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ABSTRACT

Previously, we conducted a randomized phase III trial of TPF (docetaxel, cisplatin,
and 5-fluorouracil) induction chemotherapy in surgically managed locally advanced
oral squamous cell carcinoma (OSCC) and found no improvement in overall survival.
This study reports long-term follow-up results from our initial trial. All patients had
clinical stage III or IVA locally advanced OSCC. In the experimental group, patients
received two cycles of TPF induction chemotherapy (75mg/m?2 docetaxel d1, 75mg/
m? cisplatin d1, and 750mg/m?/day 5-fluorouracil d1-5) followed by radical surgery
and post-operative radiotherapy; in the control group, patients received upfront
radical surgery and post-operative radiotherapy. The primary endpoint was overall
survival. Among 256 enrolled patients with a median follow-up of 70 months,
estimated 5-year overall survival, disease-free survival, locoregional recurrence-free
survival, and distant metastasis-free survival rates were 61.1%, 52.7%, 55.2%, and
60.4%, respectively. There were no significant differences in survival rates between
experimental and control groups. However, patients with favorable pathologic
responses had improved outcomes compared to those with unfavorable pathologic
responses and to those in the control group. Although TPF induction chemotherapy
did not improve long-term survival compared to surgery upfront in patients with stage
III and IVA OSCC, a favorable pathologic response after induction chemotherapy
may be used as a major endpoint and prognosticator in future studies. Furthermore,
the negative results observed in this trial may be represent type II error from an
underpowered study. Future larger scale phase III trials are warranted to investigate
whether a significant benefit exists for TPF induction chemotherapy in surgically
managed OSCC.
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INTRODUCTION

The majority of patients with oral squamous cell
carcinoma (OSCC) present with locally advanced disease
[1, 2]. The routine recommendation for treatment of
locally advanced OSCC is surgical management of the
primary tumor and neck followed by post-operative
radiotherapy or chemoradiotherapy depending on the
presence of intermediate/high risk features [3, 4].

The use of induction chemotherapy prior to
definitive treatment for management of locally advanced
head and neck squamous cell carcinomas (HNSCC) is
controversial [5-7]. In clinical trials TAX323 and TAX324,
which investigated non-surgical management of HNSCCs,
induction chemotherapy with docetaxel, cisplatin and
S-fluorouracil (TPF) was found to improve survival
compared to induction cisplatin and 5-fluorouracil (PF)
[8, 9]. Ghi et al. also recently reported an improvement
in overall survival (OS) in patients treated with induction
TPF followed by concurrent treatment (cetuximab/
radiotherapy or PF/radiotherapy) compared to concurrent
treatment upfront [10]. In contrast, the clinical trials
DeCIDE and PARADIGM failed to demonstrate a benefit

of TPF induction chemotherapy in HNSCC when given
prior to concurrent chemoradiotherapy compared to
chemoradiotherapy upfront [11, 12].

Our original randomized phase III trial of TPF
induction chemotherapy in surgically managed locally
advanced OSCC focused on OS as the primary endpoint.
This study did not demonstrate an improvement in OS in
patients that received induction TPF compared to surgery
upfront [13]. In the current study, we report the long-term
follow-up results of this trial.

RESULTS

Patients

As previously described, 256 patients were involved
in this trial with 128 patients in each group. Five patients
withdrew from this study, and 222 patients completed the
full treatment protocol (113 patients in the experimental
group and 109 in the control group) (Figure 1). Three
patients were lost to follow-up. At the time of data cutoff
in March 2015, the median follow-up time was 70 months.

Randomized patients (n=256)

v

v

Allocated to experimental group (n=128)

+ Received allocated intervention (n=124)
+ Did not receive allocated intervention
(n=4, 2 refused any treatment, 2 were
treated with upfront surgery followed by

Allocated to control group (n=128)

+ Received allocated intervention (n=127)
+ Did not receive allocated intervention
(n=1, refused any treatment)

radiation therapy)

Lost to follow-up (n=1)

Discontinued intervention (n=15, 9 refused
post-operative radiotherapy, 2 refused
surgery and were treated with radiotherapy,
1 refused surgery and post-operative
radiotherapy, 3 died of non-cancer and
non-treatment related causes during

Lost to follow-up (n=2)

Discontinued intervention (n=14, 12
refused post-operative radiotherapy, 2
could not tolerate radiotherapy one week
into treatment)

treatment)

Analysed for overall survival (n=128)
+ Completed whole treatment (n=109)

Analysed for overall survival (n=128)
+ Completed whole treatment (n=113)

Figure 1: CONSORT diagram.
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Survival analysis

In total, the estimated 5-year OS rate was 61.1%,
the estimated 5-year disease-free survival (DFS) rate was
52.7%, the estimated 5-year locoregional recurrence-free
survival (LRFS) rate was 55.2%, and the estimated 5-year
distant metastasis-free survival (DMFS) rate was 60.4%.
There were no significant differences in OS, DFS, LRFS,
or DMFS between the patients in the experimental group
and control group (Figure 2).

Pathologic response to induction chemotherapy

The favorable pathologic response rate to induction
chemotherapy was 27.7%. Patients with favorable
pathologic responses had a better OS, DFS, LRFS, and
DMES than those without favorable pathologic responses
(HR = 0.365, 95%CI:0.153-0.867, p = 0.023 for OS;
HR = 0.327, 95%CI:0.147-0.728, p = 0.006 for DFS;
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HR = 0.288, 95%CI:0.122-0.679, p = 0.004 for LRFS;
HR = 0.372, 95%CI:0.156-0.885, p = 0.025 for DMFS).
Furthermore, the patients with favorable pathologic
responses also had a better OS, DFS, LRFS, and DMFS
than those in the control group (HR = 0.347, 95%CI:0.149-
0.806, p=0.014 for OS; HR = 0.322, 95%C1:0.148-0.702,
p = 0.004 for DFS; HR = 0.301, 95%CI:0.13-0.696, p =
0.005 for LRFS; HR = 0.337, 95%CI:0.145-0.781, p =
0.011 for DMFS). However, the differences in OS, DFS,
LRFS and DMFS between the patients without favorable
pathologic responses and the patients in the control group
were not significant (Figure 3, Figure S1).

Locoregional recurrence and distant metastasis

There was a trend towards a lower incidence
of locoregional recurrence, distant metastasis, and
secondary neoplasms for patients who received induction
chemotherapy compared to upfront surgery; however,
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the difference was not significant (Table S1). The
subgroup analysis showed no significant benefit from
TPF induction chemotherapy in any of the subgroups,
with the exception of cN2 patients, who seemed to have
improved OS (HR = 0.466, 95%CI:0.221-0.98, p = 0.044)
and DMFS (HR = 0.468, 95%CI:0.223-0.986, p = 0.046)
as well as female patients, who had improved DFS (HR =
0.515,95%CI:0.267-0.992, p = 0.047) and LRFS (HR =
0.505,95%CI:0.257-0.993, p = 0.048) after TPF induction
chemotherapy (Figure 4).

Late adverse events (AEs)

No severe late AEs were found during the follow-up
period of the patients.

Surgical margins examined

immunohistochemistry

by

Among the 35 OSCC patients from 1985 to 1987,
eight patients (22.9%) were found to have pan-cytokeratin
positive surgical margins, which were previously
examined and reported to be negative from tumor cells
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Figure 3: Comparison of overall survival, disease-free survival, locoregional recurrence-free survival and distant
metastasis-free survival between the patients with favorable and unfavorable pathologic responses (upper panel),
between favorable pathologic responses and the control group (middle panel), and between unfavorable pathologic

responses and the control group (lower panel).
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using hematoxylin and eosin staining. Among the 14
patients from 2000 to 2002 and 19 patients from 2008
to 2010, no patients were found to have pan-cytokeratin
positive surgical margins.

DISCUSSION

The long-term follow-up results of this trial
demonstrated that TPF induction chemotherapy did not
improve survival when compared to surgery upfront in
OSCC. However, patients who received TPF induction
and had a favorable pathologic response had a decreased
risk for death and tumor recurrence compared to those
who did not have a favorable pathologic response and
those did not receive TPF induction chemotherapy.

This trial also underscores the importance of
complete resection of the primary tumor including use
of frozen sections during surgery to confirm adequate
margins for RO resection. Since our practice changed to
include intra-operative margin evaluation in 1990s, there
was a significant reduction in the incidence of possible
residual tumor cells, using pan-cytokeratin-confirmed
positive margins (22.9% in cases operated on from 1985
to 1987, versus 0 in patients operated on after 2000 and in
this study). This could explain the increases in the 5-year
OS rates in China from approximately 40% in the 1990s
to 61% in the present study [14, 15]. RO resection may
play a key role in prevention of local tumor recurrence and
thus contribute to improved OS. In regards to quality of

Characteristics Overall survival

TPF  Non-TPF

Disease free survival

TPF  Hon-TPF

life after RO resection, immediate reconstructive surgery
following tumor resection utilizing free flaps or pedicle
flaps provides acceptable appearance and adequate oral
function for OSCC patients at an otherwise late clinical
stage.

Although OSCC patients treated with TPF induction
chemotherapy did not have a significant increase in OS
rates as a whole compared to those unexposed to induction
chemotherapy, a trend towards improved survival was
noted for those patients receiving induction chemotherapy.
Previous meta-analyses have demonstrated that induction
chemotherapy could reduce distant metastasis formation
in patients with locally advanced HNSCC [5, 7]. In our
study, patients receiving TPF induction chemotherapy had
a 9%-higher 5-year DMFS than those not receiving TPF
induction chemotherapy; this difference, however, was not
statistically significant. Subgroup analysis demonstrated
that cN2 patients receiving TPF induction chemotherapy
had a better outcome than those not receiving TPF
induction chemotherapy, especially in OS and DMFS.
Therefore, induction chemotherapy could play a role
in improving outcomes in patients at the highest risk
of distant failure. As a result, a prospective trial of TPF
induction chemotherapy in cN2 patients has been designed
to confirm the subgroup analysis findings from this study
(clinicaltrials.gov registered number of NCT02290145).

Patients with a favorable pathologic response to
TPF induction chemotherapy had a more than 80% 5-year
survival rate. In contrast, patients without a favorable
pathologic response had similar outcomes compared

Distant metastasis
free survival

Locoregional recurrence
free survival

TPF  MNon-TPF TPF  MNon-TPF

Male —B—  0975(0.615-1548) B 0.993 (0.644-1.532) —B— 1071 (0.687-1669) —B—  0.906 (0.574-1.429)
Femals —— 0.541(0.25 -1.173) + 0.515 (0.267 -0.982) + 0.505 (0.257 - 0.993) —'—‘- 0.548 (0.253-1.187)
Age <60 years - 0.82 (0.496 - 1.358) - 0.808 (0.516 -1.266) - 0.816 (0.515 - 1.294) - 0.791 (0.48 -1.305)
Age 260 years —=—  0.827(044 -1554) —I-— 0.804 (0.444 -1.457) + 0.879 (0.479 - 1.612) + 0.792 (0.425 - 1.478)
Tongue —a 0.503(0.326-1.114) + 0.516 (0.344-1.101) —-—'- 0.675 (0.375-1.217) + 0.56 (0.305-1.028)
Non-tongue —8—  1.055(0.624-1785) —&— 0971 (0611-1541) —&— 0973 (0.609-1576) —.— 105 0621-1776)
Clinical T1/2 —I— 1.084(0.486 -2.333) —l— 0.958 (0.473-1.938) —l— 0.967 (0.467 - 2.004) —l— 0.977 (0.453-2.108)
Clinical T3/4 —- 0.76 (0.482- 12 ) + 0.755 (0.498-1.144) + 0.803 (0.525- 1.229) + 0.737 (0.468- 1.16 )
Clinical NO+1 —®—  .936(0.585-1.496) 0.848 (0.556-1.204) = 0398058 -139) = 0877 (0.552-1.394)
Clinical N2 —a 0.486(0.221- 0.98) —-—— 0.594 (0.301-1.169) —-—— 0.596 (0.303-1.174) —-— 0.468 (0.223 - 0.986)
Clinical stage Il —a— 0.821(0.49 -1.376) + 0.719 (045 - 1.15) + 0.756 (0.464 - 1.232) + 0.759 (0.455 - 1.264)
Clinical stage VA —a— 0.697 (0.377 - 1.288) + 0.795 { 0.45 -1.405) + 0.795 (0.45 -1.405) + 0.718 (0.389- 1.327)
Well differentiated —%— 1 (0.444-2257) —=—  0.856 (0.431-1.698) —=—  0.804(0.402-1611) —=— 1007 (0.447 -2.267)
WIP differentiated —l-— 0.813(0.515-1.282) —l-— 0.81 (0.53 -1.237) —l— 0.881 (0.571-1.361) + 0.768 (0.489 - 1.206)
Current/former smokers —s—  905(0533-1537) —=— 0927 (0.583-1527) —=— 0991 (0.593-1653) —=— .35 (0.506-1.444)
Never smokers —=i 0.708 (0.387 - 1.293) —-—— 0.589 (0.406 -1.168) —-—— 0.706 (0.411-1.213) —-—— 0.683 (0.375 - 1.243)
Fositive alcohol use + 0.76 (0.42 -1.374) + 0.727 (0.424 -1.247) —l-— 0.834 (0.476 - 1.461) —-—-— 0.665 (0.372 - 1.189)
Negative alcohol use —®—  0.875(0.517-1.483) + 0.86 (0.533-1.389) + 0.858 (0.527 - 1.385) + 0.885 (0.522 - 1.498)
HRs(85%C1) HRs(85%CI) HRs(25%C1) HRs(25%CI)
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Figure 4: Subgroup analysis of overall survival, disease-free survival, locoregional recurrence-free survival and distant
metastasis-free survival between the experimental and control groups.

www.impactjournals.com/oncotarget 18711 Oncotarget



to those patients who did not receive TPF induction
chemotherapy. This may be very important in developing
future personalized treatment strategies for OSCC. Along
these lines, we have identified several proteins that
could serve as predictive biomarkers in tissue specimens
from patients who received TPF in this study, including
Cyclin D1 and GDF15. cN2 patients with high Cyclin
D1 expression exhibited significantly prolonged OS and
DMEFS after TPF induction chemotherapy, as did T3-4cNO
patients with high GDF15 expression [16, 17]. These two
biomarkers have been selected as predictive biomarkers
for response to TPF induction chemotherapy and are
being prospectively evaluated in two ongoing induction
chemotherapy clinical trials in OSCC (clinicaltrials.gov
registered numbers of NCT02285543 and NCT02285530).

In conclusion, our long-term results do not support
the use of TPF induction chemotherapy for all patients
with locally advanced OSCC, receiving radical surgery
followed by radiotherapy. However, specific patient
populations defined by clinical and/or molecular criteria
may benefit from induction TPF, and this selection strategy
is currently being evaluated in prospective clinical trials
with the ultimate goal of realizing personalized treatment
protocols for this disease. In addition, the apparent lack
of benefit for TPF induction chemotherapy, observed in
this study may or may not be type II error secondary to an
underpowered study. In the future, larger scale phase 111
trials are needed to determine whether there truly exists a
role for TPF induction chemotherapy in the treatment of
surgically managed OSCC.

MATERIALS AND METHODS

Patients and methods

The methodology of the original study has been
previously published [13]. A redaction of the protocol
is provided in the supplementary materials with a brief
description provided here.

Study design

This was a prospective, open label, randomized,
phase III trial, which was approved by the institutional
ethics committee at Ninth People’s Hospital, Shanghai
Jiao Tong University School of Medicine.

Patients

Eligible patients included those 18-75 years of
age with biopsy-confirmed, clinical stage III and IVA
(T1-2N1-2MO or T3-4N0-2MO, UICC 2002) disease
and previously untreated OSCC. Patients were required

to have resectable disease in the opinion of the treating
surgeons. After eligibility was confirmed, patients were
randomly allocated to the control group (surgery followed
by post-operative radiotherapy) or experimental group
(TPF induction chemotherapy followed by surgery and
post-operative radiotherapy). Randomization without
stratification factors was performed using sealed envelopes
containing a computer-generated random number code.

Treatment

Induction chemotherapy: in patients assigned to the
experimental group, the palpable edges of the primary
lesion (both the longest and shortest axes) were marked
before induction chemotherapy by at least four points,
which were 0.5cm away from the lesion. Chemotherapy
consisted of docetaxel 75mg/m?, cisplatin 75mg/m?, and
5-fluorouracil 750mg/m?/day as a 120-hour infusion for
5 days. Induction chemotherapy was given every 3 weeks
for 2 cycles. Surgery was performed at least 2 weeks after
completion of induction chemotherapy.

Surgery: radical resection of the primary lesion and
full neck dissection (functional or radical) with appropriate
reconstruction (pedicle or free flap) was performed. The
safety margins of the primary lesion were 1.5cm away
from the palpable margins; for patients who received
induction chemotherapy, the safety margins were 1.0cm
away from the marks that were placed before induction
chemotherapy to ensure the same extent of surgery in both
groups. Frozen sections during surgery were performed to
confirm adequate margins.

Post-operative radiotherapy: radiotherapy was
initiated 4-6 weeks after surgery. Standard conformal or
intensity-modulated radiotherapy was allowed at a dose of
1.8-2Gy/day, 5 days/week for 6 weeks, totaling 54-60Gy.
In patients with high-risk features, a total radiation dose of
66Gy was recommended.

Assessments

Clinical tumor responses were characterized
according to the RECIST criteria versionl.0 [18]
at baseline and 2 weeks after cycle 2 of induction
chemotherapy. Pathologic responses were assessed by
examination of at least 20 slides of the resected specimen.
A favorable response was defined as absence of any tumor
cells or presence of scattered foci of a few tumor cells
(minimal residual disease with < 10% viable tumor cells)
[19]. Toxicities were assessed according to the CTCAE
version3.0.
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Follow-up and outcomes

Patients were monitored every three months by
physical examination in the first two years, every six
months in the subsequent 3-5 years, and once a year
thereafter until death or data censoring. Imaging was
performed every six months. OS was calculated from the
date of randomization to the date of death; DFS, LRFS,
and DMFS were calculated from the date of randomization
to the date of recurrence, locoregional recurrence, and
distant metastasis or death from any cause, respectively.

Detection of pan-cytokeratin expression in safety
margins using immunohistochemistry

Serial sections from surgical safety margins were
used to detect possible residual tumor cells in 68 OSCC
patients (Table S2 and S3). 35 patients were randomly
selected during 1985 to 1987, 14 patients were randomly
selected during 2000 to 2002, and 19 patients were
randomly selected from our trial during 2008 to 2010
(10 patients in the experimental group and 9 patients in
the control group). Immunohistochemical staining was
performed using well-established methods as previously
described [16, 17] (details in the supplementary materials).

Statistical considerations

For descriptive analysis, categorical data were
expressed as number and percentage. The survival analysis
was conducted using the Kaplan-Meier method and log-
rank test. Hazard ratios (HR) were calculated using the
Cox proportional hazards model. The intention-to-treat
principle was applied for efficacy analysis. All hypothesis-
generating tests were two-sided at a significance level of

0.05.
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