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Abstract

Objectives—We previously reported the efficacy of nab-paclitaxel added to cisplatin, 5-FU, and
cetuximab (APF-C) followed by concurrent high dose bolus cisplatin and radiation therapy (CRT)
in patients with locally advanced head and neck squamous cell carcinoma (HNSCC). In this phase
Il trial, we determined the efficacy of APF (without cetuximab) followed by CRT in similar
patients.

Materials and methods—Eligible patients had stage 1111V oropharynx (OP), larynx, or
hypopharynx SCC and adequate organ function and performance status. T1 tumors were excluded.
Patients were treated with three cycles of APF followed by CRT. Efficacy endpoints included two-
year disease-specific survival (DSS), progression-free survival (PFS), overall survival (OS), and
relapse rate.

Results—Thirty patients were enrolled. Most patients were smokers (77%) with bulky T3/4
(73%) and N2/3 (83%) tumors. Analyses were stratified for human papilloma virus (HPV) status:
HPV-related OPSCC (n = 17; 57%) and HPV-unrelated HNSCC (n = 13; 43%). With a minimum
follow-up of 21 months, relapse occurred in 1 (3%) patient. Two-year DSS was 94% in HPV-
related OPSCC and 100% in HPV-unrelated HNSCC. Two-year PFS was 94% in HPV-related
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OPSCC and 100% in HPV-unrelated HNSCC. Two-year OS was 94% in HPV-related OPSCC and
92% in HPV-unrelated HNSCC. Causes of death were relapse (1), treatment-related mortality (1),
and co-morbidity (1). Two patients with HPV-unrelated HNSCC treated with APF declined CRT
and remained free of relapse at 36 and 28 months of follow-up.

Conclusion—This phase Il trial demonstrated favorable two-year DSS, PFS, and OS and a low
relapse rate in HPV-unrelated HNSCC and HPV-related OPSCC treated with APF followed by
CRT.
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Introduction

Induction chemotherapy followed by radiation therapy (RT) is an organ-sparing treatment
approach for selected sub-sites of locally advanced head and neck squamous cell carcinoma
(HNSCC) [1]. Induction regimens originally included cisplatin and 5-fluorouracil (PF) [2].
However, more recent phase 111 trials showed that docetaxel added to PF (TPF) resulted in
superior efficacy in patients treated with RT [3] or carboplatin and RT [4]. After randomized
trials showed improvement in overall survival (OS) when the epidermal growth factor
receptor (EGFR) inhibitor cetuximab was added to definitive RT or palliative chemotherapy
[5,6], cetuximab was added to induction regimens in hopes of improving outcomes. Clinical
trials which added cetuximab to induction regimens followed by chemotherapy and RT
showed favorable outcomes; however, none of these trials had controlled comparison groups
to establish that the addition of cetuximab was beneficial [7-9].

We reported excellent efficacy of a novel induction regimen that included nab-paclitaxel
followed by concurrent high dose bolus cisplatin and RT (CRT) administered to patients
with HNSCC [10]. nab-paclitaxel, a nanoparticle albumin-bound taxane that may improve
drug delivery to tumor tissue [11-18], was added to PF and cetuximab (APF-C) followed by
CRT. Most patients were smokers (90%) with bulky T3/4 (73%) and N2/3 (80%) tumors.
Analyses were stratified for human papilloma virus (HPV) status: HPV-related
oropharyngeal (OP) SCC (n = 17; 57%) and HPV-unrelated HNSCC (n = 13; 43%). With a
minimum follow-up of 25 months (median 59), relapse occurred in 5 (17%) patients. Two-
year disease-specific survival (DSS) was 100% in HPV-related OPSCC and 91% in HPV-
unrelated HNSCC. Two-year OS was 94% in HPV-related OPSCC and 83% in HPV-
unrelated HNSCC. Efficacy outcomes of patients treated with APF-C followed by CRT were
better than those of a historical group treated with TPF and cetuximab (TPF-C) followed by
CRT [19].

Given the absence of randomized trials confirming a benefit of cetuximab added to induction
regimens, we performed a phase I trial in a similar cohort of patients treated with APF
(without cetuximab) followed by CRT. The trial objective was to determine the efficacy of
APF followed by CRT as assessed by the following endpoints: DSS, PFS, OS, and relapse
rates.
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Patient selection criteria

Eligible patients were 18 years of age or older with untreated HNSCC stages Il and 1Va/b
[20] (T4 excluded) originating in the oropharynx (OP), larynx, and hypopharynx. Other
criteria included adequate performance status (ECOG 0-2) and vital organ function. Key
exclusion criteria included = Grade 2 peripheral neuropathy. The Washington University
Human Research Protection Office approved the protocol and all study participants signed
informed consent. The clinical trial was registered at ClinicalTrials.gov NCT01566435.

Study design

APF consisted of every three week cycles of intravenous nab-paclitaxel 100 mg/m?2 weekly
on days 1, 8, and 15, cisplatin 75 mg/m? on day 1 and 5-FU 750 mg/m? continuous infusion
daily on days 1-3. After two cycles of APF, an assessment of tumor response at the primary
site was performed by clinical examination, as previously described [10], using categorical
outcomes [2,21]: complete response (CR) — no residual tumor; partial response (PR) — at
least 50% reduction in tumor size; stable disease (SD)-less than 50% reduction, but no
progression; and progressive disease (PD)-interval enlargement. Patients with favorable (CR,
PR) tumor response at the primary site received a third cycle of APF before CRT whereas
patients with an unfavorable (SD, PD) tumor response proceeded to CRT or to surgery
followed by adjuvant therapy.

Definitive CRT began 22-56 days after initiation of cycle 3 of APF, and was given as
previously described [10]. Intensity modulated RT was used in all patients. Patients with
serum creatinine <2.0 mg/dL were scheduled to receive high dose bolus cisplatin (100
mg/m? on days 1, 22 and 43) with RT. Patients who failed to meet this criteria received
cetuximab (400 mg/m? 1V loading dose one week before RT, then 250 mg/m? weekly x 7) as
a single agent concurrent with RT.

Standard assessments

Baseline assessments included physical examination, laryngoscopy, computed tomography
(CT) neck, and fluorodeoxyglucose (FDG)-positron emission tomography (PET)/CT. After
two cycles of APF and at 10-12 weeks after RT, patients underwent tumor response
assessment by clinical examination and CT neck. FDG-PET/CT was performed after two
cycles of APF. RECIST version 1.0 was used to determine tumor response by CT [22]. After
therapy, tumor status was assessed with physical examination and fiberoptic office
laryngoscopy every 2—-3 months for the 2 years, 4 months for years 3 and 4 and then every
6-12 months. A FDG-PET/CT was performed 3—-4 months after therapy. CT neck/chest was
performed at 6, 12, 20, 28 and 36 months.

Patient’s co-morbidities were quantified using the Adult Co-morbidity Evaluation (ACE)-27
index [23]. Adverse events (AE) were monitored weekly during therapy, and then every 1-6
months. AEs were graded using NCI-CTCAE version 3.0. Smokers were defined as current
or former tobacco users.
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Studies performed on archived tumor tissue

Archival tumor tissue obtained at diagnosis was used to assess p16 status, a surrogate marker
of HPV. Methodology for p16 by immunohistochemistry (IHC) was previously described
[24].

Objectives and statistical analyses

Results

The primary objective of the analysis was to determine the DSS (stratified by HPV status) of
patients treated APF followed by CRT. Secondary objectives were to determine PFS, OS,
relapse rate, and AEs of patients treated with APF followed by CRT. Tumor response at the
primary site after two cycles of APF was also determined. The sample size was calculated
based on the proportion of patients with a CR at the primary tumor site based on visual
examination after two cycles of APF. The historical rate CR rate at the primary tumor site
after two cycles of APF-C was 53% [10]. A difference of as much as 23% was considered to
be clinically acceptable, and resulted in a patient target number practically achievable at a
single institution within a reasonable time frame. Under these conditions, a sample size of
30 patients had a power of 0.89 at a maximum significance level of 0.084 to conclude that
the CR rate at the primary tumor site after two cycles of APF was not inferior to that
expected with APF-C.

Efficacy endpoints were stratified by HPV status. OS (time from diagnosis to death or last
follow-up alive), DSS (time from diagnosis to death due to disease progression or last
follow-up alive), and PFS (time from diagnosis to death due to disease progression, to
disease progression, or last follow-up alive) were estimated by the Kaplan-Meier (KM)
method [25]. RT delivery (number of fractions, elapsed days, total dose) and chemotherapy
administration (number of planned doses administered, total dose/m?2) were summarized
using proportions with medians and ranges.

Patient and tumor characteristics

Thirty patients were enrolled onto this phase Il trial. Most patients were smokers (77%) with
co-morbidities (77%) and had bulky T3/4 (73%) and N2/3 (83%) tumors (Table 1). Stage IV
disease was present in 27 (90%) patients. Analyses were stratified for HPV status: HPV-
related OPSCC (n = 17; 57%) and HPV-unrelated HNSCC (n = 13; 43%). Twelve patients
with larynx or hypopharynx SCC were referred for an organ preservation approach to avoid
total laryngectomy. Eighteen patients with OPSCC were referred with unresectable disease
(n = 14; due to encasement of the carotid artery, skull base involvement, or extension to the
nasopharynx) or to avoid open surgery and/or free flap reconstruction procedures (n = 4).

Patient flow, treatment delivery, and median follow-up

All patients completed two cycles of APF. Twenty-eight of 30 patients completed three
cycles of APF and were treated with RT and cisplatin (n = 25) or cetuximab (n = 1) and 2
declined CRT. Two of 30 patients experienced an unfavorable tumor response at the primary
site after two cycles of APF. One patient with T4AN2c laryngeal SCC had exam findings
interpreted as stable disease and then underwent resection and pathology showed no cancer.
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The second patient with T4AN2c HPV-related OPSCC experienced disease progression,
received CRT, and expired due to progressive disease.

Delivery of APF and CRT was favorable (Table 2). Only one patient received cetuximab
during RT, due to the interim development of renal dysfunction. The median follow-up of
surviving patients was 29 (21-39) months.

Adverse events during APF

AEs that occurred during APF are shown in Table 3. Notable grade 3—4 AEs included
neutropenia (23%), febrile neutropenia (13%), diarrhea (10%), mucositis (3%), elevated
AST and/or ALT (3%), and sensory neuropathy (3%).

Tumor response at the primary and neck nodal sites after two cycles of APF

In HPV-unrelated HNSCC, the CR rate at the primary site after two cycles of APF was 77%,
(10 of 13 patients). The PR rate at the primary site was 15% (2 patients). In HPV-related
OPSCC, the CR rate at the primary site was 76% (13 out of 17 patients). The PR rate at the
primary site was 18% (3 patients). Tumor responses at the primary and neck nodal sites and
overall based on clinical examination, CT and FDGPET/CT are shown in Table 4.

Surgical treatment following APF or definitive therapy

One patient with T4AN2c laryngeal SCC had stable disease after two cycles of APF
underwent total laryngectomy with neck dissections and pathology showed no cancer. One
patient with T2N3 HPV-related OPSCC had a residual neck mass after CRT and underwent
a neck dissection, which showed no cancer.

Feeding tubes and tracheostomy

Percutaneous endoscopic gastrostomy (PEG) tube was placed in most patients (69%) during
CRT but all were removed by year 1 after therapy (Table 5). Ten percent of patients had a
tracheostomy tube placed. Peripheral neuropathy was present in 11 patients (39%) at one
year after therapy.

Relapse events, DSS, PFS, and OS

Relapse of disease occurred in 1 patient (3%). Relapse occurred at local-regional and distant
sites in a patient with TAN2c HPV-related OPSCC.

The two-year DSS was 97%, two-year PFS was 97%, and the two-year OS was 93%. In
HPV-related OPSCC (n = 17), two-year DSS was 94%, two-year PFS was 94%, and two-
year OS was 94%. In HPV-unrelated HNSCC (n = 13), two-year DSS was 100%, two-year
PFS was 100%, and two-year OS was 92% (Fig. 1). Causes of death (n = 3) were relapsed
disease, treatment-related mortality (TRM), and co-morbidity. The TRM event occurred in
the patient who had stable disease after two cycles of APF, underwent resection and expired
after surgery due to bacterial sepsis. The co-morbidity death occurred 29 months after CRT.
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Outcome of two patients treated with APF alone (no CRT and no surgery)

Interestingly, two patients treated with three cycles of APF declined CRT and received no
further therapy. Both patients remained free of disease relapse at 36 and 28 months of
follow-up. One patient, a 70 year old who smoked, presented with T3N1MO (Stage I11) SCC
of the supraglottic larynx. Tracheostomy and a PEG tube were placed for airway
management and nutritional support. The patient declined total laryngectomy/neck
dissections, and was referred for larynx preservation approach. After two cycles of APF,
video laryngoscopy showed a CR at the primary site, CT scan and FDG-PET/CT showed CR
at the primary site and neck node. After cycle three of APF, the patient declined CRT. After
APF, laryngoscopy and CT scans were performed every 3—-6 months with no signs of
recurrent cancer detected. The tracheostomy was decannulated and the PEG tube removed
two months after therapy. At 36 months of follow-up, the patient’s voice quality and
swallowing function were normal, and weight was 5 kg over pretreatment weight.

The second patient, a 52 year old who smoked, presented with a T4aNOMO SCC (Stage 1Va)
of the glottic and supraglottic larynx. The patient declined total laryngectomy/neck
dissections, and was referred for larynx preservation approach. After two cycles of APF,
laryngoscopy, CT scan, and FDG-PET/CT showed CR at the primary site. Biopsies of the
primary site showed no cancer. After cycle three of APF, the patient declined CRT. After
APF, clinical examinations and CT scans were performed at regular intervals and showed no
signs of recurrent cancer. At 28 months of follow-up, the patient’s voice quality and
swallowing function were normal, and weight was 6 kg over pre-treatment weight.

Discussion

This analysis included 30 patients with HNSCC treated on a phase |1 trial with nat-
paclitaxel-based induction chemotherapy (APF) followed by CRT. Survival outcomes were
very favorable with two-year DSS of 97%, two-year PFS of 97%, and two-year OS of 93%.
Nearly all patients (96.7%) had one or more poor risk features including bulky primary site
and/or neck nodal disease (defined as T3-4 and/or N2b/3 classifications) and a smoking
history. Survival outcomes were also favorable when stratified by HPV-related OPSCC (two-
year DSS 94%, two-year PFS 94%, and OS 94%) and HPV-unrelated HNSCC (two-year
DSS 100%, two-year PFS 100%, and OS 92%). Prior studies showed that the interval in
which the majority (>90%) of relapse events occur in both HPV-related OPSCC and HPV-
unrelated HNSCC is eighteen months [2,4,26]. The minimum follow-up for our patients was
21 months.

It is important to place these data in the context of current nonsurgical therapy. Focusing first
on HPV-related OPSCC treated with CRT, Ang et al. stratified patients into high,
intermediate and low risk disease with three-year OS of 46%, 71% and 93%, respectively
[27]. Using the Ang et al. risk stratification model, 17 of our 18 patients with HPV-related
OPSCC treated with APF and CRT would be placed in intermediate (n = 9) and low (n = 8)
risk groups with three-year OS of 88.9% and 100%, respectively. Only one patient would be
in the high risk group and that patient remained disease-free at 21 months of follow-up. The
small number of patients in each risk group limits the comparison; however, OS of patients
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with HPV-related OPSCC treated with APF followed by CRT was very favorable across
these intermediate and low risk groups.

The DeCIDE and Paradigm trials showed that TPF followed by CRT or CRT alone resulted
in similar OS [28,29]. In the DeCIDE trial, three-year OS was approximately 80% in HPV-
related HNSCC and 75% in non-oropharyngeal (presumably HPV-unrelated) HNSCC [28].
In the Paradigm trial, two-year OS was 73-78% for all patients [29]. DeCIDE and Paradigm
did not prospectively stratify for HPV status and both included patients with more favorable
characteristics (T1 and/or higher proportion with stage 111 disease) than in the APF trial.
Relapse risks were 24% in DeCIDE and Paradigm trials, but only 3% in the APF trial. In
sum, APF followed by CRT is a highly effective therapy for HPV-related OPSCC and HPV-
unrelated HNSCC.

We previously reported the efficacy outcomes in patients with HNSCC treated with APF-C
followed by CRT [10]. With a minimum follow-up of 25 months, relapse occurred in 17%.
Two-year DSS was 100% in HPV-related OPSCC and 91% in HPV-unrelated HNSCC. In
the current trial, a cohort with similar patient and tumor characteristics were treated with
APF (no cetuximab) followed by CRT. With a minimum follow-up of 21 months, relapse
occurred in only 3%. Two-year DSS was 94% in HPV-related OPSCC and 100% in HPV-
unrelated HNSCC. The favorable efficacy outcomes of both cohorts prompted us to move
forward with nab-paclitaxel-based induction regimens that do not include cetuximab. Our
next generation study is evaluating the efficacy of “AP” (eliminating 5-FU) followed by
CRT in one group of patients (ECOG PS 0-1; no major co-morbidities) and nab-paclitaxel
(“A™) monotherapy (eliminating 5-FU and cisplatin) followed by concurrent cetuximab and
RT in another group (ECOG PS 2-3 and/or major co-morbidities) [ 7he AFPA Trial:
NCT02573493].

Tumor response at the primary site to induction PF was predictive of relapse after RT and is
used as a decision point to direct subsequent treatment: RT for favorably responsive tumors
or salvage surgery for poorly responsive tumors [2,21,30]. The high CR rate (77%) at the
primary site following two cycles of APF in combination with the favorable DSS are
evidence that APF is ideal to select patients for de-escalation CRT. A de-escalation strategy
was tested in the ECOG-1308 trial in which patients with HPV-related OPSCC were treated
with induction cisplatin, paclitaxel, and cetuximab followed by cetuximab with low dose (54
Gy) RT for patients with CR after induction or full dose (69.3 Gy) RT for all other patients
[31]. To be most effective, this strategy must maximize the proportion of patients directed to
de-escalation CRT by utilization of an induction regimen that results in the highest CR rate.
APF resulted in a CR at the primary site in 76% of patients with HPV-related OPSCC and in
77% with HPV-unrelated HNSCC. Given these high CR rates and favorable DSS observed
with APF followed by CRT, an equal argument can be made to investigate de-escalation of
CRT in HPV-unrelated HNSCC as well as HPV-related OPSCC.

Two of the patients in this trial received only APF as treatment because they declined CRT.
Neither patient underwent surgery. At 36 and 28 months of follow-up, disease relapse has
not occurred. Both patients were heavy smokers with T3 or T4 laryngeal SCC. CR at the
primary site and neck nodes was documented in each patient as assessed by laryngoscopy
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(with biopsy in one patient), CT scans, and FDG-PET/CT. At last follow-up, both patients
retained a functional larynx with normal voice and swallowing function. Given the absence
of recurrence with long term follow-up, these two patients were likely cured of laryngeal
SCC with chemotherapy alone. A major benefit to these patients was that they did not
experience the serious acute or long term toxicities of CRT. The striking observation that
locally advanced HNSCC may be cured with chemotherapy alone, without RT or surgery, is
particularly interesting in the current era of de-escalation of CRT. All current de-escalation
trials are evaluating dose or volume reduction of RT or dose reduction or elimination of
concurrent chemotherapy. De-escalation trials are only being performed in patients with
HPV-related OPSCC and usually in the most favorable groups (limited smoking history; T4
and N3 excluded). Our observation supports that some patients with HNSCC may be cured
with APF alone, even those with T3 or T4 HPV-unrelated (laryngeal) HNSCC.

The role of induction chemotherapy is controversial [32,33]. The DeCIDE and Paradigm
trials failed to show an OS benefit with induction TPF added to CRT [28,29]. Challenges in
interpreting the data from these trials include the unexpected epidemic of good prognosis
HPV-related OPSCC and accrual issues [33]. Nevertheless, the results of these trials slowed
the application and investigation of induction chemotherapy. In this context, it is important
to reflect on why one should continue to investigate induction chemotherapy and specifically
why investigate APF. The answer to the first question can be found by stating the
weaknesses of the CRT paradigm: acute toxicity burden limiting broad application, high
rates of disease recurrence in HPV-unrelated HNSCC, long term toxicities, and the
increasing range of targeted therapeutic agents under evaluation for HNSCC. To improve the
efficacy of the CRT paradigm, the induction window is the ideal time to add treatment since
doing so during or after CRT is prohibitive in most patients. To answer the second question,
the results of APF followed by CRT are informative: relapse rate of 3% and two-year OS
rates of 94% in HPV-related OPSCC and 92% in HPV-unrelated HNSCC. It could be argued
that the outcomes with APF and CRT are no better than CRT alone in patients with HPV-
related OPSCC. However, in patients with HPV-unrelated HNSCC, the outcomes with APF
are favorable compared to reports with CRT alone [28,29]. Also, APF is an ideal regimen to
use to select patients for de-escalation approaches because the tumor response rate is very
high. For these reasons, continued investigation of nab-paclitaxel-based induction
chemotherapy and CRT in patients with HPV-unrelated HNSCC is reasonable.

There are limitations of this study. Most patients had oropharynx and larynx SCC; therefore,
these results cannot be extrapolated to other HNSCC sub-sites. Although the efficacy
analysis was stratified for HPV status, there is some heterogeneity in each of the subgroups
that is difficult to control for in a small sample size of 30 patients. This trial was performed
at a single academic institution with a large volume practice and excellent multidisciplinary
subspecialty physicians and supportive care, so the results should be validated across diverse
programs.

This analysis demonstrated very favorable two-year DSS, PFS, and OS and a very low
relapse rate in HPV-unrelated HNSCC and in HPV-related OPSCC treated with APF
followed by CRT. Based on these data, current multi-center studies are utilizing the tumor
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response to nab-paclitaxel-based induction regimens to direct de-escalation RT and surgery-
based algorithms in patients with HPV-unrelated HNSCC and HPV-related OPSCC.
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Fig. 1.
Survival curves: 1. DSS, stratified by p16 (HPV) status. 2. PFS, stratified by p16 (HPV)
status. 3. OS, stratified by p16 (HPV) status.
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Patient and tumor characteristics.

Characteristic APF (n =30)
Age (years)

Median 57

Range 43-75
Gender

Male 25

Female 5
Smoking history

Yes 23

No 7
ACE score

0 (none) 7

1 (mild) 12

2-3 (moderate-severe) 11
T classification

2 8

3 13

4a 8

4b 1
N classification

0-1 5

2a 0

2b 6

2c 12

3 7
Overall stage

11 3

IVA 18

VB 9
Primary site

Oropharynx 18

Larynx 9

Hypopharynx 3

Oral Cavity 0
HPV status — oropharynx only

pl6+ 17/18
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Treatment delivery.

Table 2

Treatment

Chemotherapy

Mean % total dose (range)

Radiation

Mean dose (range) in Gy

Mean (range) elapsed days

Induction chemotherapy (n = 30)

nab-Paclitaxel
Cisplatin
5-Fluorouracil
Radiation therapy (n = 27)
Chemotherapy (with RT)
Cisplatin (n = 26)
Cetuximab (n = 1)

89 (53-100)
95 (50-100)
95 (67-100)

87 (67-100)
100

70 (64-70)
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AE’s that occurred during APF.

Table 3

Toxicity Grade 1-2 Grade 3-4
AEs AEs
No. % No. %

Hematological

Neutropenia 9 30 7 23

Thrombocytopenia 11 37 0 0

Anemia 24 80 2 7
Auditory/ear

Tinnitus 3 10 1 3
Dermatologic

Rash 5 17 0 0
Gastrointestinal

Diarrhea 9 30 3 10

Mucositis 8 27 1 3
Infection

Febrile neutropenia 0 0 4 13
Lymphatics

Edema: Limb 5 17 0 0
Metabolic/laboratory

Creatinine 7 23 0 0

ALT 4 13 1 3

AST 2 7 1 3
Neurological

Sensory neuropathy — peripheral 4 13 1 3
Constitutional

Fatigue 13 43 1 3

Weight loss 7 23 6 20
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Table 5

Percutaneous endoscopic gastrostomy (PEG) tube, tracheostomy, weight, and neuropathy at key time points.

Baseline End of APF  End of CRT  Year 1 after CRT

PEG # 3 5 20 0

(%) (10%) (17%) (69%) (0%)
Tracheostomy # 3 2 1 2

(%) 10%) (7% (3%) (7%)
Weight (kg) 85 83 77 75

Mean (range) (52-125)  (56-128) (50-113) (51-110)
Neuropathy 0 5 7 11

(all grades) (0%) (16.7%) (24.1%) (39.3%)
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