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Abstract. Chemoradiotherapy (CRT) with concurrent
high-dose cisplatin (CDDP) is a standard treatment for locally
advanced squamous cell carcinoma of the head and neck
(LA-SCCHN). Docetaxel plus CDDP and 5-fluorouracil (TPF)
induction chemotherapy (ICT) prior to CRT is considered for
patients at high risk of distant metastases. The purpose of the
current study was to evaluate the feasibility and efficacy of CRT
with split-dose CDDP after TPF-ICT for LA-SCCHN. A total
of 21 LA-SCCHN patients treated with TPF-ICT followed by
concurrent CRT with split-dose CDDP between January 2011
and December 2017 were retrospectively analysed. The patients'
characteristics were i) median age 66 years (48-75 years);
ii) male/female, 21/0; iii) performance status 0-1/2, 20/1;
iv) larynx/hypopharynx/oropharynx/oral cavity, 4/8/8/1 and
v) clinical stage III/IV, 3/18. The numbers of TPF-ICT cycles
1/2/3 were 2/3/16. Median cumulative doses of CDDP in
TPF-ICT and CRT were 180.0 and 206.7 mg/m?, respectively.
All patients completed 70 Gy RT. The complete response rate
was 76.2%. At a median follow-up of 51.5 months, median PFS
and OS were not reached and 65.5 months, respectively. The
most common grade 3 or worse toxicities during CRT-ICT
were stomatitis (48%), dysphagia (21%), anorexia (17%) and
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leukopenia (14%). However, no grade 2 or worse nephrotoxicity,
neurotoxicity or ototoxicity was observed. The results
demonstrated that concurrent CRT with split-dose CDDP after
TPF-ICT is feasible and effective for LA-SCCHN.

Introduction

Chemoradiotherapy (CRT) with concurrent high-dose (100 mg/m?
every 3 weeks) cisplatin (CDDP) is a standard treatment for patients
with locally advanced squamous cell carcinoma of the head and
neck (LA-SCCHN) (1-4). However, high-dose CDDP is often
unfeasible for patients with advanced age, and renal, cardiac, or
neurogenic dysfunction. Therefore, clinical studies regarding
CRT with high-dose CDDP have targeted limited patients with
normal organ function and good general condition (1,2).

Because no statistically significant improvement in survival
has been shown in several phase 3 trials comparing induction
chemotherapy (ICT) followed by CRT versus CRT alone (5-8),
the benefit of ICT for all patients with LA-SCCHN is contro-
versial. However, ICT prior to CRT is still an option for cases
classified as clinical nodal stage N2c, N3, which have a high
risk of distant metastasis in our clinical practice. According to
randomized phase 3 trials comparing ICT regimens, the stan-
dard regimen of ICT is docetaxel plus CDDP and fluorouracil
(TPF) (9-11). Notably, high-dose CDDP-based CRT after
TPF-ICT is often associated with nephrotoxicity, neurotox-
icity, and ototoxicity, partly because of the cumulative CDDP
dosage (12,13). Thus, it has been an unmet need that subse-
quent CRT regimens after TPF-ICT should be optimized. The
purpose of this study was to evaluate the efficacy and safety of
TPF-ICT followed by concurrent CRT with split-dose CDDP
as an alternative regimen of high-dose CDDP in our clinical
practice.

Patients and methods

Patients. This study involved patients with LA-SCCHN stage I11
or IV (Union for International Cancer Control Tumor, Node,
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Metastasis classification, 7th Edition) who were treated with
TPF-ICT followed by split-dose CDDP plus RT at Shizuoka
Cancer Center between January 2011 and December 2017.
Patients were selected based on the following criteria: (1) Age
=20 years; (2) Eastern Cooperative Oncology Group (ECOG)
Organization performance status (PS) <2; and (3) histologi-
cally confirmed diagnosis of squamous cell carcinoma of head
and neck. For oropharyngeal cancer, HPV positivity was
examined, which was defined as positive for pl6 on immuno-
histochemistry. Approval for this study was obtained from the
Institutional Review Board of Shizuoka Cancer Center and met
the standards set forth in the Declaration of Helsinki. Written
informed consent was obtained from all patients in this study.

Treatment. The TPF-ICT regimen consisted of DOC (70 mg/m?)
and CDDP (70 mg/m?) given IV on day 1 and a continuous infu-
sion of 5-FU (750 mg/m?/day) for 5 days. TPF was repeated every
3 weeks for three cycles. Patients were administered prophylactic
antibiotics, ciprofloxacin or levofloxacin, at every cycle to prevent
bacterial infections. Granulocyte colony-stimulating factor was
used in patients with grade 4 or febrile neutropenia. Subsequently,
patients received concurrent CRT. Selection of a concurrent
CRT regimen with split-dose CDDP regimen was at the physi-
cian's discretion. The administration of radiation therapy was
performed at a total dose of 70 Gy given in single, daily, 2-Gy
fractions. Single-agent CDDP at 20 mg/m?* was administered
intravenously on days 1-4, 22-25, and 43-46. Three-dimensional
conformal RT or intensity-modulated RT was applied.

Evaluation. All clinical data were retrospectively obtained from
electronic medical records. We evaluated pre-treatment infor-
mation, including demographic features, physical examination
results, laboratory tests, computed tomography (CT), magnetic
resonance imaging (MRI), and "®F-fluorodeoxyglucose
positron-emission tomography/CT fusion imaging (PET-CT)
findings. Tumor response was assessed by CT or MRI
at 6-8 weeks after completing RT or when clinical signs
suggested progressive disease. Adverse events were evaluated
according to the Common Terminology Criteria for Adverse
Events (CTCAE) v4.0.

Statistical analysis. The overall survival (OS) was measured
from the first day of CRT until the day of death from any
cause or censored at the last follow-up visit. Progression-free
survival (PFS) was calculated from the first day of CRT until
disease relapse by imaging, or censored at the last confirma-
tion of survival. The survival curves were generated using the
Kaplan-Meier method. We used the Mann-Whitney U test for
comparisons of continuous variables and Fisher's exact test
for comparisons of categorical variables between the groups.
P-values <0.05 were considered statistically significant. All
statistical analyses were performed using EZR (Saitama
Medical Center, Jichi Medical University, Saitama, Japan), a
graphical user interface for R version 2.13.0 (The R Foundation
for Statistical Computing, Vienna, Austria).

Results

Patient characteristics. During the study period, 38
LA-SCCHN patients had undergone concurrent CRT with

split-dose CDDP. Of these, 17 patients were excluded, including
3 patients with nasopharyngeal carcinoma, 6 patients who had
undergone surgery before the administration of CRT, and
8 patients who had not undergone ICT. In total, 21 patients
were included in this study. The patients' characteristics
before starting TPF-ICT are shown in Table I. Median age
was 66 years (48-75 years). All patients were male. Eighteen
patients (86%) were at clinical stage I'V. All patients had an
ECOG performance status (PS) of O to 1. Of eight patients with
oropharyngeal cancer, 2 patients had evidence of pl6-positive
squamous-cell carcinoma on tissue specimen.

Treatment compliance. The treatment compliance of TPF-ICT
and CRT with split-dose CDDP is shown in Table II. Sixteen
patients (76%) completed three cycles of TPF-ICT. The median
cumulative dose of CDDP in TPF-ICT was 180.0 mg/m?
(57.1-206.0 mg/m?). All patients completed 70 Gy RT. RT
pause was required in 3 patients (14.3%). The rate of comple-
tion of CDDP, which is designated as cases with no dose
reduction of CDDP and no delay in CDDP administration, was
61.9%. Three cycles of CDDP administration were performed
in 14 patients (66.7%). The median cumulative dose of CDDP
in concurrent CRT with split-dose CDDP was 206.7 mg/m?
(65.1-233.0 mg/m?). Thirteen patients (61.9%) received a cumu-
lative dose of CDDP of more than 200 mg/m? during CRT. The
median duration of CRT was 50 days.

Treatment outcome. The objective response rate (ORR) after
TPF-ICT was documented in 17 patients (81.0%), including no
cases with complete response (CR) and 17 (81.0%) with partial
response (PR). After the completion of CRT, CR was docu-
mented in 16 patients (76.2%) and PR in 3 patients (14.3%). The
median length of follow-up for censored cases was 51.5 months
(range, 30.7-94.4). Median PFS was not reached and 5-year
PFS was 52.4% (Fig. 1). Median OS was 65.5 months. 3-year
and 5-year OS was 60.4 and 52.9%, respectively (Fig. 2).

Adverse events associated with CRT. The grade of toxicities
observed during CRT is demonstrated in Table III. The most
common grade 3 or worse toxicities were stomatitis (48%),
dysphagia (21%), anorexia (17%), and leukopenia (14%).
However, there was no grade 2 or worse nephrotoxicity,
neurotoxicity, or ototoxicity. We further compared creatinine
clearance (Cockcroft and Gault equation), ototoxicity, and
neurotoxicity before CRT (after TPF-ICT) with those after
CRT. There was no deterioration of renal, auditory and neural
function even after CRT (Table IV). No treatment-related
deaths were observed.

Discussion

The present study retrospectively investigated the efficacy
and feasibility of TPF-ICT followed by concurrent CRT with
split-dose CDDP. Complete response was achieved in 76.2%
after CRT, and long-term follow-up of survival confirmed
that the median OS was 65.5 months. Acute toxicities as well
as late ones were manageable and acceptable. These findings
suggest that split-dose CDDP is an effective regimen for
patients with LA-SCCHN after TPF-ICT using high-dose
CDDP.



Table 1. Patient characteristics (n=21).
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Table II. Treatment compliance.

Characteristics Number of patients A, TPF-ICT
Median age, years (range) 66 (48-75) Treatment Number of patients (%)
Sex
Male 21 Number of cycles
Female 0 ; 32((194'53))
PS (ECOG) 3 16 (76.2)
(1) 174 Median cumulative dose of 180.0 (57.1-206.0)
CDDP (mg/m?) (range)
Primary site
Larynx 4
Hypopharynx 8 B, CRT
Oropharynx 8 RT (70 Gy) completion rate 21 (100)
Oral cavity 1 RT pause rate 3(14.3)
T stage CDDP completion rate® 13 (61.9)
Tl 2 Number of CDDP cycles
12 10 1 2(9.5)
13 3 2 5(23.8)
T4 6 3 14 (66.7)
N stage Median cumulative dose of 206.7 (65.1-233.0)
NO 2 CDDP (mg/m?) (range)
N1 1 CRT duration (day) 50 (48-52)
N2 18
N3 0 *CDDP completion rate was defined as that of the patients with
Disease stage no dose reduction and delay of CDDP.. CDDP, ?isplatin; TPF-ICT,
docetaxel plus CDDP and fluorouracil induction chemotherapy;
1T 3 RT, radiotherapy; CRT, chemoradiotherapy.
1A% 18
Resectability
Resectable 10
Unresectable 11 100
Smoking history 80 4
=10 pack-years 20 > e
<10 pack-years 1 § 1 .
Habitual alcohol use 9 40
Yes 15 o
20 -
No 6
Histological differentiation 0 y ) y y '
Poorly ) 0 20 40 _— 60 80 100
Moderate 10
Well 1 Figure 1. Kaplan-Meier plot showing progression-free survival (n=21).
Progression-free survival was calculated from the first day of TPF induc-
Unknown 5 tion chemotherapy until disease relapse by imaging, or censored at the last
HPV status (Oropharyngeal cancer) confirmation of survival.
Positive 2
Negative 6

ECOG, Eastern Cooperative Oncology Group; PS, performance
status; HPV, Human papillomavirus.

It is recommended that the total cumulative dose of CDDP
used in combination with radiation be more than 200 mg/m?
because reducing the total CDDP dose influences the treatment

outcome (14,15). However, the National Comprehensive
Cancer Network (NCCN) guidelines do not recommend
high-dose CDDP (100 mg/m? every 21 days, three times)
after CDDP-based ICT because of toxicity concerns (16).
Indeed, one patient experienced decreased creatinine clear-
ance (46.9 ml/min) and in another patient PS deteriorated
(PS2) after TPF-ICT in our study. These findings suggest
that, in some patients receiving TPF-ICT, high-dose CDDP
in the following CRT phase is not feasible. Furthermore,
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Figure 2. Kaplan-Meier plot showing overall survival (n=21). The overall
survival was measured from the first day of TPF induction chemotherapy
until the day of death from any cause or censored at the last follow-up
visit.

the TREMPLIN randomized phase II study, in which ICT
followed by CRT using high-dose CDDP was compared with
ICT followed by cetuximab plus radiotherapy for larynx
preservation, revealed that residual renal dysfunction (grade 1)
and grade 3-4 neuropathy were observed in 22.4 and 3.4% of
cases after CRT, respectively (17). Late toxicities induced by
high-dose CDDP included nephrotoxicity, neurotoxicity, and
ototoxicity (17-20), which are irreversible and likely to reduce
quality of life in patients treated with CRT.

CDDP-induced nephrotoxicity is dose-dependent and
involves necrosis, apoptosis, and necroptosis of renal
cells (21-24). It is also well known that CDDP-induced neurop-
athy is dose-dependent, with symptoms typically occurring at
cumulative doses of greater than 350 mg/m? (25-29). Notably,
the risk of neurotoxicity was also reported to increase with
higher single doses of CDDP (26,28-31). Furthermore, it has
been reported that symptoms continued to progress even after
the cessation of treatment in more than half of patients treated
with high-dose CDDP (29).

To reduce the high-dose CDDP-associated toxicities after
TPF-ICT, alternative methods of CDDP administration without
reducing the total dosage should be optimized. Split-dose
CDDP has been conventionally used for head and neck cancers
as an alternative to high-dose CDDP. A prospective study of
TPF-ICT followed by concurrent CRT with split-dose CDDP
regimen was performed (32). This trial targeted unresectable
LA-SCCHN alone, whereas ours targeted both resectable and
unresectable cases. The treatment compliance and efficacy
of TPF and subsequent CRT in our study are consistent with
those in this previous study. However, no data are available
regarding late toxicities. We also followed up late toxicities,
focusing on nephrotoxicity, neurotoxicity, and ototoxicity. Our
safety profile revealed no grade 2 or worse nephrotoxicity,
neurotoxicity, or ototoxicity, whereas overall grade 3 or worse
toxicities occurred in 76.2% of cases. These results suggest that
the method of split-dose administration without reducing the
total dosage could decrease CDDP-related toxicities without
compromising treatment outcomes.

Instead of high-dose CDDP, alternative CRT regimens
after TPF have been suggested. A randomized phase 3 trial
comparing TPF-ICT followed by CRT or by cetuximab-RT
in patients with unresectable LA-SCCHN is ongoing (33).
Although the definitive results are yet to be released, this trial

Table III. Adverse events associated with CRT.

Adversity Any Gr,n (%) >Gr3,n (%)
Stomatitis 21 (100) 14 (48)
Dysphagia 20 (95) 6 (21)
Anorexia 21(100) 5(17)
Leukopenia 17 (81) 4 (14)
Infection 2(7) 2(7)
Febrile neutropenia 2 (7 2 (7
Anemia 20 (95) 1(3)
Thrombocytopenia 18 (86) 1(3)
Nausea 15 (71) 1(3)
Radiation dermatitis 21 (100) 1(3)
Dry mouth 21 (100) 1(3)
Ototoxicity* 3(10) 0 (0)
Neuropathy* 1(3) 0 (0)
AST/ALT elevation 5(17) 0(0)
Creatinine elevation® 11 (52) 0 (0)

“Grade 2 or worse nephrotoxicity, neurotoxicity, or ototoxicity was
not observed. CRT, chemoradiotherapy; Gr, grade.

Table IV. Comparison of renal function, ototoxicity, and
neurotoxicity before and after CRT.

Renal function factor Pre CRT Post CRT  P-value
Median creatinine 85.6 85.1 094
clearance (ml/min) (469-115.1) (49.6-98.7)

(range)

Ototoxicity® 1 3 0.606
Neuropathy® 1 1 1.000

*All ototoxicity and neuropathy were within grade 1. CRT, chemora-
diotherapy.

aims to evaluate the non-inferiority of cetuximab-RT versus
CRT in terms of overall survival. Furthermore, the combina-
tion of carboplatin with RT was conventionally utilized after
ICT in several large clinical trials, such as the TAX324 (9)
and PARADIGM trials (8). Against this background, carbo-
platin or cetuximab used concurrently with radiation could be
options after TPF.

Our study has a number of limitations. First, this study is
statistically underpowered due to its small sample size. The
retrospective study design at a single center may have led to
selection bias. There were also no definitive criteria for the
concurrent CRT regimen with split-dose CDDP. The selection
of concurrent CRT regimen was at the physician's discretion.

In conclusion, the sequential strategy of TPF-ICT followed
by concurrent CRT with split-dose CDDP may be tolerable
and efficacious in the treatment of LA-SCCHN. However, the
most appropriate CRT regimens after TPF-ICT, in terms of
late toxicities and survival outcome, need to be investigated in
a future randomized study.
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