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Background/Objective: We aimed to compare the 10-year survival outcomes of
induction docetaxel plus cisplatin and 5-fluorouracil (TPF), docetaxel plus cisplatin (TP),
and cisplatin plus 5-fluorouracil (PF) regimens additional to concurrent chemoradiotherapy
(CRT) in locoregionally advanced nasopharyngeal carcinoma (NPC).

Methods: Eligible patients with newly diagnosed stage IlI-IVA NPC were included.
Propensity score matching (PSM) was used to balance prognostic covariates. Survival
outcomes and toxicities between different groups were compared.

Results: A total of 855 patients between 2009 and 2012 were included, with 395
(46.2%), 258 (30.2%), and 202 (23.6%) receiving TPF plus CRT, TP plus CRT, and PF plus
CRT regimens, respectively. After a median follow-up of 111.8 months, multivariate
analysis both in the whole cohort and PSM selected 202 pairs showed that TPF plus
CRT and TP plus CRT achieved significantly better 10-year overall survival (OS) than PF
plus CRT. Sensitivity analysis after excluding patients with T3-4NO disease demonstrated
that TPF plus CRT still achieved significantly better OS than PF plus CRT (HR, 0.580; 95%
Cl, 0.395-0.852; P = 0.005), while the difference between TP plus CRT and PF plus CRT
was marginally significant (HR, 0.712; 95% ClI, 0.503-1.008; P = 0.056). With regard to
toxicity profile, PF regimen achieved the lowest grade 3-5 toxicities (27.3%).

Conclusion: TPF plus CRT and TP plus CRT were better than PF plus CRT in improving
the 10-year OS of patients with stage llI-IVA NPC.

Keywords: nasopharyngeal carcinoma, induction chemotherapy, 10-year outcomes, radiotherapy, concurrent
chemoradiotherapy (CCRT)
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BACKGROUND

As an aggressive and relatively rare head and neck cancer,
nasopharyngeal carcinoma (NPC) has an extremely unbalanced
geographical distribution worldwide; it is endemic in Southern
China and Southeast Asia but very rare in western countries (1,
2). Different from other head and neck cancers, nondisseminated
NPC is cured by radiotherapy. A 10-year overall survival (OS) of
87.1-100% could be achieved in patients with stage I-II disease;
however, the corresponding survival outcome of patients with
stage III-IVA disease was only 75.5-55.6%, and distant
metastasis has come as the main failure patter (3).
Unfortunately, more than 80% of patients presented with
advanced diseases at initial diagnosis (2, 4). Therefore, how to
reduce distant metastasis and improve the therapeutic outcomes
of patients with advanced disease have been widely studied.

Induction chemotherapy (IC), usually a combination of two
or three cytotoxic drugs, is given before radiotherapy to
eliminate clinically undetectable micrometastatic lesions,
thereby reducing the rate of distant failure and improving
survival. Indeed, several phase III clinical trials conducted in
recent years have showed that IC additional to concurrent
chemoradiotherapy (CRT) could improve both distant
metastasis-free survival (DMFS) and OS (5-9). This evidence
strengthened the role of IC in locoregionally advanced NPC, and
IC plus CRT was therefore approved as the preferable treatment
strategy worldwide for advanced NPC. Despite these advances,
the most effective IC regimen, however, is still unknown
since various regimens all achieved positive results (5-8, 10,
11). A previously retrospective study uncovered that a triple
combination of docetaxel plus cisplatin and 5-fluorouracil
(TPF) was better than docetaxel plus cisplatin (TP) and
cisplatin plus 5-fluorouracil (PF) regimens in patients with
stage III-IVA NPC (excluding T3NO) (12). However, the
insufficient follow-up duration (median, 46.1 months) and
inclusion of patients who did not receive concurrent
chemotherapy made these results inconclusive.

Based on this premise, we conducted this study to compare
the 10-year survival outcomes of patients with locoregionally
advanced NPC receiving induction TPF, TP, or PF plus CRT in
the era of intensity-modulated radiotherapy (IMRT).

RESULTS

Baseline Information of Included Patients

A total of 855 patients treated between April 2009 and December
2012 were included in our study, with 395 (46.2%) receiving TPF
plus CRT, 258 (30.2%) receiving TP plus CRT, and 202 (23.6%)
receiving PF plus CRT. Baseline information of these patients is
shown in Table 1. The whole cohort had a median age of 44 years
and a male-to-female ratio of 3.3. The PF plus CRT group had
significantly lower percentages of T4 (29.4% vs. 39.3% vs. 35.2%,
P =0.007), N3 (14.7% vs. 20.7% vs. 23.3%, P = 0.173), and stage
IVA (41.1% vs. 55.7% vs. 52.0%, P = 0.001) diseases compared
with TPF plus CRT and TP plus CRT groups. More patients in

the TPF plus CRT group received three or more cycles than in
the TP plus CRT and PF plus CRT groups (69.6% vs. 22.3% vs.
26.7%, P < 0.0001). Notably, the TP plus CRT group had the
lowest percentage of patients receiving a cumulative cisplatin
dose (CCD) =200 mg/m2 (8.9% vs. 23.0% vs. 21.7%, P < 0.0001).
A total of 278 patients received weekly cisplatin/nedaplatin
during radiotherapy, with 80 (20.3%), 136 (52.7%), and 62
(29.7%) in the TPF, TP, and PF groups, respectively.

Treatment Failure Pattern

Up to the last follow-up (August 20, 2021), the median follow-up
duration was 111.8 months (range, 4.57-149.63 months) for the
whole cohort and 120.9 months (range, 7.43-149.63 months) for
those alive. Among the patients survived, 9.6% (56/586) of them
were lost to follow-up, and only 5 (0.9%) of the remaining
patients were followed for less than 9 years (range, 105.2-107.6
months). A total of 269 (31.6%) deaths were observed, with 124
(31.4%) in the TPF plus CRT group, 78 (38.6%) in the PF plus
CRT group, and 67 (26.0%) in the TP plus CRT group.
Moreover, 85 (21.5%), 45 (11.4%), and 40 (10.1%) patients in
the TPF plus CRT group suffered distant, local, and regional
recurrence, respectively. The corresponding numbers were 49
(24.3%), 23 (11.4%), and 20 (9.9%) in the PF plus CRT group,
and 45 (17.4%), 20 (7.8%), and 8 (3.1%) in the TP plus CRT
group. Intriguingly, 29 (3.4%) patients still survived after disease
progression and salvage treatments, with 18 (4.6%) in the TPF
plus CRT group, 4 (2.0%) in the PF plus CRT group, and 7
(2.7%) in the TP plus CRT group. Notably, 39 new events, which
accounted for 13.1% of all events, occurred after 5 years, with 21
(5.3%) in the TPF plus CRT group, 11 (5.4%) in the PF plus CRT
group, and 7 (2.7%) in the TP plus CRT group (Supplementary
Table S1).

Survival Outcomes Comparison

The estimated 10-year OS, DFS, DMES, and LFFS rates were
67.8%, 64.9%, 78.4%, and 83.8% for the whole cohort,
respectively. With regard to the three groups, the estimated 10-
year survival rates of TPF vs. TP vs. PF were 67.7% vs. 73.5% vs.
60.5% (PTPF vs. TP = 0.153, PrpE 4, pr = 0.058, Ppg 15 Tp = 0003)
for OS, 63.6% vs. 71.1% vs. 59.2% (Prpg s Tp = 0.055,
Prpg v, pr = 0.262, Ppg 5. tp = 0.007) for DFS, 77.7% vs. 82.3%
vs. 74.5% (Prpg vs. Tp = 0.209, Prpg ys. pp = 0.39, Ppg 4. 1p = 0.063)
for DMFS, and 81.2% vs. 89.5% vs. 81.8% (Prpg vs. Tp = 0.006,
Prpg s, pr = 0.968, Ppg: 4. 1p = 0.015; Supplementary Figure S1)
for LFFS. After adjusting for various factors by an adjusted Cox
proportional hazards model, TPF plus CRT (OS: HR, 0.672; 95%
CI, 0.491-0.920; P = 0.013; DFS: HR, 0.753; 95% CI, 0.544-0.994;
P = 0.045) and TP plus CRT (OS: HR, 0.664; 95% CI, 0.478-
0.922; P =0.015; DES: HR, 0.701; 95% CI, 0.510-0.963; P = 0.029)
were associated with significantly better OS and DFS compared
with PF plus CRT (Table 2).

We used PSM to balance independent prognostic factors
identified above (tumor stage, alcohol intake, age, and gender)
and further performed survival analysis in the selected 202 pairs
(Supplementary Table S2). Correspondingly, the 10-year OS,
DES, DMFS, and LFES rates for TPF vs. PF vs. TP were 68.9% vs.
70.3% vs. 60.5% (PTPF vs. TP = 083, PTPF vs. PE = 0068, PPF vs. TP =
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TABLE 1 | Baseline information of 855 patients receiving different IC regimens.

Characteristics TPF PF TP P value
No. (%) No. (%) No. (%)

Gender 0.589
Male 304 (77.0) 150 (74.3) 202 (78.9)
Female 91 (23.0) 52 (25.7) 56 (21.7)

Age (vears) 0.461°
Median (range) 43 (16-72) 46 (12-72) 45 (18-76)
> 50 114 (28.9) 71 (35.1) 77 (29.8)
<50 281 (71.1) 131 (64.9) 181 (70.2)

Smoking 0.584
Yes 158 (40) 72 (35.6) 100 (38.8)
No 237 (60) 130 (64.4) 158 (61.2)

Alcohol intake 0.781
Yes 54 (13.7) 24 (11.9) 36 (14.0)
No 341 (86.3) 178 (88.1) 222 (86.0)

Family history of cancer 0.64
Yes 106 (26.8) 47 (23.3) 66 (25.6)
No 289 (73.2) 155 (76.7) 192 (74.4)

T category® 0.007
T1 21 (56.3) 13 (6.4) 4 (1.6)
T2 30 (7.6) 18 (8.9) 20 (7.8)
T3 189 (47.8) 100 (49.5) 158 (61.2)
T4 155 (39.3) 71 (35.2) 76 (29.4)

N category? 0.173
NO 18 (4.6) 11 (5.4) 19 (7.4)
N1 198 (50.1) 91 (45.1) 139 (53.9)
N2 97 (24.6) 53 (26.2) 62 (24.0)
N3 82 (20.7) 47 (23.3) 38 (14.7)

Overall stage® 0.001
Il 175 (44.3) 97 (48.0) 152 (58.9)
IVA 220 (55.7) 105 (52.0) 106 (41.1)

IC cycle <0.0001
2 120 (30.4) 157 (77.7) 189 (73.3)
3 243 (61.5) 32 (15.9) 55 (21.3)
4 32 (8.1) 13 (6.4) 14 (5.4)

CCD (mg/m?) <0.0001°
Median (range) 160 (40-300) 160 (30-300) 160 (30-300)
> 200 91 (23.0) 18 (8.9 56 (21.7)
<200 304 (77.0) 184 (91.1) 202 (78.3)

IC, induction chemotherapy; TPF, docetaxel plus cisplatin and 5-fluorouracil; PF, cisplatin plus 5-fluorouracil; TP, docetaxel plus cisplatin; CCD, cumulative cisplatin dose during

radiotherapy.
AAccording to the eighth edition of the AJCC/UICC manual.
P values were calculated by one-way ANOVA.

0.043), 64.8% vs. 67.6% vs. 59.2% (Prpr vs, Tp = 0.585, Prpp vs, pr =
0.219, PPF vs. TP = 0074), 79.5% vs. 79.3% vs. 74.5% (PTPF vs. TP =
0.929, PTPF vs. PE = 0.269, PPF vs. TP = 0310), and 81.9% vs. 89.7%
vs. 81.8% (PTPF vs. TP = 0039, PTPF vs. PE = 0784, PPF vs. TP = 0021,
Figure 1). Results of multivariate analysis revealed that TPF plus
CRT (HR, 0.617; 95% CI, 0.426-0.894; P = 0.011) and TP plus
CRT (HR, 0.699; 95% CI, 0.498-0.982; P = 0.039) groups were
associated with significantly improved OS but marginally
significant DFS (TPF plus CRT: HR, 0.701; 95% CI, 0.491-
1.002; P = 0.051; TP plus CRT: HR, 0.738; 95% CI, 0.532-
1.025; P = 0.07) compared with PF plus CRT (Supplementary
Table S3).

Sensitivity Analysis

We performed sensitivity analysis by excluding stage T3-4NO
disease, which was regarded as low risk of distant metastasis by
previous trials (5, 7). In total, 32 patients were excluded, and 189
pairs were selected by PSM from the remaining patients

(Supplementary Table S4). Consistent with the results above,
TPF plus CRT and TP plus CRT still achieved higher 10-year OS
(70.1% vs. 69.3% vs. 60.6%), DFS (65.7% vs. 66.4% vs. 60.2%) and
DMES (79.8% vs. 78.5% vs. 74.4%) rates than PF plus CRT
(Figure 2). Multivariate analysis demonstrated a significant
difference in OS between TPF plus CRT and PF plus CRT
(HR, 0.580; 95% CI, 0.395-0.852; P = 0.005), while this
difference between TP plus CRT and PF plus CRT was
marginally significant (HR, 0.712; 95% CI, 0.503-1.008; P =
0.056; Supplementary Table S5).

Toxicity Comparison

Treatment adverse events of different IC regimens are shown in
Table 3. As expected, the PF regimen achieved the lowest
percentages of grade 3-5 toxicities (27.3%), and the TP
regimen had the highest rate of grade 3-5 toxicities, which
were mainly grade 3-5 neutropenia (97.1%) and febrile
neutropenia (11.8%). This should be due to the application of
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TABLE 2 | Results of multivariate analysis.

Endpoint Factor
(O] Alcohol intake (Yes vs. No)
Age (= 50y vs. < 50y)
N category (N2-3 vs. NO-1)
Overall stage (IVA vs. Ill)
Treatment (TPF plus CRT vs. PF plus CRT)
Treatment (TP plus CRT vs. PF plus CRT)
DFS Alcohol intake (Yes vs. No)
T category (13-4 vs. T1-2)
N category (N2-3 vs. NO-1)
Overall stage (IVA vs. Ill)
Treatment (TPF plus CRT vs. PF plus CRT)
Treatment (TP plus CRT vs. PF plus CRT)
Gender (Female vs. male)
N category (N2-3 vs. NO-1)
Overall stage (IVA vs. Ill)
Treatment (TPF plus CRT vs. PF plus CRT)
Treatment (TP plus CRT vs. PF plus CRT)
LFFS T category (13-4 vs. T1-2)
N category (N2-3 vs. NO-1)
Treatment (TPF plus CRT vs. PF plus CRT)
Treatment (TP plus CRT vs. PF plus CRT)

DMFS

Hazard ratio (95% CI) P value
1.421 (1.033-1.950) 0.031
1.351 (1.054-1.730) 0.017
1.771 (1.363-2.301) <0.0001
1.757 (1.354-2.282) <0.0001
0.672 (0.491-0.920) 0.013
0.664 (0.478-0.922) 0.015
1.477 (1.093-1.998) 0.011
1.508 (1.043-2.180) 0.029
1.925 (1.501-2.467) <0.0001
1.644 (1.286-2.101) <0.0001
0.753 (0.544-0.994) 0.045
0.701 (0.510-0.963) 0.029
0.620 (0.416-0.923) 0.018
2.458 (1.179-3.364) <0.0001
1.902 (1.387-2.610) <0.0001
0.784 (0.531-1.158) 0.221
0.774 (0.515-1.164) 0.219
2.069 (1.081-3.961) 0.028
1.627 (1.120-2.363) 0.011
1.002 (0.664-1.514) 0.991
0.565 (0.336-0.949) 0.031

OS, overall survival; DFS, disease-free survival; DMFS, distant metastasis-free survival; LFFS, locoregional failure-free survival; Cl, confidence interval; IC, induction chemotherapy; CRT,

concurrent chemoradiotherapy; Pre-DNA, pre-treatment plasma EBYV DNA.

P-values were calculated using an adjusted Cox proportional hazards model with backward elimination, and the following variables were included: gender (female vs. male), age (= 50 years
vs. < 50 years), smoking (ves vs. no), drinking (yes vs. no), family history of cancer (yes vs. no), T category (T3-4 vs. T1-2), N category (N2-3 vs. NO-1), overall stage (IVA vs. lll), cumulative
cisplatin dose during radiotherapy (> 200 vs. < 200 mg/m?), induction chemotherapy cycle (2 vs. 3-4), and treatment groups (TPF plus CRT vs. PF plus CRT, TP plus CRT vs. PF plus CRT).

a higher dose of docetaxel (75 mg/m?). Otherwise, grade 3-5
nonhematologic toxicities were uncommon in the TP group.
Compared with the PF regimen, the TPF regimen had higher
grade 3-5 neutropenia (35.6% vs. 14.7%, P < 0.001), leukopenia
(27.2% vs. 5%, P < 0.001), and mucositis (6.3% vs. 1.3%, P =
0.004). Undoubtedly, docetaxel additional to PF would result in
greater toxicities.

DISCUSSION

Our current study reported the 10-year survival outcomes of
patients with stage III-IVA NPC receiving different IC regimens
plus CRT in the era of IMRT. We found that TPF plus CRT and
TP plus CRT achieved significantly better OS than PF plus CRT
both in the whole cohort and the selected pairs by PSM. Toxicity
analysis showed that the PF regimen had the lowest percentages
of grade 3-5 adverse events. To date, our study is the first one to
report the 10-year therapeutic outcomes of locoregionally
advanced NPC treated by IC plus CRT in the era of IMRT.
Our study only recruited patients receiving induction TPF,
TP, and PF regimens because these three regimens have been
used most frequently and for the longest time in our center. Their
efficacy in locoregionally advanced NPC has also been verified by
clinical trials (5, 6, 8-11). Although gemcitabine plus cisplatin
(GP) is also effective and may have fewer adverse events (7), the
insufficient follow-up duration of patients receiving this regimen
precludes them from being enrolled into this study. As previous
study showed that two cycles of IC could achieve comparable
outcomes as three or more cycles (13), we therefore only

recruited patients receiving at least two cycles to reduce the
impact of the IC cycle. Consistent with previous findings (13),
results of multivariate analysis in our study also did not identify
the IC cycle (2 vs. 3-4) as an independent prognostic factor.
Another interesting finding was that patients receiving the TP
regimen achieved lower CCD dose than those receiving the TPF
regimen. The mainly responsible reason may be that a higher
dose of docetaxel (75 mg/m?) may reduce patients’ tolerance to
concurrent cisplatin/nedaplatin.

Notably, 39 new events occurred 5 years after radiotherapy,
accounting for 13.1% of all events. Therefore, intensive follow-up
is still needed after 5 years. Among the 39 new events, distant
metastasis only accounted for 30.7% and noncancer-related
death accounted for 33.3%. These results indicated that distant
metastasis was no longer the main cause of treatment failure after
5 years for patients receiving IC plus CRT, and we should pay
attention to noncancer-related death, which may be due to
treatment-related sequelae.

When analyzing all the 855 patients together, both the TPF
plus CRT and TP plus CRT groups achieved significantly better
OS and DEFS than the PF plus CRT group. However, some
comparisons in PSM or sensitivity analysis only showed
marginally significant difference. The main reason contributing
to this should be the decreased sample sizes, which reduced
statistical power in PSM and sensitivity analysis. Generally,
induction TPF and TP regimens should be more effective than
the PF regimen, which was consistent with the findings of a
meta-analysis that taxanes-based IC could decrease the risk of
distant metastasis by above 10% for patients with stage IVA
disease (14). Moreover, the effect of docetaxel additional to
induction PF regimen has also been verified in head and neck
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FIGURE 1 | Kaplan-Meier overall survival, disease-free survival, distant metastasis-free survival, and locoregional failure-free survival curves of patients receiving

fluorouracil; TP, docetaxel plus cisplatin.

induction TPF, PF, and TP plus CRT in the 202 pairs selected by propensity score matching. TPF, docetaxel plus cisplatin and fluorouracil; PF, cisplatin plus

cancers (15-18). Different from previous results that TPF was
significantly better than TP with regard to DFS and OS endpoints
(12), survival endpoints except LFFS did not significantly differ
between the TPF plus CRT and TP plus CRT groups. There may
be three reasons attributing to this discrepancy. First, the follow-
up duration was much longer in our study. Second, patients with
stage T3NO were excluded in that study. Third, patients who did
not receive concurrent chemotherapy were also included in
that study.

Limitations of our study should also be addressed. First, many
potential bias may exist in our retrospective study. We therefore
set strict enrollment criteria and balanced various prognostic
factors by PSM to reduce bias. Moreover, we performed
sensitivity analysis to further validate our findings. Second, toxic
data during IC are unavailable for most of the patients due to the
retrospective nature of our study. We therefore extracted these
data from previously published clinical trials. To minimize the
impact of ethnic differences on adverse events, we only recruited
the three clinical trials (5, 6, 10) conducted in the endemic area
(mainly South China). Despite this, this result should be

interpreted discreetly. Third, the relatively small sample size,
especially in PSM and sensitivity analysis, precluded the
production of significant differences for some endpoints,
although the survival curves showed obvious differences.

MATERIALS AND METHODS

Patient Inclusion Criteria

We retrospectively reviewed the data of patients with newly
diagnosed NPC who were treated at our center between 2009 and
2012. Patients would be enrolled for this study after meeting the
following criteria: (1) newly diagnosed stage III-IVA disease; (2)
receiving IC plus CRT; (3) IC regimens were TPF, TP, and PF
and IC cycles > 2; (4) concurrent chemotherapy regimen should
be single-agent platinum; (5) treated by IMRT and received a
total dose of at least 66 Gy; (6) no other malignancy. Notably, we
included patients receiving TPF, TP, and PF regimens because
they were most frequently used at that time. Moreover, the
efficacy of these regimens has also been validated in
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FIGURE 2 | Kaplan-Meier overall survival, disease-free survival, distant metastasis-free survival, and locoregional failure-free survival curves of patients receiving
induction TPF, PF, and TP plus CRT in the 189 pairs of sensitivity analysis. TPF, docetaxel plus cisplatin and fluorouracil; PF, cisplatin plus fluorouracil; TP, docetaxel

TABLE 3 | Acute toxicity comparison during induction chemotherapy.

TPF (n = 239) TP (n = 34) PF (n = 238) P value
Overall Grade 3-5 (%) 43.1 (103/239) / 27.3 (65/238) < 0.001
Grade 3-5 Hematologic
Neutropenia 35 6 (85/239) 97.1 (33/34) 14.7 (35/238) < 0.001
Febrile Neutropenia 7 (4/239) 11.8 (4/34) / < 0.001
Neutropenia infection 8 (2/239) / / /
Leukopenia 27 2 (65/239) / 5 (12/238) < 0.001
Anemia 4 (1 /239) / 0.4 (1/238) NS
Thrombocytopenia / 0 NS
Grade 3-5 Non-hematologic
Diarrhea 7.9 (19/239) / / /
Mucositis 6.3 (15/239) / 1.3 (3/238) 0.004
Nausea/vomiting 7.5 (18/239) (3/34) 4.2 (10/238) NS
Hepatoxicity 2.5 (6/239) / 0.8 (2/238) NS
Allergic reaction 0.8 (2/239) / 0.4 (1/238) NS
Fatigue / 9 (2/34) / /
Ototoxicity 0 / 0 NS
Nephrotoxicity 0 / 0 NS

TPF, docetaxel plus cisplatin with 5-fluorouracil; TP, docetaxel plus cisplatin; PF, 5-fluorouracil plus cisplatin; NS, not significant.
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randomized clinical trials. The protocol of our study was
approved by the Research Ethics Committee of our center, and
all the analyses were carried out in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all patients.

Pretreatment Staging Workup

Potential patients with indicated symptoms in our hospital
would receive routine staging workup including physical
examination, enhanced magnetic resonance imaging (MRI) of
head and neck, chest computed tomography (CT) or X-ray,
abdominal CT or sonography, and whole body bone scan.
"8E-FDG positron emission tomography (PET)-CT would also
be recommended to patients who presented with massive lymph
node or bilateral cervical lymph node metastasis. Patients were
restaged by one radiologist (LT) and one radiation oncologist
(YH) separately, both with more than 10-year experience in the
diagnosis and treatment of NPC at our center, based on the
imaging data and the eighth edition of the International Union
against Cancer/American Joint Committee on Cancer (UICC/
AJCC) manual (19).

Induction and Concurrent

Chemotherapy Treatment

IC was delivered every 3 weeks for two to four cycles, and the
regimens consisted of docetaxel (75 mg/mz, d1) plus cisplatin (75
mg/mz, d1), cisplatin (80 mg/m2 d1) plus 5-fluorouracil (1,000
mg/m2 d1-d5, 120 h infusion), or docetaxel (60-75 mg/mz, d1)
plus cisplatin (60-75 mg/mz, d1) and 5-fluorouracil (600-750
mg/m”’, d1-d5, 120-h infusion). Concurrent chemotherapy was
delivered during radiotherapy and consisted of weekly cisplatin/
nedaplatin (30-40 mg/m?, d1) or tri-weekly cisplatin/nedaplatin
(80-100 mg/m?, d1).

Radiotherapy

All the patients received pre-radiotherapy evaluation to exclude
any contraindication. IMRT was delivered using the
simultaneous integrated boost (SIB) technique. The prescribed
doses were 66-70 Gy at 2.0-2.27 Gy per fraction to the planning
target volume (PTV) of nasopharynx lesion and metastatic neck
lymph nodes, 56-60 Gy at 30-35 fractions to the PTV of
clinically high-risk regions, and 50-56 Gy at 30-35 fractions to
the PTV of clinically low-risk regions. Radiotherapy fractions
were delivered once per day from Monday to Friday each week.

Toxicity of Induction Chemotherapy

Due to the retrospective nature of our study, IC-related adverse
events were not recorded for most of the patients. Therefore, we
extracted toxicity data from three previous clinical trials
conducted in endemic areas (mainly in South China) (5, 6, 10)
to perform indirect comparisons between TPF, TP, and
PF regimens.

Follow-Up Strategy and Endpoints

Patients finishing the treatment would be followed according to
the institutional follow-up strategies, which included enhanced
MRI of head and neck, chest CT or X-ray, abdominal CT or

sonography, and whole bone scan (optional) every 3 months
during the first 2 years after radiotherapy, every 6 months during
the third to fifth years, and annually thereafter. For patients who
lived far away from our hospital, we recommended them to
receive these imaging workups at local medical centers and they
would be followed by telephone. Disease recurrence including
local, regional, and distant metastasis (except bone) was
diagnosed by pathology. Bone metastasis was mainly
confirmed by imaging methods like MRI, CT, or PET-CT.

Endpoints evaluated at our study included OS (time from
diagnosis to death), disease-free survival (DFS, time from
diagnosis to disease progression including noncancer-related
death), distant metastasis-free survival (DMFS, time from
diagnosis to first distant failure), and locoregional failure-free
survival (LFFS, time from diagnosis to first local or regional
recurrence or both).

Statistical Methods

T-test or one-way ANOVA was applied to determine the
difference between continuous variables, and chi-square test or
Fisher’s exact test was used for categorical variables. Propensity
score matching (PSM) (20) was employed to balance covariates
(T category, N category, overall stage, gender, age, alcohol
intake) between the three groups. Estimated 10-year survival
outcomes of OS, DES, DMFS, and LFFS were obtained from
Kaplan-Meier methods, and the differences were compared by
log-rank test. Independent prognostic factors and their
corresponding hazard ratios (HRs) and 95% confidence
intervals (CIs) were identified by the multivariate Cox
proportional hazard model. All statistical analyses were
conducted using the Stata Statistical Package 12 (StataCorp LP,
College Station, TX, USA), and a two-sided P < 0.05 indicated
statistical significance.

CONCLUSION

Based on the 10-year follow-up, our current study reported and
compared the efficacy of three IC regimens and uncovered that
TPF plus CRT and TP plus CRT were better than PF plus CRT in
improving the OS of patients with locoregionally advanced NPC.
Further comparisons of TPF or TP with the GP regimen by
future studies are needed to identify the optimal treatment
strategy for NPC patients with locoregionally advanced disease.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Sun Yat-sen University Cancer Center. Written

Frontiers in Oncology | www.frontiersin.org

October 2021 | Volume 11 | Article 765378


https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Peng et al.

Optimal IC Regimen in NPC

informed consent to participate in this study was provided by the
participants’ legal guardian/next of kin.

AUTHOR CONTRIBUTIONS

HP and YH contributed to study design. BC, SH, and LT collected the
study data. HP, BC, and YH contributed to data analysis and
interpretation. BC and SH contributed to manuscript writing. HP and
YH reviewed the manuscript and contributed to quality control. All
authors contributed to the article and approved the submitted version.

REFERENCES

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global
Cancer Statistics 2018: GLOBOCAN Estimates of Incidence and Mortality
Worldwide for 36 Cancers in 185 Countries. CA Cancer ] Clin (2018) 68:394—
424. doi: 10.3322/caac.21492

2. Chen YP, Chan ATC, Le QT, Blanchard P, Sun Y, Ma J. Nasopharyngeal
Carcinoma. Lancet (2019) 394:64-80. doi: 10.1016/S0140-6736(19)30956-0

3. Wu LR, Liu YT, Jiang N, Fan YX, Wen ], Huang SF, et al. Ten-Year Survival
Outcomes for Patients With Nasopharyngeal Carcinoma Receiving Intensity-
Modulated Radiotherapy: An Analysis of 614 Patients From a Single Center.
Oral Oncol (2017) 69:26-32. doi: 10.1016/j.oraloncology.2017.03.015

4. Mao YP, Xie FY, Liu LZ, Sun Y, Li L, Tang LL, et al. Re-Evaluation of 6th
Edition of AJCC Staging System for Nasopharyngeal Carcinoma and
Proposed Improvement Based on Magnetic Resonance Imaging. Int |
Radiat Oncol Biol Phys (2009) 73:1326-34. doi: 10.1016/j.ijrobp.2008.07.062

5. Sun Y, Li WF, Chen NY, Zhang N, Hu GQ, Xie FY, et al. Induction
Chemotherapy Plus Concurrent Chemoradiotherapy Versus Concurrent
Chemoradiotherapy Alone in Locoregionally Advanced Nasopharyngeal
Carcinoma: A Phase 3, Multicentre, Randomised Controlled Trial. Lancet
Oncol (2016) 17:1509-20. doi: 10.1016/S1470-2045(16)30410-7

6. Cao SM, Yang Q, Guo L, Mai HQ, Mo HY, Cao KJ, et al. Neoadjuvant
Chemotherapy Followed by Concurrent Chemoradiotherapy Versus
Concurrent Chemoradiotherapy Alone in Locoregionally Advanced
Nasopharyngeal Carcinoma: A Phase III Multicentre Randomised
Controlled Trial. Eur ] Cancer (2017) 75:14-23. doi: 10.1016/j.¢jca.2016.12.039

7. Zhang Y, Chen L, Hu GQ, Zhang N, Zhu XD, Yang KY, et al. Gemcitabine
and Cisplatin Induction Chemotherapy in Nasopharyngeal Carcinoma.
N Engl ] Med (2019) 381:1124-35. doi: 10.1056/NEJMo0a1905287

8. Frikha M, Auperin A, Tao Y, Elloumi F, Toumi N, Blanchard P, et al. A
Randomized Trial of Induction Docetaxel-Cisplatin-5FU Followed by
Concomitant Cisplatin-RT Versus Concomitant Cisplatin-RT in
Nasopharyngeal Carcinoma (GORTEC 2006-02). Ann Oncol (2018)
29:731-6. doi: 10.1093/annonc/mdx770

9. Yang Q, Cao SM, Guo L, Hua YJ, Huang PY, Zhang XL, et al. Induction
Chemotherapy Followed by Concurrent Chemoradiotherapy Versus Concurrent
Chemoradiotherapy Alone in Locoregionally Advanced Nasopharyngeal
Carcinoma: Long-Term Results of a Phase III Multicentre Randomised
Controlled Trial. Eur J Cancer (2019) 119:87-96. doi: 10.1016/.ejca.2019.07.007

10. Hui EP, Ma BB, Leung SF, King AD, Mo F, Kam MK, et al. Randomized Phase
II Trial of Concurrent Cisplatin-Radiotherapy With or Without Neoadjuvant
Docetaxel and Cisplatin in Advanced Nasopharyngeal Carcinoma. J Clin
Oncol (2009) 27:242-9. doi: 10.1200/JC0O.2008.18.1545

11. Li WF, Chen NY, Zhang N, Hu GQ, Xie FY, Sun Y, et al. Concurrent
Chemoradiotherapy With/Without Induction Chemotherapy in
Locoregionally Advanced Nasopharyngeal Carcinoma: Long-Term Results
of Phase 3 Randomized Controlled Trial. Int J Cancer (2019) 145:295-305.
doi: 10.1002/ijc.32099

12. Peng H, Tang LL, Chen BB, Chen L, Li WF, Mao YP, et al. Optimizing the
Induction Chemotherapy Regimen for Patients With Locoregionally Advanced

FUNDING

This work was funded by the National Natural Science
Foundation of China (82002981).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fonc.2021.765378/
full#supplementary-material

Nasopharyngeal Carcinoma: A Big-Data Intelligence Platform-Based Analysis.
Oral Oncol (2018) 79:40-6. doi: 10.1016/j.oraloncology.2018.02.011

13. Peng H, Chen L, Li WF, Zhang Y, Liu LZ, Tian L, et al. Optimize the Cycle of
Neoadjuvant Chemotherapy for Locoregionally Advanced Nasopharyngeal
Carcinoma Treated With Intensity-Modulated Radiotherapy: A Propensity
Score Matching Analysis. Oral Oncol (2016) 62:78-84. doi: 10.1016/
j.oraloncology.2016.10.014

14. Zhang LN, Gao YH, Lan XW, Tang J, OuYang PY, Xie FY. Effect of Taxanes-
Based Induction Chemotherapy in Locoregionally Advanced Nasopharyngeal
Carcinoma: A Large Scale Propensity-Matched Study. Oral Oncol (2015)
51:950-6. doi: 10.1016/j.oraloncology.2015.07.004

15. Posner MR, Lefebvre JL. Docetaxel Induction Therapy in Locally Advanced
Squamous Cell Carcinoma of the Head and Neck. Br J Cancer (2003) 88:11-7.
doi: 10.1038/sj.bjc.6600685

16. Posner MR, Hershock DM, Blajman CR, Mickiewicz E, Winquist E,
Gorbounova V, et al. Cisplatin and Fluorouracil Alone or With Docetaxel
in Head and Neck Cancer. N Engl ] Med (2007) 357:1705-15. doi: 10.1056/
NEJMoa070956

17. Vermorken JB, Remenar E, van Herpen C, Gorlia T, Mesia R, Degardin M,
et al. Cisplatin, Fluorouracil, and Docetaxel in Unresectable Head and Neck
Cancer. N Engl ] Med (2007) 357:1695-704. doi: 10.1056/NEJMo0a071028

18. Pointreau Y, Garaud P, Chapet S, Sire C, Tuchais C, Tortochaux J, et al.
Randomized Trial of Induction Chemotherapy With Cisplatin and 5-
Fluorouracil With or Without Docetaxel for Larynx Preservation. J Natl
Cancer Inst (2009) 101:498-506. doi: 10.1093/jnci/djp007

19. PanJJ, Ng WT, Zong JF, Chan LL, O'Sullivan B, Lin SJ, et al. Proposal for the
8th Edition of the AJCC/UICC Staging System for Nasopharyngeal Cancer in
the Era of Intensity-Modulated Radiotherapy. Cancer (2016) 122:546-58.
doi: 10.1002/cncr.29795

20. Austin PC. The Relative Ability of Different Propensity Score Methods to
Balance Measured Covariates Between Treated and Untreated Subjects in
Observational Studies. Med Decis Making (2009) 29:661-77. doi: 10.1177/
0272989X09341755

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Peng, Chen, He, Tian and Huang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org

October 2021 | Volume 11 | Article 765378


https://www.frontiersin.org/articles/10.3389/fonc.2021.765378/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.765378/full#supplementary-material
https://doi.org/10.3322/caac.21492
https://doi.org/10.1016/S0140-6736(19)30956-0
https://doi.org/10.1016/j.oraloncology.2017.03.015
https://doi.org/10.1016/j.ijrobp.2008.07.062
https://doi.org/10.1016/S1470-2045(16)30410-7
https://doi.org/10.1016/j.ejca.2016.12.039
https://doi.org/10.1056/NEJMoa1905287
https://doi.org/10.1093/annonc/mdx770
https://doi.org/10.1016/j.ejca.2019.07.007
https://doi.org/10.1200/JCO.2008.18.1545
https://doi.org/10.1002/ijc.32099
https://doi.org/10.1016/j.oraloncology.2018.02.011
https://doi.org/10.1016/j.oraloncology.2016.10.014
https://doi.org/10.1016/j.oraloncology.2016.10.014
https://doi.org/10.1016/j.oraloncology.2015.07.004
https://doi.org/10.1038/sj.bjc.6600685
https://doi.org/10.1056/NEJMoa070956
https://doi.org/10.1056/NEJMoa070956
https://doi.org/10.1056/NEJMoa071028
https://doi.org/10.1093/jnci/djp007
https://doi.org/10.1002/cncr.29795
https://doi.org/10.1177/0272989X09341755
https://doi.org/10.1177/0272989X09341755
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Efficacy and Toxicity of Three Induction Chemotherapy Regimens in Locoregionally Advanced Nasopharyngeal Carcinoma: Outcomes of 10-Year Follow-Up
	Background
	Results
	Baseline Information of Included Patients
	Treatment Failure Pattern
	Survival Outcomes Comparison
	Sensitivity Analysis
	Toxicity Comparison

	Discussion
	Materials and Methods
	Patient Inclusion Criteria
	Pretreatment Staging Workup
	Induction and Concurrent Chemotherapy Treatment
	Radiotherapy
	Toxicity of Induction Chemotherapy
	Follow-Up Strategy and Endpoints
	Statistical Methods

	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


