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Abstract

A phase II trial of pegylated liposomal doxorubicin (CaelyxTM) as induction chemotherapy was conducted in 20 patients with
treatment-naı̈ve squamous cell cancer of the head and neck (SCCHN). 10 patients received two cycles of CaelyxTM (40 mg/m2)

every 3 weeks before starting radical radiotherapy (RT). Subsequently, consecutive groups of 3 patients received a third escalating
dose of CaelyxTM (10, 15 and 20 mg/m2) 3 days before RT. 9 of 18 (50%, 95% confidence intervals (CI): 26–74%) evaluable
patients responded to CaelyxTM, with 11 responses in 26 (42%, 95% CI: 24–62%) evaluable sites (three complete responses (12%),
eight partial responses (31%)). There was no grade 3/4 haematological, mucosal or cardiac toxicity. Nausea and vomiting were

minimal. There were no drug-related RT delays. Local RT-induced toxicity was not increased. CaelyxTM has significant activity
against SCCHN and warrants further investigation in this disease. In view of its tumour targeting properties and activity at
moderate doses, it may be useful in concomitant chemoradiotherapy strategies for SCCHN. # 2001 Elsevier Science Ltd. All rights

reserved.
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1. Introduction

The poor prognosis of patients with locally advanced
squamous cell cancer of the head and neck (SCCHN)
who are treated with surgery, radiotherapy (RT) or
combinations of these treatments has prompted the
search for more effective approaches incorporating
cytotoxic chemotherapy into multimodality strategies
[1,2]. Two recent overview analyses have demonstrated
that the addition of chemotherapy to radical RT
improves survival. Most benefit accrues from con-
comitant chemoradiotherapy (CCRT), with a survival

advantage of 8–12% [3,4]. Published data support the
activity of anthracycline-based chemotherapy in treat-
ing patients with head and neck cancer [5–8], although
the majority of patients in those studies had locally
recurrent or metastatic disease and had received prior
therapy. Response rates of 12–13% have been reported
for single agent epirubicin in patients with relapsed dis-
ease [7,8]. Doxorubicin has been incorporated in com-
bination regimens, although the presence of other active
agents has obscured the contribution of doxorubicin to
the therapeutic effect [5,6].

It has been suggested that pegylated liposomes might
enhance the therapeutic efficacy of cytotoxic agents in
combination with RT [9]. Cytotoxic agents entrapped in
pegylated liposomes have improved pharmacokinetics
[10,11], increased tumour localisation [9–16], enhanced
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therapeutic efficacy [9,17–21] and attenuated toxicity
profiles [15,17,21] when compared with the correspond-
ing unencapsulated agent in preclinical studies. We have
recently demonstrated that radiolabelled pegylated
liposomes localise to locally advanced head and neck
tumours in patients [22] and that CaelyxTM is active
against head and neck cancer xenograft tumours in
nude mice, both as definitive therapy [21] and at lower
doses in conjunction with RT [9]. In addition, pegylated
liposomal doxorubicin (CaelyxTM, ALZA Corporation,
USA) has been subjected to a Phase I evaluation in
patients with recurrent or metastatic SCCHN and a
response rate of 33% was reported [23].

Therefore, as an extension of this work, we have con-
ducted a trial of CaelyxTM in patients with SCCHN.
For this initial study, it was decided to use induction,
rather than concomitant, chemotherapy for two rea-
sons. First, there were concerns about the risk of lipo-
somal drug deposition in normal tissues exacerbating
the toxicity of RT. Second, in our institution there is an
interval of approximately 6 weeks between diagnosis
and commencement of RT during which treatment
planning occurs. This interval offers the opportunity to
deliver two cycles of induction chemotherapy without
delaying the start of radical RT. Therefore, it was deci-
ded that this study design represented a pragmatic
means of achieving the following aims: (i) to assess the
response of inoperable locally advanced treatment-naı̈ve
SCCHN to 2 cycles of CaelyxTM (40 mg/m2 every 3
weeks) administered as induction treatment; (ii) to
evaluate the ability to deliver a radical course of
hyperfractionated RT after induction treatment with
CaelyxTM.

2. Patients and methods

2.1. Eligibility

An open, uncontrolled, non-randomised, single centre
phase II trial was conducted in patients with locally
advanced SCCHN. This study was approved by the
Research Ethics Committee of the Hammersmith
Hospitals NHS Trust. The inclusion criteria were:
biopsy-proven, locally advanced, inoperable SCCHN;
no prior therapy; at least one lesion measureable bidi-
mensionally by physical or radiological examination;
age 18–75 years; Karnofsky Performance Score (KPS)
560%; adequate bone marrow (absolute neutrophil
count 52000�106 cells/l, platelet count 5100�109

cells/l, hepatic (total bilirubin 420 mg/l, serum transa-
minases 4twice upper limit of normal) and renal
(serum creatinine<125% upper limit of normal) func-
tion; written informed consent. These exclusion criteria
were applied: systemic metastatic disease, prior chemo-
therapy, RT or surgery (other than biopsy) to primary

and/or neck disease; acute infection requiring systemic
therapy; life expectancy <3 months; another primary
tumour under treatment (except epithelial skin carci-
noma). In view of the extensive data demonstrating that
CaelyxTM, even at high doses, is not associated with
cardiotoxicity [24,25], normal left ventricular ejection
fraction (LVEF) was not specified as an entry criterion,
although it was measured as part of the assessment of
toxicity.

2.2. Administration of CaelyxTM

CaelyxTM (ALZA Corporation, Mountain View, CA,
USA) was diluted in 250–500 ml 5% dextrose on the
day of treatment and protected from the light. The drug
was administered as a slow intravenous (i.v.) infusion
over 1–2 h. Routine prophylactic anti-emetic medica-
tion was not used. In the first phase of the study, 10
patients received two cycles of 40 mg/m2 every 3 weeks
and were evaluable for response and toxicity of Cae-
lyxTM and for the toxicity of radical RT commencing 3
weeks after the second cycle. When this phase of the
study was completed, subsequent patients received a
third cycle of CaelyxTM given 3 days before starting RT.
Consecutive groups of 3 patients received escalating
doses of CaelyxTM starting at 10 mg/m2 and increasing
through 15 mg/m2 to 20 mg/m2. Each cohort was mon-
itored for evidence of increased acute radiation toxicity
before proceeding to the next dose level.

2.3. Radiotherapy

For the first 10 patients, RT was commenced 21–25
days after the second dose of CaelyxTM. For those
patients who received a third dose of the drug, RT
started 3 days after the third dose. Individualised supine
immobilisation shells were made and treatment was
planned on a Philips SLS-CT Simulator (Electa, Craw-
ley, UK). Treatment consisted of twice-daily fractio-
nated, split-course RT according to the schedule
described by Wang and colleagues (1985) [26]. This
schedule consists of two phases of dose-intense radia-
tion delivery with a 10–12 day gap between the phases.
The overall time of treatment with this regimen is 37–40
days which means that it is delivered more rapidly than
conventionally fractionated radiation. At the time that
this study was conducted, this fractionation regimen
was being used as one of the four arms of the Radiation
Therapy Oncology Group (RTOG) 9003 fractionation
study and was the standard therapeutic protocol for
locally advanced head and neck cancer in our institute.
Recruitment to this study was completed before the
results of the RTOG 9003 study were published,
demonstrating that twice-daily split course treatment
was inferior to hyperfractionated or concomitant boost
fractionation regimens [27]. In phase I, the primary
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tumour and loco-regional nodes received 38.4 Gy in 24
fractions over 2.5 weeks prescribed as a midplane dose
using 6–8 MV photons treating each field twice daily
with a minimum interfraction interval of 6 h. The elec-
tive nodal areas were also treated in phase I using a split
anterior neck field with lead shielding to the midline and
lung apices. The same RT dose was prescribed to this
area as an applied dose. Phase I was followed by a 10–
12 day gap in the treatment and then the patient pro-
ceeded to phase II treatment to a dose of 25.6 Gy in 16
fractions over 1.5 weeks. For the treatment of the pri-
mary tumour, this was prescribed as a midplane dose
using 6–8 MV photons, treating each field twice daily
with a minimum interfraction interval of 6 h. The spinal
cord dose was limited to 38.4 Gy from the phase I
treatment. If nodal disease overlying the spinal cord
needed further treatment, posterior electron strips were
used matched at the skin surface with the energy selec-
ted to avoid delivery of a dose exceeding radiotolerance
to the spinal cord (usually 90–12 MeV electrons). In the
presence of involved neck nodes, the low neck also
received phase II radiation doses of 9.6–25.6 Gy
depending on the site of the disease.

2.4. Evaluation of response

Formal response evaluation was carried out after two
cycles of CaelyxTM and after radical RT by clinical and
repeated radiological examination. All imaging was
evaluated by a single radiologist using the World Health
Organization (WHO) criteria for tumour response. In
addition, changes in tumour volumes were calculated by
reconstructing the tumour volume from computed
tomography (CT) scans. CT images were digitised using
a Sony DSC-F1 camera mounted on a standard jig and
enlarged to life size using Adobe Photoshop Software
Program 5.0 (Adobe Systems Inc., San Jose, CA, USA).
The tumour area for each CT image was measured
using the pixel count facility and tumour volume (TV)
was calculated from: TV=�AD, where A is tumour
area from the pixel count and D is distance between
images.

2.5. Toxicity assessment

Haematological and non-haematological toxicities
were assessed during the initial two cycles of CaelyxTM

and during the RT. Cardiac function was assessed on
entry by 12-lead electrocardiogram (ECG) and nuclear
medicine MUGA scan. A repeat ECG and MUGA scan
was performed after cycle 2 and another ECG was per-
formed 6 weeks after RT. Stomatitis/mucositis, palmar-
plantar erythrodysaesthesia (PPE) and myelosuppres-
sion were recorded weekly using the National Cancer
Institute (NCI) Common Toxicity Criteria. 6 patients
required insertion of a naso-gastric tube or percuta-

neous endoscopic gastrostomy to maintain enteral feed-
ing because of the presence (or risk) of aspiration. In
these cases, separate assessments of treatment-related
mucosal toxicity were made.

3. Results

3.1. Patient demographics

20 patients (17 males, 3 females) entered the study.
The median age was 63 years (range: 46–77 years) and
the median KPS was 90% (range 60–100%). The dis-
tribution of tumour sites was as follows: oral cavity—1
patient; oropharynx—8 patients, larynx (supraglottic)—
5 patients; hypopharynx—6 patients. The TNM stages
were distributed as follows: T1—2 patients; T3—9
patients; T4—9 patients; N0—10 patients; N1—2
patients; N2—6 patients; N3—2 patients.

3.2. Response data

18 patients were fully evaluable for response and
toxicity of the initial two cycles of CaelyxTM. There
were 26 sites of disease in the 18 evaluable patients (16
primary tumour sites and 10 nodal metastases). In 2
patients, the primary pyriform fossa tumour was ineva-
luable, but both had N3 neck disease which was readily
evaluable. Individual patient response data are pre-
sented in Table 1 and summarised in Table 2. Overall, 9
of 18 (50%, 95% confidence intervals (CI): 26–74%)
patients showed an objective response to the initial two
cycles of CaelyxTM in the primary site and/or the nodal
metastases. In total, there were 11 responses in 26 (42%,
95% CI: 24–62%) sites. There was evidence of a differ-
ential response according to the site of disease with nine
of 16 (56%) primary sites, but only two of 10 (20%)
nodal metastases, responding (Table 2).

The data relating to the assessment of tumour volume
in response to treatment are presented in Figs. 1 and 2.
The measured tumour volumes were in accord with the
overall evaluation of response (as would be expected
because CT scans were used as a primary means of
classifying the response to treatment). However, the
absolute measures of tumour volume presented some
interesting findings. For the lesions that were classified
as showing a PR, the mean change in tumour volumes
(�S.D.) were �66.7�16.2% and �64.4�14.6% for the
primary tumour and lymph node metastases, respec-
tively. For the lesions that were classified as showing no
response, the mean change in tumour volumes (�S.D.)
were �18.0�22.5% and +7.8�18.5% for the primary
tumour and lymph node metastases, respectively.
Indeed, of the five primary tumour sites that were clas-
sified as no response by standard criteria, four showed a
reduction in measured tumour volume. In contrast, two
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of four non-responding lymph nodes showed a reduc-
tion in volume (�4.4% and �11.6%, respectively).
These data again suggest that the primary tumour site
was more responsive to treatment than metastatic
lymph node disease.

18 (90%) patients commenced radical RT, 14 of
whom completed the treatment. Four patients stopped
RT early: 2 patients were found to have liver metastases
from synchronous primary tumours during RT; 1
patient had progressive disease during chemotherapy
and RT; 1 patient withdrew during RT despite the fact

that he was tolerating treatment well. When available,
response and toxicity data from these 4 patients have
been included in the final analysis. Therefore, of the 26
sites of disease in the 18 patients commencing RT, only
25 sites were evaluable in 17 patients at the end of RT
(including those patients who did not receive a radical
radiation dose). The individual patient response data to
RT are presented in Table 1 and summarised in Table 3.
Overall, 16 of 17 (94%) patients achieved an objective
response to RT in the primary site and/or the nodal
metastases. In total, there were 23 responses in the 25

Table 1

Details of patients treated with CaelyxTM. Individual patient response data are provided for both induction CaelyxTM treatment and RT

No. Age

(years)

Sex Tumour site Stage CaelyxTM

response

RT response Status

301 74 M HP (pyriform fossa) T4N1M0 PR—primary CR—primary PD—16 months, Died —18 months

PR—node CR—node

302 53 M OP (tongue base) T4N2aM0 CR—primary CR—primary Radical neck dissection post-RT, residual disease

NR—node PR—node PD—12 months, Died—14 months

303 71 M HP (pyriform fossa) T1N3M0 NE—primary NE—primary Radical neck dissection post-RT, pathological CR

PD—node CR node NSR—34 months

304 69 F OP (soft palate) T4N2aM0 PR —primary CR—primary Palatal fistula post-treatment. Palatoplasty at

8 months.

PR—node CR—node NSR—24 months

Diagnosis of NSCLC at 14 months—treated with

palliative RT

305 77 M Larynx (supraglottis) T4N0M0 NE NE Died cycle 1, week 3 (aspiration pneumonia at

post mortem)

306 59 M HP (pyriform fossa) T1N3M0 NE—primary NE—primary Residual neck disease inoperable because fixed

to skull base

NR—node PR—node PD—6 months, Died—10 months

307 54 M OP (tonsil/soft palate) T4N2aM0 NR—primary CR—primary PD- 6 months

PD—node CR—node Died—12 months

308 66 M Larynx (supraglottis) T3N0M0 PR—primary CR—primary NSR—30 months

309 73 M HP (post-cricoid) T3N0M0 NR—primary CR—primary NSR—30 months

310 63 M Larynx (supraglottis) T3N0M0 NE NE Died cycle 2, week 2 (aspiration pneumonia at

post mortem)

311 63 F OP (tonsil) T3N2bM0 PR—primary PR—primary RT stopped at 48 Gy due to diagnosis of second

cancer

NR—node PR—node Died of stage IV ovarian cancer metastatic to

liver—4 months

312 64 F OC (floor of mouth) T4N0M0 PR—primary CR—primary NSR—20 months

313 50 M OP (tongue base) T3N2bM0 NR—primary PR—primary RT stopped at 22.4 Gy due to diagnosis of

second cancer

PR—node Died of oesophageal cancer metastatic to

liver—6 months

314 58 M OP (tongue base) T4N2cM0 PD—primary PD—primary RT stopped at 38.4 Gy due to PD

PD—node PD—node Died—9 months

315 47 M Larynx (supraglottis) T3N1M0 NR—primary CR—primary PD 19 months

NR—node PR—node Alive with disease—28 months

316 46 M OP (retromolar trigone) T3N0M0 CR—primary CR—primary NSR—24 months

317 65 M HP (post-cricoid) T4N0M0 PR—primary CR—primary PD—6 months

Died—11 months

318 56 M OP (soft palate) T3N0M0 CR—primary CR—primary NSR—22 months

319 72 M Larynx (supraglottis) T3N0M0 PD—primary CR—primary PD—3 months

Died—9 months

320 48 M HP (post-cricoid) T4N0M0 NR—primary NE —primary Withdrew from study at 30.4 Gy

Died—7 months

CR, complete response; HP, hypopharynx; NE, not evaluable; NR, non-response; NSCLC, non-small cell lung cancer; NSR, no sign of recurrence;

OC, oral cavity; OP, oropharynx; PD, progressive disease; PR, partial response; M, male; F, female.
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(92%) sites. There was no evidence of a differential
response according to disease site with 14 of 15 (93%)
primary sites and 9 of 10 (90%) nodal metastases,
responding (Table 3).

After a median follow-up period of 17 months, 12
(60%) patients have died, 7 (35%) patients are free of
recurrence of SCCHN and 1 (5%) patient is alive with
recurrent disease. The median overall survival was 13
(range: 1–34 months) and the median progression-free
survival was 12 months (range: 1–34 months). The cau-
ses of death were loco-regional recurrence (8 patients),

synchronous primary cancers (2 patients) and aspiration
pneumonia (2 patients).

3.3. Toxicity evaluation

20 patients received 39 cycles of 40 mg/m2 CaelyxTM,
all of which were evaluable for toxicity. Nine cycles of
treatment were administered to 9 patients according to
the dose escalation protocol 3 days before the start of
RT. 2 patients with large supraglottic tumours died of
aspiration pneumonia during the study. Neither patient
was neutropenic following chemotherapy. The occur-
rence of pneumonia was felt to be due to aspiration at

Table 2

Response of primary tumour and neck nodal metastases to 2 cycles of

CaelyxTM

Response Primary tumour (n=16)a Nodal metastases (n=10)b

CR 3/16 (19%) 0/10 (0%)

PR 6/16 (38%) 2/10 (20%)

NR 5/16 (31%) 5/10 (50%)

PD 2/16 (13%) 3/10 (30%)

CR, complete response; PR, partial response; NR, non-response; PD,

progressive disease.
a 4 patients not evaluable: 2 patients died before assessable for

response, 2 patients with T1 pyriform fossa tumours.
b 10 patients with N0 neck stage.

Fig. 1. Tumour volumes of primary squamous cell cancer o the head

and neck (SCCHNs) in response to two cycles of CaelyxTM. Patients

305 and 310 did not have post-chemotherapy response evaluation. The

primary tumour was not assessable in patients 303 and 306.

Fig. 2. Lymph node volumes in response to two cycles of CaelyxTM in

8 patients with assessable nodal metastases.

Table 3

Response of primary tumour and neck nodal metastases to RT fol-

lowing CaelyxTM

Response Primary tumour (n=15)a Nodal metastases (n=10)b

CR 12/15(80%) 4/10 (40%)

PR 2/15 (13%) 5/10 (50%)

NR 0/15 (0%) 0/10 (0%)

PD 1/15 (7%) 1/10 (10%)

CR, complete response; PR, partial response; NR, non-response; PD,

progressive disease.
a 5 patients not evaluable: 2 patients died before assessable for

response; 2 patients with T1 pyriform fossa tumours; 1 patient with-

drew from study.
b 410 patients with N0 neck stage.
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post mortem examination and unrelated to the admin-
istration of the study drug.

3.3.1. Acute infusion reaction
One cycle of treatment (3%) was associated with an

initial infusion reaction (flushing, chest tightness, short-
ness of breath, abdominal and back pain) which settled
within 5 min of discontinuing the infusion. The infusion
was restarted slowly and completed without further
symptoms. Subsequently, this patient received cycles 2
and 3 without incident.

3.3.2. Gastro-intestinal toxicity
None of the patients suffered nausea, vomiting or

diarrhoea following treatment.

3.3.3. Haematological toxicity
The haematological toxicity grades for each patient

are presented in Table 4. Only four cycles of chemo-
therapy in 3 patients (4/39, 10%) were complicated by
leucopenia. Neutropenia occurred in three cycles in 2
patients (3/39, 8%) (grade 1—two cycles, grade 2—one
cycle). The other episode of leucopenia was a grade 1
lymphopenia. Grade 1 thrombocytopenia occurred in
two cycles in 1 patient. No patient required admission
for treatment of neutropenic sepsis or thrombocytope-

nia. 13 (65%) patients had haemoglobin levels below the
lower limit of the normal range (all grade 1 (>100 g/l))
before receiving chemotherapy. During chemotherapy,
17 patients had abnormal haemoglobin levels in cycles 1
and 2. There was only one episode of grade 2 anaemia
with all other haemoglobin values >100 g/l. During the
study, 14 patients received 21 autologous blood trans-
fusions (52 units). Ten of these blood transfusions (26
units) were administered to 6 patients during the first
two cycles of CaelyxTM. Eleven blood transfusions (26
units) were administered before or during RT in keeping
with a departmental policy on the avoidance of anaemia
during radical RT in patients with SCCHN.

3.3.4. Mucocutaneous toxicity
The toxicity grades for PPE and mucositis for each

patient are presented in Table 4. One patient (5%)
experienced grade 1 alopecia. PPE affected 2 of 20
patients (10%) during cycle 1 and 9 of 18 patients (50%)
in cycle 2. The grades of PPE documented in cycle 2
were appreciably higher than in cycle 1. PPE was not
confined to the hands and feet, also occurring in the
axillae (1 patient), trunk (1 patient), perineum (1
patient), pinna (1 patient) and at venepuncture sites (2
patients). No patient had PPE involving the skin of the
face or neck. Stomatitis/mucositis affected 3 of 20

Table 4

Toxicity grades for palmar-plantar erythrodysaesthesia (PPE), mucositis (Muc) and haematological toxicity (Haem) for induction chemotherapy

and subsequent radical radiotherapy

PLED cycle 1 PLED cycle 2 RT week 1 RT week 2 RT week 3 RT week 4 RT week 5 RT week 6

No. PPE Muc Haem PPE Muc Haem PPE Muc Haem PPE Muc Haem PPE Muc Haem PPE Muc Haem PPE Muc Haem PPE Muc Haem

301 0 0 1a 0 0 1a 0 0 1a 0 1 1a 0 2 1a 0 3 1a,b 0 2 1a,b 0 1 1a

302 0 1 1a 3 1 1a 1 2 1a 0 3 1a 0 2 1a 0 3 1a 0 2 1a 0 1 1a

303 0 0 1a,b 0 0 1a 0 0 1a 0 2 1a 0 3 1a 0 4 0 0 4 1a 0 4 1a

304 0 1 2a 0 2 1 0 0 1a 0 0 1a 0 2 1a 0 3 1a 0 2 1a N/A N/A N/A

305 0 0 1a – – – – – – – – – – – – – – – – – – – – –

306 1 0 1a 2 0 1a 0 0 1a 0 1 1a 0 2 2a 0 3 2a 0 3 1a N/A N/A N/A

307 0 0 0 0 0 0 0 0 0 0 2 0 0 3 1a 0 2 0 0 2 0 N/A N/A N/A

308 0 0 1a 0 0 1a 0 0 0 0 0 0 0 1 1a 0 2 0 0 2 1a 0 1 1a

309 0 0 1a,b,c 2 0 1a,c 2 0 1a 1 0 0 0 3 1a 0 2 1a 0 2 0 N/A N/A N/A

310 0 0 1a 0 0 0 – – – – – – – – – – – – – – – – – –

311 0 0 1a 2 0 1a 2 0 1a 1 2 1a 0 2 1a 0 3 1a – – – – – –

312 0 0 1a 0 0 1a 1 0 0 1 0 0 0 3 0 0 3 1a 0 3 1a 0 2 1a

313 0 1 1a 0 0 1a 0 0 1a 0 0 1a – – – – – – – – – – – –

314 0 0 1a 1 0 1a 0 0 0 0 2 1a 0 3 1a 0 3 1a – – – – – –

315 0 0 0 0 0 1a 0 0 1a 0 0 1a 0 2 1a 0 3 1a 0 3 1a 0 1 1a

316 0 0 1a 2 1 1a 0 2 1a 0 3 1a 0 3 0 0 3 0 0 2 1a 0 3 1a

317 0 0 1a,b 0 0 1a,b 0 0 0 0 0 0 0 1 1a 0 3 1a 0 3 0 0 3 1a

318 0 0 1a 2 1 1a 2 1 1a 1 2 0 1 3 0 0 3 0 0 2 1a 0 2 1a

319 0 0 0 1 0 0 2 0 0 3 0 0 3 2 0 0 2 0 0 4 0 0 3 0

320 1 0 1a 2 0 1a – – – – – – – – – – – – – – – – – –

RT, radiotherapy; PLED, pegylated liposomal doxorubicin.

Patients 305 and 310 died of aspiration pneumonia during induction chemotherapy. Patients 311, 313, 314 and 320 did not complete the full course of

radical radiotherapy.
a Haematological toxicity grade relating to Hb.
b Haematological toxicity grade relating to leukopenia.
c Haematological toxicity grade relating to thrombocytopenia.
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patients (15%) in cycle 1 and 4 of 18 patients (22%) in
cycle 2. Higher grades of mucositis were documented
during cycle 2. There were no delays to the start of
radical RT due to cutaneous or mucosal toxicity in the
proposed radiation fields. Furthermore, it was possible
to deliver the planned course of RT in all patients (apart
from those patients in whom treatment was dis-
continued early for other reasons) without increased
acute mucocutaneous toxicity or unscheduled treatment
delays.

3.3.5. Cardiac toxicity
One patient had an LVEF below the lower limit of the

normal range (34%) on entry. This value remained
unchanged (35%) after two cycles of CaelyxTM. No
patient developed clinical symptoms (dyspnoea,
orthopnoea, oedema, chest pain or palpitations) of car-
diac dysfunction. The median LVEF was 58% (range:
34–78%) on entry to the study (normal >36%). For
those patients who received two cycles of CaelyxTM and
underwent a second MUGA scan, the median LVEF
was 45% (range: 35–69%). The data for pre- and post-
treatment LVEF were compared using the paired sam-
ple t test and were found not to be statistically sig-
nificantly different (P>0.1).

4. Discussion

The overall response rate of 42% (by tumour site) to
two cycles of CaelyxTM (40 mg/m2) as induction
chemotherapy demonstrates that this agent possesses
significant activity against treatment-naı̈ve SCCHN. We
are unaware of any comparable data for the use of
unencapsulated doxorubicin as induction chemo-
therapy. Although this high response rate to CaelyxTM

may, in part, be due to the fact that these patients had
received no prior therapy, it is unlikely that this factor
fully accounts for the impressive response rate. Rather,
it is interesting to hypothesise that the alteration in the
pharmacokinetics and biodistribution of doxorubicin
resulting from the liposomal encapsulation explains the
response to treatment, in an analogous fashion to the
superior response seen with CaelyxTM compared with
unencapsulated doxorubicin in the treatment of AIDS-
related Kaposi’s sarcoma (KS) [28,29]. This premise is
supported by the observation of significant tumour tar-
geting of radiolabelled pegylated liposomes in patients
with SCCHN [22,30].

The explanation for the differential response pattern
between the primary tumour and the nodal metastases is
unclear. Nodal metastases often contain necrotic areas
consistent with a poor blood supply and this factor has
been shown to decrease liposome deposition in a
tumour xenograft model [31]. In addition, large primary
mucosal SCCHN often have associated inflammation

and/or infection which have been shown to increase
liposome deposition [32,33].

The fact that patients treated with two cycles of Cae-
lyxTM followed by radical RT completed their treatment
without unscheduled treatment breaks or excessive
acute normal tissue toxicity suggests that cumulative
deposition and/or release of liposome encapsulated
drugs in normal tissues did not occur during induction
chemotherapy. This lack of excessive radiation-induced
normal tissue toxicity is an important observation.
Therefore, administration of pegylated liposomes a
number of days before RT may allow for optimal
tumour localisation and normal tissue clearance, thus
enhancing the therapeutic ratio. It was this supposition
that lay behind the second phase of the study in which
patients received a third dose of the CaelyxTM 3 days
before the start of RT. It was decided to start this part
of the study by administering a relatively low dose of 10
mg/m2 and escalating the dose by 5 mg/m2 through
successive cohorts of three patients up to a dose of 20
mg/m2.

In summary, CaelyxTM was shown to exert significant
single agent activity against SCCHN and is certainly
worthy of further investigation in this setting. However,
it must be borne in mind that this was a relatively small
study and the results should be viewed as hypothesis
generating. Attempts to define the optimal dose and
scheduling of CaelyxTM administration, including the
value of abbreviated schedules aiming to achieve
increased tumour concentrations of the agent before the
start of RT should form the basis of future studies. In
addition, evaluation of CCRT with pegylated liposomal
agents during conventional and altered fractionation
regimens may provide a means of optimising the bene-
fits of this strategy.
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