
T h e  n e w  e ng l a nd  j o u r na l  o f  m e dic i n e

n engl j med 357;17  www.nejm.org  october 25, 2007 1705

original article

Cisplatin and Fluorouracil Alone  
or with Docetaxel in Head and Neck Cancer
Marshall R. Posner, M.D., Diane M. Hershock, M.D., Ph.D., Cesar R. Blajman, M.D., 

Elizabeth Mickiewicz, M.D., Eric Winquist, M.D., Vera Gorbounova, M.D.,  
Sergei Tjulandin, M.D., Dong M. Shin, M.D., Kevin Cullen, M.D.,  

Thomas J. Ervin, M.D., Barbara A. Murphy, M.D., Luis E. Raez, M.D.,  
Roger B. Cohen, M.D., Monica Spaulding, M.D., Roy B. Tishler, M.D., Ph.D., 

Berta Roth, M.D., Rosana del Carmen Viroglio, M.D.,  
Varagur Venkatesan, M.B., B.S., Ilya Romanov, M.D., Ph.D., Sanjiv Agarwala, M.D., 

K. William Harter, M.D., Matthew Dugan, D.O., Anthony Cmelak, M.D.,  
Arnold M. Markoe, M.D., Sc.D., Paul W. Read, M.D., Ph.D., Lynn Steinbrenner, M.D., 

A. Dimitrios Colevas, M.D., Charles M. Norris, Jr., M.D.,  
and Robert I. Haddad, M.D., for the TAX 324 Study Group*

From the Dana–Farber Cancer Institute, 
Boston (M.R.P., R.B.T., A.D.C., C.M.N., 
R.I.H.); Sanofi-Aventis, Malvern, PA 
(D.M.H.); Hospital Iturraspe, Santa Fe 
(C.R.B., R.C.V.), and Instituto Angel H. 
Roffo, Buenos Aires (E.M., B.R.) — both 
in Argentina; London Regional Cancer 
Centre, London, ON, Canada (E.W., V.V.); 
Cancer Research Center, Moscow (V.G., 
S.T., I.R.); Emory Winship Cancer Institute, 
Atlanta (D.M.S.); University of Maryland 
Greenebaum Cancer Center, Baltimore 
(K.C.); Maine Center for Cancer Medicine 
and Blood Disorders, Scarborough, ME 
(T.J.E., M.D.); Vanderbilt University (B.A.M.) 
and Metro Nashville General Hospital 
(A.C.) — both in Nashville; Sylvester Can-
cer Center, University of Miami, Miami 
(L.E.R., A.M.M.); University of Virginia, 
Charlottesville (R.B.C., P.W.R.); Veterans 
Affairs Western New York Healthcare Sys-
tem, Buffalo (M.S., L.S.); University of 
Pittsburgh, Pittsburgh (S.A.); and Vincent 
Lombardi Cancer Center, Washington, 
DC (K.W.H.). Address reprint requests to 
Dr. Posner at the Dana–Farber Cancer 
Institute, 44 Binney St., SW 430, Boston, 
MA 02115, or at marshall_posner@dfci.
harvard.edu.

*Investigators in the TAX 324 Study Group 
are listed in the Appendix.

N Engl J Med 2007;357:1705-15.
Copyright © 2007 Massachusetts Medical Society.

A bs tr ac t

Background

A randomized phase 3 trial of the treatment of squamous-cell carcinoma of the head 
and neck compared induction chemotherapy with docetaxel plus cisplatin and fluoro-
uracil (TPF) with cisplatin and fluorouracil (PF), followed by chemoradiotherapy.

Methods

We randomly assigned 501 patients (all of whom had stage III or IV disease with no 
distant metastases and tumors considered to be unresectable or were candidates for 
organ preservation) to receive either TPF or PF induction chemotherapy, followed by 
chemoradiotherapy with weekly carboplatin therapy and radiotherapy for 5 days per 
week. The primary end point was overall survival.

Results

With a minimum of 2 years of follow-up (≥3 years for 69% of patients), signifi-
cantly more patients survived in the TPF group than in the PF group (hazard ratio 
for death, 0.70; P = 0.006). Estimates of overall survival at 3 years were 62% in the 
TPF group and 48% in the PF group; the median overall survival was 71 months and 
30 months, respectively (P = 0.006). There was better locoregional control in the TPF 
group than in the PF group (P = 0.04), but the incidence of distant metastases in the 
two groups did not differ significantly (P = 0.14). Rates of neutropenia and febrile 
neutropenia were higher in the TPF group; chemotherapy was more frequently de-
layed because of hematologic adverse events in the PF group.

Conclusions

Patients with squamous-cell carcinoma of the head and neck who received docetax-
el plus cisplatin and fluorouracil induction chemotherapy plus chemoradiotherapy 
had a significantly longer survival than did patients who received cisplatin and 
fluorouracil induction chemotherapy plus chemoradiotherapy. (ClinicalTrials.gov 
number, NCT00273546.)
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Squamous-cell carcinoma of the head 
and neck accounts for 5% of newly diag-
nosed cancers in adults in the United States 

and 8% of cancers worldwide.1 The disease is po-
tentially curable at an early stage, but most pa-
tients present with locally advanced disease. After 
standard therapy (surgery and irradiation), only 
30 to 50% of patients with locally advanced dis-
ease live for 3 years, and locoregional recurrences 
or distant metastases develop in 40 to 60% of 
them.2-6 Various strategies to improve outcomes 
by coordinating chemotherapy with surgery and 
radiotherapy have been tried, but the optimal 
schedule for integrating chemotherapy into the 
management of this disease has yet to be defined.7

Although chemoradiotherapy (radiotherapy plus 
concurrent chemotherapy) has become the stan-
dard of care for patients with unresectable squa-
mous-cell carcinoma of the head and neck2 and 
for organ preservation,3,8 induction chemotherapy 
with cisplatin and fluorouracil (PF) also has ben-
efits in this disease.9-11 A comprehensive meta-
analysis showed that induction chemotherapy 
(i.e., chemotherapy as the initial treatment) with 
PF significantly improved the rate of survival at 
5 years, as compared with standard radiotherapy 
plus surgery in patients with locally advanced 
disease.11

Docetaxel (Taxotere, Sanofi-Aventis) has sub-
stantial activity when administered alone in pa-
tients with recurrent or incurable disease.12,13 In 
phase 1 and phase 2 studies of docetaxel plus 
cisplatin and fluorouracil (TPF) in the treatment 
of locally advanced squamous-cell carcinoma of 
the head and neck, including phase 2 studies of 
treatment with curative intent, clinical and path-
ological response rates have been high and sur-
vival has been prolonged.14-18 Two phase 3 trials 
in which induction chemotherapy with TPF or PF 
was followed by radiotherapy (the European Or-
ganization for Research and Treatment of Can-
cer [EORTC] 24971/TAX 323 study by Vermorken 
et al.19) or chemoradiotherapy (TAX 324) in local
ly advanced disease have now been completed. 
The results of the study by Vermorken et al. are 
reported in this issue of the Journal. We report on 
the results of the TAX 324 study here.

Me thods

Patients

Patients who had measurable, nonmetastatic, his-
tologically proven stage III or IV squamous-cell 

carcinoma of the oral cavity, larynx, oropharynx, 
or hypopharynx were eligible if the tumor was 
deemed to be either unresectable (because of tu-
mor fixation, involvement of the nasopharynx, or 
fixed lymph nodes) or of low surgical curability 
on the basis of advanced tumor stage (3 or 4) or 
regional-node stage (2 or 3, except T1N2), or if the 
patient was a candidate for organ preservation. 
Patients had to be at least 18 years of age with a 
World Health Organization (WHO) performance 
status of 0 or 1 and adequate bone marrow, liver, 
and renal function. Exclusion criteria were any 
previous chemotherapy or radiotherapy, a cancer 
diagnosis within the previous 5 years, another ac-
tive cancer, any previous definitive surgery for 
squamous-cell carcinoma of the head and neck, 
severe weight loss (>20% of body weight) in the 
preceding 3 months, and chronic obstructive pul-
monary disease requiring hospitalization within 
the previous 12 months.

Disease was staged according to the criteria of 
the American Joint Committee on Cancer.20 All 
patients provided written informed consent, and 
each study center was required to have approval 
from its institutional review board before random-
ization.

Study Design

In a randomized, open-label phase 3 trial, we com-
pared three cycles of TPF induction chemothera-
py with three cycles of PF induction chemotherapy; 
both regimens were followed by 7 weeks of chemo-
radiotherapy (Fig. 1 of the Supplementary Appen-
dix, available with the full text of this article at 
www.nejm.org). Randomization was performed 
centrally with the use of a biased-coin minimiza-
tion technique. At study entry, patients were strat-
ified according to the site of the primary tumor, 
nodal status (N0 or N1 vs. N2 or N3), and institu-
tion. Patients with progressive disease after induc-
tion chemotherapy or chemoradiotherapy were 
treated according to the institution’s choice of 
salvage therapy (Fig. 1 of the Supplementary Ap-
pendix). Neck dissections were performed after 
the completion of chemoradiotherapy. The prima-
ry end point was overall survival. Secondary end 
points included progression-free survival, response 
rates after induction chemotherapy, and toxic 
effects.

One of the academic investigators designed, 
wrote, and implemented the study protocol and 
managed the study in collaboration with employ-
ees of the sponsor, Sanofi-Aventis. Lead investiga-
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tors from each center collected the data and en-
sured its accuracy and completeness. Statistical 
analysis was performed by industry representa-
tives. Dr. Posner wrote the manuscript, which was 
reviewed by the coauthors; determined its final 
content; and vouches for its completeness and 
accuracy.

Treatment
Induction Chemotherapy
For patients who were randomly assigned to re-
ceive TPF, docetaxel (at a dose of 75 mg per square 
meter of body-surface area) was administered as 
a 1-hour intravenous infusion, followed by intra-
venous cisplatin (100 mg per square meter), ad-
ministered during a period of 0.5 to 3 hours. 
After completion of the cisplatin infusion, fluoro-
uracil (1000 mg per square meter per day) was 
administered as a continuous 24-hour infusion for 
4 days. Patients in the PF group received intrave-
nous cisplatin (100 mg per square meter), followed 
by f luorouracil (1000 mg per square meter per 
day) as a continuous 24-hour infusion for 5 days. 
Induction chemotherapy was given every 3 weeks 
for three cycles, unless there was disease progres-
sion, unacceptable toxic effects, withdrawal of 
consent by the patient, or a reduction of less than 
25% in tumor size after cycle 2. Patients in the 
TPF group were given dexamethasone to prevent 
docetaxel-related hypersensitivity reactions, skin 
toxic effects, and fluid retention and were given 
prophylactic antibiotics starting on day 5 of each 
cycle for 10 days. Primary prophylaxis with recom-
binant granulocyte colony-stimulating factor was 
not permitted.

Chemoradiotherapy
All patients were assigned to receive chemoradio-
therapy beginning 3 to 8 weeks after the start of 
the third cycle of induction chemotherapy (day 22 
to day 56 of cycle 3). Weekly carboplatin at an area 
under the curve of 1.5 was given as an intravenous 
infusion during a 1-hour period for a maximum 
of seven weekly doses during the course of radio-
therapy.21-24

The definitive curative radiation dose adminis-
tered to the primary tumor was between 70 and 
74 Gy, administered as fractions of 2 Gy per day 
5 days per week. The dose administered to unin-
volved lymph nodes was at least 50 Gy. Involved 
lymph nodes were to receive 60 to 74 Gy, depend-
ing on whether an elective neck dissection was 
indicated after completion of treatment. Quality 

assurance for radiotherapy involved central review 
at both the initiation and the completion of such 
treatment.

Surgery
Surgery was performed 6 to 12 weeks after com-
pletion of chemoradiotherapy for patients who 
had an initial nodal stage of N2 and a partial re-
sponse to induction chemotherapy, N3 disease, or 
residual disease after chemoradiotherapy. Surgery 
was also allowed for patients who did not com-
plete chemoradiotherapy and had resectable re-
sidual disease at the primary site or in the neck.

Assessments and Outcomes

A complete medical history was obtained and tu-
mor assessment was performed at baseline. Tumor 
responses were assessed by clinical evaluation and 
imaging studies and were characterized accord-
ing to modified WHO criteria after cycles 2 and 
3 of induction chemotherapy, 6 to 12 weeks after 
the completion of chemoradiotherapy, and during 
follow-up visits until disease progression.

Overall survival was calculated from the date of 
randomization to the date of death; progression-
free survival was calculated from randomization to 
progression or death from any cause, whichever 
occurred first. Patients were monitored monthly 
for recurrence in the first year, every 2 months in 
the second year, every 3 months in the third year, 
and every 6 months thereafter until death or data 
censoring. Follow-up ended at the completion of 
the trial (2 years after the last patient underwent 
randomization).

Toxic effects were assessed weekly during in-
duction chemotherapy, during and on completion 
of chemoradiotherapy, and at subsequent prede
fined intervals. We used the Common Toxicity 
Criteria (1994 version) of the Clinical Trials Group 
of the National Cancer Institute of Canada and 
the criteria of the Radiation Therapy Oncology 
Group of the EORTC for acute and late toxic ef-
fects of radiation.

Statistical Analysis

The study had a power of 91% to detect a hazard 
ratio for death of 0.65 on the basis of an assumed 
median survival of 43 months in the TPF group 
and 28 months in the PF group, with use of a 
two-sided log-rank test at a level of significance 
of 0.05. A minimum follow-up of 24 months and 
a total of 227 events were required. A maximum 
of 250 patients per group were to be recruited on 
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