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High-dose paclitaxel in combination with doxorubicin,
cyclophosphamide and peripheral blood progenitor cell
rescue in patients with high-risk primary and responding
metastatic breast carcinoma: toxicity profile,
relationship to paclitaxel pharmacokinetics and 
short-term outcome 

G Somlo 1, JH Doroshow 1, T Synold 1, J Longmate 1, D Reardon 1, W Chow 1, SJ Forman 1, LA Leong 1, KA Margolin 1, 
RJ Morgan Jr 1, JW Raschko 1, SI Shibata 1, ML Tetef 1, Y Yen1, N Kogut 3, J Schriber 2 and J Alvarnas 2

1Departments of Medical Oncology and Therapeutics Research and Biostatistics, City of Hope Comprehensive Cancer Center, Duarte, CA 91010; 2City of Hope
Bone Marrow Transplant Unit/The Good Samaritan Hospital, Phoenix, AZ 85006; 3Regional Bone Marrow Transplantation Program, Southern California Kaiser
Permanente, Los Angeles, CA, 90027 USA 

Summary We assessed the feasibility and pharmacokinetics of high-dose infusional paclitaxel in combination with doxorubicin, cyclo-
phosphamide, and peripheral blood progenitor cell rescue. Between October 1995 and June 1998, 63 patients with high-risk primary [stage II
with ≥ 10 axillary nodes involved, stage IIIA or stage IIIB inflammatory carcinoma (n = 53)] or with stage IV responsive breast cancer (n = 10)
received paclitaxel 150–775 mg/m2 infused over 24 hours, doxorubicin 165 mg/m2 as a continuous infusion over 96 hours, and
cyclophosphamide 100 mg kg–1. There were no treatment-related deaths. Dose-limiting toxicity was reversible, predominantly sensory
neuropathy following administration of paclitaxel at the 775 mg/m2 dose level. Paclitaxel pharmacokinetics were non-linear at higher dose
levels; higher paclitaxel dose level, AUC, and peak concentrations were associated with increased incidence of paraesthesias. No correlation
between stomatitis, haematopoietic toxicities, and paclitaxel dose or pharmacokinetics was found. Kaplan–Meier estimates of 30-month
event-free and overall survival for patients with primary breast carcinoma are 65% (95% CI; 51–83%) and 77% (95% CI; 64–93%). Paclitaxel
up to 725 mg/m2 infused over 24 hours in combination with with doxorubicin 165 mg/m2 and cyclophosphamide 100 mg kg–1 is tolerable. A
randomized study testing this regimen against high-dose carboplatin, thiotepa and cyclophosphamide (STAMP V) is currently ongoing. 
© 2001 Cancer Research Campaign http://www.bjcancer.com
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The role of high-dose chemotherapy and peripheral blood pro
itor cell rescue (HDCT) for responding metastatic or high-r
primary breast cancer (HRBC) has been under evaluation for 
decade (Williams et al, 1989; Antman et al, 1992, 1997; Pe
et al, 1993). Two small randomized studies could not confirm 
benefit of adjuvant HDCT (Hortobagyi et al, 1998; Rodenh
et al, 1998). Preliminary data from a recently completed phas
trial in patients with ≥ 4 axillary nodes involved, suggest relaps
free and overall survival benefit in the first 284 patients, howe
this benefit has not yet been confirmed in all 885 patients, th
fore it is too soon to draw definite conclusions from this stu
(Rodenhuis et al, 2000). Preliminary data from a phase III US 
in HRBC suggested a decreased relapse rate, but at the co
unacceptably high treatment-related mortality following HDC
with BCNU, cisplatin and cyclophosphamide (Peters et al, 199
In partially responsive stage IV breast cancer equivalent outc
was observed with high-dose cyclophosphamide, thiotepa 
carboplatin (STAMP V) versus a median of 8 cycles of cycloph
phamide, methotrexate and 5-fluoruracil (CMF); no conclus
t al,
 T;
nessy 
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east
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regarding the potential benefit of HDCT in patients in compl
remission was reached in this study (Stadtmauer et al, 2000).

Doxorubicin doses of 75–150 mg/m2 yield an 80% response rat
in stage IV breast cancer (Bronchud et al, 1989); low dose
adjuvant doxorubicin (< 40 mg/m2/cycle) are associated wit
diminished relapse-free survival, although no additional ben
from moderately higher doses of doxorubicin (60 mg/m2 versus 
40 mg/m2) was observed (Wood et al, 1994). We previously tes
a doxorubicin-containing HDCT regimen (doxorubicin 1
mg/m2, etoposide 60 mg kg–1, and cyclophosphamide 100 mg kg–1

(CAVP) and observed an encouraging progression-free surviv
69% in patients with HRBC at 4.5 years; treatment-rela
mortality was under 1% with mucositis as the most signific
toxicity; a projected ~20% progression-free survival in patie
with responsive stage IV disease was also seen (Somlo et al, 
1997a; Doroshow et al, 1995). To replace the least effective a
etoposide, and to improve toxicity profile, we developed a no
HDCT combination, inclusive of paclitaxel (Taxol®(T)), a drug
with reported response rates of 56% to 62% in patients 
metastatic breast cancer (Holmes et al, 1991; Reichman e
1993). Preclinical data favour prolonged adminstration of
increased dose/exposure enhances apoptosis (O’Shaugh
et al, 1994; McCloskey et al, 1996). In the clinical setting, 24-h
infusion of T results in higher response rates in stage IV br
cancer than a 3-hour infusion (Mamounas et al, 1998). 
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Day −9 −8 −7 −6 −5 −4 −3 −2 −1 0

Doxorubicin

Cyclophosphamide

Paclitaxel

PBPC

iv over 96 hours

iv over 2 hours

iv over 24 hours

165 mg/m2

100 mg/m2

X mg/m2

X = 150, 200, 275, 325, 375, 425, 525, 575, 625, 725, 775

Figure 1 High-dose chemotherapy schema and paclitaxel dose escalation 
Here, we report on the feasibility of combining 24-hour inf
sional T with high-dose doxorubicin and cyclophospham
(ACT) and describe the pharmacokinetics of T and doxorub
and their effect on toxicity. Preliminary data on clinical outcom
are also reported. 

MATERIALS AND METHODS 

Eligibility 

This study was approved by the Institutional Review Board of 
City of Hope National Medical Center. All patients participating
this trial gave written, voluntary informed consent. 

Patients with HRBC (stage II with ≥ 4 axillary nodes involved,
stage IIIA, or stage IIIB carcinoma) or with responsive stage
disease (complete or partial response due to chemotherapy, r
tion treatment, or surgery, and confirmed twice at least 4 we
apart) were eligible. Patients were to start HDCT within 6 mon
from completion of any standard chemotherapy and must not h
received any treatment for at least 4 weeks prior to enrolmen
this study. Prior exposure to doxorubicin of ≤ 180 mg/m2, and to
paclitaxel of ≤ 750 mg/m2, and for patients with metastatic disea
≤ 2 induction regimens were allowed. Patients who received p
radiation to the left chest wall were excluded. A Karnofsky perf
mance status of ≥ 80%, physiological age of ≤ 60 years, bilirubin
within normal range, ASAT and ALAT ≤ 2 x the upper limit of
normal, a measured creatinine clearance≥ 70 ml min–1, cardiac
left ventricular ejection fraction (LVEF) ≥ 55% as documented by
cardiac radionuclide-gated pool scanning (MUGA), a forced ex
ratory volume in 1 second (FEV1) of ≥ 2 l, and diffusion capacity
> 60% of predicted, were required. Computed tomography
MRI) of the brain, chest, and abdomen, a bone scan, bas
audiograms and nerve conduction studies and bilateral b
marrow biopsies were required. A faculty pathologist review
haematoxylin and eosin-stained slides of the primary tum
samples of metastases and bone marrow biopsies. Patients
bone marrow or CNS metastases were excluded. 

Treatment plan 

Stem-cell (PBPC) procurement 
The majority of patients (n = 54) underwent mobilization with
G-CSF (Filgrastim, Amgen Inc, Thousand Oaks, CA) 5µg kg–1

bid, subcutaneously (sc); on the 5th day of priming apher
commenced and continued through collection of at least 8 × 108

mononuclear cells kg–1. Nine patients were enrolled on a phase
randomized, placebo-controlled study of recombinant hum
thrombopoietin (rhTPO), (Genentech Inc, South San Franci
CA) and/or G-CSF priming and post-reinfusion randomizat
between placebo, rhTPO and G-CSF or GM-CSF (Immun
Seattle, WA); for these patients a minimum of 2 × 106 CD34+ cells
kg–1 and a target of > 5 × 106 CD34+ cells kg–1 were required.
PBPC were collected and were immediately cryopreserved
reported earlier (Somlo et al, 1997a), except for 1 patient w
underwent CD34+ selection using an Isolex Magnetic Ce
Separator (Nexell Therapeutics Inc, Irvine, CA). 

High-dose chemotherapy regimen 
The HDCT schema and T dose escalation are illustrated
Figure 1. Ideal body weight was used when calculating do
Doxorubicin 165 mg/m2 was administered over 96 hours, betwe
British Journal of Cancer (2001) 84(12), 1591–1598
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days –9 and –5, followed by cyclophosphamide 100 mg kg–1 on
day –5, as reported earlier (Somlo et al, 1997b); a 24 hour co
uous i.v. infusion of T was started on day –4. 25% of PBPC w
reinfused on day –2 and 75% on 0 (Somlo et al, 1997b), excep
the 9 patients receiving rhTPO mobilization and 1 patient wh
PBPC were selected using the Isolex device; these pat
received their PBPC on day 0 and then were given a combina
of rhTPO and G-CSF or GM-CSF, or G-CSF alone. Suppor
care was provided as per institutional standards; G-CSF 5µg kg–1,
bid, i.v. was started with the first stem cell reinfusion a
was continued through absolute granulocyte recovery (AGC
≥ 1 × 109 l–1 for 3 consecutive days (Somlo et al, 1997a). 

Toxicity grading and dose adjustments 

The dose of T was escalated as illustrated in Figure 1. Doxoru
and cyclophosphamide were administered without any dose m
fication. We utilized the NCI Division of Cancer Treatme
Common Toxicity Criteria for all organ toxicities except for th
hematologic and gastrointestinal systems, where we follo
guidelines we have incorporated in our prior HDCT trials (Som
et al, 1994, 1997a). The maximum tolerated dose of this regi
(MTD) was defined as grade 3 toxicity for any system in 2 o
patients treated at that dose level after 21 days of observation
MTD was also to be established at any given dose level if a si
patient experienced grade 4 toxicity. Then, we planned to exp
the study to incorporate a total of 20 patients for treatmen
MTD-1 in order to gain more clinical experience and asses
patient-to-patient variations of T pharmacokinetics. 

Pharmacokinetics 

Blood samples were drawn from a peripheral line immedia
prior to the start of the doxorubicin infusion, 48, 72 and 96 ho
during infusion, and at 2, 6, 12, 24 and 48 hours after comple
of the infusion. Plasma doxorubicin and doxorubicinol concen
tions were determined using a previously described loop-colu
method (Riley et al, 1985). 

Peripheral blood samples were also obtained immediately p
to the start of the T infusion, at 3, 6, 12, 20 and 24 hours during
T infusion, then at 15 minutes, 30 minutes, 1, 2, 3, 6, 12 an
hours after completion of the infusion. The concentration of T
plasma was measured according to a previously published H
method (Rizzo et al, 1990). Pharmacokinetic data analyses of 
vidual plasma drug concentration versus time curves w
performed using ADAPT II software (Biomedical Simulatio
Resource, University of Southern California, Los Angeles, C
© 2001 Cancer Research Campaign
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High-dose doxorubicin, paclitaxel, cyclophosphamide for breast cancer 1593
Doxorubicin and doxorubicinol concentrations were fit simultan
ously using a dual 2-compartmental pharmacokinetic model, w
T concentrations were fit with a previously described pharmac
netic model incorporating both saturable distribution and satur
elimination (Sonnichsen et al, 1994; Gianni et al, 1995). Adequ
of the model derived fits were assessed by examination of re
uals between predicted and measured T concentrations, along
the correlation coefficients. Doxorubicin, doxorubicinol a
T AUCs were estimated using linear trapezoids, with the term
area extrapolated to infinity, using both the measured and f
drug concentrations. Doxorubicin and T systemic clearan
(CLsys) were determined using the relationship: CLsys= dose/AUC.
Peak plasma T concentrations were defined as the actual T l
measured just prior to the end of the infusion. 

Post-HDCT management 

Radiation therapy 
Radiation therapy to the chest wall and draining lymph nodes
dose of 40–50 Gy (with boosts of 10–15 Gy to the primary s
was offered to patients with stage II and IIIA/B breast can
Patients treated for stage IV disease were to receive local-reg
radiation to control metastatic sites, as it was deemed feasib
the treating physicians. 

Hormone therapy 
Following HDCT, tamoxifen 10 mg bid was prescribed to patie
with receptor positive high-risk breast cancer, or to those w
metastatic disease who had previously not failed tamoxifen. 

Response evaluation and post-treatment follow-up 

Patients were evaluated at day 30 and subsequently, at leas
every 4 months. Yearly mammograms and scans of previo
involved areas for patients with metastatic disease, w
performed at the time of follow-up, or as clinically indicated.
MUGA scan and audiogram and nerve conduction studies w
repeated 30 days following HDCT. Standard response and pro
sion criteria were applied (Somlo et al, 1994, 1997). 

Statistical analysis 

Outcomes examined included overall survival (OS) and rela
free survival (RFS), calculated from the first day of HDCT f
HRBC patients. OS and progression-free survival (PFS) in pati
with stage IV disease were calculated from the first day of HD
The product-limit method of Kaplan–Meier was used when ca
lating projected survivals (Kaplan and Meier, 1958). Data en
was censored as of 3/3/2000. Other data are summarized as m
and range, or as frequencies and percentages, as appro
Association of T AUCs, peak concentrations and clearance 
toxicities, and in the 20 patients treated at the MTD-1 level (T 
mg/m2) with body weight, ALAT, ASAT, alkaline phosphatas
bilirubin, and age were evaluated by linear regression, Wilco
rank-sum tests, and logistic regression. Significance levels
reported as ‘P values’ and ‘significant’ denotes P < 0.05 when not
otherwise specified. Initial data management was done using S
and statistical computing was done using SPlus 4.5 release 2.
© 2001 Cancer Research Campaign
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RESULTS 

Patients 

Between October 1995 and June 1998, 63 patients were enter
study. Table 1 lists patient characteristics. The median age wa
years (range, 29–61). All patients with primary breast can
received a doxorubicin-containing adjuvant regimen but only
patient received T prior to HDCT. The median length of tim
between diagnosis and initiating HDCT was 4.9 months (ran
3.6–10.2). 

10 patients received HDCT for stage IV disease; all patie
received induction chemotherapy (doxorubicin-containi
regimen: 40%; doxorubicin and T: 40%; T-containing regime
20%). Of 5 patients in complete remission (CR) prior to HDCT
patients underwent surgical removal of their local-regional me
tasis (lymph node, skin and chest wall lesions, respectively) f
and proceeded to undergo ‘induction’ chemotherapy; 2 patie
achieved complete remission (CR) with induction therapy alon

Pharmacokinetic analysis 

Doxorubicin pharmacokinetics were examined in a subset o
patients; doxorubicin and doxorubicinol plasma concentrations r
during the entire infusion, reaching a maximum of 50–70 ng m–1

(0.1µM). After the end of infusion, plasma doxorubicin conce
trations declined in a bi-exponential manner. The mean dox
bicin clearance was 28.6 ± 2.4 l /h/m2 and the mean doxorubicin to
doxorubicinol AUC ratio was 0.64 ± 0.2 (data not shown
Comparison of the doxorubicin pharmacokinetic data with pre
ously published findings demonstrate that doxorubicin clearanc
linear up to the doses used in the current study (Synold 
Doroshow, 1996). 

Paclitaxel (T) pharmacokinetic data are available from 
patients at doses ranging from 150 to 775 mg/m2, including 16
patients treated at the MTD-1 of 725 mg/m2. Over the entire dose
range, T plasma concentration-versus-time data were 
described by a pharmacokinetic model incorporating satura
distribution and clearance. Plasma AUC values ranged from 4.
96.1µM3h, and Cmax levels ranged from 2.1 to 52.1µM. Figure 2
depicts the relationship between T dose and systemic cleara
T clearances ranged from 52.1 to 8.8 1/h/m2, and
decreased with dose. As a result, both T AUC and Cmax increased
non-linearly with dose. Figure 3 demonstrates the non-linearity
T AUC versus dose, with the relationship being best described
a quadratic equation (P = 0.001). A non-linear increase in T Cmax

with increasing dose (P = 0.02) was also seen (not shown). 
In addition to the disproportionate increases in T AUC and Cmax

with increasing dose, variability in the measured systemic ex
sure also increased over the entire dosing range (P < 0.00001 for
AUC and P = 0.0002 for Cmax). Within the group of patients treate
at the 725 mg/m2 dose level, T clearances ranged from 8.8 
32.4 l /h/m2. As a result, T AUC in this cohort varied from 26.2 
96.1µM3h. The spread between the lowest and highest AUC 
peak concentrations in these patients was 3.7 fold and 2.5 
respectively. Similarly wide ranges in AUC (Figure 3) and Cmax

(data not shown) were seen in patients treated with 625 mg/m2, 3.2
and 4.6 fold respectively. 
British Journal of Cancer (2001) 84(12), 1591–1598
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Table 1 Patient characteristics 

N (%) Median (Range) 

Age at diagnosis, years 46 (29–61) 

Patients with stage II/IIIA/IIIB BC 53 (100) 
Patients with stage II BC 27 (51) 

IIIA/B BC 26 (49) 
ER and/or PR positive primary 38 (72) 
Treated with modified radical mastectomy 44 (83) 

Breast conservation 9 (17) 
Prior doxorubicin exposure 53 (100) 
Prior T exposure 1 (2) 
Prior radiation therapy 1 (2) 
Prior tamoxifen therapy 2 (4) 
Time from diagnosis to HDCT, months 4.9 (3.6–10.2) 
Radiation therapy post-HDCT 49 (93) 
Tamoxifen post HDCT 40 (76) 

No. of patients with stage IV BC 10 100 
ER and/or PR positive primary 9 (90) 
Prior adjuvant A-based regimen 2 (20) 

non-A containing regimen 5 (50) 
Induction with an A-based regimen± 4 (40) 
Induction with a combination of A and T 4 (40) 
Induction with T or T and Cytoxan 2 (20) 
No. of prior regimens for metastatic disease 1 (1–2) 
No. of induction chemotherapy cycles 3 (2–4) 
Time from diagnosis to onset of metastasis, months 30 (0–117) 
Time from onset of metastasis to HDCT, months 4.9 (3.8–24) 
Prior radiation therapy to primary site 1 (10) 

metastatic site 1 (10) 
Radiation therapy post HDCT 6 (60) 
Prior tamoxifen therapy as adjuvant 4 (40) 
Hormonal therapy post-HDCT 6 (60) 

Sites of metastasis by patient Response prior to HDCT Response post HDCT 
Chest wall CR (surgical) cCR* 
Lung PR CR 
Lymph node CR (surgical) cCR 
Bone PR cPR** 
Lymph node CR cCR 
Skin CR cCR 
Bone PR (radiated) cPR 
Lung/bone PR/stable cPR/SD 
Skin/bone CR/PR cCR/cPR 
Skin CR (surgical) cCR 

*Continuous CR; **continuous PR ±one patient received CMF followed by CAF. 
In the larger group of patients who received 725 mg/m2, no rela-
tionship could be identified between T pharmacokinetics and 
of the laboratory parameters (ASAT, ALAT, bilirubin, alkalin
phosphatase) tested; likewise, no correlation existed betwe
pharmacokinetics and either age or race (data not shown). W
observe however, that patients who weighed < 120% of their i
body weight had significantly higher AUCs (82.2µM3h (range,
59.9–96.1) vs. 54.8µM3h (range, 26.2–91.5), P = 0.04), higher
Cmax (4.2µM (range, 3.26–5.18) vs. 2.88µM (range, 2.1–3.89),
P = 003), and lower clearances (10.3 l/h/m2 (range, 8.83–14.2) vs
15.5 l/h/m2 (range, 9.27–32.4), P = 0.04) than those patient
weighing > 120% of their ideal body weight. T AUC (P = 0.005),
Cmax (P = 0.01) and clearance (P = 0.005) were better correlate
with actual body weight than ideal body weight. However, in 
case of AUC, when one very large patient was omitted from
analysis, the correlation became non-significant. 
British Journal of Cancer (2001) 84(12), 1591–1598
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Toxicity 

Neurotoxicity 
Neurotoxicity was dose-limiting. The incidence of paraesthes
nerve conduction abnormalities and grade 3 and 4 neurotoxic
is illustrated in Table 2. The incidence of paraesthesias vs. AU
represented in Figure 3: while none of the patients treated a
first 2 dose levels, and less than 30% of patients treated at the
8 dose levels of T reported paraesthesias of the hands and
reversible paraesthesias were reported by the majority of pat
treated with T ≥ 575 mg/m2. T dose levels were highly predictiv
for development of paresthesias (P = 0.0002); greater T AUC
(Figure 3) and peak concentrations (not shown) were also pre
tive for the development of paraesthesias but not more than T 
level (i.e. the amount of T/m2 delivered; P = 0.001 and P = 0.0002
by Wilcoxon rank sum test, data not shown). Although ne
© 2001 Cancer Research Campaign
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Figure 2 Relationship between paclitaxel clearance and paclitaxel dose
level, including line of regression 
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Figure 3 Relationship between paclitaxel AUC, dose and incidence of
paraesthesias. Line represents the quadratic equation that best describes the
data. Closed symbols indicate patients with paraesthesias, while open
symbols depict patients not reporting any neurotoxicity 
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Figure 4 Relapse-free and overall survival of patients with high-risk breast
carcinoma following treatment with high-dose doxorubicin, cyclophosphamide
and paclitaxel (ACT) 
conduction studies were not available in all patients, more 
half of those patients who had undergone such studies and
treated with T ≥ 625 mg/m2 were found to have minimal to mild
peripheral sensory and/or motor neuropathies. We have foun
correlation between dose, peak concentration, or AUC and
presence of nerve conduction abnormalities. There was howe
trend correlating peak T concentration and dose-limiting grade
neurotoxicities (P = 0.06); grade 3/4 peripheral neuropathies w
associated with the highest dose levels of T (P = 0.04, data not
shown). The first grade 3 sensory neuropathy (difficulty w
handwriting) was observed in a patient treated at T 625 mg/m2. At
T 675 mg/m2 one patient developed grade 3 peripheral, prima
sensory, neuropathy manifesting as minimal gait and balance 
culties, with resolution of her symptoms in 5 months; a pat
with pre-existing Charcot–Marie–Tooth disease also develo
grade 3 sensory neuropathy manifesting as worsened handwr
her symptoms resolved in 3 months. Due to her pre-existing ne
logical condition, we accured a seventh patient at the same 
level, who experienced no dose-limiting toxicities, hence T esc
tion continued. During T dose escalation 1 of 6 patients tre
with T 725 mg/m2 developed reversible, primarily sensory perip
eral neuropathies. One patient treated with T 775 mg/m2 devel-
oped a positive Romberg sign associated with grade 4 periph
primarily sensory neuropathy, hence defining the MTD; 
© 2001 Cancer Research Campaign
an
ere

symptoms slowly resolved in 8 months. The cohort of patie
treated with T 725 mg/m2 (MTD-1) was then expended to 20; 3 
these patients experienced grade 3 sensory/motor neuropathi

Other toxicities 
There were no treatment-related deaths. Reversible grade
myalgias were observed in 1 patient each treated with T 150,
475 and 525 mg/m2 and in 4 patients treated at 725 mg/m2. The
severity and grade of mucositis, measured as the median nu
of days requiring narcotic analgesics (illustrated in Table 2) 
independent of the dose, AUC or peak concentrations of T. 
median number of days requiring hospitalization primarily due
mucositis and neutropenic fever was 15.5 (range, 8–25) (dat
shown). There was no substantial decrease in LVEF as mea
by MUGA scan following HDCT (see Table 2). However, o
patient with prior radiation to the chest wall, and with subsequ
excision of a subcutaneous metastasis above the sternum 
normal post-HDCT ejection fraction, but developed conges
heart failure and a LVEF of 25% after receiving additional rad
tion to the sternum. Her LVEF recovered to 45% with med
management and she is currently without sympto
Haematopoietic toxicities were independent of T dose, AUC
peak concentrations. The median number of days to reac
absolute granulocyte count (AGC) of ≥ 0.5 × 109l–1 and to reach
platelet transfusion independence were 9 and 8, respect
(Table 2). One patient who had undergone mobilization w
rhTPO and G-CSF developed acute lymphocytic leukaemia 
4/11 translocation (11q23) 12 months after HDCT. She achie
complete remission and is currently (18 months post induction
maintenance therapy. 

Treatment response 

With a median follow-up of 29 months (range 19–53 months) 
month projected overall survival is 77% (95% CI, 64–93%) a
relapse-free survival is 65% (95% CI, 51–83%) for patients w
stage II and III breast cancer (see Figure 4). Of 10 patients tre
for stage IV breast cancer 5 were in CR and 5 were in pa
response, one of whom achieved a CR following HDCT. 4 of
patients treated for stage IV disease relapsed. 
British Journal of Cancer (2001) 84(12), 1591–1598
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DISCUSSION 

The benefit of standard dose T as a 3-hour i.v. infusion subseq
to adjuvant doxorubicin and cyclophosphamide in patients w
HRBC is unclear. The shorter infusion time may be responsible
lack of clear benefit in HRBC (Henderson et al, 1998), and res
with such schedule are inferior in the metastatic sett
(Mamounas et al, 1998). High-dose 24-hour infusion of T was 
tested as a component of HDCT in stage IV disease. Escal
doses of T with cyclophosphamide and cisplatin resulted in a 5
overall response rate; severe sensory neuropathy and ce
nervous system toxicity beyond T 775 mg/m2 were limiting
(Stemmer et al, 1996). Severe peripheral neuropathy was obs
with > T 775 mg/m2 (Vahdat et al, 1998) when T was administer
over 24-hours as part of a triple HDCT regimen, followed first
melphalan and subsequent cyclophosphamide, thiotepa and c
platin (STAMP V); this combination yielded a 74% overa
response rate. However, neurotoxicity was not reported whe
250 mg/m2 was infused over 3 hours as part of HDCT with carb
platin and cyclophosphamide, but, 2 of 21 HRBC patients died
day 10, following reinfusion of CD34+ selected PBPC (Greinix
et al, 2000). 

Since the majority of patients on our trial of ACT were trea
for HRBC, for the sake of safety we chose to escalate the dose
very carefully. We observed a diminished degree of mucositis
haematopoietic toxicity compared to our experience with CA
No patient treated with T 725 mg/m2 (the proposed phase II dose
experienced grade 3 mucositis, versus 26% of patients treated
our prior CAVP regimen (data not shown). Patients treated a
MTD-1 dose of T 725 mg/m2 required hospitalization for mucosi
ties and neutropenic fever for a median of 15.5 days (range, 8
versus 29 days for patients treated with CAVP (data not sho
Granulocyte recovery was similar following ACT versus CAVP
this dose level, but platelet independence was achieved e
with ACT (data not shown). As for cardiac tolerance: a rec
phase I trial of a cyclophosphamide, mitoxantrone and 3–6 h
infusion of T was associated with severe cardiac toxicities abo
400 mg/m2; a 24-hour schedule seems preferable (Gluck et
1998). 

T pharmacokinetics were predictive of haematopoietic tox
ties, mucositis and neurotoxicities at conventional dose le
(Brown et al, 1991; Wilson et al, 1994; Gianni et al, 1997); 
observed such correlations only between dose, peak concentr
AUC and development of paraesthesias. The dose-limiting tox
at T 775 mg/m2 was reversible peripheral neuropathy. Pe
concentrations and AUC of T were no more predictable for ne
toxicities then knowing the prescribed dose of T; the relativ
small sample size and wide interpatient pharmacokinetic v
ability might explain such phenomena. 

The observed relapse-free survival in patients with HRBC i
keeping with our previous cohort of CAVP-treated patients at 
length of follow-up. The cohort of patients treated for stage
disease is too small to assess the value of this regimen in
setting. 

In conclusion, high-dose chemotherapy with doxorubic
cyclophosphamide and infusional T (ACT) is feasible, but muco
necessitating the use of narcotic analgesics, reversible perip
neuropathy, and the requirement for hospitalization represent si
icant toxicities. T pharmacokinetics become non-linear at hig
dose levels with increasing interpatient variability, suggest
saturable tissue distribution and/or elimination. Higher doses o
© 2001 Cancer Research Campaign
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are associated with an increased incidence of reversible perip
neuropathy. The potential therapeutic benefit and manageable 
city profile of ACT needs to be further evaluated. Preliminary d
from a completed, randomized US, trial did not reveal a surv
benefit in patients with primary breast cancer, possibly due to u
ceptably high regimen-related mortality (Peters et al, 1999); no 
are available from another completed, randomized US trial, w
encouraging data from the Rodenhuis trial should be consid
preliminary (Rodenhuis et al, 2000). In the metastatic setting eq
alence of the STAMP V regimen to prolonged administration
CMF was noted in patients in partial remission (Stadtmauer e
2000), while a smaller trial suggested improved relapse-free 
equivalent overall survival following HDCT versus convention
treatment (Lotz et al, 1999). We are currently in the process
comparing the toxicity and efficacy of ACT against the STAMP
regimen in women with high-risk primary breast cancer. Should
final results of completed randomized studies confirm the benef
role of HDCT in the treatment of selected patients, the less to
and at least equally effective regimen can later be tested in a la
phase III randomized trial. 
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