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A BS TR AC T

BACKGROUND 

We conducted a multinational, randomized study to compare radiotherapy alone 
with radiotherapy plus cetuximab, a monoclonal antibody against the epidermal 
growth factor receptor, in the treatment of locoregionally advanced squamous-cell 
carcinoma of the head and neck.

METHODS 

Patients with locoregionally advanced head and neck cancer were randomly as-
signed to treatment with high-dose radiotherapy alone (213 patients) or high-dose 
radiotherapy plus weekly cetuximab (211 patients) at an initial dose of 400 mg per 
square meter of body-surface area, followed by 250 mg per square meter weekly for 
the duration of radiotherapy. The primary end point was the duration of control of 
locoregional disease; secondary end points were overall survival, progression-free 
survival, the response rate, and safety.

RESULTS 

The median duration of locoregional control was 24.4 months among patients 
treated with cetuximab plus radiotherapy and 14.9 months among those given ra-
diotherapy alone (hazard ratio for locoregional progression or death, 0.68; P = 0.005). 
With a median follow-up of 54.0 months, the median duration of overall survival 
was 49.0 months among patients treated with combined therapy and 29.3 months 
among those treated with radiotherapy alone (hazard ratio for death, 0.74; P = 0.03). 
Radiotherapy plus cetuximab significantly prolonged progression-free survival 
(hazard ratio for disease progression or death, 0.70; P = 0.006). With the exception 
of acneiform rash and infusion reactions, the incidence of grade 3 or greater toxic 
effects, including mucositis, did not differ significantly between the two groups.

CONCLUSIONS 

Treatment of locoregionally advanced head and neck cancer with concomitant high-
dose radiotherapy plus cetuximab improves locoregional control and reduces mor-
tality without increasing the common toxic effects associated with radiotherapy to 
the head and neck. (ClinicalTrials.gov number, NCT00004227.)
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The treatment of locoregionally 
advanced squamous-cell carcinoma of the 
head and neck (hereafter called head and 

neck cancer) has evolved gradually from surgery 
as the mainstay of treatment to radiotherapy as 
the principal treatment.1-6 More recently, addition-
al benefit has been obtained with altered-fraction-
ation radiotherapy (i.e., accelerated fractionation 
or hyperfractionated radiotherapy) and with radio-
therapy combined with chemotherapy (chemora-
diotherapy).5-11 The value of chemoradiotherapy 
is, however, counterbalanced by increased and 
often prohibitive toxicity, particularly among pa-
tients with coexisting medical conditions and 
decreased performance status.6,12

The epidermal growth factor receptor (EGFR), 
a member of the ErbB family of receptor tyrosine 
kinases, is abnormally activated in epithelial can-
cers, including head and neck cancer.13,14 The 
cells of almost all such neoplasms express high 
levels of EGFR, a feature associated with a poor 
clinical outcome.13,15-20 Radiation increases the 
expression of EGFR in cancer cells, and blockade 
of EGFR signaling sensitizes cells to the effects 
of radiation.21,22

Cetuximab (Erbitux, ImClone Systems), an 
IgG1 monoclonal antibody against the ligand-
binding domain of EGFR, enhances the cyto-
toxic effects of radiation in squamous-cell carci-
noma.23-27 In a preliminary study of radiotherapy 
plus cetuximab in patients with locoregionally 
advanced head and neck cancer, the regimen was 
well tolerated, and all the patients who could be 
assessed had a complete or partial regression.28 
Cetuximab as a single agent or combined with 
cisplatin was also associated with clinically sig-
nificant rates of tumor regression in patients with 
platinum-refractory head and neck cancer.29,30 
For these reasons, we conducted a randomized, 
phase 3 study to determine the effect of adding 
cetuximab to radiotherapy in the treatment of 
patients with locoregionally advanced head and 
neck cancer.

ME THODS

Patients

Patients with stage III or IV,31 nonmetastatic, 
measurable squamous-cell carcinoma of the oro-
pharynx, hypopharynx, or larynx were eligible 
for this international phase 3 study. Criteria for 
eligibility also included medical suitability for 

definitive radiotherapy, a Karnofsky performance 
score of at least 60, and normal hematopoietic, 
hepatic, and renal function. Patients were ineli-
gible if they had previously had cancer or had 
received chemotherapy within the preceding three 
years, or if they had undergone surgery or had 
previously received radiotherapy for head and 
neck cancer. Immunostaining of the tumor for 
EGFR was not required for eligibility, but tumor 
specimens were obtained for this purpose. The 
protocol was approved by the ethics review boards 
at the participating institutions, and all the pa-
tients provided written informed consent.

All the patients underwent screening within 
two weeks before the start of treatment. Primary 
disease was assessed by a comprehensive head 
and neck examination, including panendoscopy. 
Primary tumors and involved lymph nodes were 
staged according to the 1998 staging classifica-
tion of the American Joint Committee on Can-
cer.31 A computed tomographic (CT) or magnetic 
resonance imaging (MRI) scan of the head and 
neck and a chest radiograph were obtained. Per-
cutaneous endoscopic gastrostomy was recom-
mended.

Treatment

Head and neck radiotherapy with curative intent 
(a seven-to-eight-week course of treatment) was 
administered to patients in both groups of the 
trial. Investigators were required to select one of 
three radiotherapy-fractionation regimens, as de-
tailed in Table 1, before patient registration. Un-
involved nodal areas of the neck were treated with 
50 to 54 Gy, depending on the fractionation regi-
men used. Gross nodal disease received the same 
dose as the primary tumor. If, at registration, an 
investigator stipulated the need for neck dissec-
tion in patients with N2 or N3 disease of the neck 
(with such dissection formally recommended to 
take place four to eight weeks after the comple-
tion of radiotherapy), the dose administered to 
the involved lymph nodes was 60 Gy. In the case 
of uncontrollable pain, a maximum of two five-day 
treatment breaks were allowed after the study 
chairman (Dr. Bonner) had been contacted.

In the group assigned to receive radiotherapy 
plus cetuximab, administration of intravenous 
cetuximab was initiated one week before radio-
therapy at a loading dose of 400 mg per square 
meter of body-surface area over a period of 120 
minutes, followed by weekly 60-minute infusions 
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of 250 mg per square meter for the duration of 
radiotherapy. Premedication consisted of intra-
venous diphenhydramine (50 mg) or an equiva-
lent histamine H

1
–receptor antagonist. Before the 

initial dose was given, a test dose of 20 mg was 
infused over a 10-minute period, which was fol-
lowed by a 30-minute observation period. Cetux-
imab was discontinued in the case of grade 3 or 
4 hypersensitivity reactions but not delayed be-
cause of radiation-related toxic effects, nor was 
radiotherapy delayed because of cetuximab-related 
toxic effects.

Radiotherapy quality assurance included a 
rapid central review at the initiation of therapy 
and a final review after the completion of ther-
apy. The rapid review required the investigator to 
submit the initial radiation-treatment plans (con-
sisting of disease diagrams, a plan for the entire 
treatment, dosimetric calculations, simulation 
radiographs of all planned fields, beam-verifica-
tion radiographs of the initial fields, and reports 
of CT or MRI scans) within five days after the 
initiation of treatment. After the rapid review, in-
vestigators were alerted to possible deviations 
from protocol treatment, and recommendations 
were made to address them. The completed treat-
ment records, final dosimetric calculations, all 
beam-verification radiographs, and composite iso-
dose distributions in three planes were submit-
ted for the final review to permit determination 
of whether the investigators had complied with 
the initial treatment plan. The study chairman 
(J.A.B.) reviewed all the cases, except for those 
at his own institution, which were reviewed by 
the cochairs. Cases were classified as “compliant” 
or as involving a “minor deviation,” an “acceptable 
major deviation,” or an “unacceptable major de-
viation,” in accordance with Radiation Therapy 
Oncology Group (RTOG) criteria,32 with revisions 
consistent with modern radiotherapy practices.33

Table 1. Radiotherapy Regimens.

Regimen Total Radiation Dose Once-Daily Fractions Twice-Daily Fractions

Once daily 70.0 Gy in 35 fractions 2.0 Gy/fraction; 5 fractions/
wk for 7 wk

Not applicable

Twice daily 72.0–76.8 Gy in 60–64 fractions Not applicable 1.2 Gy/fraction; 10 fractions/wk 
for 6.0–6.5 wk

Concomitant 
boost

72.0 Gy in 42 fractions 32.4 Gy; 1.8 Gy/fraction; 
5 fractions/wk for 3.6 wk

Morning dose: 21.6 Gy; 1.8 Gy/
fraction; 5 fractions/wk for 2.4 wk

Afternoon dose: 18.0 Gy; 1.5 Gy/
fraction; 5 fractions/wk for 2.4 wk

 

Assessments
History taking, physical examination, and moni-
toring of adverse events and routine hematologic 
and chemical variables were performed weekly 
during radiotherapy. Disease assessments, which 
included history taking, physical examination, CT 
or MRI scanning of the head and neck, and if 
indicated, fiberoptic examinations, biopsies, and 
other relevant imaging studies, were performed 
at week 4 (except CT or MRI) and week 8 after 
radiotherapy, every four months thereafter for 
two years, and then semiannually during years 3, 
4, and 5. Acute toxic effects were assessed through 
the eighth week after treatment, and late radia-
tion effects were assessed thereafter with use of 
the RTOG toxicity scales.

Study Design

Patients were stratified according to Karnofsky 
performance status (60 to 80 vs. 90 to 100; higher 
numbers indicate better performance), nodal in-
volvement (N0 vs. N+), tumor stage (T1 through 
T3 vs. T4), and radiation-fractionation regimen 
(concomitant boost vs. once daily vs. twice daily). 
A minimization method was used in the random 
assignment of patients to receive radiotherapy 
alone or radiotherapy plus cetuximab.34

The primary end point was the duration of 
locoregional control, defined as the absence of 
progression of locoregional disease at the sched-
uled follow-up visits. To ensure the consistency 
and objectivity of the results, the investigator-
generated data were submitted for blinded review 
by an independent committee of experts, accord-
ing to prospectively developed uniform guidelines. 
The committee determined the dates of a first 
documented locoregional progression or recur-
rence, a first documented distant metastasis, or a 
second primary tumor. Secondary end points in-
cluded overall survival, progression-free survival, 
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the overall response rate, and safety. Investiga-
tors’ assessments of response during the first year 
were used to derive the best overall response. The 
response was considered complete if no disease 
could be detected and was considered partial if 
there was a reduction of at least 50 percent in the 
sum of the bidimensional products of the mea-
surements of all lesions. Complete and partial re-
sponses required confirmation after a minimum 
of four weeks.

Statistical Analysis

Patients treated with radiotherapy alone were 
expected to have a locoregional-control rate of 
44 percent at one year, according to historical 
data.10,32,35 The combined treatment with cetux-
imab was hypothesized to yield a one-year rate of 
locoregional control of 57 percent or greater.32,36 
Assuming a constant hazard rate with a uniform 
accrual rate for a period of 18 months and an ad-
ditional follow-up time of 12 months, we calcu-
lated that 208 patients per treatment group would 
provide the study with 90 percent power to detect 
a difference in the duration of locoregional con-
trol at the 5 percent significance level with use of 
a two-sided log-rank test.

Evaluations of efficacy were performed on an 
intention-to-treat basis. The duration of locore-
gional control was defined as the time from 
randomization until the first documented pro-
gression or recurrence of locoregional disease or 
until death from any cause. Progression-free sur-
vival time was calculated from the day of random-
ization until the first documented progression 
(locoregional or distant) or until death from any 
cause. Overall survival was calculated from the 
time of randomization until death from any 
cause.

The distribution of time-to-event variables was 
estimated by the Kaplan–Meier method, treat-
ment effects were compared with use of a strati-
fied log-rank test, and the three-year rates were 
compared between treatment groups with the use 
of a Z-test. The Cox regression method was used 
to estimate the hazard ratio. Response rates were 
compared between treatment groups with use of 
the Cochran–Mantel–Haenszel test.

The study was designed by ImClone Systems 
and the study chairman (J.A.B.) in collaboration 
with the lead investigators and was managed by 
ImClone Systems and Merck. ImClone Systems col-
lected and analyzed the data. The article was writ-

ten by Dr. Bonner with assistance from the other 
authors, who vouch for the accuracy and com-
pleteness of the data presentation and analysis.

R ESULT S

Characteristics of the Patients

Between April 1999 and March 2002, 424 patients 
from 73 centers in the United States and 14 other 
countries were randomly assigned to receive high-
dose radiotherapy alone (213) or high-dose radio-
therapy plus cetuximab (211). The treatment 
groups were balanced with regard to demographic 
and tumor-related characteristics (Table 2). EGFR 
expression was tested in tumor specimens from 
81 percent and 79 percent of the patients in the ra-
diotherapy-only and combined-treatment groups, 
respectively. EGFR immunostaining was detected 
in all the tumor samples from patients in the 
radiotherapy-plus-cetuximab group and in all but 
three of the samples from patients treated with 
radiotherapy alone (Table 2). The distribution of 
tumors based on the proportions of tumor cells 
with EGFR immunostaining was nearly identical 
in the treatment groups.

Regarding the radiation-fractionation schemes, 
concomitant boost radiotherapy was selected most 
frequently (56 percent), followed by once-daily 
fractionation (26 percent) and twice-daily frac-
tionation (18 percent).

Compliance

Four patients were randomly assigned to a study 
group but received no treatment. They were in-
cluded in the analyses of efficacy but excluded 
from the safety analyses. Three others discontin-
ued treatment after one dose of cetuximab with-
out any radiotherapy.

The final review of radiotherapy revealed that 
the mean and median doses for the once-daily, 
twice-daily, and concomitant-boost regimens were 
67.5 and 70.0 Gy, 74.2 and 74.4 Gy, and 71.2 and 
72.0 Gy, respectively, with no differences between 
the two treatment groups. Compliance was also 
balanced: overall, 44 percent of the patients were 
treated as stipulated, 31 percent received treat-
ment with minor variations, and 12 percent re-
ceived treatment with acceptable major variations. 
Unacceptable major variations occurred in 6 per-
cent of the patients randomly assigned to radio-
therapy alone and 4 percent of those assigned 
to combined therapy, and 6 percent and 9 percent 
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Table 2. Characteristics of the Patients.*

Characteristic
Radiotherapy Alone

(N = 213)

Radiotherapy plus 
Cetuximab
(N = 211) P Value

Age — yr 0.24†

Median 58 56

Range 35–83 34–81

Sex — no. (%) 0.72

Male 169 (79) 171 (81)

Female 44 (21) 40 (19)

Karnofsky performance score — no. (%)‡ 0.47§

60 6 (3) 6 (3)

70 16 (8) 15 (7)

80 49 (23) 42 (20)

90 103 (49) 113 (54)

100 38 (18) 34 (16)

Site of primary tumor — no. (%) 0.25

Oropharynx 135 (63) 118 (56)

Larynx 51 (24) 57 (27)

Hypopharynx 27 (13) 36 (17)

American Joint Committee on Cancer 
stage — no. (%)

0.74

III 52 (24) 55 (26)

IV 161 (76) 156 (74)

Tumor stage 0.83

T1 17 (8) 13 (6)

T2 50 (23) 50 (24)

T3 81 (38) 85 (40)

T4 65 (31) 62 (29)

TX 0 1 (<1)

Node stage 0.62

N0 38 (18) 42 (20)

N1 39 (18) 42 (20)

N2a 21 (10) 12 (6)

N2b 47 (22) 48 (23)

N2c 44 (21) 52 (25)

N3 24 (11) 15 (7)

EGFR immunostaining — no. (%) 0.66¶

≤50% of cells positive 89 (42) 91 (43)

>50% of cells positive 81 (38) 75 (36)

Unknown 40 (19) 45 (21)

Undetectable 3 (1) 0

* Percentages may not total 100 because of rounding. P values were determined with the use of Fisher’s exact test.
† The P value is for the comparison between patients less than 60 years of age and those 60 years of age or older.
‡ The score was unknown for one patient in each group.
§ The P value is for the comparison between scores of 60, 70, or 80 and scores of 90 or 100.
¶ The P value is for the comparison between positivity of 50 percent or less and positivity of more than 50 percent.
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of patients in those groups, respectively, could 
not be evaluated for radiation. A total of 208 
patients were treated with cetuximab, and 90 
percent of them received all planned doses 
(median number of doses, eight).

Neck dissections were planned for 36 percent 
of the patients and performed in 25 percent, 
with identical rates in the two treatment groups. 
The use of salvage surgery and subsequent chemo-
therapy was also well balanced between the treat-
ment groups.

Efficacy

The duration of control of locoregional disease 
was significantly longer among the patients treat-
ed with radiotherapy plus cetuximab than among 
those treated with radiotherapy alone (hazard 
ratio for locoregional progression or death, 0.68; 
95 percent confidence interval, 0.52 to 0.89; 
P = 0.005) (Table 3 and Fig. 1). The median dura-
tion of locoregional control was 24.4 months with 
combined therapy and 14.9 months with radio-
therapy alone. The one-, two-, and three-year 
rates of locoregional control achieved with radio-
therapy plus cetuximab (63, 50, and 47 percent), 
were significantly higher than those achieved with 
radiotherapy alone (55, 41, and 34 percent, respec-
tively; P < 0.01 for the comparison at three years). 
Overall, the addition of cetuximab to high-dose 
radiotherapy resulted in a 32 percent reduction in 
the risk of locoregional progression.

As Table 3 and Figure 2 show, the difference 
in the Kaplan–Meier estimates of overall survival 
favored radiotherapy plus cetuximab. With a me-
dian follow-up of 54.0 months, the median sur-
vival time was 49.0 months among patients treated 
with combined therapy and 29.3 months among 
those given radiotherapy alone (P = 0.03). Survival 
rates at two years (62 percent vs. 55 percent) and 
at three years (55 percent vs. 45 percent) also fa-
vored the combination regimen (P = 0.05 for the 
comparison at three years).

There was a 26 percent reduction in the risk 
of death in the group that received radiotherapy 
plus cetuximab, as compared with the group that 
received radiotherapy alone (hazard ratio, 0.74; 
95 percent confidence interval, 0.57 to 0.97). 
Median progression-free survival was 17.1 months 
among patients treated with radiotherapy plus 
cetuximab and 12.4 months among those treated 
with radiotherapy alone. The risk of disease pro-
gression was also significantly lower in the com-

bined-treatment group (hazard ratio, 0.70; 95 
percent confidence interval, 0.54 to 0.90; P = 0.006). 
The two- and three-year rates of progression-
free survival were 46 and 42 percent, respectively, 
with radiotherapy and cetuximab and 37 and 31 
percent with radiotherapy alone (P = 0.04 for 
the comparison at three years). There was also a 
significant difference in the best overall response 
rate (i.e., the rate of complete and partial re-
sponses), as assessed by the investigator, in favor 
of combined treatment (74 percent vs. 64 percent; 
odds ratio, 0.57; 95 percent confidence interval, 
0.36 to 0.90; P = 0.02).

Table 3 shows the effect of treatment on the 
duration of locoregional control and survival ac-
cording to tumor stage, primary site, and type 
of radiation treatment. Almost all hazard ratios 
favored combined treatment; however, the study 
was not powered to detect differences among the 
subgroups.

The cumulative rates of incidence of distant 
metastases at one and two years were similar in 
the two groups (Table 3). The most common sites 
of metastases were lung (70 percent) and bone 
(22 percent). Two years after treatment, second 
primary cancers, mostly in the lungs, had de-
veloped in 5 percent of the patients undergoing 
radiotherapy alone and 8 percent of those receiv-
ing combined therapy.

Safety

Four patients discontinued cetuximab because of 
hypersensitivity reactions after the test dose or 
first dose. Of nine other patients who discontin-
ued cetuximab, eight did so because of a grade 3 
acneiform rash. Fewer than 5 percent of the pa-
tients required a dose reduction; treatment was 
delayed by at least four days in 14 percent, most 
commonly because of cetuximab-induced rash.

Acute adverse events occurring in at least 10 
percent of the patients in either treatment group, 
regardless of cause, are listed in Table 4. With 
the exception of acneiform rash and infusion-
related events, the incidence rates of severe (grades 
3, 4, and 5) reactions were similar in the two 
treatment groups. Notably, cetuximab did not 
exacerbate the common toxic effects associated 
with radiotherapy of the head and neck, including 
mucositis, xerostomia, dysphagia, pain, weight 
loss, and performance-status deterioration.

Severe late effects related to radiation were 
reported in about 20 percent of the patients in 
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each group. The sites most commonly affected 
were the esophagus, salivary glands, larynx, mu-
cous membranes, subcutaneous tissues, bone, and 
skin. Twelve patients in the radiotherapy group 

and 11 patients in the combined-therapy group 
died within 60 days after the last radiotherapy or 
cetuximab treatment. No death was known to 
be related to cetuximab.

Table 3. Antitumor Efficacy.

Variable
Radiotherapy Alone 

(N = 213)
Radiotherapy plus 

Cetuximab (N = 211)
Hazard Ratio 

(95% CI)*
P

Value†

Locoregional control

Median duration (mo) 14.9 24.4 0.68 (0.52–0.89) 0.005

Rate at 2 yr (%) 41 50

Median duration according to site (mo)‡

Oropharynx 23.0 49.0 0.61

Larynx 11.9 12.9 0.69

Hypopharynx 10.3 12.5 0.92

Median duration according to stage (mo)‡

Stage III 16.2 38.9 0.69

Stage IV 13.5 20.9 0.73

Progression-free survival

Median duration (mo) 12.4 17.1 0.70 (0.54–0.90) 0.006

Rate at 2 yr (%) 37 46

Overall survival§

Median duration (mo) 29.3 49.0 0.74 (0.57–0.97) 0.03

Rate at 3 yr (%) 45 55

Median duration according to site (mo)‡

Oropharynx 30.3 >66.0 0.62

Larynx 31.6 32.8 0.87

Hypopharynx 13.5 13.7 0.94

Median duration according to stage (mo)‡

Stage III 42.9 55.2 0.77

Stage IV 24.2 47.4 0.77

Median duration according to radiotherapy regimen (mo)¶

Once daily 15.3 18.9 1.01

Twice daily 53.3 58.9 0.74

Concomitant boost 31.0 >66.0 0.64

Cumulative incidence of distant metastasis

Rate at 1 yr (%) 10 8

Rate at 2 yr (%) 17 16

* The hazard ratio is for the outcome in the group assigned to radiotherapy plus cetuximab as compared with the group assigned to radio-
therapy alone. Outcomes were as follows: progression of locoregional disease or death (in the analysis of locoregional control), progression 
of disease or death (in the analysis of progression-free survival), and death (in the analysis of overall survival). CI denotes confidence interval.

† P values were calculated by the log-rank test.
‡ The numbers of patients analyzed per group are listed in Table 2.
§ The median follow-up was 54.0 months in both groups.
¶ The analysis included the following numbers of patients: 55, 37, and 120 patients undergoing once-daily, twice-daily, and concomitant-boost 

therapy, respectively, in the group assigned to radiotherapy alone and 50, 38, and 117 patients, respectively, in the group assigned to radio-
therapy plus cetuximab.
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DISCUSSION

An exceptional feature of this randomized, phase 
3 trial, which was carried out among patients 
with head and neck cancer who were treated with 
curative intent, was the finding of a survival ad-
vantage associated with the use of a molecular 
targeting agent, cetuximab, delivered in conjunc-
tion with radiation. We found that the addition 
of cetuximab to high-dose radiotherapy signifi-
cantly increased both the duration of control of 
locoregional disease and survival among patients 
with locoregionally advanced head and neck can-
cer. These benefits were achieved without the pro-
hibitive in-field toxic effects often associated with 
high-dose radiotherapy to the head and neck. 
Moreover, concomitant treatment with radiother-
apy and cetuximab did not adversely affect the 
timely completion of definitive radiotherapy. The 
improvements in outcome achieved with radio-
therapy plus cetuximab, as compared with radio-
therapy alone (absolute survival benefit, 10 per-
centage points at three years), compare favorably 
with the greatest increases in efficacy that have 
been demonstrated for chemoradiotherapy as 
compared with radiotherapy alone.11,37-39

The superiority of the cetuximab-plus-radio-
therapy regimen we used cannot be attributed to 
underperformance in the radiotherapy group; the 
efficacy results in this group were similar to 
results with radiotherapy alone in other, contem-
poraneous international trials.10,40-43 Although 
some trials have found slightly higher rates of 
control with radiotherapy alone,44 our results are 
similar or superior to the results of most other 
trials that used similar radiotherapy-fractionation 
schemes and total doses (70 to 75 Gy).10,38-41,43,45 
Furthermore, the Kaplan–Meier curves for both 
locoregional control and survival maintain a con-
sistent separation, suggesting that the effects of 
the addition of a fixed course of cetuximab to 
radiotherapy persist for at least several years af-
ter the completion of treatment. However, because 
the number of patients who survived for five 
years after the completion of treatment is small, 
further follow-up is essential.

How do our findings fit into current proto-
cols for the treatment of head and neck cancer? 
For many years, radiotherapy has been an accept-
able option for patients with locoregionally ad-
vanced head and neck cancer. More recently, 
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0.68 (95 percent confidence interval, 0.52 to 0.89; P = 0.005 by the log-
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chemoradiotherapy has been found to improve 
locoregional control or survival over that with ra-
diotherapy alone in selected groups of patients.11,46 
Such combination regimens, however, are asso-
ciated with high rates of severe and protracted 
mucositis and an increased need for nutritional 
support and invasive procedures for that purpose.10 
Late toxic effects, particularly swallowing dys-

function, are also common.12,43,47-49 A consider-
able proportion of patients with head and neck 
cancer have reduced performance status or co-
existing conditions, and these patients may be 
particularly prone to such adverse events.12,43,47-49 
In our study, which included patients with Karnof-
sky performance scores ranging from 60 to 100, 
the use of radiotherapy plus cetuximab was not 

Table 4. Adverse Events.*

Adverse Event Radiotherapy Alone (N = 212) Radiotherapy plus Cetuximab (N = 208) P Value†

All Grades Grades 3–5 All Grades Grades 3–5 All Grades Grades 3–5

percent of patients

Mucositis 94 52 93 56 0.84 0.44

Acneiform rash 10 1 87 17 <0.001 <0.001

Radiation dermatitis 90 18 86 23 0.24 0.27

Weight loss 72 7 84 11 0.005 0.12

Xerostomia 71 3 72 5 0.83 0.32

Dysphagia 63 30 65 26 0.68 0.45

Asthenia 49 5 56 4 0.17 0.64

Nausea 37 2 49 2 0.02 1.00

Constipation 30 5 35 5 0.35 1.00

Taste perversion 28 0 29   0 0.83 —

Vomiting 23 4 29 2 0.18 0.42

Pain 28 7 28 6 1.00 0.84

Anorexia 23 2 27 2 0.26 1.00

Fever 13 1 26 1 0.001 1.00

Pharyngitis 19 4 26 3 0.10 0.80

Dehydration 19 8 25 6 0.16 0.57

Oral candidiasis 22 0 20   0 0.63 —

Coughing 19 0 20 <1 1.00 0.50

Voice alteration 22 0 19 2 0.47 0.06

Diarrhea 13 1 19 2 0.11 0.50

Headache 8 <1 19 <1 0.001 1.00

Pruritus 4 0 16   0 <0.001 —

Infusion reaction 2 0 15 3 <0.001 0.01

Insomnia 14 0 15   0 0.89 —

Dyspepsia 9 1 14   0 0.13 0.50

Increased sputum 15 1 13 <1 0.78 0.62

Infection 9 1 13 1 0.28 1.00

Anxiety 9 1 11 <1 0.75 1.00

Chills 5 0 11   0 0.03 —

Anemia 13 6 3 1 <0.001 0.006

* Adverse events that occurred in at least 10 percent of patients in either treatment group are shown, regardless of cause.
† P values were determined with the use of Fisher’s exact test.
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associated with an excess of severe toxic effects, 
indicating that these results are applicable to most 
patients with locoregionally advanced disease.

A meta-analysis has suggested that regimens 
of aggressive altered-fractionation radiotherapy 
(i.e., accelerated fractionation or hyperfraction-
ated radiotherapy) without chemotherapy improve 
overall survival,50 and it remains controversial 
whether the addition of chemotherapy enhances 
the efficacy of altered-fractionation radiothera-
py.44,51 For example, in a randomized trial of 
twice-daily radiotherapy (total dose, 70 Gy) plus 
chemotherapy (cisplatin plus f luorouracil), as 
compared with twice-daily radiotherapy (total 
dose, 75 Gy) without chemotherapy, chemoradio-
therapy improved both the duration of locore-
gional control and survival, with absolute bene-
fits at three years of 26 percentage points (P = 0.01) 
and 21 percentage points (P = 0.07), respectively.10 
However, another phase 3 trial that evaluated 
chemotherapy combined with high-dose, fraction-
ated radiotherapy, as compared with radiothera-
py alone, found absolute increases in the duration 
of locoregional control and survival at two years 
of only 6 percentage points and 9 percentage 
points (P > 0.10 for both comparisons), respec-
tively.39 The generally greater toxicity of regimens 
of altered-fractionation radiotherapy places limits 
on the incremental improvements in efficacy 
gained by the addition of chemotherapy. In con-
trast, cetuximab may make possible further gains 

in the efficacy of chemoradiotherapy regimens for 
head and neck cancer.

In conclusion, cetuximab plus radiotherapy is 
superior to radiotherapy alone in increasing both 
the duration of locoregional disease control and 
survival in locoregionally advanced head and neck 
cancer. This regimen represents a new therapeutic 
option for most patients with locoregionally ad-
vanced head and neck cancer and provides a foun-
dation for additional studies directed toward fur-
ther improvement in the outcome of this disease. 
Well-designed trials comparing this regimen with 
other forms of chemoradiotherapy are warrant-
ed. In the absence of these comparisons, physi-
cians and patients should discuss the risks and 
benefits of each regimen on an individualized 
basis.

Supported by ImClone Systems (New York) and Merck (Darm-
stadt, Germany). Research nurses at M.D. Anderson Cancer Center 
received partial support through a grant (CA06294) from the 
National Institutes of Health.

Drs. Azarnia, Youssoufian, and Rowinsky (ImClone Systems) 
report having been employed by and owning equity or stock op-
tions (worth more than $10,000) in the sponsors of this study. Dr. 
Amellal (Merck) is employed by a sponsor of this study. Drs. 
Bonner, Harari, Jones, Raben, Jassem, Kies, Baselga, and Ang re-
port having received consulting fees, having served on paid advi-
sory boards, or having received lecture fees (less than $10,000) 
from ImClone Systems, Merck, or Bristol-Myers Squibb. Dr. Cohen 
reports having received consulting fees, having served on a paid 
advisory board (more than $10,000), and having received lecture 
fees (more than $10,000) from ImClone Systems or Bristol-Myers 
Squibb. No other potential conflict of interest relevant to this 
article was reported.

Appendix

The following investigators and centers participated in this multicenter, multinational trial: D.M. Shin, M.S. Kies, and K.K. Ang (M.D. 
Anderson Cancer Center, Houston); J. Giralt, A. Eraso, and J. Baselga (Vall d’Hebron, Barcelona); J. Bonner, S. Spencer, and R. Ove 
(University of Alabama, Birmingham); P. Harari (University of Wisconsin, Madison); R. Cohen and P. Reid (University of Virginia, 
Charlottesville); C.U. Jones (Radiological Associates of Sacramento, Sacramento, Calif.); R. Sur (University of Witwatersrand, Johan-
nesburg); D. Raben (University of Colorado, Aurora); M. Haigentz (Montefiore Medical Center, Bronx, N.Y.); J. Jassem (Medical Uni-
versity of Gdansk, Gdansk, Poland); L. Goedhals (University of the Free State, Bloemfontein, South Africa); V. Gregoire (St.-Luc Uni-
versity Hospital; Brussels); S. Korzeniowski (M. Sklodowska-Curie Institute, Krakow, Poland); M. de las Heras (Hospital Virgen de la 
Arrixaca, Murcia, Spain); G. Juillard (UCLA Medical Center, Los Angeles); L. Pandite (University of Miami, Miami); L. Gleich (Univer-
sity of Cincinnati, Cincinnati); G. Lowrey (West Florida Cancer Center, Pensacola); M. McLaughlin (Mayo Clinic Jacksonville, Jackson-
ville, Fla.); J. Tortochaux (Centre Jean Perrin, Clemont-Ferrand, France); K. Dicke (Arlington Cancer Center, Arlington, Tex.); A. Raben 
(Monmouth Medical Center, Long Branch, N.J.); G. Studer (Universitatsspital Zurich, Zurich, Switzerland); J.P. Jordaan (Addington 
Hospital, Durban, South Africa); P. Maingon (Centre Georges-François Leclerc, Dijon, France); R.-J. Bensadoun (Centre Antoine-Lacas-
sagne, Nice, France); G. Calais (Hopital Bretonneau, Tours, France); M. Castine (Medical Oncology, Baton Rouge, La.); W. Court 
 (Toledo Radiation Oncology, Garden City, N.Y.); M. Jackson (Royal Prince Alfred Hospital, Camperdown, Australia); L.P. Romasanta 
(Sergas Hospital do Meixoeiro, Vigo, Spain); C. Schultz (Medical College of Wisconsin, Milwaukee); S. Siena (Ospedale Niguarda Ca 
Granda, Milan); G. Almadori (Universita Cattolica del Sacro Cuore, Rome); D. Barton (University of Wisconsin, Wausau); L. Coia (Com-
munity Medical Center, Toms River, N.J.); D. Dalley (St. Vincent’s Hospital, Darlinghurst, Australia); A. Kuten (Rambam Medical 
Center, Haifa, Israel); M. Langer (Indianapolis University, Indianapolis); J.-L. Lefebvre (Centre Oscar Lambret, Lille, France); R. Lynch 
(Andrew Love Cancer Centre, Geelong, Australia); J. McCann (Baystate Medical Center, Springfield, Mass.); D. Morgan (Nottingham 
City Hospital, Nottingham, United Kingdom); J. North (Dunedin Hospital, Dunedin, New Zealand); J. Orner (Roswell Park Cancer In-
stitute, Buffalo, N.Y.); E. Mahmut Ozsahin (Centre Hospitalier Universitaire Vaudois, Lausanne, Switzerland); R. Pfeffer (Chaim Sheba 
Medical Center, Tel Hashomer, Israel); B.J. Smit (Stellenbosch University, Cape Town, South Africa); G. Storme (Oncology Centrum, 
the Free University of Brussels, Brussels); R. Wall (Charleston Hematology Oncology, Charleston, S.C.); M. Birchall (University of Bris-
tol, Bristol, United Kingdom); D. Brizel (Duke University, Durham, N.C.); S. Corso (Palmetto Hematology Oncology, Spartanburg, S.C.); 
S. Davis (Alfred Hospital, Prahran, Australia); L. Fayad (Nevada Cancer Center, Las Vegas); C. Fox (Wollongong Hospital, Wollongong, 

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at EMORY UNIVERSITY on August 22, 2006 . 



R ADIOTHER APY AND CETUXIMAB for HEAD AND NECK CANCER

n engl j med 354;6 www.nejm.org february 9, 2006 577

Australia); G. Frenette (Charlotte Medical Clinic, Charlotte, N.C.); F. Gonzalez (Lexington Medical Center, Columbia, S.C.); S. Grund 
(Albany Medical Center, Albany, N.Y.); N. Heching (Hadassah Hospital, Jerusalem, Israel); E. Junor (Western Infirmary, Glasgow, 
United Kingdom); P. Kennedy (Metropolitan Oncology Group, Los Angeles); G. Landers (Parklands Hospital, Overport, South Africa); 
S. Malamud (Beth Israel Medical Center, New York); C. Mercke (Goteborgs Universitet, Goteborg, Sweden); M. Merlano (Ospedale Santa 
Croce, Cuneo, Italy); J. Moulds (Georgetown University, Washington, D.C.); D. Petereit (Rapid City Regional Hospital, Rapid City, S.
D.); R. Siemers (North Memorial Health Care, Robbinsdale, Minn.); O. Streeter (University of Southern California/Norris Cancer Center, 
Los Angeles); R. Ullrich (Universitatsklinikum Charite, Berlin); and M. Verheij (Antoni van Leeuwenhoek Huis, Amsterdam).

Kramer S, Gelber RD, Snow JB, et al. 
Combined radiation therapy and surgery 
in the management of advanced head and 
neck cancer: final report of study 73-03 of 
the Radiation Therapy Oncology Group. 
Head Neck Surg 1987;10:19-30.

Bryce DP, Ireland PE, Rider WD. Expe-
rience in the surgical and radiological 
treatment in 500 cases of carcinoma of 
the larynx. Ann Otol Rhinol Laryngol 
1963;72:416-30.

Bryce DP, Rider WD. Pre-operative 
 irradiation in the treatment of advanced 
laryngeal carcinoma. Laryngoscope 1971;
81:1481-90.

Parsons JT, Mendenhall WM, Cassisi 
NJ, Isaacs JH Jr, Million RR. Hyperfrac-
tionation for head and neck cancer. Int J 
Radiat Oncol Biol Phys 1988;14:649-58.

Vokes EE, Weichselbaum RR, Lipp-
man S, Hong WK. Head and neck cancer. 
N Engl J Med 1993;328:184-94.

Garden AS, Asper JA, Morrison WH, 
et al. Is concurrent chemoradiation the 
treatment of choice for all patients with 
Stage III or IV head and neck carcinoma? 
Cancer 2004;100:1171-8.

Stell PM. Adjuvant chemotherapy in 
head and neck cancer. Semin Radiat On-
col 1992;2:195-205.

Cohen EEW, Lingen MW, Vokes EE. 
The expanding role of systemic therapy in 
head and neck cancer. J Clin Oncol 2004;
22:1743-52.

Munro AJ. An overview of randomised 
controlled trials of adjuvant chemother-
apy in head and neck cancer. Br J Cancer 
1995;71:83-91.

Brizel DM, Albers ME, Fisher SR, et al. 
Hyperfractionated irradiation with or with-
out concurrent chemotherapy for locally 
advanced head and neck cancer. N Engl J 
Med 1998;338:1798-804.

Pignon JP, Bourhis J, Domenge C, De-
signe L. Chemotherapy added to locore-
gional treatment for head and neck squa-
mous-cell carcinoma: three meta-analyses 
of updated individual data. Lancet 2000;
355:949-55.

Harari PM, Ritter MA, Petereit DG, 
Mehta MP. Chemoradiation for upper aero-
digestive tract cancer: balancing evidence 
from clinical trials with individual patient 
recommendations. Curr Probl Cancer 2003;
28:7-40.

Mendelsohn J, Baselga J. Status of epi-
dermal growth factor receptor antago-
nists in the biology and treatment of can-
cer. J Clin Oncol 2003;21:2787-99.

1.

2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.

Hynes NE, Lane HA. ERBB receptors 
and cancer: the complexity of targeted in-
hibitors. Nat Rev Cancer 2005;5:341-54. 
[Erratum, Nat Rev Cancer 2005;5:580.]

Dassonville O, Formento JL, Fran-
coual M, et al. Expression of epidermal 
growth factor receptor and survival in up-
per aerodigestive tract cancer. J Clin On-
col 1993;11:1873-8.

Rubin Grandis J, Melhem MF, Good-
ing WE, et al. Levels of TGF-alpha and 
EGFR protein in head and neck squamous 
cell carcinoma and patient survival. J Natl 
Cancer Inst 1998;90:824-32.

Ang KK, Andratschke NH, Milas L. 
Epidermal growth factor receptor and re-
sponse of head-and-neck carcinoma to 
therapy. Int J Radiat Oncol Biol Phys 2004;
58:959-65.

Eriksen JG, Steiniche T, Askaa J, Als-
ner J, Overgaard J. The prognostic value of 
epidermal growth factor receptor is relat-
ed to tumor differentiation and the over-
all treatment time of radiotherapy in squa-
mous cell carcinomas of the head and 
neck. Int J Radiat Oncol Biol Phys 2004;58:
561-6.

Ang KK, Berkey BA, Tu X, et al. Impact 
of epidermal growth factor receptor expres-
sion on survival and pattern of relapse in 
patients with advanced head and neck car-
cinoma. Cancer Res 2002;62:7350-6.

Gupta AK, McKenna WG, Weber CN, 
et al. Local recurrence in head and neck 
cancer: relationship to radiation resistance 
and signal transduction. Clin Cancer Res 
2002;8:885-92.

Liang K, Ang KK, Milas L, Hunter N, 
Fan Z. The epidermal growth factor re-
ceptor mediates radioresistance. Int J Ra-
diat Oncol Biol Phys 2003;57:246-54.

Bonner JA, Maihle NJ, Folven BR, 
Christianson TJ, Spain K. The interaction 
of epidermal growth factor and radiation 
in human head and neck squamous cell 
carcinoma cell lines with vastly different 
radiosensitivities. Int J Radiat Oncol Biol 
Phys 1994;29:243-7.

Saleh MN, Raisch KP, Stackhouse MA, 
et al. Combined modality therapy of A431 
human epidermoid cancer using anti-EGFr 
antibody C225 and radiation. Cancer Bio-
ther Radiopharm 1999;14:451-63.

Huang SM, Bock JM, Harari PM. Epi-
dermal growth factor receptor blockade 
with C225 modulates proliferation, apo-
ptosis, and radiosensitivity in squamous 
cell carcinomas of the head and neck. 
Cancer Res 1999;59:1935-40.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Huang S, Harari PM. Modulation of 
radiation response following EGFR block-
ade in squamous cell carcinomas: inhibi-
tion of damage repair, cell cycle kinetics 
and tumor angiogenesis. Clin Cancer Res 
2000;6:2166-74.

Milas L, Mason K, Hunter N, et al. In 
vivo enhancement of tumor radioresponse 
by C225 antiepidermal growth factor recep-
tor antibody. Clin Cancer Res 2000;6:701-8.

Harari PM, Huang SM. Head and neck 
cancer as a clinical model for molecular 
targeting of therapy: combining EGFR 
blockade with radiation. Int J Radiat On-
col Biol Phys 2001;49:427-33.

Robert F, Ezekiel MP, Spencer SA, et 
al. Phase I study of anti-epidermal growth 
factor receptor antibody cetuximab in 
combination with radiation therapy in pa-
tients with advanced head and neck can-
cer. J Clin Oncol 2001;19:3234-43.

Baselga J, Trigo JM, Bourhis J, et al. 
Phase II multicenter study of the antiepi-
dermal growth factor receptor monoclo-
nal antibody cetuximab in combination 
with platinum-based chemotherapy in pa-
tients with platinum-refractory metastatic 
and/or recurrent squamous cell carcino-
ma of the head and neck. J Clin Oncol 
2005;23:5568-77.

Herbst RS, Arquette M, Shin DM, et 
al. Phase II multicenter study of the epi-
dermal growth factor receptor antibody 
cetuximab and cisplatin for recurrent and 
refractory squamous cell carcinoma of 
the head and neck. J Clin Oncol 2005;23:
5578-87.

Fleming ID, Cooper J, Henson D, eds. 
AJCC cancer staging manual. 5th ed. Phil-
adelphia: Lippincott-Raven, 1998.

Pajak TF, Laramore GE, Marcial VA, et 
al. Elapsed treatment days — a critical 
item for radiotherapy quality control re-
view in head and neck trials: RTOG re-
port. Int J Radiat Oncol Biol Phys 1991;20:
13-20.

Harari PA. Phase II randomized trial 
of surgery followed by chemoradiotherapy 
plus C225 (cetuximab) for advanced squa-
mous cell carcinoma of the head and neck: 
RTOG study 0234. Reston, Va.: American 
College of Radiology, 2004.

Pocock SJ, Simon R. Sequential treat-
ment assignment with balancing for prog-
nostic factors in the controlled clinical 
trial. Biometrics 1975;31:103-15.

Lewin F, Damber L, Jonsson H, et al. 
Neoadjuvant chemotherapy with cisplatin 
and 5-fluorouracil in advanced squamous 

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

REFERENCES

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at EMORY UNIVERSITY on August 22, 2006 . 



n engl j med 354;6 www.nejm.org february 9, 2006578

R ADIOTHER APY AND CETUXIMAB for HEAD AND NECK CANCER

cell carcinoma of the head and neck: a 
randomized phase III study. Radiother 
Oncol 1997;43:23-8.

Bonner JA, Raisch KP, Trummell HQ, 
et al. Enhanced apoptosis with combina-
tion C225/radiation treatment serves as 
the impetus for clinical investigation in 
head and neck cancers. J Clin Oncol 2000;
18:Suppl:47S-53S.

Argiris A. Update on chemoradiother-
apy for head and neck cancer. Curr Opin 
Oncol 2002;14:323-9.

Calais G, Alfonsi M, Bardet E, et al. 
Randomized trial of radiation therapy ver-
sus concomitant chemotherapy and radia-
tion therapy for advanced-stage orophar-
ynx carcinoma. J Natl Cancer Inst 1999;91:
2081-6.

Staar S, Rudat V, Stuetzer H, et al. In-
tensified hyperfractionated accelerated ra-
diotherapy limits the additional benefit of 
simultaneous chemotherapy: results of a 
multicentric randomized German trial in 
advanced head-and-neck cancer. Int J Ra-
diat Oncol Biol Phys 2001;50:1161-71.

Adelstein DJ, Li Y, Adams GL, et al. An 
intergroup phase III comparison of stan-
dard radiation therapy and two schedules 
of concurrent chemoradiotherapy in pa-
tients with unresectable squamous cell 
head and neck cancer. J Clin Oncol 2003;
21:92-8.

Garden AS, Pajak TF, Vokes E, Foras-
tiere A, Ridge J, Jones C. Preliminary re-
sults of RTOG 9703: a phase II random-
ized trial of concurrent radiation (RT) and 

36.

37.

38.

39.

40.

41.

chemotherapy for advanced squamous cell 
carcinomas (SCC) of the head and neck. 
Proc Am Soc Clin Oncol 2001;20:223a. 
abstract.

Wendt TG, Grabenbauer GG, Rodel 
CM, et al. Simultaneous radiochemother-
apy versus radiotherapy alone in advanced 
head and neck cancer: a randomized mul-
ticenter study. J Clin Oncol 1998;16:1318-
24.

Denis F, Garaud P, Bardet E, et al. Final 
results of the 94-01 French Head and Neck 
Oncology and Radiotherapy Group ran-
domized trial comparing radiotherapy 
alone with concomitant radiochemother-
apy in advanced-stage oropharynx carci-
noma. J Clin Oncol 2004;22:69-76.

Fu KK, Pajak TF, Trotti A, et al. A Ra-
diation Therapy Oncology Group (RTOG) 
phase III randomized study to compare 
hyperfractionation and two variants of ac-
celerated fractionation to standard frac-
tionation radiotherapy for head and neck 
squamous cell carcinomas: first report of 
RTOG 9003. Int J Radiat Oncol Biol Phys 
2000;48:7-16.

Bourhis J, Calais G, Lapeyre M, et al. 
Concomitant radiochemotherapy or accel-
erated radiotherapy: analysis of two ran-
domized trials of the French Head and 
Neck Cancer Group (GORTEC). Semin On-
col 2004;31:822-6.

Pignon JP, Syz N, Posner M, et al. Ad-
justing for patient selection suggests the 
addition of docetaxel to 5-fluorouracil-
cisplatin induction therapy may offer sur-

42.

43.

44.

45.

46.

vival benefit in squamous cell cancer of 
the head and neck. Anticancer Drugs 
2004;15:331-40.

Nguyen NP, Moltz CC, Frank C, et al. 
Dysphagia following chemoradiation for 
locally advanced head and neck cancer. 
Ann Oncol 2004;15:383-8.

Mittal BB, Pauloski BR, Haraf DJ, et 
al. Swallowing dysfunction — preventa-
tive and rehabilitation strategies in pa-
tients with head-and-neck cancers treated 
with surgery, radiotherapy, and chemo-
therapy: a critical review. Int J Radiat On-
col Biol Phys 2003;57:1219-30.

Maguire PD, Meyerson MB, Neal CR, 
et al. Toxic cure: hyperfractionated radio-
therapy with concurrent cisplatin and 
fluorouracil for Stage III and IVA head-
and-neck cancer in the community. Int 
J Radiat Oncol Biol Phys 2004;58:698-
704.

Bourhis J, Syz N, Overgaard J, et al. 
Conventional vs. modified fractionated 
radiotherapy: meta-analysis of radiother-
apy in head & neck squamous cell carci-
noma: a meta-analysis based on individu-
al patient data. Int J Radiat Oncol Biol 
Phys 2002;54:Suppl 1:71-2. abstract.

Trigo J, Hitt R, Koralewski P. Cetux-
imab monotherapy is active in patients 
with platinum-refractory recurrent/meta-
static squamous cell carcinoma of the head 
and neck (SCCH): results of a phase II 
study. Proc Am Soc Clin Oncol 2004;23:
487. abstract.
Copyright © 2006 Massachusetts Medical Society.

47.

48.

49.

50.

51.

CLINICAL TRIAL REGISTRATION

The Journal encourages investigators to register their clinical trials 
in a public trials registry. The members of the International Committee 
of Medical Journal Editors plan to consider clinical trials for publication 
only if they have been registered (see N Engl J Med 2004;351:1250-1). 

The National Library of Medicine’s www.clinicaltrials.gov is a free registry, 
open to all investigators, that meets the committee’s requirements.

Copyright © 2006 Massachusetts Medical Society. All rights reserved. 
Downloaded from www.nejm.org at EMORY UNIVERSITY on August 22, 2006 . 


