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Abstract
Purpose  This study aims to evaluate the efficacy and toxicity of the two induction chemotherapy (IC) regimens (TPF: doc-
etaxel, cisplatin and 5-fluorouracil, and PF: cisplatin and 5-fluorouracil) combined with radiotherapy in young and middle 
aged patients with locoregionally advanced nasopharyngeal carcinoma (LA-NPC).
Methods  A retrospective analysis was conducted on 329 cases with stage III-IVA nasopharyngeal carcinoma from Septem-
ber 2005 to February 2017. Of the 329 cases, 253 cases underwent TPF (docetaxel: 60 mg/m2 on day 1, cisplatin: 25 mg/
m2 on days 1–3, 5-fluorouracil: 500 mg/m2 on days 1–5, intravenous 120-h infusion), while 76 cases received the PF regi-
men (cisplatin: 25 mg/m2 on days 1–3, 5-fluorouracil: 500 mg/m2 on days 1–5, intravenous 120-h infusion) every 3 weeks. 
Radiotherapy was administered after IC with or without concurrent chemotherapy. The survival rates were assessed by 
Kaplan–Meier analysis, and the survival curves were compared using a log‑rank test.
Results  The 5-year and 8-year overall survival (OS) rates of the PF group and TPF group were 80.1% and 72.1%, 87.3% 
and 78.4% respectively (p = 0.405). There were no statistical differences in regional recurrence-free survival (RRFS) and 
distant metastasis-free survival (DMFS) rates between PF and TPF groups(p = 0.585 and 0.500, respectively).The 5-year 
and 8-year estimated local recurrence free survival (LRFS) rates for patients in PF and TPF group were 91.1% and 78.0%, 
96.2% and 93.7%, respectively (p = 0.026). Moreover, The OS, LRFS, RRFS and DMFS rates were comparable between 
the non CCRT or CCRT subgroup (p = 0.542, 0.319, 0.070, 0.986, respectively). Compared with PF group, the TPF group 
significantly increased the occurrence of grade 3 or 4 neutropenia and leukopenia (p < 0.001).
Conclusion  PF and TPF followed by radiotherapy with or without concurrent chemotherapy performed encouraging anti-
tumor effects in LA-NPC, there was no statistical significance in 5-year and 8-year OS, RRFS, and DMFS rates between 
two chemotherapy regimens. Compared with PF, TPF induction chemotherapy achieved more satisfactory LRFS rate in 
LA-NPC with acceptable toxicity.
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Introduction

Compared with early stage nasopharyngeal carcinoma 
(NPC), locoregionally advanced NPC (LA-NPC) is associ-
ated with high risk of local–regional recurrence and distant 
metastasis, which is the primary cause of treatment failure. 
Studies over past decades disclosed that 63.3–81.6% of 
Chinese NPC has developed into locoregionally advanced 
disease at the time of pathological confirmed (Jiang et al. 
2015; Ou et al. 2015; Zhao et al. 2016; Wu et al. 2017; 
Au et al. 2018; Xu et al. 2021). After treated with multi-
modality therapy, patients diagnosed with LA-NPC Que-
rysuffered metastasis in approximately 15.2–22.7%, and 
9.0–22.2% of patients eventually developed locoregional 
recurrences (Jamshed et al. 2014; Kong et al. 2018; Yang 
et al. 2019; Xu et al. 2023). Treatment outcomes for LA-
NPC remain unsatisfactory, different treatment methods 
are being explored to improve the efficacy.

Induction chemotherapy (IC) followed by radiotherapy 
(RT) has recommended as category 1 for T3-4N1-3M0 or 
T1-4N2-3M0 NPC in the National Comprehensive Cancer 
Network guidelines (version 3. 2024). IC holds significant 
advantages of acquiring better overall survival (OS) and 
progress free survival (PFS) in LA-NPC (Nazeer et al. 
2022; Zhang et al. 2022), which may own to better treat-
ment tolerability and early eradication of micro metastasis. 
Chemotherapy administered before initiation of radiother-
apy could relieve the patient's symptoms, shrink tumor 
load, increase the distance between tumor and critical 
organs at risk and reduce incidence of radiation-induced 
toxicity (Kong et al. 2022). Platinum-based chemotherapy 
regimens are standard of care for patients with LA-NPC 
(Du et al. 2013; Wu et al. 2018, 2020; Tao et al. 2021). Li 
et al. reported that TPF followed by concurrent chemoradi-
otherapy (CCRT) group significantly improved 5-year fail-
ure-free survival (77.4% vs. 66.4%, P = 0.019), 5-year OS 
(85.6% vs. 77.7%, P = 0.042), 5-year distant failure-free 
survival (88.0% vs. 79.8%, P = 0.030), and 5-year locore-
gional failure-free survival (90.7% vs. 83.8%, P = 0.044) 
in stage LA-NPC (excluding N0 disease) compared with 
the CCRT alone group (Li et al. 2019). Similarly, Cao 
et  al. found that induction cisplatin plus fluorouracil 
(PF) followed by CCRT achieved higher 3-year disease-
free survival rate (82.0%, 95% CI = 0.77–0.87) than the 
CCRT alone arm (74.1%, 95% CI = 0.68–0.80, P = 0.028) 
(Cao et al. 2017). In Hong Kong, a randomized phase II 
trial reported that the 3-year progression-free survival 
rates for docetaxel and cisplatin (TP) plus CCRT versus 
CCRT alone arm were 88.2% and 59.5% (HR = 0.49, 95% 
CI = 0.20–1.19, P = 0.12). The 3-year OS rate for TP plus 
CCRT versus CCRT alone arm were 94.1% and 67.7% 
(HR = 0.24, 95% CI = 0.078–0.73, P = 0.012) (Hui et al. 

2009). Gemcitabine plus cisplatin (GP) showed its supe-
riority as IC regimen in later randomized phase III trial 
NCT01872962. Patients received induction chemotherapy 
with GP had better 3-year OS than those in CCRT alone 
group (94.6% vs. 90.3%, HR = 0.43, 95% CI = 0.24–0.77). 
The 3-year recurrence-free survival was 85.3% in GP fol-
lowed by CCRT group and 76.5% in the CCRT alone group 
(P = 0.001) (Zhang et al. 2019a, b). Currently, several stud-
ies directly compared the efficacy and safety profiles dur-
ing different IC regimens were reported. Zhu et al. found 
that in LA-NPC, the GP induction chemotherapy regimen 
was comparable to TPF in treatment outcomes (Zhu et al. 
2019). Jin et al. conducted a multi-center, open-label, ran-
domized, non-inferiority trial and revealed that there was 
no statistically significant difference in PFS between the 
TPF and PF induction chemotherapy in stage III-IV NPC 
(without distant metastases) (Jin et al. 2019). Peng et al. 
found that TPF plus CCRT and TP plus CCRT achieved 
significantly better OS and DFS than PF plus CCRT alone 
in stage III-IVA NPC (P = 0.045 and P = 0.029, respec-
tively), while PF regimen achieved the lowest grade 3–5 
toxicities (Peng et al. 2021a, b). The efficacy and safety 
for different IC regimen are still inconsistent. Hence, the 
optimal IC regimen is still not established (De Felice et al. 
2022).

With the prolongation of survival, RT-related toxici-
ties, such as xerostomia, mucositis, dysphagia and osteora-
dionecrosis are gradually attracted attention in clinical man-
agement (De Felice et al. 2016; Koch et al. 2025). RT-related 
toxicity prediction relies heavily on dosimetric parameters 
of radiotherapy, clinical factors and treatment compliance 
at present. An increasing interest was shown in identify-
ing potential biomarkers for significant toxicities prediction 
(Koch et al. 2025).

In general, the choice of IC regimens should be made on 
the balance of improving survival and reducing treatment-
related toxicity. In this study, we aimed to retrospectively 
evaluate the treatment outcomes and side effects of different 
IC regimens (PF vs. TPF) plus RT in LA-NPC patients.

Materials and methods

Patients

The current retrospective study reviewed the patients with 
pathologically confirmed non-metastatic NPC at Fudan 
University Shanghai Cancer center from September 2005 
and February 2017. There were the inclusion criteria: (1) 
NPC confirmed by histopathology; (2) stage III-IVA disease; 
(3) age 22–55 years; (4) Karnofsky score more than 70; (5) 
received PF or TPF induction chemotherapy; (6) adequate 
organ function and hematologic function. The exclusion 
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criteria were as follows: (1) evidence of distant metastasis; 
(2) other previously diagnosed or concomitant cancer; (3) 
prior radiotherapy to the head and neck region; (4) presence 
of an uncontrolled concomitant illness. For this trial, the 8th 
Edition of American Joint Committee on Cancer (AJCC) 
staging system was used to re-staged all enrolled patients 
according to initial magnetic resonance imaging (MRI) 
imageological examination of the nasopharynx. Positron 
Emission Tomography-Computed Tomography (PET-CT) 
or a combination of chest CT, abdominal ultrasound/CT/
MRI and bone scintigraphy were performed to exclusion of 
metastasis. The study was approved by our institutional Eth-
ics Review Board and all patients signed a written consent.

Chemotherapy

Enrolled patients received TPF (docetaxel: 60 mg/m2 on day 
1; cisplatin: 25 mg/m2/day on day 1- day 3; 5-fluorouracil: 
500 mg/m2/day on day 1- day 5, given in a 120-h continu-
ous intravenous infusion) or PF (cisplatin: 25 mg/m2 on day 
1- day 3; 5-fluorouracil: 500 mg/m2 on day 1- day 5, given 
in a 120-h continuous intravenous infusion) regimens dur-
ing induction course. RT was implemented 3 weeks after 
IC. Concurrent chemotherapy consisted of cisplatin 30 mg/
m2 weekly during RT. Four weeks after the completion of 
RT without CCRT, AC consistent with previous regimen 
was administered for tolerable patients. Blood routine 
and blood biochemical parameters were examined before 
each chemotherapy cycle. The IC/AC was scheduled every 
3 weeks based on well tolerance and eligible hematological 
examination. Otherwise, the next course will be cancelled 
or postponed until hematologic parameters of patients were 
qualified. Furthermore, the dose of the next cycle would be 
reduced by 20% in case of grade 4 hematological toxicity.

Radiotherapy

Patients were immobilized by a head, neck and shoulders 
mask in supine position. Intravenous contrast-enhanced CT 
planning scans were performed and contiguous slices 5 mm 
thick were obtained from the vertex to 2 cm below the clavi-
cle head. The gross tumor volume (GTV) was defined as 
all primary nasopharyngeal tumors and metastasis lymph 
nodes determined by imaging and clinical findings. Clinical 
target volume (CTV) included GTV and subclinical lesions, 
which divided into CTV1 and CTV2. CTV1 included the 
nasopharynx, retropharyngeal lymph node, skull base, ante-
rior one-third of the clivus, pterygoid fossae, parapharyn-
geal space, inferior sphenoid sinus, posterior one-third of 
the nasal cavity and maxillary sinus, upper neck lymphatic 
region and lower neck lymphatic region with positive lymph 
nodes. CTV2 included lower neck lymphatic region with-
out positive lymph nodes. Finally, 5 mm expansion on the 

basis of the CTV was outlined as planning target volume 
(PTV) and then modified. According to T classification, the 
prescribed dose of primary tumor was 66 Gy/30 fractions 
and 70.40 Gy/32 fractions for T1-2 and T3-4, respectively. 
The prescribed dose was 66 Gy for positive cervical lymph 
nodes, 60 Gy for high-risk area and 54 Gy for low-risk 
area in the same fraction of the primary tumor. All patients 
received irradiation 5 days per week, one fraction daily.

Assessment and follow‑up

Patients were assessed weekly during radiation therapy. 
After treatment completion, follow-ups occurred every 
3 months for the first 2 years, every 6 months during the 
year 3–5 and annually thereafter. Routine follow-up included 
medical history, nasopharyngoscopy and physical exami-
nation. Enhanced MRI of the nasopharynx was performed 
every 6–12 months. Chest CT and abdominal ultrasonog-
raphy were conducted once yearly. Additional tests were 
ordered whenever there was any clinical indication. Acute 
and late RT-related toxicities were graded according to the 
Radiation Therapy Oncology Group (RTOG).

Statistics

SPSS 26.0 (SPSS Inc, Chicago, IL, USA) software was used 
for statistical analysis in this study. Chi-square test for occur-
rence rates and categorical variables. They were performed 
in the baseline comparison, Student's t test for continuous 
variables and Rank Sum test for ordinal categorical variable. 
The overall survival (OS), local recurrence free survival 
(LRFS), regional recurrence free survival (RRFS) and dis-
tant metastasis free survival (DMFS) rates were estimated by 
Kaplan–Meier method. Survival differences between groups 
were calculated with log-rank tests. A two-sided P < 0.05 
was considered statistically significant.

Results

Patient characteristics

Between September 2005 and February 2017, a total of 329 
patients were newly diagnosed as LA-NPC and received 
IC plus CCRT (n = 59) or IC plus RT ± AC (n = 270) were 
analyzed. This study enrolled 241 males and 88 females 
(male: female≈2.74: 1), 253 patients received TPF regimen 
chemotherapy while 76 patients received PF. In total, 90 
patients were classified as T4, of which 19 patients (25.0%) 
in PF group and 71 patients (28.1%) in TPF group. One 
hundred and seven patients were diagnosed with N3 stage, 
of which 20 patients (26.3%) in PF group and 87 patients 
(34.4%) in TPF group. Thirty-seven patients (48.7%) were 
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diagnosed with stage IVA in PF group and 145 (57.3%) in 
TPF group. There were no statistic differences in distribution 
of T stage, N stage and clinical stage between PF and TPF 
groups (p = 0.618, 0.377 and 0.185, respectively).

Completion of treatment

All patients received IC in this study. In PF and TPF group, 
there were 59 patients (77.6%) and 233 patients (92.1%) 
completed two cycles of IC, respectively; 8 patients (10.5%) 
and 9 patients (3.6%) completed three cycles of IC, respec-
tively; 3 patients (4.0%) and 3 patients (1.2%) completed 
four cycles of IC, respectively; and 6 patients (7.9%) and 
8 patients (3.2%) only underwent one course of IC due to 
grade 4 myelosuppression with a poor personal performance. 
All patients completed radical radiotherapy, except for one 
patient in TPF group who discontinued radiotherapy for 
non-medical reasons at doses of 63.8 Gy/29F. Forty patients 
(52.6%) in the PF group and 175 patients (69.2%) in the TPF 
group received RT ± AC.

Survival analysis

The median follow-up time was 75 (range, 8–183) months, 
which were 70 (range, 8–183) months and 77 (range, 8–153) 
months for PF and TPF groups, respectively. By the last 
follow-up visit, 71 (21.6%) patients died, the causes of 
death were as follows: 17 patients died from recurrence, 31 
patients died from metastasis, 10 patients died from recur-
rence and metastasis, 3 patients died from second primary 
tumor and 10 patients died from non-neoplastic diseases, 
unexplained deaths or treatment complications, distant 
metastasis is the commonest site of failure.

The 5-year and 8-year estimated OS rates for the whole 
group were 85.7% and 77.0%, which were 80.1% and 72.1%, 
87.3% and 78.4% for patients in PF and TPF group, respec-
tively (p = 0.405; Table 1). The 5-year and 8-year estimated 
OS rates for patients with classifications of T1-3 and T4 

were 87.8% and 80.8%, 80.0% and 66.9%, respectively 
(p = 0.007; Table 1). The 5-year and 8-year estimated OS 
rates for patients with classifications of N0-2 and N3 were 
88.7% and 82.4%, 79.4% and 65.6%, respectively (p = 0.008; 
Table 1). The 5-year and 8-year estimated OS rates for 
patients with classifications of stage III and stage IVA were 
91.1% and 86.3%, 81.3% and 69.6%, respectively (p = 0.001; 
Table 1). The 5-year and 8-year estimated LRFS rate for the 
whole group were 95.0% and 90.5%, which were 91.1% and 
78.0%, 96.2% and 93.7% for patients in PF and TPF group, 
respectively (p = 0.026; Table 2). The 5-year and 8-year esti-
mated LRFS rates for patients with classifications of T1-3 
and T4 were 97.2% and 93.2%, 89.2% and 83.2%, respec-
tively (p = 0.004; Table 2). The 5-year and 8-year estimated 
RRFS rates for the whole group were 96.7% and 87.9%, 
which were 94.2% and 83.7%, 97.4% and 89.1% for patients 
in PF and TPF group, respectively (p = 0.585; Table 3). 
The 5-year and 8-year estimated RRFS rates for patients 
with classifications of N0-2 and N3 were 98.1% and 91.1%, 
93.8% and 80.4%, respectively (p = 0.022; Table 3). The 
5-year and 8-year estimated DMFS rates for the whole group 
were 91.3% and 84.9%, which were 87.9% and 87.9%, 92.3% 
and 84.4% for patients in PF and TPF group, respectively 
(p = 0.500; Table 4). The 5-year and 8-year estimated DMFS 

Table 1   The 5-year and 8-year 
estimated overall survival rate 
among various groups

Bold means p < 0.05, difference between groups was statistically significant

Cases 5-year (%) 8-year(%) p value

T stage T1-3 42/239 87.8 80.8 0.007
T4 29/90 80.0 66.9

N stage N0-2 39/222 88.7 82.4 0.008
N3 32/107 79.4 65.6

Stage III 19/147 91.1 86.3 0.001
IVA 52/182 81.3 69.6

Chemotherapy strategy non-CCRT​ 62/270 85.9 76.2 0.542
CCRT​ 9/59 84.4 84.4

Chemotherapy regimens PF group 18/76 80.1 72.1 0.405
TPF group 53/253 87.3 78.4

Table 2   The 5-year and 8-year estimated local recurrence free sur-
vival rate among various groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

Cases 5-year 8-year p

T stage T1-3 14/239 97.2 93.2 0.004
T4 14/90 89.2 83.2

Chemotherapy strategy non-CCRT​ 22/270 95.2 91.7 0.319
CCRT​ 6/59 94.4 81.4

Chemotherapy regi-
mens

PF 11/76 91.1 78.0 0.026

TPF 17/253 96.2 93.7
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rates for patients with classifications of T1-3 and T4 were 
91.9% and 87.8%, 89.5% and 77.1%, respectively (p = 0.031; 
Table 4). The 5-year and 8-year estimated DMFS rates for 
patients with classifications of N0-2 and N3 were 94.9% and 
91.3%, 83.7% and 71.6%, respectively (p < 0.001; Table 4). 
The 5-year and 8-year estimated DMFS rates for patients 
with classifications of III and IVA stage were 95.2% and 
94.1%, 88.1% and 77.6%, respectively (p < 0.001; Table 4). 
Finally, the 5-year and 8-year OS, LRFS, RRFS and DMFS 
rates were similar in with or without CCRT subgroups 
(p = 0.542, 0.319, 0.070 and 0.986, respectively; Table 5).

Treatment complications

No treatment-induced death occurred in the whole group. 
During IC, most common adverse event of grade 3 or 4 
were neutropenia in 98 patients (29.8%) followed by leu-
kopenia in 66 patients (20.1%). Those received TPF course 

had a higher incidence of grade 3 or 4 adverse event, with 
neutropenia in 95 patients (37.5%), leukopenia in 63 
patients (24.9%). Thrombopenia rate was low and mainly 
in grade 1 or 2. The incidence of liver and renal dysfunc-
tion were also rare. The acute and late RT toxicities were 
recorded in accordance with the RTOG. The incidence of 
grade 3–4 mucositis during radiotherapy was 28.5% and 
22.4% in TPF and PF group, respectively (p = 0.295). A 
total of 182 patients received fluid support in the entire 
group, with a median fluid support duration of 3 days 
(ranging from 0 to 20 days), and a median weight loss 
rate of 9.0% (ranging from 0–27.9%). None of the case 
required gastric tube placement (Table 6).

Late reactions included grades 3–4 xerostomia, hearing 
loss and dental caries, with respective incidence of 4.3%, 
11.1% and 19.4%. There were 13 cases of cranial neu-
ropathy, 7 cases of temporal lobe necrosis, and 13 cases 
of secondary primary tumors.

Table 3   The 5-year and 8-year estimated regional recurrence free sur-
vival among various groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

Case 5-year 8-year p value

N stage N0-2 17/222 98.1 91.1 0.022
N3 15/107 93.8 80.4

Chemotherapy 
strategy

non-CCRT​ 25/270 96.8 89.1 0.070

CCRT​ 7/59 96.4 80.7
Chemotherapy regi-

mens
PF 8/76 94.2 83.7 0.585

TPF 24/253 97.4 89.1

Table 4   The 5-year and 8-year estimated distant metastasis free sur-
vival among various groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

Cases 5-year 8-year p value

T stage T1-3 31/239 91.9 87.8 0.031
T4 20/90 89.5 77.1

N stage N0-2 22/222 94.9 91.3  < 0.001
N3 29/107 83.7 71.6

Stage III 11/147 95.2 94.1  < 0.001
IVA 40/182 88.1 77.6

Chemotherapy 
strategy

non-CCRT​ 44/270 92.0 84.8 0.986

CCRT​ 7/59 87.9 87.9
Chemotherapy 

regimens
PF 10/76 87.9 87.9 0.500

TPF 41/253 92.3 84.4

Table 5   The 5-year and 8-year estimated survival rate among non-
CCRT and CCRT groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

cases 5-year 8-year p value

OS non-CCRT​ 62/270 85.9 76.2 0.542
CCRT​ 9/59 84.4 84.4

LRFS non-CCRT​ 22/270 95.2 91.7 0.319
CCRT​ 6/59 94.4 81.4

RRFS non-CCRT​ 25/270 96.8 89.1 0.070
CCRT​ 7/59 96.4 80.7

DMFS non-CCRT​ 44/270 92.0 84.8 0.986
CCRT​ 7/59 87.9 87.9

Table 6   The adverse effects among PF and TPF groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

Adverse Effects TPF group (%) PF group (%) P

During IC
 Grade 3–4 leukopenia 24.9 (63/253) 3.9 (3/76) 0.000
 Grade 3–4 neutropenia 37.5 (95/253) 5.2 (3/76) 0.000
 Liver dysfunction 4.3 (11/253) 2.6 (2/76) 0.736
 Renal dysfunction 0.8 (2/253) 0.0 (0/76) 1.000

During RT
 Grade 3–4 mucosal reaction 28.5 (72/253) 22.4 (17/76) 0.295
 Median weight loss 9.1 (0–26.7) 9.0 (0–27.9) 0.273
 Median intravenous nutri-

tional support duration 
(days)

3 (0–20) 3 (0–14) 0.471
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Discussion

NPC owns sensitive response to radiotherapy and chemo-
therapy. With the progression of imaging and radiation 
technology, a significantly higher overall survival rate 
for NPC patients was observed in the era of IMRT. The 
existed researches showed that the 5-year OS rates were 
82.0%−93.0% for LA-NPC using IMRT as radiation treat-
ment. The primary failure pattern was distant metastasis, 
followed by local and regional recurrence (Li et al. 2019; 
Xia et al. 2019; Wang et al. 2020). A greater improvement 
of locoregional control with IMRT was demonstrated. It’s 
mainly due to the reduction of locoregional recurrence in 
NPC patients by delivering a higher and more accurate dose 
to tumor target while conforming a low dose to normal tis-
sues (Lai et al. 2011). The prognosis of LA-NPC is also 
related to T and N category. It has been revealed in HKN-
PCSG 1301 study from Hong Kong that IMRT yields excel-
lent 8-year LRFS rates of 87.2–91.7% in T1–T3 category but 
71.6% for T4 tumors (p < 0.001). While excellent regional 
control could be achieved in N0-2 with 5-year and 8-year 
RRFS rates exceeding 90%, the treatment of N3 disease 
remained highly challenging (p < 0.001) (Au et al. 2018). 
Other literature revealed that T4 was a prognostic indica-
tor of poor OS and PFS, and N3 was a prognostic indicator 
of poor OS (Fangzheng et al. 2017a, b). Similar conclu-
sions were proposed in this research. Our study showed that 
T stage was significantly associated with OS, LRFS and 
DMFS (all p < 0.05; Table 7), and N stage was significantly 
associated with OS, RFFS and DMFS (all p < 0.05; Table 8). 
The analysis showed after stratifying the overall patients by 
T stage, the 5-year and 8-year OS, LRFS and DMFS rates for 
T4 patients were 80.0% and 66.9%, 89.2% and 83.3%, 89.5% 
and 77.1%, respectively (Table 7). We also did a subset anal-
ysis regarding the different N stages, the 5-year and 8-year 
OS, RRFS and DMFS rates for N3 patients were 79.4% and 
65.6%, 93.8% and 80.4%, 83.7% and 71.6%, respectively 
(Table 8). Obviously worse prognosis in patients with T4 or 

N3 diseases was observed. In addition, Huang et al. suggests 
that stage T4 and N3 were closely associated with distant 
metastasis (Huang et al. 2021). IMRT failed to meliorate 
the main failure pattern of distant metastasis, looking for 
effective chemotherapy method is crucial (Peng et al. 2012; 
Zhang et al. 2015).

The addition of IC to radiotherapy is associated with 
significant survival improvement in LA-NPC, which pre-
cisely due to the reduction of distant metastasis (Sun et al. 
2016; Chen et al. 2018, 2021; Zhang et al. 2019a, b). IC 
followed by CCRT was associated with a significantly lower 
rate of distant failure than CCRT alone (HR = 0.68, 95% CI: 
0.51–0.90, P = 0.008), 9.3% and 5.5% improvement of 5-year 
OS and PFS, respectively (for OS: HR = 0.75, 95% CI: 
0.57–0.99, P = 0.04; for PFS: HR = 0.70, 95% CI: 0.56–0.86, 
P = 0.0009) (Chen et al. 2018). Chen et al. conducted a meta-
analysis on five studies involving 759 LA-NPC patients, and 
found TPF presented a pronounced efficacy on improving OS 
(HR = 0.53, 95% CI: 0.35–0.81, P = 0.003), PFS (HR = 0.63, 
95% CI: 0.46–0.86, P = 0.004), DMFS (HR = 0.58, 95% CI: 
0.39–0.86, P = 0.008), and LRFFS (HR = 0.62, 95% CI: 
0.43–0.90, P = 0.01) than CCRT alone (Chen et al. 2021).

The optimal chemotherapy pattern in combination with 
IMRT needs further investigation. Some studies have shown 
that the induction efficacy of PF is not inferior to TPF with 
mild side effects (Fangzheng et al. 2017a, b; Wang et al. 
2022). Jin et al. undertook a multi-center, open-label, rand-
omized, non-inferiority trial and didn’t observe significant 
difference in OS and PFS when docetaxel was added to cis-
platin and fluorouracil in patients with LA-NPC (P > 0.05). 
On the contrary, significantly more patients in the TPF group 
required treatment delays and dose modifications because of 
grade 3 or 4 neutropenia and diarrhea (Jin et al. 2019). In 
our retrospective investigation, both TPF and PF performed 
encouraging anti-tumor effects in LA-NPC. Compare to pre-
cious study, our research, with a significantly longer median 
follow-up period (75 months), further validated that there 
was no statistical significance in 5-year and 8-year OS rates 
between two chemotherapy regimens (p = 0.405; Table 9), 

Table 7   The 5-year and 8-year estimated survival rate among T1-3 
and T4 groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

Cases 5-year 8-year p value

OS T1-3 42/239 87.8 80.8 0.007
T4 29/90 80.0 66.9

LRFS T1-3 14/239 97.2 93.2 0.004
T4 14/90 89.2 83.3

DMFS T1-3 31/239 91.9 87.8 0.031
T4 20/90 89.5 77.1

Table 8   The 5-year and 8-year estimated survival rate among N0-2 
and N3 groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

Cases 5-year 8-year p value

OS N0-2 39/222 88.7 82.4 0.008
N3 32/107 79.4 65.6

RRFS N0-2 17/222 98.1 91.1 0.022
N3 15/107 93.8 80.4

DMFS N0-2 22/222 94.9 91.3  < 0.001
N3 29/107 83.7 71.6
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similar consequence was also observed in RRFS (p = 0.585; 
Table 9) and DMFS (p = 0.500; Table 9).

Other previous studies indicated that TPF is more effec-
tive than PF in some subgroups. Results from patients in 
IVA stage and high-risk group (pre-EBV DNA ≥ 1500 cop-
ies) showed that TPF was associated with significantly better 
DMFS than PF regimen (p = 0.050 and p = 0.025) (Liu et al. 
2020). Peng et al. stratified LA-NPC into low-risk and high-
risk groups by a prognostic nomogram and discovered that 
TPF was associated with significantly improved 3-year DFS 
(76.2% vs. 67.5%), OS (88.3% vs. 84.1%), DMFS (81.9% vs. 
75.0%) and LRFS (92.0% vs. 87.5%; all P < 0.05) compared 
with PF within high-risk group (Peng et al. 2021a, b). In 
another retrospective study, TPF was found to have a higher 
5-year DMFS in stage IVA and N2-3 patients (Xiong et al. 
2021). In our study, improvement of LRFS in the TPF group 
for LA-NPC was remarkable than PF (p = 0.026; Table 8). 
We further stratified patients with T stage and found that 

patients receiving TPF regimen had better 5-year and 8-year 
LRFS rates than others receiving PF regimen in T1-3 sub-
group (p = 0.012; Fig. 1A), there were no statistically sig-
nificant difference in LRFS rates between two IC regimens 
for T4 subgroup (p = 0.468; Fig. 1B).

Our studies also revealed that OS, LRFS, RRFS and 
DMFS rates were comparable between IC followed by 
CCRT and non-CCRT group (p = 0.235, 0.130, 0.148, 0.718, 
respectively). Past retrospective study showed the combi-
nation of IC and IMRT without concurrent chemotherapy 
is an effective method for LA-NPC. Wei et al. found that 
patients received TPF plus CCRT did not make a differ-
ence in 3-year OS, LRFS, RRFS and DMFS compared with 
TPF plus RT alone in LA-NPC (p = 0.286, 0.142, 0.156 and 
0.567, respectively) (Wei et al. 2019). Similar conclusions 
have been obtained on Chang’s literature, after receiving 
neoadjuvant chemotherapy of ≥ 3 cycles, patients received 
IMRT alone were observed reducing treatment-related side 
effects while without compromising survival outcomes 
(Chang et al. 2019). Our previous research revealed that 
deleting concurrent chemotherapy could achieve satisfactory 
5-year and 10-year OS and LPFS rates (73.8% and 59.3%, 
87.5% and 79.3%, respectively) in T4 non-metastatic NPC 
(Zheng et al. 2024).

In terms of treatment-related side effects, obvi-
ously, docetaxel-based regimen produced more grade 3–4 
acute toxicities. Compared with PF, the incidence of grade 
3 or 4 leukopenia and neutropenia were more common 
in the TPF group (p = 0.000 and p = 0.000, respectively), 
which was consistent as previously reported (Peng et al. 
2021a, b). Almost no severe hepatic and renal toxici-
ties were found. During the period of IMRT, this study 
recorded similar incidence of grade 3–4 mucosal reac-
tion in both the PF and TPF groups (p = 0.295; Table 5). 

Table 9   The 5-year and 8-year estimated survival rate among PF and 
TPF groups

Bold means p < 0.05, difference between groups was statistically sig-
nificant

Cases 5-year 8-year p value

OS PF 18/76 80.1 72.1 0.405
TPF 53/253 87.3 78.4

LRFS PF 11/76 91.1 78.0 0.026
TPF 17/253 96.2 93.7

RRFS PF 8/76 94.2 83.7 0.585
TPF 24/253 91.5 89.1

DMFS PF 10/76 87.9 87.9 0.500
TPF 41/253 92.3 84.4

Fig. 1   Kaplan–Meier curves showing local progression free survival (LPFS) rates in different T stage among PF and TPF groups. A T1-3, B T4
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Median weight loss and median intravenous nutritional 
support duration were also approximate in two groups 
(p = 0.273 and p = 0.471, respectively). Radiation-related 
late toxicities emerge as significant problems during the 
follow-up surveillance of NPC survivors. A retrospective 
analysis of 3328 cases in Hong Kong showed that 5.1% 
patients had cranial nerve palsies, 7.1% had hearing loss 
requiring hearing aids, 3% had dysphagia requiring long-
term tube feeding, and 0.9% had symptomatic temporal 
lobe necrosis at a median follow-up time of 80 months 
(Au et al. 2018). In our cohort, 4.0% patients had cra-
nial neuropathy, 2.1% had temporal lobe necrosis, 4.3% 
had grades 3–4 xerostomia, 11.1% had hearing loss and 
19.4% had dental caries. None of the patients experienced 
osteoradionecrosis during follow-up. The incidence of the 
second primary tumor after IMRT in NPC patients was 
3.0%−9.2% in previous reports (Zhang et al. 2019a, b; 
Chow et al. 2020; Svärd et al. 2023), 13 cases of secondary 
primary tumors were observed in our study.

Whereas, there are also some limitations in this study. 
The study is a retrospective analysis in a single center 
and with a small sample size, plasma EBV-DNA data was 
lacking as tests were not conduct at the time. Further mul-
ticenter, large-sample, prospective randomized controlled 
trials are needed to comprehensively compare the effects 
of different IC regimens on the efficacy and prognosis in 
LA-NPC patients.

Conclusion

In summary, this analysis indicated that TPF or PF induc-
tion treatment followed by RT obtained equally satisfac-
tory efficiency in OS, LRFS and DMFS among patients 
with LA-NPC. TPF provided improved LRFS than PF reg-
imen. Patients underwent TPF regimen experience higher 
myelosuppression, but most were endurable.
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