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Abstract

Chemotherapy dosing only based on body surface area (BSA) results in marked pharmacokinetic and toxicity variations,
which may result in an inferior outcome for some patients. A toxicity-based dosing schedule for individually tailored
treatment with granulocyte colony-stimulating factor (G-CSF) supported 5-fluorouracil (F), epirubicin (E) and cyclopho-
sphamide (C) (dFEC) was developed and studied in patients with metastatic breast cancer with the purpose to determine its
efficiency and toxicity. Twenty-six women, median age 48 years, were included and the individual E and C doses were
tailored stepwise based on the recorded hematological toxicity. Twenty-one patients (81%; 95% confidence interval (CI),
66% to 96%) had an objective response, including six complete responses (23%; CI, 7%—-39%). At median follow-up of 113
months, the median time to progression and median overall survival were 14 and 36 months, respectively. The delivered
dose intensity was high but varied substantially between patients (ranges F 126-202, E 14.4-36.0, C 160—510 mg/m?/w).
The dominating grade III/IV toxicity was nausea (12% of patients) and febrile neutropenia (31% of patients). The tailored
and dose-escalated FEC was highly active and feasible in metastatic breast cancer and may provide a pragmatic way of
overcoming the shortcomings of standard BSA-based dosing.

The importance of chemotherapy dose-intensity in
advanced as well as early breast cancer has been
debated for decades. Several randomized studies [1—
3] have demonstrated that doses lower than conven-
tional usually lead to inferior response rates and even
compromised survival. The meta-analysis by Fossati
et al. also demonstrated a statistically significant
survival benefit from high chemotherapy doses
within the conventional range [4]. The benefit of
doses higher than standard, however, is still con-
troversial. Several studies on high-dose chemother-
apy with stem cell rescue have not shown superior
results by this procedure compared with conven-
tional doses [5,6]. Thus, it seems reasonable to avoid
very low as well as very high doses when using
chemotherapy in the treatment of breast cancer.

A major problem in this effort is the marked inter-
individual variability in the pharmacokinetics (Pk)
and pharmacodynamics (Pd) of cytotoxic drugs.
Dosing according to patients’ body surface area

(BSA) is clearly not a solution to this variability
[7]. In one study patients were treated with single
drug epirubicin in doses from 45 to 135 mg/m>
in prospectively allocated cohorts [8]. Some patients
treated at the lowest dose level actually experien-
ced similar hematological toxicity as others treated at
the highest dose levels. This means that moderate
dose escalation may still leave some patients far
below their tolerance levels, while others are at
their tolerance limit already at ordinary doses. An
important annotation in this subject is that retro-
spective data has showed that patients who exper-
ience pronounced myelosuppression during adjuvant
treatment have improved survival compared with
patients with less myelosuppression [9—12].

In the present study we attempted to overcome the
problem with the combination of inter-individual
differences in Pk and Pd by escalating doses accord-
ing to each patient’s bone marrow tolerance. In order
to further increase the dose intensity, granulocyte

Correspondence: Henrik Lindman, Departments of Oncology, Immunology and Radiology, Uppsala University Hospital, SE-751 85 Uppsala, Sweden.
Tel: +46 18 6110000. Fax: +46 18 6115528. E-mail: henrik.lindman@onkologi.uu.se

(Received 22 May 2006; accepted 18 Fune 2006)

ISSN 0284-186X print/ISSN 1651-226X online © 2007 Taylor & Francis

DOI: 10.1080/02841860600871087



166 H. Lindman et al.

colony-stimulating factor (G-CSF) was added. This
tailor made and dose-escalated combination of 5-
fluorouracil, epirubicin and cyclophosphamide has
been compared with standard FEC followed by stem
cell supported high-dose chemotherapy, when used
in the adjuvant setting [13]. In this phase II trail we
used the toxicity-based dosing strategy in the treat-
ment of metastatic breast cancer to explore the
efficiency and feasibility.

Material and methods
Patient selection

Patients were required to have histologically con-
firmed breast cancer with measurable or evaluable
metastatic disease. Patients with bone metastases
only were included if lytic lesions were present.
Other requirements included: (a) age <60 years;
(b) expected survival >12 weeks; (c) no prior
chemotherapy for metastases; (d) no prior adjuvant
anthracyclines; (e) no symptoms of heart disease;
() no signs of brain metastases; (g) no signs of severe
organ dysfunction (i.e. bilirubin <42 pmol/L,
creatinine <150 pmol/LL, haemoglobin >100 g/L,
white blood cell count (WBC) >3.5 x10°/L, and
platelet count >100 x10°/L); (h) no concomitant
hormonal therapy except for vaginal oestrogen;
(i) no radiotherapy <6 months towards a sole
measurable lesion; (j) no prior invasive malignancies
with the exception of radically treated carcinoma-in-
situ of the cervix or basalioma of the skin. All
patients received oral and written information and
provided informed consent. The ethical committees
at both centers and the Swedish Medical Products
agency approved of the study.

Investigations before treatment start

Before start of treatment all patients underwent
ECG, pulmonary x-ray, bone scan, laboratory in-
vestigations and clinical examination. Pathological
uptakes on bone scan were investigated by x-ray.
Ultrasonography or computed tomography of the
liver was performed if warranted by signs and
symptoms or if one or more liver enzymes (AST,
ALT, LDH, alkaline phosphatase or bilirubin) were
increased.

Treatment

The patients initially received dFEC at dose
level 1 (Table I), consisting of cyclophosphamide
(900 mg/m?) given as a 15 min i.v. infusion followed
by 5-fluorouracil (600 mg/m?) i.v. bolus injection,
and finally, epirubicin (75 mg/m?) given as a 1 h i.v.
infusion. G-CSF (lenograstim) was administered

Table I. Dose levels used for stepwise escalation or reduction.

Dose levels F mg/m?> E mg/m?> C mg/m?> Mesna mg/m>

Level -2 300 40 450 -
Level -1 600 60 600 -
Level 1* 600 75 900 -
Level 2 600 90 1200 240 x3
Level 3 600 105 1500 300 x3
Level 4 600 120 1800 360 x3

*Starting level; F-5-fluorouracil; E-epirubicin; C-cyclophospha-
mide.

subcutaneously (0.263 mg) daily beginning on day 3
of chemotherapy and continuing until day 12, or
until leukocytes had recovered to>1.0 x10°/L.
Ciprofloxacin 500 mg bid orally was given profylac-
tically day 3—12. Blood samples were taken day 8,
11/12, 15, and 22 (planned day for next cycle) for
WBC (measuring both polynuclear and mononuc-
lear leukocytes), platelet count and hemoglobin
level.

The dose-modification schedule (Table II) was
based on WBC nadir and platelet counts. The target
WBC nadir was <1.0 x 10°/L for maximum four
days and platelet nadir between 25 and 75, otherwise
the next course was escalated or reduced according
to a dose-level protocol (Table I). For dose-level 2
and above, mesna at 20% of the cyclophosphamide
dose was given i.v. or orally in double dose at 0, 4
and 8 h after the cyclophosphamide infusion.

Nine courses were to be given. In the case of
complete response (CR) consolidation with high-
dose treatment with autologous bone marrow trans-
plantation could be considered. For patients with
partial response (PR) or stable disease (SD) con-
tinuing standard FEC q 5w were proposed until a
cumulative epirubicin dose of 1000 mg/m’ was
reached. In the case of progressive disease (PD),
dFEC was stopped. Other reasons for discontinuing
were prohibitive toxicity, or the patient’s or physi-
cian’s discretion to stop.

Evaluation

Tumor evaluation was performed after every third
cycle and the response to treatment was evaluated
according to WHO criteria [14]. The same method
was used as in pretreatment investigations. Response
in bone metastases was based on plain x-ray in-
vestigations of affected bone. If the disease had not
progressed before completion of the dFEC treat-
ment, repeated investigations were recommended at
every third cycle when on chemotherapy, or on a
three monthly basis. All images were reviewed by an
experienced radiologist (GA) after completion of the
study.
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Table II. Dose-modification schedule based on the recorded myelotoxicity after previous treatment cycle.

Day 8, 12 or 15 nadir counts

Day 22 count

Action

WBC/PLT >1.0 and/>75
WBC/ PLT <1.0 during <5 days or/25—-75 or
WBC/ PLT <1.0 during >5 days or/ <25 or
WBC/ PLT Febrile neutropenia/ Any
WBC/ PLT Any/Any

and >3.0 and/>100

Dose escalation 1 level next cycle

2.5-2.9 and/ >100 Repeat same level for next cycle
2.0—-2.4 and/ >100 Reduce 1 level next cycle

and Any/75-99
and <2.0 or/ <75

Reduce 2 levels next cycle
Delay next cycle by 1 week and reduce 1 level

WBC-white blood cells ( x 10°/L); PLT- platelets ( x 10°/L).

Toxicity was reported in accordance with NCI
common toxicity criteria. All patients self-assessed
their quality of life (QoL.) before treatment starts and
during all cycles, except cycle number nine. The
third generation EORTC QLQ-C30(+3) question-
naire with the breast cancer module BR23, was used
on day 1 before next cycle. Two different endpoints
(LQ1 and LQ2) were representing the global QoLL
according to the EORTC QLQ-C30 scoring manual
[15], and are presented separately here. Only the
data of the two global QoL endpoints are reported in
this paper.

Objectives and statistical considerations

The primary objective of this phase II study was to
determine the objective response rate. Secondary
objectives were overall survival (OS), time to pro-
gression (T'TP), dose intensity, toxicity and QoL. A
number of at least twenty evaluable subjects were to
be included. The survival distributions for time to
progression and overall survival were estimated using
the Kaplan-Meier method. Time to progression was
measured from the date of study entry until the date
of progression or relapse. The Pearson product-
moment method was used for correlations and the
Student t-test for comparisons between groups. The
Wilcoxon matched pairs test was used for analysis of
the QoL.

Results

Twenty-six women were enrolled onto the study
between September 1994 and January 1997.
Twenty-two patients were included at Uppsala uni-
versity hospital and four patients at the center in
Orebro university hospital, which opened for inclu-
sion in May 1996. All eligible patients at the two
centres were considered for the study and received
oral and written information. Pretreatment charac-
teristics are shown in Table III. The patients had
newly diagnosed metastatic breast cancer except for
two patients who had received endocrine treatment
for metastatic disease during 30 and two months
respectively. Seven patients received consolidating
high-dose chemotherapy with ABMT after comple-

tion of the study treatment. The median follow-up
time was 113 months.

Delivered dose and dose intensity

A total of 199 cycles of dFEC were administered and
the median number of cycles was nine. The dis-
tribution of the dose levels is shown in Figure 1. The
given average dose intensity was F 185 mg/m®/w,
E 26.4 mg/m?w and C 336 mg/m?w (representing
93%, 132% and 168% of intended doses of standard
FEC). The individual dose intensity varied consid-
erably with F ranging from 127 to 201 mg/m®/w
(63%—-101% of standard FEC), E ranging between
14.4 and 36.0 mg/m*/w (72%—180%) and C dose
intensity ranging from 159 to 510 mg/m?w (80%—
255%). The maximum tolerated dose ranged from
level -1 for two patients up to level 4 for five
individuals. There was a weak negative correlation
between the dose intensity of E (r= —0.35) and C
(r=—0.33) and age, however it was not significant

Table III. Patient characteristics.

Number of patients 26
Median age (range) 48 (32-59)
Hormonal receptor status
Positive 16 (62%)
Negative 5 (19%)
Unknown 5 (19%)
Adjuvant treatment
Chemotherapy (CMF) 12 (46%)
Hormonal therapy 5 (19%)
Median interval (months):
Primary diagnosis-relapse (range) 28 (0-80)
Primary diagnosis-metastases (range) 33 (0-143)
Primary diagnosis-study entry (range) 36 (0-144)
Dominating site of disease
Visceral 13 (50%)
Bone 7 (27%)
Soft tissue 6 (23%)
Number of organ involved
1 14 (54%)
2 7 (27%)
>3 5 (19%)
Shortest follow-up time in years 9.4

CMF- cyclophosphamide, methotrexate and 5-fluorouracil.
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Figure 1. Stacked column diagram showing the distribution of
different dose levels during the study treatment of 9 cycles. The
number of given dFEC cycles (n =199) is presented at the Y-axis
at each cycle (X-axis). The highest dose levels were delivered at
cycle 4-6 and all patients but one (wrongly treated with level -1 at
the first cycle), received the level 1 at the start.

(p =0.08 and 0.10, respectively). The presence of
liver (9 patients) or bone (13 patients) metastases
did not influence the delivered dose intensity. Nor
did previous adjuvant radiotherapy, endocrine ther-
apy or chemotherapy correlate to the delivered dose
intensity.

Response and Survival

The response rate is shown in Table IV. The overall
response rate was 81% (CI 66%—-96%). Median
TTP was 14 months and median OS was 36 months
(Figure 2). Among 13 patients with visceral metas-
tases, ten responded (77%) with CR in three patients
(23%). Median TTP for this subgroup was 11
months, with a median OS of 22 months. At 113
months, two patients are still alive. Both were
initially in CR and received double high-dose
therapy with ABMT but have now relapsed in their
breast cancer disease.

For the 13 patients receiving the highest dose
intensity, 11 responded compared with ten patients
among the 13 patients with the lowest dose intensity.

Table IV. Treatment responses.

Response (n=126) (95% CI)

CR+PR (OR) 21 (81%) (66%—96%)
CR 6 (23%) (7% -39%)
PR 15 (58%) (39%—77%)
SD 4 (15%) (2%-29%)
PD 1 (4%) (0%—-11%)

CR-complete response; PR-partial response; OR-overall response;
SD-stable disease; PD-progressive disease.
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Figure 2. Kaplan-Meier diagram showing time to progression
(TTP) and overall survival (OS) for patients in the present study
(n =26).

There was no significant correlation between E and
C dose intensity and OS or TTP.

Adverse events and Qualiry of Life

The toxicity per cycle and per patient by worst grade
experienced during the treatment is listed in Table V.
Due to the design of the treatment schedule, all
patients experienced grade IV leucopenia. Fever was
common (22% of the cycles and in 69% of the
patients), but mostly not associated with leucopenia
or neutropenia. Ten episodes of fever above 38.0°C
related to a period of leucopenia or neutropenia
grade IV occurred in eight patients. They were
hospitalized and treated with i.v. antibiotics. No
septic death occurred.

There was no sign of non-hematological grade IV
toxicity. The most common grade III toxicity was
nausea/ vomiting (12% of patients). No significant
cardiac toxicity was seen except in one patient, who
4.5 years after study completion showed moderate to
severe symptoms of cardiac heart failure (CHF),
responsive to therapy. She had also received two
stem-cell supported high-dose treatments with
CTCb and paclitaxel respectively, as consolidation
therapy after completion of the study. One patient
developed acute myeloid leukemia type M1, 27
months after completion of the study treatment
and died five months later. Also this patient had
previously received high-dose treatment with CTCb
after completion of the study and had no signs of
breast cancer relapse. Other reported possible
related or non-related adverse events causing hospi-
talizations during the study period were thrombosis
(2 patients), diarrhea (1 patient), gastritis (1 pa-
tient), gastro-enteritis (1 patient) and tumor related
pain (3 patients).
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Table V. Worst grade reported toxicity per cycle (n =199) and per patient (n =26).

All grades

Grade 1

Grade 1T Grade III Grade IV

/cycle /patient /cycle /patient /cycle /patient /cycle /patient /cycle /patient

Nausea/vomiting 36% 88% 23% 35%

Mucositis 33% 81% 28% 54%
Muscle pain 12%  42% 9% 27%
Fever 22%  69% 11% 19%

Febrile leucopenia 5% 31% 0

11%  35% 3% 12%
4%  23% 1% 4%
2% 8% 1% 8%

12%  42% 1% 4%
0 5%  31%

[eNeNeNoN-]

QoL data were obtained from 22 patients. There
was a slight increase in global QoL. compared with
baseline (Figure 3) for both global endpoints of the
EORTC questionnaire indicating better QoL during
treatment. Individual data from the EORTC instru-
ment, comparing baseline and each patients last
cycle, showed, however, no difference (p =0.14 and
p =0.26, Wilcoxon matched pairs test).

Discussion

Delivery of standard doses of chemotherapy based
on patients’ BSA will result in marked inter-indivi-
dual variations in toxicity [7,16], which may be
explained by the large differences in drug clearance
and sensitivity between patients [17,18]. Retrospec-
tive studies in early breast cancer have indicated that
lack of toxicity could be a sign of under-treatment
which may compromise survival [9—-12].

In the present study we attempted to overcome the
problem with inter-individual Pk and Pd variability
by escalating doses to pronounced but equivalent
bone marrow toxicity. To achieve as high dose
intensity as possible, G-CSF was added day 3-12.
The feasibility of this approach with leukocyte nadir
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Figure 3. Diagram of the average quality of life (QoL) from start
until cycle 9 (n =22). Baseline values are normalized to 1.00 and a
change of 0.1 units represents a 10% difference in QoL. The two
global QoL endpoints of the EORTC QLQ-C30(+3) instrument
are presented separately.

based dosing has previously been reported in the
adjuvant setting where tailored FEC was followed by
fewer breast cancer relapses compared with standard
FEC followed by marrow supported high-dose
therapy [13,19]. Due to the application of an
individual dose escalation schedule in both the
adjuvant trial and the present study, the achieved
dose intensities in these two studies are likely to be
very close to the maximum tolerance for FEC q 3
weeks supported with G-CSF. However, the
achieved dose intensity was slightly higher in the
previously reported adjuvant trial compared with
this study on women with advanced breast cancer.
The adjuvant trial reported median weekly E dose
was 33 mg/m?/w, compared with an average dose of
26.4 mg/m?w in this study. Corresponding dose
intensity for C was 431 versus 336 mg/m?w in the
early and metastatic breast cancer setting, respec-
tively. This finding could indicate that presence of
metastases may have negatively influence the dose
tolerance level. We did not, however, find any
correlations between tolerated dose and presence of
bone or liver metastases.

Higher doses of anthracyclines will produce higher
response rates and may prolong survival [4,20]. The
response rate observed in this study (81%) is
impressive, but does not differ from earlier phase II
results from G-CSF-supported intensified anthracy-
cline based treatments in which the dosing was based
on BSA with response rates in the range 75-89%
[21-24].

One reason for the high response rate may be the
fact that rather few patients (46%) had metastasis to
two or more organs. The reason is probable that the
treatment option was recommended to all patients
up-front when metastatic disease was diagnosed to
hopefully achieve a CR followed by high-dose dose
treatment with ABMT. Today many receptor posi-
tive patients would be treated with endocrine treat-
ment up-front, and only later, in a more severe
metastatic situation, would be recommended che-
motherapy.

Interestingly, the response in present study was
unrelated to given dose intensity, a finding also
noticed in the adjuvant study [13]. This observation
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could verify the hypothesis that toxicity-based do-
sage to similar hematological toxicity avoids under-
dosing and is equal efficient independent to achieved
individual dose intensity.

In the management of metastatic breast cancer, a
major objection against the use of high dose intensity
is the increased incidence of severe acute toxicity. At
time of the design of the study high-dose therapy
with ABMT was considered a promising option to
achieve long-time DFS or possible cure for the
subgroup of metastatic patients who had CR after
induction chemotherapy. Therefore, we aimed at
grade IV leucopenia, but for a maximum of four days
which we thought to be reasonably safe. Today,
when the concept of high-dose chemotherapy is
questioned, we would rather aim for grade III
leucopenia when using toxicity-based dosing in the
palliative situation. However, in the study the non-
hematological toxicity was moderate and no septic
deaths occurred. The reported QoL did not decrease
during the treatment (Figure 3). Nevertheless, one
third of the patients (8/26), required hospitalization
at one or more times during the study because of
febrile leucopenia grade III.

A major complication in the Scandinavian adju-
vant study was the high incidence (3.6%, 10/274) of
acute leukemia or myelodysplastic syndrome in the
dFEC-arm [13]. In the present study, G-CSF was
used less intensively (10 days instead of 15) and
started one day later (day 3) than in the SBG 9401
study. Other differences to the SBG 9401 study are
the use of lenograstim instead of filgrastim and the
use of a fixed dose of G-CSF (0.263 mg per day).
Nevertheless, one heavily treated patient developed
acute myeloid leukemia. However, the rather late
occurrence of this complication together with the
fact that this patient also had received marrow-
supported high-dose therapy makes the conclusion
on cause less obvious.

Another potential long-term side effect of anthra-
cycline therapy is the cardiotoxicity. Only one patient
developed symptomatic CHF in our cohort despite a
median cumulative epirubicin dose of 640 mg/m?,
range 134 mg/m?® to 1 244 mg/m°.

The leukocyte nadir based dosing has the dis-
advantage of the extra blood sampling around the
predicted days for nadir, but is otherwise as easy to
administrate as BSA-based dosing. Another disad-
vantage of tailoring treatment based on Pd effects
(i.e. toxicity) is the risk for under-treatment during
cycle one to three due to the relatively slow escala-
tion, e.g. patients tolerating level 4 were step-wise
escalated until cycle 4 (Figure 1). New schedules,
allowing faster escalation for patients with initial low
toxicity are now under investigation.

We have here studied individually tailored dosing
of FEC, but the concept may be used for other
regimens or drugs there a large variability in toler-
ance is seen and myelotoxicity is dose limiting i.e.
docetaxel.

In summary the present tailored toxicity-based
regimen showed encouraging activity with normal-
ized myelotoxicity between patients despite large
differences in dose intensity. The individually tai-
lored dosing principle may provide an alternative to
the BSA-based dosing algorithm in the treatment of
metastatic breast cancer as well as in the adjuvant
setting.
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