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BACKGROUND: Recurrent head and neck squamous cell carcinoma (HNSCC) is associated with poor overall survival (OS). Prior
studies suggested incorporation of nab-paclitaxel (A) may improve outcomes in recurrent HNSCC.
METHODS: This Phase I study evaluated induction with carboplatin and A followed by concomitant FHX (infusional 5-fluorouracil,
hydroxyurea and twice-daily radiation therapy administered every other week) plus A with cohort dose escalation ranging from
10–100mg/m2 in recurrent HNSCC. The primary endpoint was maximally tolerated dose (MTD) and dose-limiting toxicity (DLT) of A
when given in combination with FHX (AFHX).
RESULTS: Forty-eight eligible pts started induction; 28 pts started AFHX and were evaluable for toxicity. Two DLTs occurred (both
Grade 4 mucositis) at a dose level 20 mg/m2. No further DLTs were observed with subsequent dose escalation. The MTD and
recommended Phase II dose (RP2D) of A was 100mg/m2.
CONCLUSIONS: In this Phase I study, the RP2D of A with FHX is 100mg/m2 (AFHX). The role of re-irradiation with immunotherapy
warrants further investigation.
CLINICAL TRIAL INFORMATION: This clinical trial was registered with ClinicalTrials.gov identifier: NCT01847326.
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BACKGROUND
The majority of patients diagnosed with head and neck squamous
cell carcinoma (HNSCC) will present with locally or locoregionally
advanced disease, and are generally treated with combined
modality therapy, including surgery, radiotherapy, and systemic
therapy with curative intent [1]. However, cure rates remain modest
especially in human papillomavirus (HPV) negative HNSCC and
locoregional recurrences remain a major cause of death [2]. Second
primary cancers also occur in previously treated patients with
HNSCC due to field carcinogenesis in the setting of long-standing
exposure to alcohol and tobacco [3]. The standard of care in
patients with recurrent HNSCC is surgical resection if feasible.
However, based on the location or extent of the tumour, clear
margins are not usually achieved, and only a minority of patients are
ultimately cured [4]. Standard treatment for previously irradiated

and unresectable recurrent HNSCC remains systemic therapy with
palliative intent [5]. Treatment options in this setting generally
include immune checkpoint blockade with pembrolizumab with or
without concurrent chemotherapy, however, survival remains poor
[6]. Re-irradiation with concurrent chemotherapy has been of
interest as a potentially curative salvage treatment. Our institution
has evaluated outcomes of re-irradiation with twice-daily radiation
in 1.5 Gy fractions with concurrent paclitaxel, 5-fluorouracil (5-FU),
and hydroxyurea (TFHX) in a week-on/week-off fashion, demon-
strating long-term survival in 20–40% of patients which subse-
quently was evaluated in the RTOG 9610 multi-institutional re-
irradiation trial [7–12]. nab-Paclitaxel is a cremophor-free, albumin-
bound form of paclitaxel that avoids the toxicity of the paclitaxel
solvent and may provide increased intratumoral concentration
through albumin-mediated transport, with activity in multiple solid
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malignancies, including HNSCC. The substitution of paclitaxel with
nab-paclitaxel would potentially make therapy more tolerable and
further improve response rates. This led to the development of a
Phase I dose escalation trial of nab-paclitaxel-based induction
followed by nab-paclitaxel-based re-irradiation. Response to induc-
tion chemotherapy is a clinical predictor of outcome, and patients
not responding to induction chemotherapy generally are unlikely to
respond to subsequent chemoradiotherapy [13]. Therefore, for
patients with tumour growth during re-induction chemotherapy,
we sought to evaluate a course of hypofractionated stereotactic
radiotherapy with nab-paclitaxel as a palliative approach. The
primary endpoint was maximum tolerated dose (MTD) and dose-
limiting toxicity (DLT) of nab-paclitaxel when given in combination
with FHX (5-fluorouracil 600mg/m2 and hydroxyurea 500mg twice
a day on days 0–5, and twice-daily radiation on days 1–5 of a 14-day
cycle for five cycles), and to determine the role of re-induction
chemotherapy in patient selection.

METHODS
Patients
Patients were ≥18 years of age with ECOG Performance Status 0-1 and
pathologically confirmed recurrent or second primary HNSCC with
previously irradiated head and neck cancer without clinically measurable
metastatic disease. Prior radiation therapy was completed ≥4 months, and/
or chemotherapy completed ≥1 month before study entry with recovery
from any adverse effects. Measurable disease prior to induction
chemotherapy was required. Adequate organ/marrow function was
required. All patients provided written informed consent prior to
enrolment. Exclusion criteria included ≥Grade 2 pre-existing peripheral
neuropathy, previously untreated patients with the locoregional-only
disease, comorbidities interfering with therapy/survival, pregnancy or
receiving other investigational therapies.

Treatment
Prior to entry, all patients were evaluated by surgical, medical, and
radiation oncologists to determine optimal local treatment. All patients
received two 21-day cycles of induction carboplatin (area under the
curve= 6 on day 1) and nab-paclitaxel (100mg/m2 on days 1 and 8)
followed by clinical and radiographic evaluation and response assessment
per RECIST criteria [14]. Patients with a good response to induction
chemotherapy were evaluated by a head and neck surgeon for surgical

resection prior to initiation of chemoradiation (partial or “debulking”
surgery was not considered). Chemoradiotherapy was initiated approxi-
mately 2 weeks after the last dose of induction chemotherapy. If patients
underwent surgical resection, they proceeded to chemoradiation within
4–6 weeks.
Patients with a response or no growth based on radiologic and clinical

measurements during re-induction, or patients who underwent surgical
resection with curative intent, proceeded to receive nab-paclitaxel in a
cohort dose escalation Phase I design with 5-fluorouracil 500mg/m2,
hydroxyurea 500mg twice a day, and twice-daily radiation on days 1–5 of
14-day cycles for five cycles, for a cumulative radiation dose of 66 to 75 Gy
(or 60–66 Gy in patients undergoing surgery) (AFHX). If less than 3 days of
radiation therapy (RT) was required during week 5, chemotherapy could be
omitted. While on treatment, all acute toxicities were evaluated and scored
using Common Terminology Criteria for Adverse Events. Dose-limiting
toxicities (DLT) were defined during cycles one and two as ≥Grade 4
mucositis or esophagitis, ≥Grade 3 radiation dermatitis, ≥Grade 3 non-
haematologic toxicity except transient nausea/vomiting and alopecia, or
treatment-related toxicity causing a delay in initiation of treatment during
the first four weeks of therapy. Patients who had tumour growth based on
radiologic or clinical assessment during re-induction chemotherapy and
not surgical candidates with curative intent were planned to receive nab-
paclitaxel alone with 10 Gy of RT on day 1 of a 7-day cycle for 5 weeks for a
cumulative radiation dose of 50 Gy (AX) with cohort Phase I dose
escalation, however, this cohort closed due to poor accrual.
Patients were treated with volumetric modulated arc therapy or

intensity-modulated RT (IMRT). Target delineation included pre-induction
gross disease with an expansion of 1.5 cm to generate a planning target
volume (PTV) 1 which was modified for normal tissue tolerance. In
responding patients, PTV1 received 1.5 Gy twice daily to a total dose of
75 Gy over five cycles. The radiation oncologist had the option of adding a
second volume (PTV2) as an expansion of PTV1 to include the first level of
uninvolved lymph nodes in patients thought to be at high risk for
microscopic disease. In resected patients, PTV1 was reconstructed from the
pre-surgery scan, with PTV1 encompassing a 1.5-cm expansion of the gross
disease prior to induction chemotherapy with adjustments for skin, cord,
and lost tissue due to surgery to a dose of 60 to 66 Gy. The spinal cord was
constrained to ≤54 Gy maximum life dose, no more than 20% of PTV1
received ≥110% of the prescribed dose, no more than 1% of any PTV1 or
PTV2 received ≤93% of the prescribed dose, and no more than 1% or 1 cc
of the tissue outside the PTVs received ≥110% of the prescribed dose
to PTV1.
Treatment was continued until completion or until patients experienced

disease progression, intercurrent illness preventing further treatment
administration, unacceptable adverse events, patient decision to withdraw,

48 patients enrolled

31 patients started chemo re-irradiation

28 patients started AFHX regimen

3 patients started AXX regimen

Seventeen patients discontinued prior to re-irradiation (n = 17)
- Progressive disease (n = 7)

- Death due to infection (n = 3)
- Continued off-protocol (n = 2)
- Transitioned to hospice (n = 3)

- Withdrew consent (n = 2)

48 patients started re-induction chemotherapy

27 evaluable patients completed AFHX

1 patient died during cycle 1

Fig. 1 Consort flow diagram. Forty-eight patients were enrolled on the trial. All patients started re-induction chemotherapy. Seventeen
patients discontinued therapy prior to concurrent chemotherapy and re-irradiation. Thirty-one patients started chemotherapy and re-
irradiation. Three patients were treated on the AXX arm which subsequently closed due to poor accrual. Twenty-eight patients started AFHX.
All twenty-eight patients completed re-irradiation with concurrent chemotherapy.
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or changes to patient’s condition rendering the patient unacceptable for
further treatment in the judgement of the investigator. Four weeks
following completion of treatment, all patients underwent radiographic
evaluation. Patients were followed clinically until taken off-study, with
recommended physician visits monthly for the first 3 months, then
quarterly for the first 2 years, then bi-annually for the next 2 years, then
annually thereafter.

Study design and statistical considerations
The primary objective was to establish the MTD, RP2D, safety of nab-
paclitaxel when given in combination with 5-fluorouracil, hydroxyurea, and
hyperfractionated radiation, and to explore the role of induction
chemotherapy as a predictive tool for definitive head and neck cancer
treatment for previously treated patients. The study design was a standard
“3+ 3” Phase I study dose escalation design. Cohorts of 3–6 patients were
enrolled, starting at nab-paclitaxel 20 mg/m2 with dose levels ranging from
10 to 100mg/m2. DLTs were assessed at each dose level only in the first
four weeks of chemoradiation, where two or more DLTs in 3 or 6 patients
would be considered too toxic and the next lower dose level would be
considered the MTD. If the MTD was not reached, the highest dose level

assessed would be considered the RP2D. Secondary objectives included
estimating progression-free survival (PFS) and overall survival (OS). The
study was approved by the University of Chicago Institutional Review
Board and registered on www.ClinicalTrials.gov (NCT01847326).
Kaplan–Meier analysis [15] was used to provide estimates and 95%

confidence intervals of 5-year PFS and OS. Descriptive statistics, including
medians, means and dispersion measures for continuous variables and
frequency tables for categorical variables, were used to summarise the
data. Multivariate survival analyses were performed using Cox proportional
hazards regression. SAS version 9.4 (SAS Institute, Cary, NC) was used for
statistical analysis.

RESULTS
Patient characteristics
Patients were recruited between 2013 through 2020. A total of 48
patients were enrolled and started treatment from March 2013
through January 2020, with a median follow-up of 5.6 years. Of
these 48 patients, 17 discontinued treatment prior to re-evaluation
and initiation of concurrent chemotherapy and re-irradiation
(Fig. 1). Seven patients experienced disease progression, three
patients died due to infection, two patients transitioned to off-
protocol therapy per treating physician, three patients transi-
tioned to hospice, and two patients withdrew consent. Patient
characteristics are summarised in Table 1. The median age was 60
years (range: 27–74) and was predominantly Caucasian (85.4%).
The majority were male (70.8%), and approximately half were
never smokers (50%). Recurrent disease was present in the vast
majority (80%) of patients, while 15% were considered to have
second primary cancers.

Dosing
Patients who completed re-induction chemotherapy were subse-
quently treated with chemoradiation. Following re-induction,
there were 28 patients who initiated treatment with re-
irradiation with concurrent chemotherapy and AFHX per protocol,
11 of which underwent surgical resection prior per protocol. These
28 patients were enrolled across seven dose levels:7 patients at
10mg/m2, 6 patients at 20 mg/m2, and 3 patients each at 40
mg/m2, 55 mg/m2, 70 mg/m2, 85 mg/m2 and 100 mg/m2. One
patient on 10mg/m2 dose level died due to progressive disease
after one cycle and was not evaluable for DLT. Following the
development of one DLT at dose level 20 mg/m2 in the first three-
patient cohort, the decision was made to enrol six patients at dose
level-1 (10 mg/m2), and an additional three patients at dose level
20mg/m2, prior to proceeding with further dose escalation. There
were three patients with measurable tumour growth based on
radiologic or clinical evaluation following re-induction that were
treated with AXX (nab-paclitaxel with 10 Gy of RT on day 1 of a
7-day cycle for 5 weeks for a total of 50 Gy) as designed, before
this treatment arm was closed to accrual due to difficulty with
enrolment. All 48 patients enrolled are included in the clinical
outcomes data. Due to slow accrual following the approval of
immunotherapy for recurrent HNSCC, the decision was made not
to proceed with an expansion cohort as initially planned per
protocol.

Safety
During re-induction chemotherapy, the most common Grade 3+
adverse events were anaemia (10%), and hypophosphatemia (6%).
Table 2 summarises adverse events during re-induction che-
motherapy. During AFHX re-irradiation with concurrent che-
motherapy across seven dose levels, the most common Grade
3+ adverse events included anaemia (25%), mucositis (46%), and
radiation dermatitis (21%). Table 3 summarises toxicities experi-
enced during AFHX re-irradiation with concurrent chemotherapy.
Grade 3 or greater toxicity was noted in 58% of patients overall
and 57% during AFHX. Two patients on the 20mg/m2 dose level
developed a DLT of Grade 4 mucositis. The maximally tolerated

Table 1. Patient characteristics.

Characteristic N= 48

Age, median (range) 60 (27–74)

Gender

Male 34 (70.8%)

Female 14 (29.2%)

Race

African–American 5 (10.4%)

Caucasian 41 (85.4%)

Other 2 (4.2%)

BMI, median [IQR] 25.4 (21.3–28.2)

Smoking history, pack years (PY)

Never smoker 23 (47.9%)

≤10 PY 7 (14.6%)

>10 PY 17 (35.4%)

Unknown 1 (2.1%)

Primary site

Anterior tongue 6 (12.5%)

Retromolar trigone 2 (4.2%)

Lip 1 (2.1%)

Oropharynx, tonsil and base of the tongue 20 (41.7%)

Hypopharynx 2 (4.2%)

Aryepiglottic fold 1 (2.1%)

Larynx 5 (10.4%)

Nasal cavities 1 (2.1%)

Nasopharynx 2 (4.2%)

Parotid gland 3 (6.3%)

Unknown primary 1 (2.1%)

Other 4 (8.3%)

Disease state

Recurrent 40 (80.3%)

Primary 7 (14.6%)

Metastatic 1 (2.1%)

p16+ (for oropharynx) 14 (29.2%)

ECOG PS

1 26 (54.2%)

0 20 (40.7%)

Unknown 2 (4.2%)
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Table 2. Adverse events during re-induction chemotherapy (n= 48).

Adverse event name Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

n % n % n % n % n %

Blood and lymphatic system

Anaemia 16 33% 11 23% 5 10% 0 0% 0 0%

Blood and lymphatic system disorders (other) 0 0% 0 0% 1 2% 0 0% 0 0%

Haemolytic uraemic syndrome 1 2% 0 0% 0 0% 0 0% 0 0%

CD4 lymphocytes decreased 11 23% 7 15% 1 2% 1 2% 0 0%

Neutrophil count decreased 1 2% 1 2% 1 2% 1 2% 0 0%

Platelet count decreased 10 21% 3 6% 2 4% 0 0% 0 0%

White blood cell decreased 6 13% 5 10% 2 4% 0 0% 0 0%

Cardiac

Asystole 0 0% 0 0% 0 0% 0 0% 1 2%

Ear and labyrinth

Ear pain 1 2% 0 0% 0 0% 0 0% 0 0%

Eye

Eye disorders (other) 1 2% 0 0% 0 0% 0 0% 0 0%

Gastrointestinal

Abdominal pain 1 2% 0 0% 0 0% 0 0% 0 0%

Constipation 2 4% 1 2% 0 0% 0 0% 0 0%

Diarrhoea 3 6% 1 2% 0 0% 0 0% 0 0%

Dry mouth 1 2% 0 0% 0 0% 0 0% 0 0%

Dyspepsia 0 0% 1 2% 0 0% 0 0% 0 0%

Dysphagia 2 4% 0 0% 0 0% 0 0% 0 0%

Gastroesophageal reflux disease 1 2% 0 0% 0 0% 0 0% 0 0%

Gastrointestinal disorders (other) 1 2% 0 0% 0 0% 0 0% 0 0%

Mucositis oral 1 2% 0 0% 0 0% 0 0% 0 0%

Nausea 3 6% 0 0% 0 0% 0 0% 0 0%

Oral haemorrhage 1 2% 0 0% 0 0% 0 0% 0 0%

Oral pain 3 6% 1 2% 0 0% 0 0% 0 0%

Vomiting 2 4% 0 0% 0 0% 0 0% 0 0%

General

Oedema face 0 0% 1 2% 0 0% 0 0% 0 0%

Fatigue 6 13% 0 0% 0 0% 0 0% 0 0%

Fever 2 4% 0 0% 1 2% 0 0% 0 0%

Gait disturbance 1 2% 0 0% 0 0% 0 0% 0 0%

Pain 5 10% 0 0% 0 0% 0 0% 0 0%

Injury, poisoning and procedural complications

Bruising 1 2% 0 0% 0 0% 0 0% 0 0%

Tracheal haemorrhage 0 0% 0 0% 1 2% 0 0% 0 0%

Hepatic

Alanine aminotransferase increased 1 2% 0 0% 0 0% 0 0% 0 0%

Aspartate aminotransferase increased 1 2% 0 0% 0 0% 0 0% 0 0%

Blood bilirubin increased 1 2% 0 0% 0 0% 0 0% 0 0%

Renal

Creatinine increased 1 2% 0 0% 0 0% 0 0% 0 0%

Metabolism and nutrition

Weight loss 1 2% 0 0% 0 0% 0 0% 0 0%

Anorexia 4 8% 0 0% 0 0% 0 0% 0 0%

Dehydration 1 2% 0 0% 0 0% 0 0% 0 0%

Hypercalcemia 5 10% 1 2% 2 4% 1 2% 0 0%

Hyperglycaemia 13 27% 2 4% 1 2% 0 0% 0 0%

Hyperkalemia 3 6% 0 0% 1 2% 0 0% 0 0%

A.J. Rosenberg et al.

1500

British Journal of Cancer (2022) 127:1497 – 1506



dose and recommended Phase II dose of nab-paclitaxel with AFHX
was determined to be 100 mg/m2.

Outcomes
The median follow-up was 5.6 years. The estimated overall 60-
month PFS rate is 23% (95% CI: 12–36%) (Fig. 2). The PFS was
similar among primary and recurrent cancers at 29% and 22%,
respectively. The median PFS estimate was 10.3 months (95% CI:
6–15 months). The OS rate at 60 months is 25% (95% CI: 13–40%)
(Fig. 3). Responders following re-induction (CR or PR) versus
non-responders (SD or PD) demonstrated an estimated 60-month
PFS rate of 53% (95% CI: 18–80%) and 18% (95% CI: 7–33%),
respectively (P= 0.04). Patients who were treated with re-
irradiation with concurrent chemotherapy with AFHX demon-
strated a 60-month PFS rate of 38% (95% CI: 20–55%), while the
60-month OS rate for AFHX-treated patients was 44% (95% CI:
24–62%) (Fig. 4).

Late radiotherapy toxicities
Twelve patients were alive at the time of data analysis. Regarding
late toxicities, eight (67%) were enteral feeding dependent, three
(25%) had tracheostomies, five (42%) developed osteoradione-
crosis and three (25%) developed trismus. Four patients (33%)
were not enteral feeding tube dependent or tracheostomy
dependent at the time of last follow-up.

DISCUSSION
This Phase I trial in patients with recurrent HNSCC of induction
carboplatin and nab-paclitaxel followed by nab-paclitaxel-based
re-irradiation with concurrent chemotherapy demonstrated an
acceptable toxicity rate with a recommended nab-paclitaxel dose
of 100 mg/m2 with AFHX re-irradiation. In contrast to paclitaxel,
nab-paclitaxel is not known to be associated with life-threatening
hypersensitivity reactions and can be administered safely without
steroid and antihistamine premedication. A number of studies
have evaluated nab-paclitaxel-based induction and concurrent
chemotherapeutic regimens in HNSCC, demonstrating favourable
tolerability [16–19]. Furthermore, response rates in patients with
HNSCC are similar between nab-paclitaxel and paclitaxel-based
induction chemotherapy [20]. In our trial, Grade 3 or greater
toxicity developed in 58% of patients with most common
toxicities, including mucositis, radiation dermatitis, and anaemia,
as has been reported previously in patients treated with
5-fluorouracil and hydroxyurea-based re-irradiation with concur-
rent chemotherapy [10]. Two patients developed DLTs both on
the 20mg/m2 dose level with Grade 4 mucositis, yet both patients
completed AFHX with per-protocol dose reductions and no further
DLTs were observed. Despite this tolerability profile, the estimated
PFS rate at 60 months among all enrolled patients was 23%, which
is similar to previous reports of re-irradiation with concurrent
chemotherapy in this setting [10].

Table 2. continued

Adverse event name Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

n % n % n % n % n %

Hypermagnesemia 2 4% 0 0% 0 0% 0 0% 0 0%

Hypernatremia 3 6% 0 0% 1 2% 0 0% 0 0%

Hypoalbuminemia 6 13% 3 6% 0 0% 0 0% 0 0%

Hypocalcemia 4 8% 3 6% 1 2% 0 0% 0 0%

Hypoglycemia 0 0% 1 2% 0 0% 0 0% 0 0%

Hypokalemia 4 8% 0 0% 1 2% 0 0% 0 0%

Hypomagnesemia 2 4% 0 0% 0 0% 0 0% 0 0%

Hyponatremia 4 8% 0 0% 1 2% 0 0% 0 0%

Hypophosphatemia 0 0% 5 10% 3 6% 0 0% 0 0%

Musculoskeletal and connective tissue

Arthralgia 1 2% 0 0% 0 0% 0 0% 0 0%

Neck pain 3 6% 1 2% 0 0% 0 0% 0 0%

Nervous system

Dysgeusia 1 2% 0 0% 0 0% 0 0% 0 0%

Headache 1 2% 1 2% 0 0% 0 0% 0 0%

Respiratory, thoracic and mediastinal

Cough 2 4% 0 0% 0 0% 0 0% 0 0%

Dyspnoea 1 2% 0 0% 1 2% 0 0% 0 0%

Hoarseness 1 2% 0 0% 0 0% 0 0% 0 0%

Respiratory, thoracic and mediastinal (other) 1 2% 0 0% 0 0% 0 0% 0 0%

Sleep apnoea 1 2% 0 0% 0 0% 0 0% 0 0%

Sore throat 1 2% 0 0% 0 0% 0 0% 0 0%

Skin and subcutaneous tissue

Alopecia 1 2% 0 0% 0 0% 0 0% 0 0%

Pruritus 1 2% 1 2% 0 0% 0 0% 0 0%

Rash maculopapular 0 0% 0 0% 1 2% 0 0% 0 0%

Vascular

Hypertension 1 2% 0 0% 0 0% 0 0% 0 0%
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Table 3. Adverse events during AFHX (n= 28).

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

n (%) n (%) n (%) n (%) n (%)

Blood and lymphatic system

Anaemia 10 36% 7 25% 7 25% 0 0% 0 0%

Blood and lymphatic system disorders (other) 6 21% 3 11% 3 11% 0 0% 0 0%

Febrile neutropenia 0 0% 0 0% 1 4% 0 0% 0 0%

Leukocytosis 0 0% 0 0% 1 4% 0 0% 0 0%

Neutrophil count decreased 1 4% 1 4% 2 7% 0 0% 0 0%

Platelet count decreased 3 11% 0 0% 0 0% 0 0% 0 0%

CD4 lymphocytes decreased 5 18% 4 14% 1 4% 0 0% 0 0%

White blood cell decreased 4 14% 3 11% 1 4% 1 4% 0 0%

Cardiac

Atrial fibrillation 1 4% 1 4% 0 0% 0 0% 0 0%

Chest pain—cardiac 1 4% 0 0% 0 0% 0 0% 0 0%

Sinus tachycardia 2 7% 0 0% 0 0% 0 0% 0 0%

Ear and labyrinth

Ear and labyrinth disorders (other) 3 11% 0 0% 0 0% 0 0% 0 0%

Ear pain 4 14% 2 7% 0 0% 0 0% 0 0%

Hearing impaired 2 7% 1 4% 0 0% 0 0% 0 0%

Tinnitus 2 7% 0 0% 0 0% 0 0% 0 0%

Endocrine

Hypothyroidism 5 18% 0 0% 0 0% 0 0% 0 0%

Eye

Blurred vision 1 4% 0 0% 0 0% 0 0% 0 0%

Eye disorders (other) 1 4% 0 0% 0 0% 0 0% 0 0%

Watering eyes 1 4% 0 0% 0 0% 0 0% 0 0%

Gastrointestinal

Abdominal pain 3 11% 0 0% 0 0% 0 0% 0 0%

Constipation 22 79% 1 4% 1 4% 0 0% 0 0%

Diarrhoea 10 36% 3 11% 0 0% 0 0% 0 0%

Dry mouth 13 46% 1 4% 0 0% 0 0% 0 0%

Dysphagia 20 71% 1 4% 0 0% 0 0% 0 0%

Gastroesophageal reflux disease 2 7% 0 0% 0 0% 0 0% 0 0%

Gastrointestinal disorders (other) 5 18% 3 11% 1 4% 0 0% 0 0%

Haemorrhoids 1 4% 0 0% 0 0% 0 0% 0 0%

Mucositis oral 18 64% 18 64% 9 32% 4 14% 0 0%

Nausea 27 96% 3 11% 1 4% 0 0% 0 0%

Oral dysesthesia 2 7% 0 0% 0 0% 0 0% 0 0%

Oral pain 10 36% 5 18% 1 4% 0 0% 0 0%

Salivary duct inflammation 1 4% 0 0% 0 0% 0 0% 0 0%

Upper gastrointestinal haemorrhage 0 0% 0 0% 1 4% 0 0% 0 0%

Vomiting 9 32% 1 4% 1 4% 0 0% 0 0%

General

Chills 2 7% 0 0% 0 0% 0 0% 0 0%

Oedema face 4 14% 1 4% 2 7% 0 0% 0 0%

Oedema limbs 6 21% 1 4% 0 0% 0 0% 0 0%

Facial pain 4 14% 0 0% 0 0% 0 0% 0 0%

Fatigue 26 93% 4 14% 0 0% 0 0% 0 0%

Fever 5 18% 1 4% 1 4% 0 0% 0 0%

Localised oedema 2 7% 0 0% 0 0% 0 0% 0 0%

Neck oedema 4 14% 0 0% 0 0% 0 0% 0 0%

Pain 8 29% 1 4% 1 4% 0 0% 0 0%
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Table 3. continued

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

n (%) n (%) n (%) n (%) n (%)

Infections and infestations

Infections and infestations (other) 1 4% 0 0% 1 4% 0 0% 0 0%

Laryngitis 0 0% 1 4% 0 0% 0 0% 0 0%

Pelvic infection 0 0% 1 4% 0 0% 0 0% 0 0%

Skin infection 1 4% 0 0% 1 4% 0 0% 0 0%

Wound infection 0 0% 1 4% 0 0% 0 0% 0 0%

Injury, poising and procedural complications

Dermatitis radiation 9 32% 14 50% 6 21% 0 0% 0 0%

Fall 1 4% 0 0% 1 4% 0 0% 0 0%

Fracture 0 0% 1 4% 0 0% 0 0% 0 0%

Hepatic

Alanine aminotransferase increased 3 11% 0 0% 0 0% 0 0% 0 0%

Aspartate aminotransferase increased 2 7% 0 0% 0 0% 0 0% 0 0%

Metabolism and nutrition

Weight loss 4 14% 0 0% 0 0% 0 0% 0 0%

Alkalosis 1 4% 0 0% 0 0% 0 0% 0 0%

Anorexia 20 71% 2 7% 1 4% 0 0% 0 0%

Dehydration 4 14% 0 0% 1 4% 0 0% 0 0%

Hypercalcemia 2 7% 0 0% 0 0% 0 0% 0 0%

Hyperglycaemia 7 25% 3 11% 1 4% 0 0% 0 0%

Hyperkalemia 1 4% 0 0% 0 0% 0 0% 0 0%

Hypoalbuminemia 3 11% 3 11% 0 0% 0 0% 0 0%

Hypocalcemia 1 4% 2 7% 1 4% 0 0% 0 0%

Hypokalemia 2 7% 0 0% 1 4% 0 0% 0 0%

Hypomagnesemia 3 11% 1 4% 0 0% 0 0% 0 0%

Hyponatremia 2 7% 0 0% 2 7% 0 0% 0 0%

Hypophosphatemia 1 4% 6 21% 1 4% 0 0% 0 0%

Metabolism and nutrition disorders (other) 0 0% 0 0% 1 4% 0 0% 0 0%

Musculoskeletal

Back pain 1 4% 0 0% 0 0% 0 0% 0 0%

Muscle weakness upper limb 1 4% 0 0% 0 0% 0 0% 0 0%

Musculoskeletal and connective tissue disorder (other) 1 4% 0 0% 0 0% 0 0% 0 0%

Neck pain 6 21% 1 4% 0 0% 0 0% 0 0%

Pain in extremity 1 4% 0 0% 0 0% 0 0% 0 0%

Trismus 5 18% 2 7% 1 4% 0 0% 0 0%

Nervous system

Dizziness 4 14% 1 4% 0 0% 0 0% 0 0%

Dysarthria 1 4% 0 0% 0 0% 0 0% 0 0%

Dysgeusia 5 18% 0 0% 0 0% 0 0% 0 0%

Headache 4 14% 0 0% 0 0% 0 0% 0 0%

Paraesthesia 2 7% 0 0% 0 0% 0 0% 0 0%

Peripheral sensory neuropathy 5 18% 0 0% 0 0% 0 0% 0 0%

Tremor 2 7% 0 0% 0 0% 0 0% 0 0%

Psychiatric

Anxiety 5 18% 0 0% 0 0% 0 0% 0 0%

Confusion 0 0% 1 4% 0 0% 0 0% 0 0%

Depression 2 7% 0 0% 0 0% 0 0% 0 0%

Insomnia 1 4% 0 0% 0 0% 0 0% 0 0%

Renal and urinary

Creatinine increased 2 7% 0 0% 0 0% 0 0% 0 0%
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Re-irradiation in recurrent HNSCC remains an aggressive but
potentially curative treatment option, yet its role in the context of
the evolving treatment landscape in recurrent disease remains
undefined. In the pre-intensity-modulated radiation therapy
(IMRT) era, landmark re-irradiation trials such as Radiation Therapy

Oncology Group (RTOG) 9610 with 5-FU, hydroxyurea and twice-
daily radiation demonstrated a 5-year survival rate of 4%, albeit
with lower 5-FU dose [12]. The RTOG 9911 trial evaluating cisplatin
and paclitaxel with twice-daily radiation demonstrated a two-year
survival rate of 26% [21]. In a pooled analysis of 115 patients

Table 3. continued

Grade 1 Grade 2 Grade 3 Grade 4 Grade 5

n (%) n (%) n (%) n (%) n (%)

Renal and urinary disorders (other) 1 4% 0 0% 0 0% 0 0% 0 0%

Urine discolouration 1 4% 0 0% 0 0% 0 0% 0 0%

Respiratory

Aspiration 2 7% 0 0% 1 4% 0 0% 0 0%

Cough 7 25% 2 7% 0 0% 0 0% 0 0%

Dyspnoea 1 4% 0 0% 0 0% 0 0% 0 0%

Nasal congestion 2 7% 0 0% 0 0% 0 0% 0 0%

Productive cough 2 7% 0 0% 0 0% 0 0% 0 0%

Pulmonary hypertension 1 4% 0 0% 0 0% 0 0% 0 0%

Respiratory, thoracic and mediastinal disorders (other) 4 14% 0 0% 0 0% 0 0% 0 0%

Sleep apnoea 2 7% 0 0% 0 0% 0 0% 0 0%

Sore throat 3 11% 1 4% 0 0% 0 0% 0 0%

Wheezing 1 4% 0 0% 0 0% 0 0% 0 0%

Skin and subcutaneous tissue

Alopecia 6 21% 1 4% 0 0% 0 0% 0 0%

Erythema multiforme 3 11% 2 7% 2 7% 0 0% 0 0%

Hyperhidrosis 0 0% 1 4% 0 0% 0 0% 0 0%

Palmar–plantar erythrodysesthesia syndrome 0 0% 1 4% 0 0% 0 0% 0 0%

Pruritus 1 4% 0 0% 0 0% 0 0% 0 0%

Rash acneiform 1 4% 0 0% 1 4% 0 0% 0 0%

Rash maculopapular 2 7% 0 0% 0 0% 0 0% 0 0%

Scalp pain 1 4% 0 0% 0 0% 0 0% 0 0%

Skin and subcutaneous tissue disorders (other) 5 18% 1 4% 1 4% 0 0% 0 0%

Skin ulceration 1 4% 1 4% 0 0% 0 0% 0 0%

Vascular

Hypotension 2 7% 0 0% 1 4% 0 0% 0 0%

Thromboembolic event 2 7% 1 4% 0 0% 0 0% 0 0%
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Fig. 2 Progression-free survival. At a median follow-up of
67 months, the estimated 60-month progression-free survival for all
patients that started treatment (n= 48) was 23% (95% CI: 12–36%).
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Fig. 3 Overall survival. With a 67-month median follow-up, the
estimated 60-month overall survival for all patients that started
treatment (n= 48) was 25% (95% CI: 13–40%).
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treated with various 5-FU and hydroxyurea-based re-irradiation
trials, three-year PFS and OS were 33% and 22%, respectively [10].
One randomised study of adjuvant chemotherapy and re-
irradiation following surgical salvage was associated with an
improvement in locoregional control, albeit without a survival
benefit [22]. Recently, a multi-institution re-irradiation collabora-
tive that evaluated over 400 HNSCC patients from seven
institutions contributed to improving patient selection by
characterising the time from initiation course of radiation, surgical
resectability, and feeding tube or tracheostomy dependence,
which can be used to stratify patients into risk categories in the
setting of re-irradiation [23]. In contrast, in our study we did not
observe a significant difference in survival between recurrent and
second primary HNSCC, perhaps due to the higher proportion of
recurrent disease and limited patients in this study. In addition to
survival outcomes, previous reports of re-irradiation have identi-
fied late toxicities among long-term survivors, such as osteor-
adionecrosis, soft tissue necrosis, trismus, and dysphagia
[10, 12, 21]. Similar to previous reports, our study identified high
rates of enteral feeding dependency, tracheostomy dependency,
osteoradionecrosis, and trismus. Significant toxicity burden for
patients must be weighed when considering re-irradiation
strategies for recurrent HNSCC. More recently, however, there
has been a shift in the therapeutic landscape with the role of
immune checkpoint blockade for the treatment of recurrent head
and neck cancer [6, 24, 25]. The KEYNOTE-048 trial evaluated front-
line recurrent/metastatic HNSCC and randomised patients to
pembrolizumab alone, pembrolizumab plus chemotherapy, or
cetuximab plus chemotherapy, including stratification based on
programmed death ligand 1 (PD-L1) expression. Pembrolizumab
alone demonstrated an improvement in survival among patients
with PD-L1 combined positive score (CPS) of ≥20, and CPS ≥1
compared with cetuximab plus chemotherapy, but not in the
overall population. Pembrolizumab plus chemotherapy demon-
strated an improvement in survival among PD-L1 CPS of ≥20, CPS
≥1, and in the overall population with two-year survival of 29% [6].
This led to food and drug administration (FDA) approval of
pembrolizumab monotherapy for front-line R/M HNSCC with PD-
L1 CPS ≥1 and pembrolizumab plus chemotherapy regardless of
PD-L1 expression. The long-term survival in our study is
comparable to pembrolizumab plus chemotherapy in KEYNOTE-
048.
This raises the question of the role of re-irradiation in the era of

immune checkpoint blockade therapy alone or in combination with
chemotherapy in locally recurrent disease. A subset analysis of

KEYNOTE-048 demonstrated that the overall response rate among
PD-L1-negative patients was only 4.5% with pembrolizumab
monotherapy versus 42.2% with cetuximab plus chemotherapy
[26]. This raises the question of whether there remains a potential
role for re-irradiation in patients with low or negative PD-L1
expression. Furthermore, for patients with PD-L1 positive disease,
the role of a combinatorial strategy of immune checkpoint blockade
with re-irradiation remains undefined and should be explored
further.
This study also evaluated the role of induction chemotherapy as a

tool to select patients for re-irradiation. Among the 48 patients who
enrolled and started induction therapy, 28 patients completed
induction with a complete or partial response, no measurable
growth, or surgical intervention, and subsequently started chemo-
re-irradiation with AFHX. For these patients, the 5-year PFS and OS
were 38 and 44%, respectively. This suggests a role for chemoselec-
tion as a dynamic predictive biomarker for subsequent response to
chemo-re-irradiation, as has been suggested in previous studies
[13, 16, 27]. Importantly, of the 48 patients enrolled, 17 patients
(35%) discontinued treatment during induction and prior to re-
irradiation with AFHX. This highlights the identification of a subset
of recurrent HNSCC during systemic therapy with a particularly poor
prognosis in whom an aggressive re-irradiation strategy would be
unlikely to improve survival. Furthermore, this highlights the urgent
need for improved therapeutic strategies in this challenging clinical
scenario. Therefore, future re-irradiation studies should incorporate
induction systemic therapy as a selection tool for patients most
likely to benefit from an aggressive chemo-re-irradiation strategy,
while avoiding toxicities in patients unlikely to benefit.
Limitations of our study include the prolonged period of

enrolment, as the availability of immune checkpoint inhibitors
subsequently affected the enrolment of this study and led to a
decision to not enrol a planned expansion cohort. In addition, this
was a single institutional trial, and as such, generalisability should
be taken with caution. Despite these limitations, this study of re-
induction therapy followed by re-irradiation therapy provides
important insights into chemoselection for patient treated with
chemo-re-irradiation in recurrent HNSCC.
Our study re-enforces the poor long-term prognosis for such

patients and the critical need to incorporate novel systemic
therapeutic strategies such as immunotherapy in the context of
chemo-re-irradiation paradigms to improve survival and quality of
life for patients with recurrent disease.

DATA AVAILABILITY
All data are available upon request.
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