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Abstract
Purpose  The benefit of adding docetaxel, cisplatin and 5-fluorouracil (TPF) induction chemotherapy to chemoradiotherapy 
(CRT) in head and neck squamous cell carcinoma (HNSCC) remains uncertain. We aimed to investigate whether ICT is 
well tolerated when given with prophylactic treatment against predicted adverse effects and which patients benefit most.
Methods  A single-centre audit identified 132 HNSCC patients with stage IVa/b neck node-positive disease, prescribed TPF 
followed by CRT. TPF involved three cycles of docetaxel (75 mg/m2 IV) and cisplatin (75 mg/m2 IV) on day 1 plus 5-FU 
(750 mg/m2 IV) on days 2–5. Planned CRT was 66 Gy in 30 fractions of intensity-modulated radiotherapy with concurrent 
cisplatin (100 mg/m2 IV) at the beginning of week 1 and 4 (days 1 and 22). All patients received prophylactic antibiotics 
and granulocyte colony-stimulating factor.
Results  Median follow-up was 39.5 months. 92.4% of patients completed three cycles of TPF; 95.5% of patients started 
chemoradiotherapy. Grade 3/4 adverse events were low (febrile neutropenia 3.0%), with no toxicity-related deaths. 3-year 
overall survival was 67.2%; disease-specific survival was 78.7%; locoregional control was 78.3%. Distant metastases rate was 
9.8% (3.0% in those without locoregional recurrence). Good performance status (p = 0.002) and poor tumour differentiation 
(p = 0.018) were associated with improved overall survival on multivariate analysis.
Conclusion  With prophylactic antibiotics and granulocyte colony-stimulating factor TPF was well tolerated with good 
survival outcomes. TPF should remain a treatment option for stage IV neck node-positive patients with a good performance 
status. The use of tumour grade to aid patient selection for TPF warrants investigation.

Keywords  Head and neck · Squamous cell carcinoma · Induction chemotherapy · Outcomes · Tolerability

Introduction

Approximately, two-thirds of patients with head and neck 
squamous cell carcinoma (HNSCC) present with high-stage 
disease and have a poor prognosis (Argiris et al. 2008). 
Patients are treated with (chemo)radiotherapy (CRT) with 
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or without surgery (Blanchard et al. 2011; Bourhis et al. 
2012; Nguyen-Tan et al. 2014). The standard of care is to 
give chemotherapy concurrently with radiotherapy, which 
acts primarily as a radiosensitiser to improve loco-regional 
control rather than treat potential microscopic metastases 
and reduce distant failure (Pignon et al. 2009). However, 
randomised trials and meta-analyses showed induction 
chemotherapy (ICT) prior to CRT reduces the risk of distant 
metastases compared to CRT alone underpinning explora-
tion of its use in high-stage HNSCC (Cohen et al. 2012, 
2014; Ma et al. 2012; Pignon et al. 2009). These studies 
involved different ICT regimens but did not include many 
patients treated with the current preferred regimen of taxane 
(T; docetaxel), platinum (P; cisplatin) and 5-fluorouracil (F) 
(TPF), which has superior survival outcomes compared with 
PF (up to 27% reduced risk of death) (Hitt et al. 2014; Lorch 
et al. 2011; Posner et al. 2007; Vermorken et al. 2007). The 
overall benefit of adding ICT to CRT alone, however, is 
controversial as there are concerns for increased toxicity, 
treatment-related deaths and the potential to delay and com-
promise definitive CRT (Takacsi-Nagy et al. 2015). Lack of 
definitive trial evidence showing a survival benefit may well 
lead to a move away from the use of ICT (Stokes et al. 2017).

It can be argued, however, that it is premature to dismiss 
adding ICT prior to CRT in selected patients with a high risk 
of metastases (Ghi et al. 2017; Vidal et al. 2017) as recent 
trials demonstrating no overall survival benefit using ICT, 
can be criticised (Stokes et al. 2017). For example, the large 
mixed-treatment comparison suggesting ICT with CRT is 
inferior to CRT alone (Blanchard et al. 2011) used PF and 
not TPF (Vermorken et al. 2007). Additionally, meta-analy-
ses incorporating TPF trials (Budach et al. 2016; Zhang et al. 
2015) included trials which had: poor design, compliance 
and power; long delays between ICT and CRT; and recruited 
patients with a low risk of distant metastases (i.e., stage III, 
N0/ N1 disease). A large study by Stokes et al. relied on a 
retrospective review of the National Cancer Database with 
no access to patient notes or key details such as regimens 
used, undermining the applicability of the results (Stokes 
et al. 2017).

The Takacsi-Nagy et al. trial reinforced concerns about 
toxicity as it closed early due to three patient deaths from 
febrile neutropenia after ICT (Takacsi-Nagy et al. 2015). In 
addition, 31% of patients did not progress past ICT because 
of toxicity in the three-arm phase III randomized trial by 
Hitt et al. (2014). Towards the end of the trial, however, 
the addition of prophylactic granulocyte colony-stimulating 
factor (GCSF) to the study protocol decreased dramatically 
the number of adverse events (AEs) and treatment-related 
deaths and increased the number of patients receiving CRT. 
In per-protocol patients receiving at least one cycle of ICT 
and CRT, the addition of TPF ICT to CRT significantly 
improved progression-free survival, time to treatment failure 

and locoregional control. The trial, therefore, showed a sig-
nificant benefit from TPF ICT compared to CRT alone when 
given with prophylactic GCSF.

The Christie NHS Foundation Trust uses TPF prior to 
CRT in patients with stage IVa/b (Edge et al. 2009) neck 
node-positive HNSCC, i.e., in those with a high risk of 
distant metastases. All patients receive prophylactic anti-
biotics and GCSF to reduce toxicity and minimize delays 
between ICT and CRT. As there is uncertainty about the 
benefit and safety of ICT prior to CRT and lack of published 
studies involving modern prophylactic treatment and includ-
ing patients most likely to benefit from this approach; the 
aim of this single-centre case note review was to investigate 
whether ICT is well tolerated when given with prophylac-
tic treatment against predicted adverse effects and which 
patients benefit most.

Materials and methods

Patients

A retrospective case note review was carried out (refer-
ence 14/1223) in patients treated between 1st Jan 2009 
and Dec 31st 2013. Inclusion criteria were: stage IV neck 
node-positive primary HNSCC of the larynx, oropharynx 
or hypopharynx in patients considered inoperable (techni-
cally too difficult or low surgical curability) or suitable for 
organ preservation (final diagnosis made by consensus at 
head and neck multidisciplinary team meeting and clinic 
using available information from clinical history and exami-
nation, imaging (CT, MRI and/or PET) and endoscopy); use 
of prophylactic antibiotics and GCSF; and an intention-to-
treat regimen of three cycles of TPF ICT followed by CRT 
using IMRT. Exclusion criteria were: nasopharynx, sinona-
sal, salivary gland, unknown primary or upper oesophageal 
primary sites; and any previous treatment for head and neck 
carcinoma.

Treatment

TAX 323 ICT doses were used (Vermorken et al. 2007), 
(modified to three cycles of TPF as per Pointreau et al. 
(2009) and four rather than five days of 5-FU based on clini-
cal experience (Posner et al. 2007; Prestwich et al. (2011); 
Vermorken et al. 2007): three cycles of docetaxel (75 mg/
m2 IV on day 1), cisplatin (75 mg/m2 IV on day 1) and 5-FU 
(750 mg/m2 IV on days 2–5) followed by 2 weeks rest. Car-
boplatin was substituted for cisplatin if not tolerated, but 
recorded as a deviation from the planned regimen. Patients 
then received 66 Gy in 30 fractions of intensity-modulated 
radiotherapy (IMRT) over 6 weeks with concurrent cispl-
atin (100 mg/m2 IV) at the beginning of week 1 and week 4 
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(day 1 and day 22). If cisplatin was not tolerated, cetuximab 
or carboplatin was considered and recorded as a deviation 
from the planned CRT regimen. During ICT, all patients 
were prescribed a prophylactic regimen of oral ciprofloxacin 
(or equivalent if allergic/intolerant) 500 mg twice daily for 
7 days from day 3 and Filgrastim (GCSF) 300 mcg (< 70 kg) 
or 480 mcg (≥ 70 kg) once daily, subcutaneous injection 
for 7 days from day 3. Patients were also given anti-emetics 
(ondansetron, aprepitant, dexamethasone and as required 
metoclopramide) as recommended by the Multinational 
Association of Supportive Care in Cancer (MASCC) guide-
lines (Feyer et al. 2011), laxatives (senna and laxido), and 
mouthwash (difflam) that was adjusted as required to suit 
the patient’s needs. Patients were supervised closely in a 
specialist nurse-led clinic throughout.

Data collection

AEs ≥ grade 3 were recorded in patient records accord-
ing to the common terminology criteria for adverse events 
(CTCAE) version 4 (National Cancer Institute NCI, NIH, 
DHHS. May 29, 2009), except for mucositis which was 
graded according to the Radiation Therapy Oncology Group 
Guidelines version 2 (Trotti et al. 2000). AEs were recorded 
separately depending on whether they occurred during the 
ICT treatment (from day 1 of ICT to the day prior to starting 
CRT) or during CRT (from day 1 of IMRT or chemotherapy 
to the last day of CRT treatment). Other factors of inter-
est included effect of age, tumour grade (reported by refer-
ring hospital at time of diagnosis), T stage, N stage, overall 
tumour stage (Edge et al. 2009), smoking status (assessed at 
clinic), World Health Organization (WHO) PS (Oken et al. 
1982) and p16 status. The methods used for p16 staining 
and scoring are described elsewhere (Bernstein et al. 2015).

Statistical analysis

The primary end points were overall survival (OS), disease-
specific survival (DSS) and locoregional control (LRC) cal-
culated from first day of treatment for all patients. The sec-
ondary end point was tolerability of the regimen as assessed 
by the numbers of AEs and patients completing treatment. 
Data were analysed using IBM SPSS Statistics 22 (IBM, 
Armonk, USA). Patient outcomes were calculated using the 
Kaplan–Meier method. Cox regression analysis was used to 
identify differences in outcome between groups of interest 
for univariable analysis including age, tumour grade, nodal 
grade, stage of tumour, smoking status, WHO performance 
status and p16 status. Multivariate analysis was performed 
using the Cox proportional hazards model. A p value of 
< 0.05 was considered significant.

Results

All head and neck patients prescribed TPF from 2009 to 
2013 were reviewed (n = 241) of whom 132 met the inclu-
sion criteria. Patients excluded from the study had: a pri-
mary subsite from the exclusion criteria list; staging other 
than stage IV and neck node positive; not been prescribed 
IMRT (due to technical problems); previous treatment for 
head and neck carcinoma; or metastatic disease on diag-
nosis. To prevent selection bias, any other factors such as 
poor performance status did not allow exclusion from this 
cohort. Table 1 summarizes the characteristics of the 132 
patients who met the eligibility criteria.

Most patients (n = 122; 92.4%) completed all three 
cycles of ICT with 90.2% (n = 110) having three cycles 
of full-dose TPF. Only three patients (2.3%) had no fur-
ther treatment and three patients (2.3%) had IMRT alone 
post ICT. 95.5% (n = 126) proceeded to CRT post ICT. 
All started IMRT with 94.7% (of all patients) completing 
the full course. 67.4% (n = 89) had full dose IMRT and 
completed all cycles of prescribed concurrent cisplatin, 
carboplatin or cetuximab. Online Resource Figure 1 sum-
marizes the ICT and CRT regimens given to patients.

A full course of this ICT takes 9 weeks (63 days) to 
complete. In our cohort, the median time from the start of 
ICT to the start of IMRT was 63 days [range 17–94 days, 
interquartile range (IQR) 2]. A full course of ICT followed 
by this CRT takes approximately 15 weeks (105 days) to 
complete. The median time from the start of ICT to the 
end of IMRT was 105 days (range 56–137 days, IQR 5).

One patient died within 30 days of starting ICT, but a 
postmortem ascribed death due to myocardial infarction 
with coronary atherosclerosis being a contributing factor. 
The coroner did not consider ICT as contributing to death. 
No patients died within 30 days of finishing ICT or within 
30 days of finishing CRT. Grade 3 and 4 AEs are shown 
in Online Resource Table 1. No grade 5 AEs occurred 
during ICT or CRT. Most AEs that occurred and contrib-
uted to either stopping ICT, or swapping or decreasing the 
dose of a prescribed drug were grade 1 or 2 only (Fig. 1a). 
Neutropenia was the most common reason to stop/alter 
ICT (n = 5) although 60% of these were only grade 1. A 
reduction in glomerular filtration rate was the most com-
mon reason for stopping/altering CRT (n = 10) (Fig. 1b), 
however, reductions were grade 2 or less. Two patients 
had reductions in GFR with a CTCAE classification < 1 
but this still prompted a precautionary early alteration to 
the CRT regimen.

The median follow-up time in surviving patients was 
39.5 months (range 21–78 months). Median survival was 
not calculated because a 50% event rate was not reached 
for any group. 3-year OS, DSS and LRC rates were 67.2, 
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78.7 and 78.3%. The 1–5-year outcome rates are listed in 
Online Resource Table 2 and illustrated in Fig. 2. Sev-
enteen patients required surgery during follow-up (see 
Online Resource Table 3). Fourteen deaths were con-
sidered unrelated to HNSCC: 4-s primaries (9.5% of all 
deaths); 8 inter-current (19% of all deaths) and two of 
unknown causes (4.8% of all deaths). Thirteen patients 
(9.8%) developed distant metastases. Four patients (3.0%) 
developed distant metastases only with no locoregional 
recurrence. No patient developed their first distant metas-
tases after 29 months from the start of treatment. Most 
patients with distant metastases developed metastases at 
multiple sites (n = 6, 46.2%) including lung, liver, bone, 

sub-carinal nodes, kidney, abdominal nodes and adrenal 
gland. Only two patient deaths were attributed to distant 
metastases when no primary or local recurrence was 
reported. Online Resource Table 3 reports the patterns of 
recurrence within the cohort.

Table  2 shows the results from the univariable Cox 
regression analyses for OS, DSS and LRC. All results that 
were statistically significant for OS on univariable analysis 
remained statistically significant on multivariate analyses 
except nodal status (Online Resource Table 4). Figure 3 
shows that patients with a performance status of 0 versus 
≥ 1 (p < 0.005) and poor versus moderate/well tumour dif-
ferentiation (p = 0.009) had better overall survival.

Table 1   Characteristics of the 
132 patients in the study

a  Due to pre-treatment diagnostic material being unavailable from referring hospital or the blocks contain-
ing insufficient tumour tissue for p16 analysis

Characteristic Number Percent (%)

Age (years) Median (range) 55 (34–73) –
Gender Male 107 81.1

Female 25 18.9
Primary site Oropharynx 110 83.3

Hypopharynx 15 11.4
Supraglottic larynx 6 4.5
Multiple sites 1 0.8

Grade Well differentiated 6 4.5
Moderately differentiated 58 43.9
Poorly differentiated 41 31.1
Not known 27 20.5

T classification T1 4 3.0
T2 33 25.0
T3 48 36.4
T4 47 35.6

N classification N1 6 4.5
N2a 4 3.0
N2b 62 47.0
N2c 48 36.4
N3 12 9.1

Stage IVa 116 87.9
IVb 16 12.1

WHO performance status 0 104 78.8
1 23 17.4
2 2 1.5
3 2 1.5
Not known 1 0.8

P16 status Negative 37 28.0
Positive 72 54.5
Not knowna 23 17.4

Smoking status Never 29 22.0
Ex > 1 year 37 28.0
Ex ≤ 1 year 9 6.8
Current 57 43.2
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Discussion

This study showed TPF ICT with prophylactic antibiot-
ics and GCSF prior to CRT is safe, well tolerated and 
has good survival outcomes. While we accept the limita-
tions of cross-trial comparisons, our survival outcomes 
were similar or better than those published (Table 3). Our 
cohort received IMRT which may account for some of 
our improved outcomes. As shown in Table 4, our study 
found distant metastasis rates were similar to other stud-
ies involving ICT and favourable when compared to trials 
using CRT alone. Difficulties can arise when comparing 
different patient groups and regimens, however, in the 
absence of locoregional failure, our distant metastases rate 
of only 3% at 3–5 years is good in patients with stage IVa/b 
node-positive disease.

The good survival outcomes reported here for high-risk 
patients are likely due to the use of: modern radiotherapy, 
CRT rather than radiotherapy alone, prophylactic GCSF 
and antibiotics, an optimum number of cycles of TPF, low 
frequency of treatment delays and high numbers complet-
ing both ICT and CRT. Our cohort also had a high per-
centage of p16-positive tumours which is known to confer 
a good prognosis. However, several studies suggest that 
patients with p16-positive versus -negative disease have 
similar distant recurrence rates despite the better LRC 
(Ang et al. 2010; Huang et al. 2012; O’Sullivan et al. 
2012; Sinha et al. 2014), and are more likely to recur later 
(12–24 months) (Guo et al. 2015; Sinha et al. 2014; Tros-
man et al. 2015). Offsetting the potential favourable bias 
of including a high proportion of HPV-positive patients is 

Fig. 1   Bar charts of adverse 
events contributing to deviation 
from or cessation of planned 
a induction chemotherapy and 
b radiotherapy/synchronous 
chemotherapy. Deviation 
from or cessation of planned 
treatment is described as any 
alteration from the intention to 
treat regimen including dose 
reduction, change or cessation 
of any therapeutic agent at any 
point in the treatment plan. 
Patients may have had one or 
more adverse event
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auditing only stage IVa/b node-positive disease—compara-
tive studies also included stage III and N0 disease.

A concern over using ICT has been its toxicity, which 
can reduce the ability to progress to (chemo)radiotherapy. 
However, this study showed a good tolerability to TPF with 
no death attributed to the regimen during or within 30 days 
of completing treatment. A similar proportion of patients 
completed radiotherapy in our study (94.7%) as reported in 
RTOG 0129 that involved CRT alone (96.4%) (Nguyen-Tan 
et al. 2014). The lower doses and frequencies of TPF in our 
audit compared to the TAX trials are likely to have contrib-
uted to lowered AE rates and reduced delays. However, the 
good safety of TPF is most likely due to the prophylactic 
regimen of GCSF and ciprofloxacin (or equivalent); a regi-
men not used consistently in other trials. Per protocol uni-
variable analysis highlights the benefit of patients complet-
ing three cycles of TPF and a complete course of concurrent 
cisplatin with IMRT as DSS was significantly better in per 
protocol patients (p = 0.0.21) (Table 2).

Univariable and multivariate analyses showed that smok-
ing, poor WHO PS, stage and p16-negative tumours were 
associated with poor prognoses, which are all widely rec-
ognized adverse prognostic factors for HNSCC (Ang et al. 
2010, 2014; Chang et al. 2013; Dayyani et al. 2010). Our 
data showed patients with poorly differentiated tumours had 
a favourable OS compared to well/moderately differentiated 
tumours treated with TPF ICT and CRT (Fig. 3). This seems 
counterintuitive as poor differentiation increases the risk of 
distant metastases and can confer a poor prognosis (Fortin 
et al. 2001; Garavello et al. 2006). The result may be due 
to the high number of p16-positive tumours which confers 
a better prognosis post TPF (Kies et al. 2010; Miah et al. 
2015; Posner et al. 2011; Won et al. 2014) and HNSCC in 
general (Ang et al. 2014; Dayyani et al. 2010; Petrelli et al. 
2014). HPV/p16-positive tumours are often thought to be 
predominantly poorly differentiated (Dahlstrom et al. 2003; 
Gillison et al. 2000), although there are conflicting reports 
(Byrd et al. 2012). However, the percentage of p16-posi-
tive patients with poorly versus moderately differentiated 
tumours was the same in our cohort (46.7 versus 46.7%). 
In addition, this result remained significant on multivariate 
analysis. An alternative explanation is that the well/mod-
erately differentiated tumours have a higher propensity for 
accelerated repopulation and that extension of overall treat-
ment time with ICT is detrimental.

Accelerated tumour cell repopulation is widely 
acknowledged as one of the main risk factors for radia-
tion failure hence the multiple HNSCC trials attempt-
ing to improve outcomes with accelerated fractionation 
schedules (Bentzen 2003). It has been suggested that 

Number at risk:
132                 105                   41                      5                       0                       

Number at risk:
132               105                   41                     5                       0

Number at risk:
132                    98                      40                      4                       0

a

b

c

Fig. 2   Kaplan–Meier plots for a overall survival, b disease-specific 
survival, and c locoregional control for the whole group

▸
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Table 2   Cox regression univariable analysis for overall survival, disease-specific survival and locoregional control

Statistically significant p values (p < 0.05) are highlighted in bold italic
HR hazard ratio, CI confidence interval, PS performance status
a  Using World Health Organisation performance status (Oken et al. 1982)
b  T1 excluded from analyses due to low frequency (n = 4) and no events for disease-specific survival or locoregional control
c  As graded according to American Joint Committee on Cancer (AJCC) using the tumour, node, metastases (TNM) system (Edge et al. 2009)
d  T1 and T2a excluded from analyses due to low frequency (T1: n = 6; T2a: n = 4) and no events for overall survival and/or disease-specific sur-
vival and/or locoregional control
e  Completed three cycles of TPF and two cycles of cisplatin with IMRT

Univariable analysis Overall survival P value Disease-specific survival P value Locoregional control P value
(frequency) HR (95% CI) HR (95% CI) HR (95% CI)

Age (years)
 < 50 (32) 1 1 1
 50–61 (71) 0.95 (0.44–2.03) 0.891 1.02 (0.42–2.51) 0.96 0.85 (0.37–1.90) 0.684
 > 61 (29) 1.40 (0.60–3.24) 0.434 0.83 (0.26–2.62) 0.749 0.35 (0.09–1.28) 0.112

Gender
 Male (107) 1 1 1
 Female (25) 1.23 (0.59–2.56)  0.588 0.78 (0.27–2.24)  0.638 0.48 (0.14–1.57)  0.222

Smoking status
 Never or ex >1 year (66) 1 1 1
 Current or ex ≤1 year (66) 4.50 (2.19-9.24) < 0.0005  8.80 (2.74-23.87) < 0.0005  5.15 (2.08–12.76) < 0.0005 

PSa

 0 (104) 1 1 1
 1–2 (27) 3.78 (2.02–7.48) < 0.0005  6.02 (2.78–13.05) < 0.0005  4.28 (2.05–8.94) < 0.0005 

Primary site
 Oropharynx (110) 1 1 1
 Hypopharynx (15) 1.94 (0.86–4.40) 0.113 1.26 (0.37–4.22) 0.712 1.04 (0.31–3.46) 0.95
 Supraglottic larynx (6) 1.86 (0.57–6.10) 0.303 2.81 (0.84–9.46) 0.095 1.60 (0.38–6.76) 0.53
 Multiple sites (1) 0.00 (0.00–0.00) 0.98 0.00 (0.00–0.00) 0.984 0.00 (0.00–0.00) 0.98

Tumour differentiation
 Poor (41) 1 1 1
 Well/mod (61) 3.28 (1.35–7.97) 0.009 2.98 (1.00–8.88) 0.051 2.40 (0.88–6.54) 0.086

T stagebc

 T2 (33) 1 1 1
 T3 (48) 1.20 (0.50–2.92) 0.674 1.17 (0.38–3.57) 0.785 1.10 (0.39–3.10) 0.856
 T4 (47) 2.19 (0.96–4.98) 0.062 2.43 (0.87–6.76) 0.09 1.96 (0.75–5.10) 0.17
N stagecd

 N2b (62) 1 1 1
 N2c (48) 2.07 (1.04–4.11) 0.038 2.20 (0.95–5.08) 0.067 3.43 (1.49–7.92) 0.004
 N3 (12) 2.66 (1.02–6.93) 0.045 2.06 (0.56–7.60) 0.28 2.36 (0.63–8.89) 0.206

Stagec

 IVa (116) 1 1 1
 IVb (16) 2.42 (1.16–5.06) 0.019 2.00 (0.76–5.29) 0.162 1.88 (0.72–4.92) 0.201

P16 Status
 Negative (37) 1 1 1
 Positive (72) 0.26 (0.13–0.51) < 0.0005  0.17 (0.07-0.43) < 0.0005  0.23 (0.10–0.53) 0.001

Per protocole

 No (72) 1 1 1
 Yes (60) 0.79 (0.52–1.21) 0.275 0.36 (0.15–0.86) 0.021 0.56 (0.26–1.20) 0.138
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Table 3   Characteristics and outcomes of current study compared to trials with TPF ICT or synchronous CRT treatment arms

a  (Vermorken et al. 2007)
b  (Lorch et al. 2011; Posner et al. 2007)
c  (Ghi et al. 2014) Abstract only at ASCO 2014
d  (Adelstein et al. 2003)
e  (Nguyen-Tan et al. 2014) fsynchronous cisplatin and IMRT
g  Conventional fractionation or accelerated or hyperfractionated regimens
h  Synchronous carboplatin and conventional fractionation radiotherapy
i  Cisplatin/5 fluorouracil or cetuximab with standard radiotherapy fractionation
j  Synchronous cisplatin and conventional radiotherapy
k  Synchronous cisplatin with standard fractionation radiotherapy
l  % of entire study including two other treatment arms. Reported as no statistical significant difference between groups

Study

Current study TAX 323a TAX 324b Ghi et al 2014c Adelstein 
et al 
2003d

RTOG 0129e

Treatment protocol TPF TPF TPF TPF CRTi CRTj CRTk

(3 cycles) & CRTf (4 cycles) & XRTg (3 cycles) & 
CRTh ± 
surgery

(3 
cycles) 
& 
CRTi

Number in study arm 132 177 255 207 208 87 361
Stage IV % 100 – 84 – – 96.3l 78.7
Performance status 0 78.8 50.8 56 – – 31 57.1

1 17.4 48.6 44 – – 69 42.9
2 1.5 0.6 0 0 0 0 0
3 1.5 0 0 0 0 0 0

p16 status (%) Negative 28 – – – – – 13.3
Positive 54.5 – – – – – 31.6
Unknown 17.4 – – – – – 15

Median follow-up (months) 39.5 32.5 41 and 72.2 41.3 41.3 41 94.8
OS (%) 1 year 87.9 72 – – – – –

2 year 75 43 67 – – –– –
3 year 67.2 37 62 57.6m 45.7m 37 –
5 year 63.2 – 52 – – – 56.6

DSS (%) 3 year 78.7 – – – – 51 –
LRC (%) 2 year 81.3 – 70n – – – –

5 year 73.5 – – – – – 69.2
Febrile neutropenia (Gr 3/4) 

(%)
ICT 3 5.2 12 – – – –
CRT 0.8 – – – – – 19.9

Neutropenia (Gr 3/4) (%) ICT 1.5 76.9 83 – – – –
CRT 0.8 – – – – – 27

Mucositis (Gr 3/ 4) % ICT 0.8 – 21 – – – –
CRT 48.5 23.7o 37 – – 45.3p 39.1

Death within 30 days of completing treat-
ment or due to toxic profile of treatment 
regimen (%)

0 2.3 <1 – – 4.2 0

Treatment delays (%) 20q – 29r – – – –
Median interval between day 1 ICT and 

day 1 XRT/CRT (weeks)
9 17.7 – – – – –

Completed all cycles of full-dose TPF 
(%)

90.2 75.7 – – – –

No further treatment post ICT (%) 2.3 10 21 – – –
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better-differentiated tumours have a higher potential for 
accelerated repopulation once radiotherapy has started and 
hence do better with accelerated regimens (Slevin et al. 
1999). Evidence supporting this suggestion also comes 
from trials showing well/moderately differentiated tumours 
do less well with protracted treatment regimens (Begg 
et al. 1999; Hansen et al. 1997). For example, the CHART 
trial comparing continuous hyperfractionated acceler-
ated radiotherapy to conventional radiotherapy showed 
well/moderately differentiated tumours benefitted most 
from the accelerated regimen yet poorly differentiated 

tumours fared significantly worse (Dische et al. 1997), an 
effect which has since been verified in more recent trials 
(Bentzen et al. 2005; Eriksen et al. 2005). Biomarker stud-
ies assessing cell cycle regulating genes also suggest that 
tumours which maintain their ability to continue to prolif-
erate even after injury benefit from accelerated radiother-
apy (Bentzen et al. 2005; Wilson et al. 2006). Together, 
these observations suggest that the long-protracted treat-
ment course that comes with ICT and CRT may be det-
rimental in patients with well/moderately differentiated 
tumours but not those with poorly differentiated tumours 

m  (HR:0.72; 95% CI 0.55–0.96; p = 0.025)
n  Reported as locoregional failure: 30%
o  Recorded as stomatitis
p  Recorded as mucositis/dysphagia
q  Treatment delay counted as % not starting XRT or CRT the week immediately after ICT planned rest period ended for any reason including 
adverse event, logistics or patient preference
r  Unclear from paper the definition of treatment delay

Table 3   (continued)

Table 4   Distant metastases rates 
amongst comparative studies

a  (Posner et al. 2007), b (Cohen et al. 2012), c (Cohen et al. 2014), d (Brockstein et al. 2004), e (Nguyen-Tan 
et al. 2014)

Time Current study Distant metastases rate (%)

ICT study/arm CRT study/arm

TAX 324a DeCIDEb,c Brocksteind RTOG 0129e DeCIDE Brockstein

2 years 7.6 5
3 years 9.8 10 19
5 years 9.8 13 14.5 22

Number at risk:
64                44                24                 3                0
41                38                  9                  1            0

Number at risk:
104              91               35                 5                 0 
27               14                6                   0                 0

a b

p = <0.0005 p = 0.009

Fig. 3   Kaplan–Meier plots for overall survival related to a performance status and b tumour grade



398	 Journal of Cancer Research and Clinical Oncology (2018) 144:389–401

1 3

with less potential for accelerated repopulation. Further 
studies would need to verify whether histological grade 
either alone or in combination with other features could 
be used as a stratification tool for deciding treatment. For 
example, when grouped with the favourable characteristic 
of PS = 0, this group had excellent 3-year OS, DSS and 
LRC rates of 88.2, 95.5 and 90.6%, respectively (p16 posi-
tive rate of 75.0%).

Limitations of the study are it is retrospective, single 
cohort, single-centre and non-randomized. High numbers 
of p16-positive tumours may contribute to some of the 
good outcomes although this does not explain the low dis-
tant metastases rate in this cohort. Multivariate analysis 
was performed to provide extra information about factors 
affecting outcomes. However event rates (deaths) were low 
(n = 29) for a multivariate analysis containing four vari-
ables and hence a larger sample size would have overcome 
this. The multivariate model was found to be statically sta-
ble, however, and so conclusions drawn are still relevant to 
the discussion. The strengths of the study are its large size, 
the inclusion of patients prescribed prophylactic medica-
tion such as antibiotics and GCSF and the use of modern 
CRT involving IMRT. In addition, the study focused on 
patients most likely to benefit from TPF ICT, i.e., only 
those with high-stage Iva/b, neck node-positive disease 
that have a higher risk of distant failure.

Conclusion

Incorrectly interpreting lack of definite evidence as defi-
nite lack of benefit means that ICT is at risk of falling out 
of use. Trials demonstrating no benefit for ICT should be 
interpreted with caution due to poor design, inclusion of 
patients with a low risk of metastases and lack of use of 
prophylactic medication to minimize adverse events. Our 
case note review showed that with appropriate supportive 
measures such as prophylactic GCSF and antibiotics plus 
close patient monitoring in a specialist centre, TPF ICT is 
well tolerated and associated with good outcomes. Careful 
planning is essential to prevent unnecessary gaps between 
completing ICT and starting CRT. TPF ICT should con-
tinue to be considered for very fit patients (WHO PS = 0), 
who are most at risk of distant metastases i.e., stage IVa/b 
node-positive disease. Well-designed randomised control 
trials comparing ICT to CRT alone in selected patient pop-
ulations are warranted to validate these findings. Further 
larger studies need to verify our result suggesting patients 
with poorly differentiated tumours benefit most from ICT.
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