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  Purpose: This study was performed to determine the  
feasibility and safety of the use of induction chemo-
therapy combined with docetaxel, cisplatin, and 5-fluo-
rouracil (TPF) followed by concurrent chemoradiation 
therapy for locally advanced squamous cell carcinoma of 
the head and neck (SCCHN).
  Materials and Methods: The patients, that were initially 
not treated for locally advanced SCCHN, underwent three  
cycles of induction chemotherapy every 3 weeks at a  
dose of 70 mg/m2 docetaxel D1, 75 mg/m2 cisplatin D1, 
1000 mg/m2 5-FU D1-4, and subsequently received con-
current chemoradiation therapy.
  Results: Forty-nine patients were enrolled in this study 
and forty-three of the patients completed the treatment. 
The median duration of follow-up was 18 months (range, 
6∼39 months). All of the patients had stage III (26.5%) or 
IV (73.5%) squamous cell carcinoma. After sequential 
therapy, a complete response  and partial response was 
seen in 28 (65.2%) and 13 (30.2%) patients, respectively. 
The overall response rate was 95.4%. Overall survival 

and progression-free survival (PFS) at 2 years were  
88.7% and 69.7%, respectively. Grade 3∼4 neutropenia  
occurred in 42.2% of the patients and grade 4 throm-
bocytopenia in 1 cycle (0.7%). Two patients (4.1%) died 
during the induction chemotherapy due to pneumonia and 
a subdural hemorrhage, respectively. The group of pa-
tients over 65 years of age showed a significant lower 
dose intensity than that of patients under 65 years of age, 
but PFS was not significantly different between two groups 
(p=0.105).
  Conclusion: TPF induction chemotherapy followed by 
concurrent chemoradiotherapy showed a high level of CR  
and moderate treatment-induced toxicity. Adequate dose 
modification in elderly patients should be considered to 
maintain efficacy and avoid treatment-related toxicity. 
(Cancer Res Treat. 2007;39:93-98)
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INTRODUCTION

  Squamous cell cancer of the head and neck (SCCHN) is a 
potentially curable tumor when it is diagnosed early and treated 
adequately (1). However, approximately two-thirds of patients 
with SCCHN present with locoregionally advanced disease and 
median age of patients presenting with a SCCHN is over 60 
years. Advanced disease frequently recurs after optimal local 
treatment. Over half of patients will develop a locoregional 
recurrence within 2 years, and 20∼30% of these patients will 
develop distant metastases. Therefore, the 3- to 5-year survival 

rates remain at just 20∼40% for patients (2,3). To improve the 
results of treatment, control of local recurrence and distant 
metastases is important. Recently, randomized trials have 
shown that induction chemotherapy followed by radiation 
therapy is equivalent to surgery in terms of the survival rate, 
with a significant advantage of organ preservation (4). The 
most commonly used regimen is the combination of cisplatin 
and fluorouracil (CF). This chemotherapy regimen showed a 
response rate of 67∼70%, with a complete response (CR) rate 
of 19∼27% (5). Usually, the CR rate can be a predictor of 
locoregional control.
  Docetaxel, one of the most active agents against SCCHN, 
yields a response rate of approximately 35% (6). Recent reports 
have shown that combination chemotherapy with the addition 
of docetaxel to CF induces a better response rate (7∼9). The 
results from the above trial have suggested a significant im-
provement in the response rate with the addition of a taxane. 
Therefore, docetaxel has been incorporated in the regimen for 
increased efficacy of induction treatment. However, bone mar-
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row toxicity, such as neutropenia, was higher than seen with 
previous 5-FU and cisplatin chemotherapy regimens; therefore, 
its continued management is important (10).
  This study was performed to determine the feasibility and 
safety of induction chemotherapy with docetaxel, cisplatin, and 
5-fluorouracil followed by concurrent chemoradiation therapy 
for advanced SCCHN. The primary objective of this study was 
to evaluate the response rate and survival benefits of this 
treatment. In addition, we assessed the toxicities and analyzed 
the results according to age to define the efficacy and tole-
rability of the combined regimen in elderly patients.

MATERIALS AND METHODS

    1) Patients

  All patients had a confirmed stage III or IV SCCHN of the 
oral cavity, oropharynx, hypopharynx, larynx, and/or naso-
pharynx, and had undergone neither chemotherapy nor radiation 
therapy. Patients were required to be 18 years of age or older 
and have an Eastern Cooperative Oncology Group performance 
status of 0 to 2. In addition, patients required adequate bone 
marrow, hepatic, and renal function (white blood cell count ≥ 
3,000/mm3, granulocytes ≥1,500/mm3, platelets ≥100,000/ 
mm

3, total bilirubin ＜1.3 mg/dl, and creatinine clearance ＞60 
ml/min) prior to undergoing chemotherapy. Pretreatment staging 
involved examination of the ears, nose, and throat, as well as 
a computed tomographic (CT) scan of the primary tumor site 
and neck. Patients were excluded if they had a concomitant 
malignancy. To detect other primary aerodigestive tract 
malignancies, patients underwent a CT scan of the chest and 
an esophago-gastroduodenoscopy or pharyngo-esophagogram.

    2) Treatment schedule

  (1) Induction chemotherapy: Docetaxel (70 mg/m2
) and 

cisplatin (75 mg/m2) were given as a 1-hour intravenous in-
fusion on day 1, followed by 5-FU (1,000 mg/m2) as a 24-hour 
continuous infusion for 4 days. Cycles were repeated every 3 
weeks. Thirty minutes prior to the docetaxel infusion, each 
patient received 20 mg dexamethasone, 50 mg ranitidine, and 
5 mg chlorpheniramine maleate intravenously to prevent hy-
persensitivity reactions. After prehydration with at least 1 L 
normal saline; the calculated dose of docetaxel, diluted in 300 
ml normal saline was infused over 1 hour. The calculated dose 
of cisplatin, diluted in 500 ml normal saline, was then 
administered over 1-hour, followed by posthydration with 3 L 
normal saline over 24 hours. Soon after the cisplatin infusion 
was completed, 5-FU was infused continuously for 4 days. 
Ondansetron (8 mg, i.v) was routinely given. Patients received 
further cycles of chemotherapy only when the absolute 
neutrophil count was ≥1,000/mm3 and platelets were ≥ 
150,000/mm3. Toxicity was graded according to NCI-CTC 
version 2.0. Dose modifications were determined by hemato-
logical or non-hematological toxicities. The dose of docetaxel 
was reduced after any episode of febrile neutropenia or grade 
4 neutropenia lasting more than 5 days, or grade 4 throm-
bocytopenia or greater than grade 3 asthenia. The cisplatin dose 
was reduced to 75% of the original dose in subsequent cycles 
if one of the following occurred: greater than grade 3 sensory 
neurotoxicity, or grade 2 or greater nephrotoxicity, persistent 

grade 4 neutropenia or neutropenic fever after dose reduction 
of docetaxel. For patients with grade 3 diarrhea that lasted for 
more than 7 days despite the administration of loperamide or 
for mucositis grade 3 lasting for more than 5 days or grade 
4 mucositis, a 25% reduction in the daily dose of 5-FU was 
required.
  (2) Chemotheradiotherapy: After 3 cycles of induction 
chemotherapy, intravenous cisplatin at a dose of 100 mg/m2 on 
days 1 and 22 was administered concomitantly with con-
ventional radiotherapy to the primary tumor with a total dose 
of 68.4 Gy. Radiotherapy was performed using 6-MV photon 
beams produced by a 21 EX or 21 iX linear accelerator. All 
patients were treated using standard radiotherapy technique in 
daily 1.8 or 2 Gy of fraction, 5 days per week. The gross neck 
node had a boost treatment with a 9- or 12-MeV electron beam.

    3) Follow-up and evaluation

  After three cycles of induction chemotherapy and concurrent 
chemoradiation therapy, patients were assessed for clinical 
response underwent examination of the ears, nose, and throat 
by an otolaryngologist, as well as CT imaging of the primary 
tumor and neck. A biopsy of the primary site was recom-
mended. The criteria for response were based on WHO criteria. 
When treatment was completed, patients were observed for an 
evaluation of disease status by a monthly physical examination 
and monitoring of toxicity and CT scanning every 3 months 
until disease progression.
  Complete response (CR) was defined as the disappearance 
of all known lesions. A pathological complete clinical response 
was defined as no evidence of tumor in the primary site biopsy. 
A partial response (PR) for a bidimensionally measurable lesion 
was defined as at least a 50% decrease in the sum of the 
products of the largest perpendicular diameter of all measurable 
lesions. For PR, it was not necessary for all measurable lesions 
to regress, but there could be no progression and no new 
lesions. Stable disease was defined as less than a 50% decrease 
or a 25% increase in the sum of the products of the largest 
perpendicular diameters of all measurable lesions. For unidi-
mensionally measurable disease, stable disease was defined as 
less than a 30% decrease or a 20% increase in the sum of the 
largest diameters of all measurable lesions. Progressive disease 
was defined as more than a 25% increase in the sum of the 
products of the largest diameters of all measurable lesions or 
the appearance of any new lesions.

    4) Statistical analysis

  Toxicity for patients under 65 years and over 65 years were 
compared using the χ2 test for categoric variables. Overall sur-
vival (OS) and progression-free survival (PFS) were calculated 
using the method of Kaplan and Meier. The PFS between two 
groups were compared with the log-rank test and p＜0.05 was 
considered as statistically significant.

RESULTS

    1) Patients

  Forty-nine patients were enrolled in the study between May 
2004 and January 2007. All of patients received induction che-
motherapy, but two patients died of aspiration pneumonia and 
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Table 1. Patient characteristics

Characteristics Number (%)

Total patients 49
Sex 
   Male 44 (89.8)
   Female  5 (10.2)
Age, years
   Range 35∼77
   Median 63
Primary tumor site
   Nasopharynx  9 (18.4)
       WHO Type II  4 (8.2)
       WHO Type III  5 (10.2)
   Oropharynx   14 (28.6)
   Hypopharynx 14 (28.6)
   Larynx 11 (22.4)
   Oral cavity  1 (2.0)
Staging 
   III 12 (24.5)
   IV 37 (75.5)
   IVB 36 (73.5)
   IVB  1 (2.0)
ECOG PS
   0 33 (67.3)
   1 12 (24.5)
   2  4 (8.2)

Table 2. Dose intensities of TPF* chemotherapy

All patients Age ＜65 (n=27) Age ≥65 (n=22) p
Agent

Dose, mg/m2/week (% of target dose)

Docetaxel   20.7 ± 2.8 (88.7)   21.8 ± 1.5 (93.4)   19.3 ± 3.3 (84.9) 0.002
Cispatin   21.7 ± 3.8 (86.8)   23.0 ± 2.3 (92.0)   19.9 ± 4.6 (79.6) 0.006
5-FU 1163.1 ± 214.0 (88.6) 1231.8 ± 120.8 (92.4) 1078.8 ± 270.6(80.9) 0.02

*docetaxel, cisplatin, 5-FU.

a subdural hemorrhage. After completion of induction chemo-
therapy, four of the forty-seven patients dropped out of the 
study. Two patients were lost to follow-up and another two 
patients refused radiation therapy because of economic issues 
and poor general condition. Thus, a total of forty-three patients 
completed the sequential chemoradiation treatment. One patient 
had not received an evaluation of treatment response after 
sequential treatment because of follow up loss. Therefore, 42 
patients could be evaluated after the completion of treatment. 
Forty-four men and five women were enrolled initially, with 
a median age of 63 years (range, 35 to 77 years). Twelve 
(24.5%) patients had a stage III carcinoma and thirty-seven 
(75.5%) patients had a stage IV carcinoma without a distant 
metastasis (Table 1).

    2) Chemotherapy delivery

  In the forty-nine patients, a total of 146 cycles of TPF was 

performed. One patient received only two cycles of TPF che-
motherapy because of disease progression. The median treat-
ment duration of induction chemotherapy was 9.6 weeks. The 
dose intensity of docetaxel, cisplatin, and 5-FU were 88.7%, 
86.8%, and 88.6% of the target dose, respectively (Table 2). 
To evaluate efficacy and safety according to age, we compared 
the dose intensities between the group of patients under 65 
years and the group of patients over 65 years. Dose intensities 
were significantly different between the two groups in relation 
to docetaxel (93.4% of target dose in the ＜65 years group and 
84.9% in the ≥65 years group of patients, p=0.002), to 
cisplatin (92.0% of the target dose in the ＜65 years group and 
79.6% in the ≥65 years group of patients, p=0.006) and to 
5-FU (92.4% of the target dose in the ＜65 years group and 
80.9% in the ≥65 years group of patients, p=0.02). The most 
common cause of decreased dose intensity in the elderly group 
was related to asthenia and creatinine clearance.

    3) Response

  After induction chemotherapy, 21 [42.9%, 95% confidence 
interval (CI) 28.8∼57.8%] and 24 (49.0%, 95% CI 34.4∼
63.7%) patients achieved CR and PR in the primary site, 
respectively. In the neck lymph nodes, 43 patients showed a 
lymph node metastasis. In these patients, 18 (41.9%, 95% CI 
27.0∼57.9%) patients achieved CR and 18 (41.9%, 95% CI 
27.0∼57.9%) patients achieved PR. The overall response of 
induction chemotherapy was 87.7% (CR: 28.6%, PR: 59.2%; 
95% CI 75.2∼95.4%). After sequential chemoradiation therapy, 
37 (86.0%, 95% CI 72.1∼94.7%) patients showed CR in the 
primary site, including 23 (53.5%, 95% CI 37.7∼68.8%) cases 
of pathological CR. Four (9.4%) patients showed a PR. In the 
neck lymph nodes, 24 (63.2%) out of 38 patients achieved CR 
and 10 (26.3%) patients achieved PR, but one patient showed 
progressive disease. Overall, 28 (65.2%, 95% CI 49.1∼79.0%) 
out of 43 patients achieved CR, 13 (30.2%, 95% CI 17.2∼
46.1%) achieved PR, and one patient showed progressive 
disease (2.3%) (Table 3).
  The median duration of follow-up was 18 months (range, 6∼
39 months) for the overall patient population. The median OS 
was not reached at this time. The 1-year and 2-year OS rate 
was 93.6% (95% CI 89.3∼97.9%) and 88.7% (95% CI 82.4∼
95.0%), respectively (Fig. 1). Progression-free survival (PFS) at 
1-year and 2-years was 78.9% (95% CI 72.2∼85.6%) and 
69.7% (95% CI 61.2∼78.2%), respectively (Fig. 1). The PFS 
of the group of patients under the age of 65 was not 
significantly different from that of the group of patients over 
the age of 65 (p=0.105) (Fig. 2).
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Fig. 2. Progression-free survival (PFS) according to age; the PFS 
at 2 years of the group of patients under the age of 65 years was 
longer than that of the group of patients over the age of 65 years, 
at 78.5% (95% CI, 68.7∼88.3%) and 52.4% (95% CI, 35.0∼
69.8%), respectively (p=0.105).

Table 3. Overall response to induction chemotherapy and chemo-
radiation therapy 

Primary lesion (%) LN¶ (%) ORR** (%)
After induction

(n=49) (n=43) (n=49)

CR* 21 (42.9) 18 (41.9) 14 (28.6)
PR† 24 (49.0) 18 (41.9) 29 (59.2)
Overall response 45 (91.9) 36 (83.8) 43 (87.7)
SD‡  2 (4.1)  4 (9.2)  2 (4.1)
PD§  0  2 (4.7)  2 (4.1)
Non-assessable  2 (4.1)  1 (2.3)  2 (4.1)
After induction+CRT∥  (n=43)  (n=38)  (n=43)
CR* 37 (86.0) 24 (63.2) 28 (65.2)
PR†  4 (9.4) 10 (26.3) 13 (30.2)
Overall response 41 (95.4) 34 (89.5) 41 (95.4)
SD

‡  0  2 (5.3)  0
PD§  1 (2.3)  1 (2.6)  1 (2.3)
Non-assessable  1 (2.3)  1 (2.6)  1 (2.3)

*complete response; †partial response; ‡stable disease; §progres-
sive disease; ∥chemoradiotherapy; ¶lymph node; **overall res-
ponse rate.

Fig. 1. Progression free survival (PFS) and overall survival (OS) 
for all patients (n= 42). The 1-year and 2-year OS rate was 93.6% 
(95% CI 89.3∼97.9%) and 88.7% (95% CI 82.4∼95.0%), 
respectively. Progression-free survival (PFS) at 1-year and 2-years 
was 78.9% (95% CI 72.2∼85.6%) and 69.7% (95% CI 61.2∼
78.2%).

    4) Toxicity

  The toxicity of TPF chemotherapy was assessed in all 49 
patients, and 135 of all 146 cycles of TPF was analyzed (Table 
4). The mean times to nadir values for absolute neutrophils, 
hemoglobin, and platelets were between 7 and 10 days after 
the completion of chemotherapy. A greater than grade 3 neu-
tropenia occurred in 42.2% of the patients. Febrile neutropenia 
developed in four cycles of chemotherapy. Grade 4 throm-
bocytopenia was observed in only one patient. Two patients 
died during induction therapy because of aspiration pneumonia 

and a subdural hemorrhage, respectively. The patient that died 
of the subdural hemorrhage had alcoholic liver cirrhosis with 
splenomegaly, although the liver function at the beginning of 
chemotherapy was Child-Pugh Class A. After completion of the 
third cycle of TPF chemotherapy, the patient came to the 
hospital with a severe headache. Nevertheless, the patient 
showed a CR after response evaluation, but a subdural hema-
toma was noted. The patient refused further definitive treatment 
and died. Therefore, treatment related deaths occurred in 4.1% 
of the patients. The most common non-hematologic toxicities 
were asthenia and anorexia. Asthenia below grade 2 and 
anorexia below grade 2 developed in 41.5% and 47.4% of the 
patients, respectively. However, asthenia over grade 3 and 
anorexia over grade 3 developed in only 8.9% and 9.6% of the 
patients, respectively. There was a significant difference bet-
ween the group of patients under age 65 years and over 65 
years of age for asthenia (p=0.034) (Table 5).

DISCUSSION

  The use of induction chemotherapy with CF in patients with 
SCCHN has been studied for over two decades. To improve 
the efficacy over CF, the addition of a third drug to CF has 
been previously studied (8,10). The use of docetaxel is pro-
mising both for its inherent antineoplastic activity in SCCHN 
and as a radiation sensitizer. Docetaxel has the advantage of 
a longer intracellular half-life that leads to higher intracellular 
levels of docetaxel in the steady state (11). Furthermore, doce-
taxel is 100 times more potent than paclitaxel with respect to 
bcl-2 phosphorylation and inactivation, and may act in addition 
to tubulin stabilization (12). Recently, the taxanes have shown 
considerable activity in recurrent disease and have been in-
vestigated in combination chemotherapy with CF as the in-
duction chemotherapy (10,13,14).
  The combination of docetaxel to CF has been studied in 
phase II studies (14∼17). The TAX708 phase I/II multicenter 
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Table 4. Toxicity of TPF chemotherapy (n=135)

Grade 1 Grade 2 Grade 3 Grade 4
Toxicity

n % n % n % n %

Hematological
  Anemia  41 30.4  6  4.4  0  0  0  0
  Neutropenia  21 15.6 14 10.4 34 25.1 23 17.0
  Thrombocytopenia   5  3.7 10.7  0  0  1  0.7
Nonhematological
  Anorexia  42 31.1 22 16.3 10  9.6  0  0
  Mucositis  16 11.9 16 11.9  9  6.7  0  0
  Diarrhea  12  8.9 11  8.5  3  2.2  0  0
  Vomiting  21 15.6  6  4.4  2  1.5  0  0
  Febrile neutropenia   0  0  0  0  4  3.0  0  0
  Asthenia 312  3.0 25 18.5 12  8.9  0  0

Table 5. Hematological toxicity of TPF chemotherapy between the group of patients under 65 years and over 65 years of age (n=135)

Age ＜65 (Total 73 cycles) Age ≥65 (Total 62 cycles)

Toxicity Grade 3 Grade 4 Grade 3 Grade 4 p value

n % n % n % n %

Hematological
  Anemia  0  0  0  0  0  0 0  0
  Neutropenia 18 24.6 16 21.9 16 25.8 7 11.3 0.251
  Thrombocytopenia  0  0  0  0  0  0 1  1.6 0.276
Nonhematological
  Anorexia  4  5.5  0  0  6  9.7 0  0 0.353
  Mucositis  4  5.5  0  0  5  7.7 0  0 0.548
  Diarrhea  1  1.4  0  0  2  3.2 0  0 0.466
  Vomiting  2  2.7  0  0  0  0 0  0 0.189
  Febrile neutropenia  1  1.4  0  0  3  4.8 0  0 0.236
  Asthenia  3  4.1  0  0  9 14.5 0  0 0.034

study of TPF suggested that it showed easily controlled toxicity 
and excellent long-term survival; the complete response rate 
was 40%, and the pathological complete response rate was 
90%. The overall response rate was 93%, and the overall 
survival rates at 12 months, 18 months, and 24 months were 
98%, 90%, and 82%, respectively (13). In a similar phase III 
trial conducted by Hitt et al., survival and organ preservation 
were better in the TpPF (with paclitaxel) arm than in the CF 
arm, suggesting that the triple drug combination was better 
(10). 
  Based on recent reports evaluating TPF or TPFL (TPF+ 
leucovorin) in SCCHN, the main issue with treatment failure 
was locoregional recurrence (13,18). A combination with in-
duction chemotherapy and chemoradiation therapy in a se-
quential treatment plan, based on differences in activity and 
toxicity of each paradigm, could improve outcomes with in-
tensification of local treatment (5,10,19). The study conducted 
by Hitt et al. was designed that for sequential chemoradiation 
therapy after induction chemotherapy, it was shown that the 
median survival of the TpPF (with paclitaxel) sequential the-

rapy group (35.9 months) was longer than CF sequential the-
rapy group (25.8 months) (p=0.033) (10). In the present study, 
the overall response after induction chemotherapy was found 
to be 87.7% (CR: 28.6%, PR: 59.2%). After completion of 
chemoradiotherapy, 28 (65.2%) out of 43 patients achieved CR 
and 13 (30.2%) patients achieved PR. This result suggested that 
sequential therapy in SCCHN could increase CR. The CR rate 
can predict the locoregional control. Therefore, induction che-
motherapy followed by chemoradiotherapy can improve the 
outcome of SCCHN.
  Generally, the median age of patients with head and neck 
cancers is over 60 years (20). In elderly patients, the capacities 
of bone marrow and other vital organs are vulnerable to toxic 
stimuli, and are associated with the incidence of myelotoxicity 
in patients over 65 years of age when treated with che-
motherapy (21∼23). Some trials have indicated that the dose 
intensity is lowered significantly in a substantial proportion of 
patients receiving adjuvant chemotherapy, possibly due to the 
fear of toxicity (24). In our study, the actual dose intensities 
were lower than the target dose in the elderly group because 
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of asthenia. These issues resulted in a reduction in dose or a 
delay in the start of chemotherapy, but it did not influence the 
PFS between the two groups of patients. Although the elderly 
patient group was subjected to a dose modification of the 
chemotherapy, the TPF regimen was effective for elderly 
patients (25).

CONCLUSIONS

  TPF chemotherapy followed by chemoradiotherapy is a 
highly effective treatment in terms of response and PFS with 
manageable toxicities. Furthermore, given the result that dose 
modification did not decrease PFS, this treatment is warranted 
in elderly patients with adequate dose modification.
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