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 Abstract 
 The SBG 2000-1 trial is a randomised study that investigates if dose-tailored adjuvant FEC therapy based on the indi-
vidual ’ s leukocyte nadir value can improve outcome. The study has included 1535 women with medium and high-risk 
breast cancer.  Patients and methods . After a fi rst standard dosed FEC course (5-fl uorouracil 600 mg/m 2 , epirubicin 60 mg/mg 2  
and cyclophosphamide 600 mg/m 2 ), patients who did not reach leukopenia grade III or IV were randomised to standard 
doses (group standard) or doses tailored to achieve grade III leukopenia (group tailored) at courses 2 – 7. Patients who 
achieved leukopenia grade III or more after the fi rst course were not randomised but continued on standard doses (group 
registered).  Results . Both planned and actually delivered number of courses (seven) were the same in all three arms. The 
relative dose intensity was increased by a factor of 1.31 (E 1.22, C 1.43) for patients in the tailored arm compared to the 
expected on standard dose. Ninety percent of the patients in the tailored arm achieved leukopenia grade III – IV compared 
with 29% among patients randomised to standard dosed therapy. Dose tailoring was associated with acceptable acute non-
haematological toxicity with more total alopecia, nausea, vomiting and fatigue.  Conclusion . Dose tailoring according to 
leukopenia was feasible. It led to an increased dose intensity and was associated with acceptable excess of acute non-
haematological toxicity.   

 Numerous studies and overviews have demonstrated 
benefi ts of adjuvant chemotherapy in early breast can-
cer and that anthracycline (doxorubicin or epirubicin) 
based regimens are among the most effi cacious [1]. 
The optimal dosing of these regimens is still to be 
determined although lower than normal doses yield 
inferior results [2,3]. Whereas a large randomised 
study on dose-escalation of doxorubicin failed to show 
any benefi ts in the adjuvant setting [4], there is evi-
dence that increased doses of epirubicin as an integral 
part of the FEC-regimen is more effi cacious. This has 
been demonstrated in advanced breast cancer in terms 
of increased response rate [2,5] and time to progres-
sion [6]. In adjuvant treatment of high-risk node-pos-
itive breast cancer six cycles of epirubicin 100 mg q 

3W in combination with cyclophosphamide 500 mg 
q 3W and 5-FU 500 mg q 3W (FEC 100) was supe-
rior to epirubicin 50 mg q 3W with the same combi-
nation (FEC50) regarding both DFS and OS [7]. 
Despite improved results of cancer chemotherapy, the 
methods of dose optimisation and calculation have 
been criticised repeatedly [8,9]. The current dosing 
method is with very few exceptions based on body 
surface area (BSA), a method that results in a large 
inter-individual variation of systemic exposure [10 – 13]. 
Although acute toxicity of the FEC-regimen generally 
is manageable there is a non-negligible long-term risk 
of cardiac morbidity [3,14] and development of sec-
ondary leukaemia [15]. The risk of cardiac toxicity 
after FEC (1.36% at 7 years) was not evidently dose 
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dependent within the commonly used dosing range 
(300 – 600 mg/m 2 ) in the French study [3]. For sec-
ondary leukaemia there is a dose risk relationship: the 
higher the total dose of epirubicin and cyclophosph-
amide the higher is the risk of leukaemia [15]. Keep-
ing these severe side-effects in mind it is obvious that 
the pursuit for increasingly effective treatment must 
be combined with efforts to avoid the use of unneces-
sary high doses. 

 The knowledge that systemic exposure of chemo-
therapy is correlated with bone marrow toxicity 
[11,13] gives an opportunity to individually tailor the 
dose according to the grade of myelosuppression. 
This view is supported by several retrospective stud-
ies [16 – 20] indicating that bone marrow toxicity not 
only mirrors systemic exposure but also predicts 
anti-tumoural effect in early breast cancer. 

 The idea of using bone marrow toxicity during 
chemotherapy as a marker for systemic exposure in 
order to perform individual dose-tailoring has been 
tested in a previous Scandinavian study (SBG 9401) 
on high risk early breast cancer (eight or more posi-
tive lymph nodes or at least fi ve positive nodes and 
nuclear grade two to three and hormone receptor 
negativity) [21]. The study showed superiority of 
nine cycles of tailored FEC supported with granulo-
cyte colony stimulation factor (G-CSF) and antibiot-
ics compared with three cycles of standard FEC 
followed by high dose chemotherapy with autologous 
bone marrow support. A serious drawback of the tai-
lored arm of the SBG 9401 study was the 4% inci-
dence of secondary myeloic malignancies at long-term 
follow-up [22], most likely due to too high total doses 
of epirubicin and cyclophosphamide. This is sup-
ported by the fact that a modifi ed G-CSF supported 
FEC regimen (G-CSF only given day 5 – 12, the 
maximal cyclophosphamide dose was reduced to 
1.2 mg/m 2  and the number of courses were limited 
to six) no secondary AML/MDS were reported in 
the EORTC p53 study, with this regimen as one of 
the FEC options [22]. 

 The rationale for leukopenia based dose tailoring 
still seems strong since this concept could potentially 
improve outcome for patients who otherwise would 
have suboptimal treatment if dosing is based on BSA 
only. At the same time the concept might decrease 
the risk of unnecessary dose escalation in patients 
showing a marked leukopenia, indicating adequate 

systemic exposure, already at standard doses. Pro-
spective randomised studies comparing the concept 
of dose-tailored adjuvant chemotherapy based on 
grade of leukopenia with standard dosed chemother-
apy are therefore highly needed. The present study 
(SBG 2000-1) is a randomised trial comparing stan-
dard FEC with tailored FEC in primary breast can-
cer. The aim of the present analysis is to evaluate 
dose-intensity, and how haematological toxicity 
responds to dose tailoring. Non-haematological tox-
icity among patients in the different treatment arms 
will also be analysed.  

 Patients and methods  

 Study design 

 The SBG 2000-1 trial is a prospective randomised 
study involving 33 centres nationwide in Sweden and 
Denmark, that investigates if dose tailoring of che-
motherapy for primary breast cancer based on 
patients ’  grade of leukopenia can improve outcome. 
A total of 1500 patients were to be included accord-
ing to the statistical considerations that were based 
on distant disease-free survival (DDFS), which is the 
primary endpoint of this study. DDFS was defi ned 
as freedom from distant (non-local) recurrence and 
death of any cause. Women with lymph node positive 
or high risk node negative primary breast cancer were 
eligible. Patients should have undergone radical sur-
gery at maximum two months prior to inclusion. 
High risk node negative was defi ned by local criteria, 
however, most Swedish centres required two of the 
following risk factors: Tumour size  �  20 mm, ER 
and/or PR negativity, Elston grade III (8-9p) and/or 
high proliferation. Inclusion criteria in Denmark 
partly differed from those in Sweden and included 
premenopausal status, axillary nodal metastases or 
node negative status with one of three of the 
following factors: tumour size  �  2 cm, grade two 
or three, or negative Er and PgR receptor status. 
Other major inclusion criteria were: age 18 – 60 years, 
performance status 0 – 1 according to WHO, no 
other major morbidity, adequate liver-and kidney 
function. All patients had to give their written 
informed consent. The study was approved by 
the ethical committees with jurisdiction for all 
participating centres. 

  Table I. Dose escalation and reduction scheme (mg/m 2 ).  

Leukopenia  Dose level  5-FU  Epirubicin  Cyclophosphamide 

Grade 0 – 1 (  �   3.0 � 10 9 /l) 3 600 90 1200  �  Mesna
Grade 2 (2.0 – 2.9 � 10 9 /l) 2 600 75  900
Grade 3 (1.0 – 1.9 � 10 9 /l) 1 600 60  600
Grade 4 ( �  1.0 � 10 9 /l) 0 600 45  450
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 A total of seven FEC courses every three week 
were given to the patients. The fi rst course was stan-
dard dosed for all patients (5-fl uorouracil 600 mg/m 2 , 
epirubicin 60 mg/m 2 , and cyclophosphamide 600 mg/
m 2 ). Blood counts including WBC were measured on 
days 10, 12, 13 and 15 after the fi rst course. Patients 
who did not reach leukopenia grade III or more (i.e. 
those who had WBC  �  2) after the fi rst course were 
randomised between continuing standard dosed ther-
apy (the “standard” group) or tailored dosed therapy 
according to a dose escalation scheme (the “tailored” 
group), in which epirubicin (E) doses was escalated 
to 75 or 90 mg/m 2  and cyclophosphamide (C) to 900 
or 1200 mg/m 2  (Table I). Patients in the tailored 
group escalated to level 2 (Table I) not achieving 
grade III leukopenia were allowed to have doses esca-
lated to level 3 for subsequent courses. Doses were 
reduced by one step at leukopenia grade IV in all 
arms. The protocol did not include prophylaxis with 
antibiotics or G-CSF. Patients who reached leukope-
nia grade III or IV (WBC  �  2.0) after the fi rst course 
were not randomised but registered in the study and 
allocated to further standard dosed FEC or dose 
reduction if experiencing leukopenia grade IV (the 
“registered” group) (Table II). This third group of 
patients was to be monitored for toxicity and effi cacy 
in the same way as the randomised groups. After 
courses 2 – 7, blood counts were only taken once, and 
this was at the same day (10, 12, 13 or 15) as the 

nadir WBC after course 1. The non-haematological 
toxicity (nausea, vomiting, diarrhoea, alopecia, fatigue 
and mucositis) was reported by the patients them-
selves with a questionnaire according to the NCI/
CTC criteria for every course. Serious adverse events 
(SAE) were reported by the responsible local investi-
gator in the Swedish centres alone to the data manag-
ing offi ce. An adverse event was registered as serious 
if it was leading to hospitalisation, permanent dis-
ability or was life threatening. Danish centres reported 
only unexpected serious adverse events to the author-
ities and data centre. For this reason the comparison 
of SAEs between the three groups was done in Swed-
ish patients alone.   

 Statistical methods 

 The relative dose intensity was calculated as: The given 
dose delivered in the originally expected time/the 
expected dose in the expected time. The expected time 
for seven courses is 21 weeks in this setting. This method 
has been widely used in other chemotherapy studies 
[24 – 26]. The median cumulative doses of cyclophosph-
amide and epirubicin given in the different treatment 
arms were calculated in relation to the expected dose 
for each group. This was performed both for courses 
1 – 7 and for courses 2 – 7 as the patients randomised to 
tailored FEC received course 1 with standard doses. 

 Haematological toxicity was quantifi ed in terms of 
the maximal grade of leukopenia attained at any point 
during courses 2 – 7. The non-haematological toxicity 
was quantifi ed as the maximal grade according to 
NCI/CTC criteria for each side-effect during courses 
2 – 7 and the proportion of patients in each treatment 
group who experienced toxicity at least once. The inci-
dence of haematological and non-haematological tox-
icity for the three treatment groups was compared 
with the two-sided Mann-Whitney test comparing the 
tailored group to either standard or registered patients. 
Differences in leukocyte nadirs at each of the courses 
2 – 7 was tested by the two-sided t-test on logarithm-
transformed nadir values. Nadir values were none-
normally distributed, but the values were made to be 
normally distributed after logarithmic transforma-
tions. The differences in serious adverse effects (SAE) 
were tested with Fisher’s exact test.    

 Results  

 Patients 

 A total of 1535 women in Sweden and Denmark 
entered the study between February 2001 and 
August 2003. Patient inclusion in the two ran-
domised study arms and the registered arms, as 
well as patient exclusion from the present analysis 

Table II. Consort diagram.

Registration

n � 1535

Course 1
n � 1535

Excluded
Patient wish (n � 67) and WBC unknown (n � 15).

Randomised
n � 1052

Standard Tailored Registered
WBC∗ n WBC n WBC n
0–1 183 0–1 222 0–1 0
2 343 2 300 2 0
3 2 3 2 3 387
4 0 4 0 4 14
Total 528 Total 524 Total 401

Course 2–7
Patient not received course 2 excluded (Tailored, n � 1)

Standard and Tailored WBC 3 excluded (n � 4)

Safety population
n � 1448

∗Leukocyte grading at nadir following course 1.
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is showed in Table II. The number of patients 
included in this analysis is 1448. Of these patients 
526 were randomised to standard dosed FEC 
courses 2 – 7, 521 were randomised to tailored FEC 
and 401 were only registered and allocated to con-
tinued standard dosed therapy courses 2 – 7 due to 
leukopenia grade III or more after the fi rst course. 
Four patients randomised despite grade III leuko-
penia after course one are excluded from the analy-
sis. One patient in the registered group had unknown 
BSA and could not be included in the analysis for 
dose intensity. Thirteen of the 521 patients in the 
tailored group (2.5%) were not treated with esca-
lated doses despite leukocyte nadirs  �  2 � 10 9 /l, 
six patients in the standard group were at some 

occasion given escalated doses (1.3%) and one 
patient in the registered group (0.3%) received dose 
escalated FEC. All these patients are included in the 
analyses. 

 The three treatment groups were well balanced 
for known prognostic factors such as tumour size, 
number of positive axillary lymph nodes and hor-
mone receptor status. Furthermore, there were no 
signifi cant differences in age and menopausal status 
(Table III).   

 Dose intensity 

 The median cumulative dose of C per m 2  for courses 
1 – 7 was 143% (6023 for mg/m 2)  in the tailored 

Table IV. Relative dose intensity.

Cyclophosphamide Epirubicin 5-FU

n percentile 10th Median 90th 10th Median 90th 10th Median 90th

Standard 526 97.1 100.0 101.6 96.5 100.0 101.6 97.2 100.0 101.6
Tailored 521 74.0 98.0 105.5 82.0 98.0 103.8 96.3 100.0 101.1
Registered 401 86.1 100.0 101.9 86.1 100.0 101.9 87.2 100.0 101.9
Tailored∗ 113.3 143.3 185.7 104.2 121.9 142.6 96.3 100.0 101.1

∗Relative to expected on standard.

Table III. Patient characteristics.

Standard Tailored Registered Total

n % n % n % n %

Country
Denmark
Sweden

191 (36.3) 193 (37.0) 132 (32.9) 516 (35.6)
335 (63.7) 328 (63.0) 269 (67.1) 932 (64.4)

Age at surgery
25–35
36–45
46–55
56–60

39 (7.4) 29 (5.6) 22 (5.5) 90 (6.2)
159 (30.2) 163 (31.3) 108 (26.9) 430 (29.7)
255 (48.5) 251 (48.2) 210 (52.4) 716 (49.4)
73 (13.9) 78 (15.0) 61 (15.2) 212 (14.6)

Menopausal status
Pre-menopausal
Post-menopausal

375 (71.3) 367 (70.4) 280 (69.8) 1022 (70.6)
151 (28.7) 154 (29.6) 121 (30.2) 426 (29.4)

Tumour size (mm)
0–20
21–50
51–
Unknown

253 (48.1) 242 (46.4) 213 (53.1) 708 (48.9)
248 (47.1) 260 (49.9) 172 (42.9) 680 (47.0)
23 (4.4) 18 (3.5) 16 (4.0) 57 (3.9)
2 (0.4) 1 (0.2) 0 (0.0) 3 (0.2)

Tumour positive LN
0
1–3
4 � 

170 (32.3) 165 (31.7) 124 (30.9) 459 (31.7)
235 (44.7) 235 (45.1) 189 (47.1) 659 (45.5)
121 (23.0) 121 (23.2) 88 (21.9) 330 (22.8)

Histological grade. ductal tumours
1
2
3
Unknown

42 (8.0) 48 (9.2) 37 (9.2) 127 (8.8)
231 (43.9) 201 (38.6) 146 (36.4) 578 (39.9)
226 (43.0) 250 (48.0) 202 (50.4) 678 (46.8)
27 (5.1) 22 (4.2) 16 (4.0) 65 (4.5)

ER-status
Negative
Positive
Unknown

149 (28.3) 177 (34.0) 129 (32.2) 455 (31.4)
374 (71.1) 344 (66.0) 271 (67.6) 989 (68.3)

3 (0.6) 0 (0.0) 1 (0.2) 4 (0.3)
Total 526 (100.0) 521 (100.0) 401 (100.0) 1448 (100.0)
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group compared to the planned doses for standard 
FEC giving a dose intensity of 287 mg/m 2 /w. The 
median cumulative doses for E per m 2  in the tailored 
group was correspondingly 122% (520 mg/m 2)  com-
pared to standard FEC giving a dose intensity of 
24.4 mg/m 2 /w. The median relative dose intensity for 
C and E, defi ned as the given dose delivered in the 
originally expected time/the expected dose in the 
expected time was close to 100% in all three groups 
(Table IV). The relative dose intensity was increased 
by a factor of 1.32 (C 1.43, E 1.22) for patients in 
the tailored arm compared to the expected standard 
dose. The median cumulative dose of 5-FU was iden-
tical in all arms (4200 mg/m 2) . The treatment was 
well tolerated; more than 95% of patients received 
all seven courses, and treatment delays for more than 
one day were rare (Table V).   

 Haematological toxicity course 2 – 7 

 The proportion of patients with leukopenia grade III –
 IV was signifi cantly higher in the tailored group com-
pared with those randomised to standard dosed FEC, 
90% and 29% respectively (Table VI). In the registered 

group 88% reached leukopenia grade III – IV, thus the 
proportion of patients with leukopenia grade III – IV 
were similar for the registered and tailored groups but 
grade IV was more common in the tailored group. 
Cumulative distribution curves for leukocyte nadir at 
courses 1 – 7 are shown in Figure 1. The distribution of 
leukopenia was similar in the tailored and registered 
arms at course 2 – 7, however, especially at later courses 
leukopenia tended to be somewhat more severe in the 
tailored arm. Although the tailored group showed 
signifi cantly more pronounced leukopenia than the 
registered groups, particularly at later courses, the dif-
ferences in geometrical mean values of leukocyte nadirs 
were small between the tailored and the registered 
groups (1.50 and 1.75, respectively at course 7) com-
pared to the standard group (2.65 at course 7). The 
frequency of grade three to four thrombocytopenia was 
low in all arms, 0, 1.2% and 0.5% in the standard, 
tailored and registered arms, respectively. The differ-
ences in thrombocytopenia between the tailored and 
standard, and tailored and registered arms where nev-
ertheless statistically signifi cant, p  �  0.005 for both 
comparisons (Mann-Whitney). Anaemia was signifi -
cantly more common in the tailored (p  �  0.001) and 

Table V. Treatment feasibility: number of treatments, number of treatment delays and omitted treatments.

Standard Tailored Registered Total

n % n % n % n %

Treatment courses
2
3
4
5
6
7

0 (0.0) 2 (0.4) 1 (0.2) 3 (0.2)
0 (0.0) 2 (0.4) 2 (0.5) 4 (0.3)
2 (0.4) 1 (0.2) 0 (0.0) 3 (0.2)
5 (1.0) 4 (0.8) 3 (0.7) 12 (0.8)

11 (2.1) 10 (1.9) 10 (2.5) 31 (2.1)
508 (96.6) 502 (96.4) 385 (96.0) 1395 (96.3)

Delays∗

0
1
2
3

493 (93.7) 479 (91.9) 359 (89.5) 1331 (91.9)
32 (6.1) 39 (7.5) 38 (9.5) 109 (7.5)
1 (0.2) 3 (0.6) 3 (0.7) 7 (0.5)
0 (0.0) 0 (0.0) 1 (0.2) 1 (0.1)

Omitted treatments
0 525 (99.8) 520 (99.8) 401 (100.0) 1446 (99.9)
1 1 (0.2) 1 (0.2) 0 (0.0) 2 (0.1)
Total 526 (100.0) 521 (100.0) 401 (100.0) 1448 (100.0)

*Treatment delayed more than 7 days or treatment omitted.

Table VI. Max grade of leukopenia during courses 2–7.

Max grade of leukopenia course 2–7

Treatment n 0–1 (%) 2 (%) 3 (%) 4 (%) PStd-Tai
∗ PTai-Reg

∗

Standard 526 17.5 53.6 28.1 0.8
Tailored 521 1.3 9.0 58.3 31.3  � 0.0001
Registered 401 0.7 11.2 80.0 8.0 0.0001
Total 1448 7.0 25.8 53.4 13.7

∗Two-sided Mann-Whitney test.
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Figure 1. Distribution of nadir leukocytes after courses 1–7. Cumulative percentage of patients in the three study arms on the x-axis with 
nadir values below value as indicated on the y-axis.

registered arms (p  �  0.0001), but the incidence of 
grade three to four anaemia was low, 0.8% in the tai-
lored arm and 0 in the two other study arms.   

 Non-haematological toxicity 

 The total number of patients where the grade of tox-
icity was known at least once during courses 2 – 7 for 

the treatment groups is shown in the table (Table VII) 
(The patients who had not reported grade of a certain 
side-effect excluded). There were no large differences 
in non-haematological toxicity, however the patients 
in the tailored group experienced signifi cantly more 
mucositis, nausea, vomiting, alopecia and fatigue than 
the standard group, and similar but smaller differences 
were seen compared to the registered group.   
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 Serious adverse events (SAE) 

 Of the 932 included Swedish patients, 96 experienced 
a serious adverse event at least once, 14% and 6% 
among patients who received dose tailored treatment 
and standard dosed therapy respectively and 11% of 
the registered patients. The difference in SAE between 
the tailored and standard groups was statistically sig-
nifi cant (p  �  0.0007), while there were no signifi cant 
difference between the tailored and the registered 
groups (p  �  0.32). The most common event was 
hospitalisation due to leukopenia and fever/infection. 
Febrile leukopenia was more common in the tailored 
group (7.9%) compared with the standard group 
(0.9%, p  �  0.0007), but similar to the frequency in 
the registered group (5.9%, p  �  0.42). One patient 
in the tailored group died of cardiac arrest 10 days 
after the sixth course of chemotherapy.    

 Discussion 

 A number of previous retrospective studies has shown, 
that breast cancer patients given adjuvant chemother-
apy but not attaining al least moderate haematological 
toxicity have a worse prognosis than those with more 
toxicity [16 – 20]. The most plausible explanation may 
be the considerable pharmacokinetic and pharmaco-
dynamic interindividual variations between patients 

demonstrated in several studies of patients treated 
with chemotherapeutic regimens commonly used as 
adjuvant treatment [11 – 13]. This exposes a propor-
tion of patients to risk of severe, potentially fatal toxic-
ity, while some patients may be undertreated. Three 
previous European adjuvant breast cancer studies 
have shown that doses of epirubicin, and potentially 
cyclophosphamide are important for achieving maxi-
mal benefi t of adjuvant chemotherapy [3,7,23]. The 
French study FASG-01 compared three courses of the 
FEC regime with doses of 500 – 50 – 500 mg/m 2 , respec-
tively with doses of 500 – 75 – 500 mg/m 2 , respectively 
[7]. A later trial (FASG 05) compared six courses 
of FEC 500 – 50 – 500 with six courses of FEC 500 –
 100 – 500 [7]. Finally, a Belgian study compared eight 
courses of EC 60 – 500 with the same number of EC 
75 – 900 [23]. Both the FASG 05 and the Belgian 
study showed signifi cant benefi t of dose escalation, 
while the FASG 01 study showed only a marginal 
non-signifi cant trend towards better outcome with the 
higher dose of E, possibly due to the suboptimally 
short adjuvant treatment (three courses). Although 
dose escalation of epirubicin from the previous stan-
dard of 50 – 60 mg/m 2  seems to be benefi cial it may 
also expose some patients to unnecessary serious 
toxicity. One of the main fi ndings of the SBG 2000-1 
trial was that 28% of patients reached maximum tol-
erated haematological toxicity already at FEC doses 

Table VII. Non-haematological side-effects during courses 2–7.

 Maximum CTC-grade

Side-effect Treatment n 0 (%) I (%) II (%) II (%) IV (%) PStd-Tai
∗ PTai-Reg

∗

Mucositis Standard 484 33.3 40.7 25.0 0.0 1.0
Tailored 474 22.2 40.1 35.2 1.1 1.5  � .0001
Registered 375 32.0 40.5 26.1 0.3 1.1 0.0001
Total 1333 29.0 40.4 29.0 0.5 1.2

Nausea Standard 486 6.6 55.1 28.8 5.3 4.1
Tailored 481 7.3 43.7 33.9 8.5 6.7 0.0016
Registered 376 10.4 46.8 31.4 8.5 2.9 0.021
Total 1343 7.9 48.7 31.3 7.4 4.7

Vomiting Standard 486 48.6 17.5 23.3 9.1 1.6
Tailored 481 30.1 18.1 31.4 17.7 2.7  � .0001
Registered 375 44.0 21.6 20.3 12.0 2.1  � .0001
Total 1342 40.7 18.9 25.3 13.0 2.2

Diarrhoea Standard 484 58.7 33.9 6.4 0.8 0.2
Tailored 480 55.6 34.2 8.8 1.5 0.0 0.23
Registered 374 59.1 30.2 9.6 1.1 0.0 0.40
Total 1338 57.7 33.0 8.1 1.1 0.1

Alopecia Standard 482 0.6 5.4 94.0 – –
Tailored 471 0.2 2.3 97.5 – – 0.0083
Registered 371 0.3 4.6 95.1 – – 0.074
Total 1324 0.4 4.1 95.5 – –

Fatigue Standard 483 1.7 17.6 56.5 20.1 4.1
Tailored 479 0.6 13.2 55.7 21.5 9.0 0.0023
Registered 372 2.7 20.7 52.7 16.4 7.5 0.0006
Total 1334 1.6 16.9 55.2 19.6 6.8

∗Two-sided Mann-Whitney test.
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of 600 – 60 – 600, and might not be dose-escalated with-
out serious risk of leukopenic infections. Thus a more 
rational way of achieving optimal doses might be to 
start at a more moderate dose level, and escalate only 
those patients, whose bone marrow can tolerate such 
escalation. 

 The SBG-trial is the fi rst prospective randomised 
trial that evaluates the concept of individually dosed 
tailored FEC based on haematological toxicity, com-
pared with standard dosed chemotherapy based on 
patients ’  BSA. This report shows that an increased 
total dose and intensity of epirubicin and cyclophos-
phamide can be achieved by dose tailoring. The dose 
intensity for E and C was increased with a factor of 
1.31 compared with the expected standard dose. The 
present is not the fi rst randomised study utilising the 
concept of doses adjusted to haematological toler-
ance. The Scandinavia trial SBG 9401 recruiting 
breast cancer patients with very high expected risk 
of relapse randomised patients to either high-dose 
chemotherapy or dose escalated and tailored FEC 
[22]. The median total doses of E and C in the pres-
ent study are considerably lower than the doses in 
the previous SBG 9401 study [21] 512 mg/m 2  com-
pared with 780 mg/m 2  for E and 6030 mg/m 2  versus 
10 238 mg/m 2  for C. This difference is of course no 
surprise since the tailored FEC of the SBG 9401 was 
supported with G-CSF and prophylactic antibiotics 
[7]. Recently, a Scandinavian randomised phase 2 
trial, SBG 2004-1, has demonstrated, that dose tai-
loring and escalation in a two-weekly schedule with 
the aid of G-CSF is manageable also with the com-
bination of anthracyclines and docetaxel [24], pres-
ently studied further in the ongoing randomised 
European (PANTHER) study with more than 1650 
included patients. One could argue that the standard 
dose of E in our study is in the low range compared 
to the 100 mg dose of the FACS 05 study. However 
the choice of doses in this study refl ects our concern 
of the severe long-term toxicity that has been associ-
ated with the high doses of FEC in the SBG 9401 
study. Possibly is the lower dose of E compared with 
the FEC100 regimen counter balanced by the higher 
doses of C and 5-FU in our study. Moreover, for a 
substantial proportion of patients these doses are the 
maximum tolerated doses without CSF support. 

 The dose escalating procedure in the present 
SBG 2000-1 study was designed to achieve leukope-
nia grade III (WBC  �  2.0), which also succeeded for 
the majority. Further support of the dose tailoring 
concept was the fi nding that the incidence of grade 
III leukopenia after courses 2 – 7 was almost identical 
in the group randomised to tailored FEC and the 
group of non-randomised patients achieving grade 
III leukopenia after the fi rst course. 

 Febrile leukopenia was more common in the 
tailored FEC arm compared with the patients randomised 
to standard FEC, but not higher that in patients 
achieving leukopenia grade III – IV with standard 
doses. This is of course expected since achieving leu-
kopenia grade III was an object to the tailored arm. 
Moreover, no deaths were attributable to infections 
with or without leukopenia in our study. The risk of 
febrile neutropenia in the FASG 05 study was sur-
prisingly low, 2.7% [25], considering that neither 
G-CSF nor antibiotics were used routinely. A pos-
sible explanation for the lower fi gure in the French 
study could be the use of lower doses of C and 5-FU. 
In the SBG 9401 febrile neutropenia was not reported 
separately but the incidence of grade III – IV infec-
tions was 19.5% in the tailored FEC arm [21]. This 
was despite the use of G-CSF and prophylactic cip-
rofl oxacin. The incidence of severe infections with 
leukopenia was 7% in the tailored arm of our study. 
Comparisons between the studies must obviously be 
done with extreme caution since there are differences 
in how toxicity has been reported. 

 The acute non-haematological toxicity in our 
study was comparable to what has been reported in 
earlier adjuvant trials involving FEC therapy. Dose 
escalation of courses 2 – 7 resulted in acceptable 
excess toxicity compared with continued standard 
dosed therapy with more total alopecia, mucositis, 
nausea, vomiting and fatigue. 

 The large proportion of patients showing a 
planned leukopenia response is encouraging and 
shows that individual dose tailoring according to leu-
kopenia is feasible, reproducible and associated with 
only moderately increased non-haematological toxic-
ity. Whether this will be refl ected in an improved 
outcome, will be subject to a later analysis of effi cacy 
data. If so, this study may change the principles of 
chemotherapy dosing. 
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