all lesions demonstrate EGFR expression on IHC

(immunohistochemistry) analysis.55 High levels of expression

appear to be directly correlated with aggressive tumour

growth and reduced survival.56–58 EGFR is also known to

mediate the resistance of cancer cells to radiation in a man-

ner proportional to the degree of receptor expression.59 The

prognostic significance of high levels of expression60,61 has

emphasised the importance of EGFR as an anti-cancer drug

target.62,63

Cetuximab is an IgG1 monoclonal antibody which specifi-

cally targets EGFR with high affinity and competitively inhib-

its endogenous ligand binding. This action inhibits receptor

signal transduction directly, by preventing the EGFR monomer

from adopting the extended configuration necessary for

dimerisation, and indirectly, by stimulating EGFR internalisa-

tion and degradation.64 EGFR blockade leads to the inhibition

of cellular proliferation, which is a reflection of arrest in the

G1 phase of the cell cycle and/or an increase in apoptosis.63

Ultimately, this may lead to a reduction in the metastatic po-

tential of a tumour.63,65,66

In human xenograft models, the impact of cetuximab on

growth inhibition is often more pronounced than in cell cul-

ture, indicating the likelihood of the involvement of addi-

tional anti-cancer mechanisms, such as the inhibition of

angiogenesis.63 Cetuximab has been shown to inhibit the pro-

duction of vascular endothelial growth factor (VEGF) in epi-

dermoid carcinoma cells, which causes a fall in the number

of tumour blood vessels. Furthermore, it causes the down-

regulation of interleukin (IL-8) and basic fibroblast growth fac-

tor (bFGF) expression, as well as the involution of tumour

blood vessels and consequent inhibition of tumour growth.67

The anti-metastatic potential of cetuximab has also been

demonstrated in mice with 253J B-V67 and human prostate tu-
mours.68 In addition, an ability to inhibit spontaneous metas-

tasis in a severe combined immunodeficiency mouse

xenograft model of metastatic melanoma, may be indicative

of an antibody-dependent cellular cytotoxicity response.69

7. Pre-clinical activity of cetuximab

Tumour cells depend upon continued stimulation by growth

factors.65 Therefore, the inhibition of the EGFR-signalling

pathway might provide an effective means of controlling tu-

mour growth (Fig. 1). Indeed, in vitro and in vivo pre-clinical

studies have shown the potential for cetuximab to modulate

treatment outcome in SCCHN.70 For example, it has been

demonstrated that cetuximab enhances the anti-tumour ef-

fects of, or has its activity enhanced by, a variety of chemo-

therapeutic agents65,71–75 and radiotherapy.65,76–78 In vitro

studies have demonstrated the ability of cetuximab to en-

hance the effects of radiation on human SCC tumour cell

lines following blockade of the EGFR signalling cascade.70,76,79

The ability of cetuximab to augment tumour radio response

has also been established in SCC tumour xenografts in athy-

mic mice.70,80 Cetuximab is thought to exert its synergistic ef-

fects with radiotherapy at least in part by strong inhibition of

radiation-induced DNA damage repair in tumour cells.76 Pre-

clinical studies using fractionated radiation have demon-

strated cetuximab to improve local tumour control both by

decreasing repopulation and increasing re-oxygenation.81

Based on these promising pre-clinical findings, it was a

logical step to exploit the synergy between cetuximab and

chemotherapy and radiotherapy and to investigate the effects

of cetuximab in the clinical setting in the treatment of head

and neck cancers.63,82

8. Cetuximab plus radiotherapy in the
treatment of locally advanced SCCHN

Cetuximab showed encouraging activity in an initial study in

patients with locally advanced SCCHN.83 In this phase I trial,

16 patients with advanced SCCHN received treatment with

cetuximab combined with either conventional (70 Gy, 2 Gy/

day) or hyperfractionated (76.8 Gy, 1.2 Gy/twice daily) radio-

therapy. There was an impressive 100% response rate, as all

patients achieved a major objective response (13 complete

and two partial responses) and interestingly, both treatments

were generally well tolerated.

More recently, the results from a large, phase III, interna-

tional, multicentre study to evaluate the combination of

cetuximab with radiotherapy in locally advanced head and

neck cancer patients (n = 424) have attracted a great deal of

attention.84 This trial, reported by Bonner et al., is the first

large-scale study to investigate the efficacy of combining a

targeted agent and radiotherapy in this patient group. The re-

sults showed that the addition of cetuximab to radiotherapy

significantly improved locoregional control and survival com-

pared with radiotherapy alone.

Patients were stratified by Karnofsky performance status

([KPS] 90%–100% versus 60%–80%), regional node involvement

(positive versus negative), tumour stage (T1–3 versus T4) and

radiation fractionation (concomitant boost versus once-daily

versus twice-daily) and then randomised (1:1) to treatment
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with radiotherapy alone for 7–8 weeks (n = 213) or in combina-

tion with weekly-administered cetuximab (n = 211). The med-

ian age of patients in the radiotherapy and cetuximab plus

radiotherapy groups was 58 and 56 years, respectively, and

the majority were male. Most patients had a KPS of 90%–

100%, and the majority presented with oropharyngeal tu-

mours. The treatment arms were well balanced with regard

to patient and treatment characteristics.

The addition of cetuximab to radiotherapy significantly

improved survival and locoregional control (defined as the ab-

sence of locoregional disease progression at the scheduled

follow-up visits) compared with radiotherapy alone (Table 1).
Table 1 – Efficacy results for phase III randomised study84 com
alone in patients with locally advanced SCCHN

Radiotherapy
alone (n = 213)

Median survival 29.3 months

3-year rate 45%

Median locoregional control 14.9 months

3-year rate 34%

Median progression-free survival 12.4 months

3-year rate 31%

CI = 95% confidence intervals.
Median overall survival with cetuximab plus radiotherapy

was 49 months, almost 20 months longer than seen with

radiotherapy alone (29.3 months, p = 0.03; log-rank test). Sim-

ilarly, there was a clear advantage for cetuximab plus radio-

therapy over radiotherapy alone in the 3-year survival rate

(55% versus 45%, p = 0.05). Cetuximab plus radiotherapy was

therefore associated with a 26% risk reduction in mortality

compared with radiotherapy alone (hazard ratio, HR: 0.74).

The median duration of locoregional control after treatment

with cetuximab plus radiotherapy was 9.5 months longer

than after radiotherapy alone (24.4 months versus 14.9

months, p = 0.005; log-rank test). There was also a clear
paring cetuximab plus radiotherapy with radiotherapy

Cetuximab + radiotherapy
(n = 211)

Hazard ratio [CI]/
p value

49.0 months 0.74 [0.57–0.97] p = 0.03

55% p = 0.05

24.4 months 0.68 [0.52–0.89] p = 0.005

47% p < 0.01

17.1 months 0.70 [0.54–0.90] p = 0.006

42% p = 0.04
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advantage in the 3-year locoregional control rates (p < 0.01).

Overall, cetuximab was associated with a 32% reduction in

the risk of locoregional failure compared with radiotherapy

alone (HR: 0.68). The results from this large study show that

the addition of cetuximab to radiotherapy results in convinc-

ing, statistically significant and clinically meaningful

improvements in locoregional control, overall survival and

progression-free survival. The value and quality of the data

are supported by the fact that locoregional control was as-

sessed in a blinded fashion by an independent clinical review

committee. Additionally it should be emphasised that with a

population of more than 420 patients, the Bonner study84 is

one of the largest ever performed in this setting.

9. Safety profile of cetuximab plus
radiotherapy

Cetuximab is well tolerated, the most common side effect

being an acne-like rash (characteristic of EGFR inhibitors)

which is generally mild to moderate (grade 1/2) in the major-

ity of patients. Of particular relevance to its use in combina-

tion with radiotherapy (and/or chemotherapy) are the
Table 2 – Efficacy of radiotherapy alone or in combination wit
patients with locally advanced SCCHN in comparison with res
cetuximab plus radiotherapy with radiotherapy84

Planned treatment

Conventional RT16,85

RT Total 70 Gy (7 weeks): 2 Gy/day for 5 days/week

CRT Same RT + carboplatin 70 mg/m2/day + 5-FU 600 mg/m2/d

days 1–4, 22–25, 43–46

Hyperfractionated RT18

RT Total median dose 74.4 Gy (72–76.8 Gy): 1.2 Gy twice daily

weeks

CRT Same RT + cisplatin 20 mg/m2/day for 5 days in weeks 1 +

Hyperfractionated accelerated RT (concomitant boost)86,87

RT Total 69.9 Gy (38 days): 1.8 Gy/day weeks 1–3, 1.8 + 1.5 Gy

weeks 4–5

CRT Same RT with carboplatin 70 mg/m2/day + 5-FU 600 mg/m

on days 1–5, 29–33

RT24 Total 77.6 Gy (40 days): 14 Gy (2 Gy/day) then 1.4 Gy twice

CRT Total RT 70.6 Gy (40 days): 30 Gy (2 Gy/day) then 1.4 Gy tw

daily + mitomycin 10 mg/m2 days 5 and 36 + 5-FU 600 mg

over days 1–5

Accelerated RT with breaks4

RT Total 70.2 Gy (51 days): 1.8 Gy twice daily in three course

Gy/course)

CRT Same RT + cisplatin 60 mg/m2 on days 2, 22, 44 and 5-FU 3

m2/day + FA 50 mg/m2/day on days 2–5, 22–25, 44–47

Cetuximab + radiotherapy84

RT 6–7 weeks: once daily (70 Gy, 35 fractions), twice daily (72–7

60–64 fractions), or concomitant boost (72 Gy, 42 fraction

Cetux + RT Same RT + cetuximab (1st dose 400 mg/m2, 6 or 7 subseq

doses 250 mg/m2/week)

CRT = chemotherapy-enhanced radiation therapy; FA = folinic acid; 5-F

RT = radiotherapy. Italic numbers in parentheses have been extracted fro
*2-year rate.
findings from clinical studies in colorectal cancer and SCCHN

that cetuximab does not increase the side effects of chemo-

therapy or radiotherapy. These findings are supported by

the data from the Bonner study, in which cetuximab did not

statistically significantly increase the acute toxicities associ-

ated with radiotherapy, particularly: mucous membrane dis-

orders, radiation dermatitis and dysphagia, which were seen

in similar numbers of patients in each arm (Table 3). There

was some additional toxicity that could be attributed to

cetuximab, including grade 3–5 acne-like rash (17% versus

1%) and a relatively greater incidence of grade 3–5 infusion

reactions (3% versus 0%).

10. Comparison of cetuximab plus
radiotherapy with CRT

There are no randomised trials directly comparing cetuximab

plus radiotherapy and CRT. However, to put the findings of the

Bonner study into context with CRT, the results from the

study can be viewed alongside those from a number of ran-

domised studies (involving more than 100 patients/arm) com-

paring CRT with radiotherapy in locally advanced disease
h chemotherapy in published randomised studies on
ults from a phase III randomised study comparing

n 3-year rate (%) Median
OS time
(months)

D Median
OS time
(months)

LRC Survival

113 42 31 13 785

ay on 109 66 51 20

over 7 112 40 (50) 29 18

5 (or 6) 112 56 (60) 47

/day 127 38 (30) 16 787

2/day 113 50 (40) 23

daily 194 39.2 28.6 16 7

ice

/m3

190 51.8 37.5 23

s (23.4 140 17 24 (16) 14

50 mg/ 130 35 49 (30)

6.8 Gy,

s)

213 34 45 29.3 19.7

uent 211 47 55 49.0

U = 5-fluorouracil; LRC = locoregional control; OS = overall survival;

m Kaplan–Meier curves.



Table 3 – Most commona grade 3–5 adverse events (%
patients) occurring in patients receiving radiotherapy
alone or in combination with cetuximab: results from a
randomised phase III study84

COSTART
preferred term

RT alone
(n = 212)

Cetuximab + RT
(n = 208)

p value

Mucositis 52 56 0.44

Dysphagia 30 26 0.45

Radiation dermatitis 18 23 0.27

Acne-like rash 1 17 <0.001

Weight loss 7 11 0.12

Dehydration 8 6 0.57

Pain 7 6 0.84

Anaemia 6 1 0.006

Constipation 5 5 1.00

Asthenia 5 4 0.64

Xerostomia 3 5 0.32

COSTART = Coding Symbols for Thesaurus of Adverse Reaction

Terms; RT = radiotherapy.

a Occurring in at least 5% of patients in one treatment arm.
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(Table 24,16,18,24,85–87). Although such a comparison is limited

by differences in methodology and inconsistent definitions

of locoregional control/failure, a number of observations can

be made.

In this comparison, the results for the radiotherapy arm of

the Bonner study were generally better than those seen in the

radiotherapy arms of the CRT studies. In all CRT studies, the

median overall survival times for CRT were better than for

the corresponding radiotherapy only groups. In addition, the

median survival with cetuximab plus radiotherapy in the

Bonner study (49 months) was in the region of the upper
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Fig. 2 – Cetuximab plus RT is associated with a higher survival a

studies involving over 100 patients/treatment arm. HFX-RT = hy
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end of the range of median survivals seen with CRT (20–47

months), but was achieved without an increase in clinically

significant toxicities. As direct comparisons of absolute sur-

vival values between studies is difficult, it is more meaningful

to compare the increase in survival (or survival time advantage)

within an individual study conferred by the administration of

chemotherapy or cetuximab over radiotherapy alone (D med-

ian OS, Table 2, Fig. 2). The median survival time advantage

for adding chemotherapy to radiotherapy, which ranged from

7 to 18 months, was lower than that achieved by adding

cetuximab to radiotherapy (nearly 20 months). Cetuximab

would therefore appear to be highly active in this setting

while not significantly increasing the toxicities commonly

associated with radiotherapy.

11. Cetuximab plus chemoradiotherapy

The combination of cetuximab and CRT is a logical develop-

ment of strategies based on drug-radiotherapy interactions.

In a study reported by Pfister et al., patients with locally ad-

vanced SCCHN received concomitant boost radiotherapy (70

Gy), together with cisplatin (100 mg/m2 IV, weeks 1 and 4)

and cetuximab (initial dose 400 mg/m2, followed by subse-

quent doses of 250 mg/m2/week).88 Surgery was reserved for

cases of relapse or persistent neck disease. A total of 22 pa-

tients, median age 57 years and median KPS of 90% (range

70%–90%), entered the study, the majority of the patients

(86%) had stage IV disease. The overall response to this regi-

men was excellent: of 16 evaluable patients, 15 (94%) had an

objective response (two complete and 13 partial responses).

At a median follow-up of 52 months, 3-year progression-free

and overall survival were 56% and 76%, respectively. The

study was closed prematurely due to significant levels of tox-
14

18
19.7

FU
Accel RT+cis+5-

FU/FA
HFX-RT+cis RT+ERBIT

18 Wendt4 Huguenin Bonner84 

dvantage than CRT over RT. Data are taken from randomised

perfractionated RT; CB = concomitant boost; carb =

ted. See text and Table 2 for details.
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icity, although a relationship between this toxicity and any

particular treatment was unclear.

12. Discussion and conclusions

When they are amenable to chemotherapy, CRT is nowadays

considered the standard treatment for patients with locally

advanced SCCHN. Nevertheless the increase in toxicity and

poor compliance reported in studies with commonly used

CRT regimens, usually based on the use of cisplatin 100 mg/

m2 every 3 weeks for three cycles, limits the implementation

of this approach on a larger scale for this patient population.

Optimisation of CRT strategies should therefore focus on the

trade-off between treatment efficacy and tolerability to treat-

ment, thereby improving patient quality of life. The addition

of novel, biologically-oriented therapies to radiotherapy may

prove instrumental in improving the outcome of patients

with locally advanced SCCHN. Compared with radiotherapy

alone, the combination of the EGFR inhibitor cetuximab and

radiotherapy significantly improves locoregional control and

overall survival in locally advanced disease.84 In addition, al-

beit within the limitations of a comparison with historical

data, the combination of cetuximab and radiotherapy appears

to have efficacy benefits over radiotherapy at least as great as

those seen with CRT, but without the associated toxicities.

The Bonner trial84 undoubtedly paves the way for further

prospective investigations that would confirm the efficacy of

cetuximab, whatever the level of tumour resectability. Such

studies should perhaps attempt to identify subgroups of pa-

tients with the highest response to cetuximab-containing

regimens.

Obviously the use of non-cytotoxic drugs is still in its in-

fancy and to optimise their clinical application we’ll have to

answer a number of questions first. In particular, should we

focus on EGFR pathways or will we have to target both EGFR

and VEGF mitogenic signals? Answering this question is

bound to require time since the magnitude of the effects

yielded by mono-or multi-targeted therapies markedly varies

in function of the tumour site: for instance, results observed

in patients with colorectal cancer can not be extrapolated to

those presenting with head and neck carcinoma, and vice ver-

sa. Targeting other pathways in concomitance with cytotoxic

drugs and/or radiation is another appealing approach. A

number of genes allowing extensive communication between

insulin-like growth factor-1 (IGF-1), p53, AKT, and mamma-

lian target of rapamycin (mTOR) pathways have been identi-

fied. In turn the development of new agents designed to

target various steps of c-Myc, Ras, and IGF cascade, as well

as very recent advances in the identification of novel inhibi-

tors as well as antisense oligonuleotides (ASOs) and siRNA

will herald extensive clinical programs that will help investi-

gators know more about the safety and effectiveness of non

cytotoxic, targeted therapies, both as single agents or in com-

bination with chemotherapy, radiation or CRT.

In conclusion, the combination of cetuximab and radio-

therapy offers significant benefits over radiotherapy alone in

the treatment of locally advanced SCCHN. This combination

could represent the indication of choice in patients present-

ing with intermediate-risk disease, for whom the satisfactory

locoregional control rates do not justify the use of toxic CRT
regimens. In patients with high- or very high-risk SCCHN,

not amenable to chemotherapy or likely to show poor treat-

ment compliance, this combination may also provide an

effective and well tolerated alternative to CRT.

Finally the addition of cetuximab to CRT is certainly worth

investigating in patients with locally advanced disease, as

adjuvant treatment, in the framework of organ preservation

programs, and when the tumour is unresectable.
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