L))

Gheck for
updates

Original Article

The effect of combined TPF and intensity modulated radiotherapy
after TPF induction chemotherapy on locally advanced
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Background: To evaluate the efficacy and toxicity of docetaxel, cisplatin, and fluorouracil (TPF) regimen
followed by intensity modulated radiotherapy (IMRT) on locally advanced nasopharyngeal carcinoma (NPC).
Methods: A total of 150 patients with locally advanced NPC [American Joint Committee on Cancer (AJCC)
2009 stage IIIa-IVb] received 2 or 3 cycles of a TPF regimen as induction chemotherapy. A group of 67
participants (TPF group) continued to receive TPF chemotherapy and radiotherapy, and the remaining 83
participants (P group) received cisplatin chemotherapy and radiotherapy.

Results: A median follow-up of 35 months (4-66 months) showed that there was no significant difference
between P group and TPF group in progression-free survival (PFS) and overall survival (OS). The incidence
rate of myelosuppression at 3—4 degrees was 16.9% and 34.3% in the P group and TPF group (P=0.029),
respectively, and the oral mucosa reaction at 3—4 degrees was 18.1% and 37.3% in the P group and TPF
group, respectively (P=0.007). The 3—4-degree skin reaction in the P group and TPF group was 15.7% and
29.9% (P=0.030), respectively. The rate of liver function injury in the P group was significantly lower than
that in TPF group (P<0.05).

Conclusions: Compared with concurrent cisplatin chemotherapy and radiotherapy, the concurrent TPF
regimen and IMRT showed no significant improvement in OS and PFS in patients with advanced NPC,
but exhibited more severe hematologic toxicity, oral mucosal responses, skin reactions, and liver functional

impairment.
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Introduction which poses a great threat to the local people (3).

Nasopharyngeal carcinoma (NPC) is a group of malignant Radiotherapy is an effective method for the treatment

epithelial tumors with different etiopathogeneses and a broad
range of histopathological appearances (1). The occurrence of
the tumor is regional. It is uncommon in the United States,
with only 0.2-0.5/10,000 (2); however, in South part of
China, the incidence is approximately 80 cases per 100,000,
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of early stage NPC. However, for local advanced NPC, the
S-year survival rate after radiotherapy is only approximately
50% due to high local recurrence and distant metastasis
rates. In recent years, increasing studies have shown that

concurrent radiochemotherapy is superior to radiotherapy
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(4-8), and combined radiotherapy and chemotherapy
has become the standard treatment for advanced NPC.
To improve the therapeutic effects, the combination of
neoadjuvant chemotherapy and concurrent chemo-radiation
(CCRT) became an important research concern. Several
clinical trials have demonstrated that docetaxel, cisplatin,
and fluorouracil (TPF) regimen treatment significantly
improves treatment outcomes compared with cisplatin
plus 5-FU (PF) chemotherapy regimen (9,10); however,
the single P regimen is the most commonly used. Most
concurrent radiochemotherapy studies have yielded
encouraging results, showing that the locoregional control
exceeded 90%; however, the key problem to date has been
distant failure. There were few studies to evaluate the effect
of combined TPF and intensity modulated radiotherapy
after TPF induction chemotherapy on locally advanced
nasopharyngeal carcinoma. Whether the TPF regime
followed by intensity modulated radiotherapy (IMRT) can
reduce the distant metastasis of locally advanced NPC and
improve the survival rate is still unclear. In this study, a
retrospective analysis was conducted to evaluate the efficacy
and toxicity of TPF regimen followed by IMRT on locally
advanced NPC.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-2073).

Methods
Patient characteristics

All procedures involving human participants were in
compliance with the Declaration of Helsinki (as revised in
2013). The study was approved by the ethics committee of
our hospital (No.: KY2021PJ125). And there is no informed
consent because this is a retrospective study. Patients (n=150)
with locally advanced NPC who were treated at our hospital
from August 2010 to December 2014 were retrospectively
recruited to this study. The age of participants was from
19-76 years. The diagnosis and staging refer to WHO
Type II/III Nasopharyngeal Carcinoma Pathology, and
AJCC 7th edition [2009] staging standard III/IV (A-
B). The inclusion criteria included no distant metastasis,
Eastern Cooperative Oncology Group (ECOG) scores
of 0-1, normal liver and kidney functions, and no serious
cardiopulmonary or other chronic diseases. There were no
significant differences between the 2 groups in age, gender,
Karnofsky performance scale (KPS) scores, pathological
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type, T staging, N staging, and total staging (Tible 1).

Treatment details

Chemotherapy

All participants were treated with a TPF regimen (60 mg/m’
docetaxel, day 1; 25 mg/m’ cisplatin, days 1-3; and
500 mg/m’ SFu/fluorouracil, days 1-3) for 2-3 induction
chemotherapy cycles. A total of 67 participants subsequently
received concurrent TPF regime (60 mg/m’ docetaxel,
day 1; 25 mg/m’ cisplatin, days 1-3; and 500 mg/m’ 5Fu,
days 1-3) and radiotherapy. The first cycle of chemotherapy
was initiated on the first day of radiotherapy. The remaining
83 participants received P single-agent concurrent
chemotherapy (25-40 mg/m’ qw) during radiotherapy.

Radiotherapy

All participants underwent IMRT. The gross target
volume (GTV) comprised the gross primary tumor
(GTVnx) and involved lymph nodes (GTVnd) as defined
by magnetic resonance imaging (MRI) or computed
tomography (CT). The CTVI1 comprised PGTVnx and
PGTVnd and the high-risk subclinical area, including
the entire nasopharynx, 1/3 or 2/3 of the slope (when the
slope was violated, the entire slope was included), the
wing, pterygopalatine fossa, part of the sphenoid sinus
(for T3/T4 the entire sphenoid sinus was included), the
posterior 1/4-1/3 of the nasal cavity, the maxillary sinus
and other high-risk areas, and the upper cervical lymph
node region (posterior pharyngeal lymph nodes and II,
III, VA lymph nodes). The CTV2 was a low-risk area,
including the lower cervical lymph nodes (IV, VB region
without lymph node metastasis). In the TPF group,
PGTVnx participants were administered a radiation dose
of 69.96-79.2 Gy/30-35 f, with a per fraction dose of 1.8—
2.28 Gy and an average dose of 71 Gy, for 6-7 weeks. The
dosage of PGTVnx in the P group was 69.96-73.92 Gy/
30-33 f, with a per fraction dose of 1.8-2.25 Gy and an
average dosage of 70.48 Gy, for 6-6.6 weeks. There was
no statistically significant difference between the 2 groups
(P=0.92). In the PGTVnd, PTV1, and PTV2 groups,
the prescription doses were 66 Gy, 60 Gy, and 54 Gy.
In the PGTVnx group, shrinking field radiotherapy or

accelerated radiation therapy were used.

Dose adjustment
At the beginning of radiotherapy, the blood routine was
assessed to ensure that the neutrophil count was >1,500/pL
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Table 1 Patient and disease characteristics
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Variable TPF group (n=67) P group (n=83) P
Age, years 0.938
Median [range] 52 [19-76] 54 [25-74]
Sex, n (%) 0.094
Male 54 (80.6) 56 (67.5)
Female 13 (19.4) 27 (32.5)
ECOG performance status, n (%) 0.542
0 61 (91.0) 73 (88.0)
1 6 (9.0) 10 (12.0)
AJCC T-classification, n (%) 0.116
T 4 (6.0 2(2.4)
T2 16 (23.9) 13 (15.7)
T3 26 (38.8) 48 (57.8)
T4 21 (31.9) 20 (24.1)
AJCC N-classification, n (%) 0.127
NO 0(0) 3(3.6)
N1 6 (9.0) 14 (16.9)
N2 56 (83.6) 57 (68.7)
N3 5(7.5) 9(10.8)
AJCC stage, n (%) 0.373
M 42 (62.7) 57 (68.7)
IVa 20 (29.8) 17 (20.5)
IVb 5(7.5) 9(10.8)
Histology, n (%) 0.275
WHO type Il 9(13.4) 6(7.2)
WHO type llI 58 (86.6) 77 (92.8)

AJCC, American Joint Committee on Cancer; WHO, World Health Organization.

and the platelets count was >1,000/pL. During concurrent
radiochemotherapy, the blood was examined once a week.
When the neutrophil count was <1,500/pL or the platelet
count was <1,000/pL,, chemotherapy was delayed 1-2 weeks
until the blood cell counts recovered. When the neutrophil
minimum was <1,000/pL or the platelet minimum was
<500/pL, the chemotherapy dose was reduced by 20%.
When 4-degree hematologic toxicity or neutropenic fever
occurs after the previous cycle of chemotherapy, the next
cycle of chemotherapy should be suspended.

The efficacy and toxicity were evaluated according to
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WHO classification criteria (11).

Follow-up and evaluation

Assessment of short-term efficacy based on physical
examinations and MRI of the head and neck at 3 months
after chemoradiotherapy. According to the Response
Evaluation Criteria in Solid Tumors (RECIST), short-term
outcomes were divided into progressive disease (PD), stable
disease (SD), partial remission (PR), complete remission
(CR). Adverse events were evaluated according to the
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Table 2 Treatment delivery
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TPF group (N=67)

P group (N=83)

Treatment
N (courses) n (%) N (weeks) n (%)
Concurrent chemotherapy 1 9(13.4) 1-2 3(3.6)
2 58 (86.6) 3-4 19 (22.9)
3 0(0) 5-6 61 (73.5)
Radiotherapy
No delay 63 (94.0) 81 (97.6)
Delayed less, than 1 week 2 (3.0) 1(1.2)
Delayed, 1-2 weeks 1(1.5) 1(1.2)
Delayed more, than 2 weeks 1(1.5) 0(0)

latest version of the National Cancer Institute’s Common
Terminology Criteria for Adverse Events (NCI CTCAE
3.0). As the 2 participant groups were treated with 2-3 cycles
of TPF induction chemotherapy, we only evaluated the
adverse events during chemoradiotherapy.

The participants were followed up for 4-66 months
(median follow-up of 35 months). The first follow-up visit
was 2-3 months after chemoradiotherapy, and review was
conducted once every 3 months in the first 2 years and at
4-6 months intervals until 5 years. The nasopharyngoscopy,
nasopharyngeal MRI, head and neck CT, nasopharyngeal
biopsy (when necessary), abdominal B-ultrasonography, and
chest X-ray or chest CT were examined.

Statistical analysis

The software SPSS 20 (IBM Corp., Chicago, IL, USA)
was used for statistical analysis. Kaplan-Meier method was
used to calculate the overall survival (OS) and progression-
free survival (PFS). The chi-square test was used to analyze
the count data and Student’s #-test was used to analyze the
measurement data. When P value <0.05, it was considered
statistically significant.

Results
Treatment program implementation

In the TPF group, 58 participants (86.6%) completed 2
cycles of chemotherapy during radiotherapy, and 40 of these
individuals (59.7%) started the second chemotherapy treatment
within 21-28 days after the first cycle of chemotherapy.
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Another 18 participants in the TPF group (26.9%) started
the second cycle of chemotherapy at 28-35 days after the first
cycle of chemotherapy and had delayed chemotherapy. In
the P group, 22 participants (26.5%) completed treatment
in fewer than 4 weeks, and 61 (73.5%) completed 5 weeks
or more of chemotherapy. According to a weekly 40 mg/m’
standard dosage of cisplatin, 61 participants completed
treatment in 5 weeks and received a sufficient amount of
concurrent chemotherapy. Interruption of radiotherapy
occurred in 4 participants in the TPF group and 2 in the P
group. Radiation dose reductions were not observed in any
participants. The implementation of chemoradiotherapy for
all 150 participants is listed in ZTable 2.

Short-term treatment efficacy

During the course of induction chemotherapy, no
hematologic toxicity of grade III or above was observed.
The short-term response at 3 months after the induction
chemotherapy and CCRT in the 2 groups is listed in Table 3.
The response rates of nasopharyngeal lesions and cervical
lymph nodes in the 2 groups were 100% and 98.8%,
respectively (P=1.0). The CR and PR rates in the TPF group
were 31.3% and 68.7%, respectively, while the rates in the P
group were 26.5 and 72.3%, respectively. The effect of the 2
groups was not significantly different (P=0.555).

Acute toxicity

The incidence of hematologic toxicity (including
neutropenia, thrombocytopenia, and anemia) in the first,
second, third, and fourth stages in the TPF and P groups
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Table 3 Response to the induction of chemotherapy and
chemoradiation therapy

TPF group (n=67) P group (n=83)

Response P value
n % n %

CR 21 313 22 26.5 0.555

PR 46 68.7 60 72.3

SD 0 0 1 1.2

PD 0 0 0 0

ORR (CR+PR) 67 100 82 98.8 1.0

CR, complete response; PR, partial response; SD, stable
disease; PD, progressive disease; ORR, overall response rate.

was 22.4%, 41.8%, 28.4%, and 6.0%, and 18.1%, 55.4%,
13.3% and 3.6%, respectively. Similarly, the rates of oral
mucosal responses in grades 1, 2, 3, and 4 were 4.5%,
58.2%, 35.8%, and 1.5% and 9.6%, 72.3%, 14.5%, and
3.6% in the TPF and P groups, respectively (P=0.017). The
skin reactions in grades 1, 2, 3, and 4 during CCRT were
4.5%, 65.7%, 28.4%, and 1.5% and 20.5%, 63.9%, 14.5%,
and 1.2% in the TPF and P groups, respectively (P=0.014).
During chemoradiotherapy, the TPF group showed a
higher incidence of grade 3—4 liver damage and grade 3—4
diarrhea, and there was no significant difference in renal
function between the 2 groups. The acute toxicity of the
TPF and P groups is shown in Table 4.

Follow up

Participants’ median follow-up time was 35 months
(4-66 months). The 2-, 3-, and 5-year rates of PFS were
86.6%, 80.2%, and 77.2% and 82.7%, 74.2% and 71.3% in
the TPF and P groups, respectively (P=0.396). The OS at
2,3, and 5 years was 96.9%, 93.5%, and 85.2% and 98.7%,
93.1%, and 78.4% in the TPF and P groups, respectively
(P=0.369). There was no significant difference between the
2 groups in PFS and OS (Figures 1 and 2).

The main patterns of treatment failure for NPC were: (I)
local recurrence (including nasopharyngeal lesion recurrence
and regional lymph node recurrence), (II) distant metastasis
(including liver, lung, and bone metastases), (III) local
recurrence and distant metastasis, and (IV) second primary
tumors. In the TPF group, 4 cases had local recurrence and
9 cases had distant metastases. In the P group, 10 participants
had local recurrence, 7 had distant metastasis, 1 had both
local recurrence and distant metastasis, and 2 had a second
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Table 4 Acute toxicity of radiochemotherapy
TPF group (n=67) P group (n=83)
Acute toxicity P value
n % n %
Hematologic toxicity 0.043
Grade 1-2 43 64.2 61 73.5
Grade 3—4 23 34.3 14 16.9
Diarrhea 0.036
Grade 1-2 9 13.4 3 3.6
Grade 3—4 3 4.5 1 1.2
Liver dysfunction 0.015
Grade 1-2 9 13.4 6 7.2
Grade 3—4 5 7.5 0 0
Kidney 0.828
dysfunction
Grade 1-2 2 3.0 2 2.4
Grade 3—4 0 0 0 0
Mucous 0.017
membrane
Grade 1-2 42 62.7 68 81.9
Grade 3—4 25 37.3 15 18.1
Skin 0.014
Grade 1-2 47 70.1 70 84.3
Grade 34 20 29.9 13 15.7

primary tumors. There was no significant difference in failure
pattern for the 2 groups. The patterns of treatment failure
are listed in Table 5.

Discussion

In China, NPC is one of the common malignant tumors,
particularly in South China. Most cases of NPC are already
locally advanced at the time of diagnosis. A prospective,
randomized study confirmed that IMRT can provide
improved local-recurrence free survival, especially in late-
stage NPC patients and is associated with a lower incidence
of toxicities comparing with 2D-CRT group (12). IMRT
group got 5-year actuarial local control rate of 90.5% and
2D-CRT group was 84.7%. The local control rates of
T3/T4 stage were 91%/81.5% in the IMRT group, and
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Figure 1 PFS of participants in TPF and P groups. The 5-year
PES rates were 77.2% and 71.3%, respectively (P=0.396). PFS,

progression-free survival.
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Figure 2 OS of participants in the TPF and P groups. The 5-year
OS rates were 85.2% and 78.4%, respectively (P=0.369). OS,

overall survival.

Table 5 Patterns of failure

TPF group P group

Failure patterns P value
n % n %

Local 4 6.0 10 12.0 0.101

Distance 9 134 7 84 0.324

Local and distance 0 0 1 1.2 0.439

Second primary malignancy 0 0 2 2.4 0.201

80% /62.2% in the 2D-CRT group, respectively. When
stratified by stage, only significant difference was noticed
in stage III disease. Radiation-induced toxicities were
significantly lower in patients in IMRT group than those
in 2D-CRT group. Another study from LIAO published
a similar result (13). In patients with severe skull-base
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invasion, IMRT group improved 4-year OS, DFS, LRRFS
when compared with 2D-CRT (OS: 65.6% vs. 81.8%,
P=0.000; DFS: 57.3% vs. 73.3%, P=0.000; LRRFS: 76.5%
vs. 87.5%, P=0.003). Radiation therapy techniques were
considered an independent prognostic factor for OS
(HR =0.457, P=0.000), DFS (HR =0.547, P=0.000) and
LRRFS (HR =0.503, P=0.004) especially in patients with
severe invasion. IMRT was associated with better outcome.
The survival rate of patients with locally advanced NPC
is not satisfactory; particularly, the 5-year OS has been
shown at only approximately 35% for patients with cancers
at stages IVA-B (14). Currently, induction chemotherapy
combined with concurrent chemoradiotherapy has achieved
good therapeutic effects for patients with locally advanced
NPC (15,16). The PF regimen is the most commonly used
induction chemotherapy. In the last few years, docetaxel
combined with a cisplatin-based regimen has also been
applied as induction chemotherapy.

Subsequently, CCRT has achieved better outcomes and
the toxicity could be tolerated (17). Lorch et al. proposed
that treatment for locally advanced head and neck squamous
cell carcinoma using TPF was superior to PF in terms of
local control rate, OS, and PFS (18). Hui et 4/. conducted
a phase II trial and concluded that there was a significant
difference between TPF induction chemotherapy and
concurrent chemoradiation and chemotherapy alone,
revealing 3-year OS rates of 94.1% and 67.7%, respectively
(P=0.012) (19). Kong et al. proposed that TPF induction
chemotherapy has high short-term efficiency and is well
tolerated, which is worthy of further study (20). Zeng ez 4l.
published a retrospective analysis showed 3-year OS rates
of 87.9% and 87.4% for TPF induction chemotherapy
group and GP induction chemotherapy group, no
statistically significant (P=0.928) (21). Considering only
the survival, TPF becomes the best choice for locally
advanced nasopharyngeal. However patients got TPF
induction chemotherapy may suffer more serious adverse
event, especially hematological toxicity greater than or
equal to grade 3 and oral mucositis (22). There is no phase
IIT clinical trial to verify which induction chemotherapy
program is better. Thus, in the present study, we selected
TPF as the induction chemotherapy for NPC.

The main failure pattern of local advanced NPC is local
failure and distant metastasis (23). Studies have shown that
IMRT combined with synchronous chemotherapy increases
the local control rate of NPC by up to 90% or more (24).
The NPC-9901 (4) and NPC 9902 (8) trials have suggested
that concurrent chemotherapy during radiotherapy may
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further increase local control and OS, and also improve the
distant metastasis control rate in NPC.

Single-agent chemotherapy primarily increased
radiotherapy sensitivity. The decreased concentration of
chemotherapeutic drugs per week reduced the inhibitory
effect on distant metastasis. It remains unknown whether
chemotherapy could be performed during radiotherapy
using a 3-drug combination regimen to reduce the chance
of distant metastasis, thereby improving the survival
rate. In this study, we attempted to solve this problem
through a retrospective analysis of 150 cases of locally
advanced NPC. All participants received 2-3 cycles of TPF
induction chemotherapy. Subsequently, 66 participants
were administered 3 TPF drugs combined with CCRT,
and 84 participants were administered with single cisplatin
chemotherapy combined with CCRT. The efficiency and
toxicity were observed in the 2 groups. The results showed
that there were no significant differences in the efficiency of
the 2 groups, but the hematologic toxicity and mucosal and
skin toxicity were significantly different. In the TPF group,
hematologic toxicity, oral mucosal reaction, skin reactions,
and liver damage were significantly higher than in the
single drug P group. Considering the late T stage or lymph
node metastasis in patients, we also conducted a relatively
detailed stratification. The results showed that N3 patients
(IV or V regional lymph node metastasis) were more prone
to distant metastasis. Comparing the T4 or N3 patients
in the 2 groups, we found that the PFS and OS were not
significantly different. Thus, the results of this retrospective
analysis showed that TPF induction chemotherapy, followed
by TPF with 3 drugs in combination with radiotherapy
showed no advantageous effect compared with P single-
drug concurrent radiotherapy, but generated more serious
toxicity. Thus, this treatment should not be recommended
as a general therapy.

However, the best treatment for NPC has not yet been
determined, and the advantage of induction chemotherapy
and adjuvant chemotherapy treatment is uncertain. If
locally advanced NPC patients have not received induction
chemotherapy, then radiotherapy during 3- or 2-drug
combination chemotherapy is more effective than single-
agent chemotherapy, and this idea is worthy of further
exploration. Chemotherapeutics, such as 5-fluorouracil,
platinum analogs, and DNA topoisomerase I-targeting
drugs, are commonly used when combined with radiotherapy
and can achieve better local-regional therapeutic effects.
Molecular targeted agents that target DNA or not are also
helpful to radiation therapy, such as EGFR blockers and
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COX-2 inhibitors (25,26). There are several biomarkers, such
as NFBD-1, GP96/GDF-15, LMP-1, Bcl-2 etc., classified
according to the main mechanisms of radiosensitization,
to enhance the responsiveness of NPC cells to radiation
treatment (27,28). Targeting the biomarkers to enhance the
radiosensitivity of NPC is very promising and practicable.
All the chemical and biological methods that can affect the
sensitivity to radiation are named radiosensitizers and we
hope large cohort clinical trials will verify the feasibility,
availability and safety of these radiosensitizers to enhance the
radiosensitivity.

Anyway inherent biases do exist in the retrospective
study, large sample size and, in particular, prospective trials
in randomization may precisely validate the effects of TPF
on the survival of NPC patients.

In conclusion, for patients with locally advanced NPC,
the combination of TPF and radiotherapy after TPF
induction chemotherapy did not benefit the PFS and OS,
but increased the hematological toxicity, hepatotoxicity,
and skin and mucous membrane reactions, compared to
the combination of single cisplatin with radiotherapy.
Therefore, the clinical application of the TPF regimen
should be carefully considered.
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