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ABSTRACT

Introduction: Myelosuppresion is a common side effect of chemotherapy and granulocyte-colony
stimulating factor (G-CSF) is often used to reduce the risk of neutropenic events. The purpose of this
exploratory analysis was to investigate neutropenic complications in the phase Ill PANTHER trial of
standard 3-weekly chemotherapy with 5-fluorouracil, epirubicin and cyclophosphamide plus docetaxel
(FEC/D) versus bi-weekly tailored dose-dense EC/D adjuvant chemotherapy in breast cancer.

Patients and methods: Febrile neutropenia, neutropenic infection and infection grade 3-4 according
to CTC AE 3.0, were explored in relation to G-CSF use. Per cycle analysis was performed concerning
dose reduction and dose delays in conjunction with G-CSF administration.

Results: In the experimental group, 98.9% of patients received primary G-CSF support during EC and
97.4% during docetaxel, compared with 49.7% during FEC and 63.88% during docetaxel in the stand-
ard group. Overall, the use of G-CSF was associated with a lower risk for developing neutropenic
events (OR 0.44, 95% Cl 0.35-0.55, p < .001). Chemotherapy delays due to neutropenia and leukopenia
were significantly decreased among patients that received G-CSF (OR 0.098, 95% Cl 0.06-0.15 and OR
0.32, 95% Cl 0.18-0.58, respectively).

Discussion: In conclusion, G-CSF support reduces neutropenic events and permits increased relative
dose intensity, which is essential for improved survival outcomes.
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Abbreviations: ANC: absolute neutrophil count; Cl: confidence interval; CTC AE: common terminology
criteria for adverse events; D: docetaxel; FEC: 5-fluorouracil — epirubicin — cyclophosphamide; G-CSF:
Granulocyte-Colony stimulating factor; OR: odds ratio; RDI: relative dose intensity; tdd D: tailored and
dose dense docetaxel; tdd EC: tailored and dose dense epirubicin and cyclophosphamide

Introduction

Myelosuppression and subsequent neutropenia-related

events such as febrile neutropenia or neutropenic infections of major co-morbidities [4].
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hospital mortality for cancer patients treated for neutropenic
fever is estimated at 2.6% but can be higher in the presence

caused by cytotoxic chemotherapy are major concerns and
common dose-limiting toxicities. These complications often
require hospitalization, intravenous broad-spectrum antibiot-
ics and occasionally administration of granulocyte-colony
stimulating factor (G-CSF), for specific indications such as
pneumonia or sepsis [1]. Febrile neutropenia is associated
with increased morbidity, mortality and cost [2,3]. Overall in-

Dose reduction, often but not exclusively subsequent to
neutropenic fever or infection, has been correlated with
poorer cancer-related outcome in early stage malignancies
[3,5,6]. The introduction of G-CSF, either as primary or sec-
ondary prophylaxis, has permitted escalation of relative dose
intensity without increasing the risk for unacceptable toxicity
[7,8]. Current clinical practice guidelines recommend G-CSF
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as primary prophylaxis for patients with risk of neutropenic
fever over 20%, but even patients with intermediate risk
(10-20%) should be evaluated for individual risk factors that
can increase the overall risk [9-11]. Additionally, patients
with neutropenic events during the first chemotherapy cycle
should be considered for secondary prophylaxis with G-CSF
in subsequent cycles [12]. Notably, in the IMPACT Solid trial
most episodes were observed when primary G-CSF prophy-
laxis was not given [13].

The most commonly used G-CSFs are filgrastim and its
polyethylene glycol conjugated form (pedfilgrastim). Long-
acting G-CSFs, such as pedfilgrastim, are cleared from the
body predominantly by circulating neutrophils whereas
short-acting G-CSFs, such as filgrastim, lenograstim and fil-
grastim biosimilars, can be cleared by the kidneys and there-
fore require daily doses for a longer period [14].
Pedfilgrastim is considered to be more efficient than filgras-
tim in terms of reduction of neutropenic complications and
duration of hospitalization while simultaneously allowing for
achievement of higher relative dose intensity, but is costlier
[15-18]. However, there is evidence supporting that pedfil-
grastim is the most cost-effective option [19,20].

The PANTHER (Pan-European tailored chemotherapy
study) phase Il trial investigates the efficacy and safety of
tailored according to the hematologic nadirs and dose-dense
(tdd) epirubicin (E) and cyclophosphamide (C) followed by
tdd docetaxel (D) compared to standard three-weekly epiru-
bicin, cyclophosphamide and 5-fluorouracil (FEC) followed by
docetaxel (D) following resection of early breast cancer. In
this secondary exploratory toxicity analysis, we aimed to
investigate neutropenic- and infection-related complications
registered in the study in relation to G-CSF use.

Patients and methods
Study design

The study design and the primary efficacy analysis of the
PANTHER randomized phase Ill multi-centre trial have been
previously reported [21]. In short, women with node-positive
or high-risk negative, completely resected breast cancer were
enrolled in the study. The trial’s primary endpoint was to com-
pare the effect on breast cancer recurrence-free survival of
four cycles of two-weekly tdd EC (E 38-120 mg/m?, starting
dose 90 mg/m?; C 450-1200 mg/m?, starting dose 600 mg/m?),
followed by four cycles tdd D (75-100 mg/m?, starting dose
75mg/m?) (tdd group) to three cycles of standard interval
three-weekly FEC (F 500 mg/m?, E 100 mg/m? C 500 mg/m?)
followed by three cycles of D100 mg/m? (group B). Both regi-
mens were given with the same duration of 15weeks. Dose
escalation or reduction in group A was performed prior to
every chemotherapy cycle in accordance to a predefined algo-
rithm depending on the depth of the hematologic nadirs.
Primary G-CSF prophylaxis was mandatory in the experi-
mental treatment group to ensure that dose-density would
be achieved and maintained; both filgrastim or biosimilars
and pedfilgrastim were allowed. Filgrastim was administered
on days 4-11 during the EC part and days 4-10 during the D
part. The same G-CSF schedule was used in the PANTHER

phase Il study as previously administered in the feasibility
phase Il study [22]. Pedfilgrastim was administered as a sin-
gle dose on day 2. Additionally, ciprofloxacin 500 mg b.i.d.
was administered, per protocol, as primary prophylaxis on
days 5-12 during EC and as secondary prophylaxis during D.
No recommendation was initially given for primary G-CSF
prophylaxis for the standard treatment group. Secondary
prophylaxis was given in the standard treatment group if the
neutrophil count on day 21 was <1.5 x10°/L or in case of
febrile neutropenia events. In summer 2010, following the
pre-planned interim analysis for safety and after interaction
with the Independent Data Safety and Monitoring
Committee, a recommendation was made regarding the pol-
icy of G-CSF prophylaxis in the standard treatment group,
and as of 18™ of June 2010 primary G-CSF prophylaxis was
even recommended in the standard group, though not man-
datory. Adverse events were registered after each cycle of
chemotherapy according to the Common Terminology
Criteria (CTCAE) version 3.0 and the highest grade of toxicity
in any of the chemotherapy cycles were considered for the
summary analysis. Delays and dose reductions in relation to
G-CSF administration were considered per cycle. Dose reduc-
tions are reported for the standard chemotherapy group
since dose reductions according to haematological toxicity
were defined per protocol for the tdd chemotherapy group.

All procedures performed in the study were in accordance
with the ethical standards of the regional ethics committee
and the current laws of Sweden and with the 1964 Helsinki
declaration and its later amendments or comparable ethical
standards. The PANTHER study was approved by ethics com-
mittees with jurisdiction for the participating sites and the
relevant competent authorities (registered at clinicaltrials.gov,
identifier NCT00798070). All patients gave a written informed
consent to participate in the study.

Statistical methods

An exploratory toxicity analysis was performed using the reg-
istered febrile neutropenia and infection grade 3-4 adverse
events in the study, in relation to G-CSF use. Randomization
date 1°' of August 2010 was used as cutoff date for compari-
son of neutropenic- and infection-related adverse events
before and after policy change for primary G-CSF prophy-
laxis, providing time for the information on policy change to
reach the investigators.

Febrile neutropenia (fever over 38.5°C and absolute neu-
trophil count [ANC] < 1.0 x10%/L, per CTC AE 3.0) or infec-
tions with neutropenia (ANC < 1.0 x10%/L) were defined as
neutropenic events. The use of G-CSF in the standard group
was divided according to the clinical indication: administra-
tion of G-CSF before febrile neutropenia or neutropenic
infection was considered as primary prophylaxis, whereas ini-
tiation after a neutropenic event was considered as second-
ary prophylaxis. Due to differences in the number of given
cycles and thus exposure, and the de facto increased risk of
haematological toxicity in group A, no statistical comparison
was performed regarding neutropenic events between the
two groups. Fisher's exact test was used for comparison of



within group differences in the use of G-CSF and incidence
of neutropenic events. The analysis was performed using
Stata version 14.1 (StataCorp, Lakeway, Texas, USA).

Results
Patient characteristics

Between July 2007 and September 2011, 2017 patients were
randomized in the study; 1006 patients were randomized to
receive tdd EC/D (experimental group) and 1011 to standard
interval FEC/D (standard group). In this analysis, 2000
patients that received at least one chemotherapy cycle
according to protocol have been included (Figure 1). The
median age for group A was 51.1 (range 23.3 to 69.5) and
for group B 50.3 (range 21.4 to 68.6) years. Detailed patient
characteristics have been previously presented [21].

G-CSF usage

Among the patients within the standard chemotherapy
group, 49.7% received G-CSF as primary prophylaxis during
FEC and 63.8% during D. Secondary prophylaxis was given
to 5.4% during the former and 4.5% during the latter. In the
tdd group, the majority (98.9%) received primary prophylaxis
during EC and 97.4% during D, with most receiving pedfil-
grastim. Table 1 summarizes the use of G-CSF during chemo-
therapy according to the intention of the treatment.

Febrile neutropenia, documented infection with
neutropenia and documented infection with normal
neutrophil counts

In total, 134 (6.7%, 95% Cl 5.9-7.9%) patients experienced
febrile neutropenia of any grade during the administration of
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anthracycline-containing regimen and 90 (4.5%, 95% Cl
3.7-5.5%) during D. In the standard group, 54 patients (5.4%)
had a grade 3 or 4 neutropenic fever event during FEC and
63 patients (6.3%) during D; 16 and 17 patients respectively
despite primary prophylaxis. In the experimental group, 70
(7%) patients had a grade 3 or 4 neutropenic fever event
during tdd EC and 16 patients (1.6%) during tdd D.

Documented infection with low ANC grade 3 or 4 was
reported in 33 (3.3%; 13 had received primary prophylaxis)
patients during FEC and 35 (3.5%) patients during tdd EC.
The frequency of grade 3 or 4 infection with low ANC was
similar in the standard group during D (n=35, 3.5%; 10 had
received primary prophylaxis), whereas it was low during tdd
D (n=8, 0.8%). On the other hand, infection with normal
ANC grade 3 or 4 was low during anthracyclines; 30 patients
(3%) in group B and 25 (2.5%) in group A. The frequency
was similar for the standard group during D (n=37, 3.7%),
although it was numerically higher during tdd D
(n=74, 7.4%).

The risk for neutropenic events (febrile neutropenia or
infection with low ANC) grade 3 or 4 in the standard group
was significantly reduced after the policy change (Odds Ratio
[OR] 0.48, 95% Confidence Interval [CI] 0.31-0.73, p <.001).
Importantly, no grade 5 toxicity related to neutropenic
events was reported in either of the groups. The use of G-
CSF overall was associated with a lower risk for developing
neutropenic events (OR 0.44, 95% Cl 0.35-0.55, p <.001). The
incidence of neutropenic events in relation to G-CSF usage is
summarized in Table 2.

Exploratory analysis on the efficacy of pedfilgrastim versus
filgrastim did not show difference between patients adminis-
tered G-CSF as primary prophylaxis within the tdd group.
During tdd EC 80 (10.20%) patients treated with pegdfilgras-
tim as primary prophylaxis versus 5 (6.02%) treated with fil-
grastim developed grade 3 or 4 neutropenic events

2017 patients randomised
in the Pan-European Tailored Chemotherapy [PANTHER] study

2017 patients assessed for the
toxicity analysis

l

1006 patients
randomised to
receive tailored dose-
dense chemotherapy

1001 received at
least one cycle

Figure 1. CONSORT diagram of the exploratory toxicity analysis.

|

1011 patients
randomised to
receive standard 3-
weekly chemotherapy

Excluded (n=3)
Consent Withdrawl 1

999 received at least
one cycle
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Table 1. G-CSF use and type of G-CSF administered according to treatment group; standard interval; versus tailored dose-dense chemotherapy.

Tailored dose-dense chemotherapy group

Standard interval chemotherapy group

During tdd EC

During 3-weekly FEC

Secondary prophylaxis Primary prophylaxis Total Secondary prophylaxis Primary prophylaxis Total
n (%) n (%) n (%) n (%) n (%) n (%)
Type of G-CSF
Short-acting G-CSF 1 89 920 3 77 80
(20) (8.99) (8.99) (5.56) (15.49) (8.01)
Long-acting G-CSF 4 850 854 49 372 421
(80) (85.86) (85.31) (90.74) (74.85) (42.14)
Different G-CSF at times 51 51 2 48 48
(5.15) (5.09) (3.70) (9.66) (9.66)
Missing 22
None 6 426
Total 5 990 1001 54 497 999
During tdd Docetaxel During 3-weekly Docetaxel
Secondary prophylaxis Primary prophylaxis Total Secondary prophylaxis Primary prophylaxis Total
n (%) n (%) n (%) n (%) n (%) n (%)
Short-acting G-CSF 1 m 112 6 81 87
(50) (11.91) (13.64) (12.94)
Long-acting G-CSF 1 768 769 38 500 538
(50) (82.40) (86.36) (79.87)
Different G-CSF at times 0 53 53 0 45 45
(5.69) (7.19)
Missing 4 17
None 9 293
Total 2 922 947 44 626 980
EC: epirubicin; cyclophosphamide; FEC: 5-fluorouracil; epirubicin; cyclophosphamide; G-CSF: granulocyte-colony stimulating factor; tdd: tailored dose-dense.
Table 2. G-CSF use and neutropenic events during epirubicin (both groups combined) and docetaxel (both groups combined).
Neutropenic events during FEC/tdd EC Neutropenic events during Docetaxel/tdd Docetaxel
Grade* 0 Grade 1-2 Grade 3-4 Total Grade* 0 Grade 1-2 Grade 3-4 Total
n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Type of G-CSF
Long-acting 1180 80 145 1405 1223 26 58 1307
n (%) (84) (5.7) (10.3) (93.6) (2) (4.4)
Short-acting 166 9 15 190 174 10 15 199
n (%) (87.4) (4.7 (7.9) (87.4) (5) (7.6)
Different G-CSF at times 16 3 5 24 78 5 15 98
(66.7) (12.5) (20.8) (79.6) (5.1 (15.3)
None 290 17 4 3N 274 10 18 302
n (%) (93.2) (5.5) (1.3) (90.7) (3.3) (6)
Missing 13 3 1 17 34 2 4 40
n (%) (76.5) (17.6) (5.9 (85) (5 (10)
Total 1665 112 170 1947 1783 53 110 1946

EC: epirubicin; cyclophosphamide; FEC: 5-fluorouracil; epirubicin; cyclophosphamide; G-CSF: granulocyte-colony stimulating factor; tdd: tailored dose dense.

*Grade according to CTC AE 3.0.

(p=.319). Similarly, 11 (1.46%) versus 4 (3.88%) patients
developed grade 3 or 4 neutropenic events during tdd
D (p=.095).

Effect of G-CSF usage on compliance to
planned treatment

A total of 13434 chemotherapy cycles were administered
among the 2000 eligible patients. Of these, 10391 were
given with G-CSF support, 2950 without G-CSF support and
information on G-CSF administration is missing for 93 cycles.
A higher frequency of neutropenic fever grade 3 or 4 (1.21%
versus 2.95%) and infection with low ANC events (0.71% ver-
sus 1.36%) was documented during cycles without G-CSF
support, while infection with normal ANC was more frequent
in cycles with G-CSF support (1.52% with G-CSF support ver-
sus 0.81% without) (Table 3). Infection events regardless ANC

were similar with (n=232, 2.23%) and without (n=64,
2.17%) G-CSF.

In both groups, a total of 753 (5.6%) cycles were delayed;
16 due to neutropenic fever, 131 due to infection, 51 due to
leukopenia (any grade), 114 due to neutropenia (any grade)
and 442 due to other medical or administrative reasons. There
was an increased frequency of delays in the standard group
(3.3% versus 2.6%) but a formal statistical test was not per-
formed since more cycles were administered in the experi-
mental group as per protocol. The risk of chemotherapy delay
due to neutropenia and leukopenia was significantly
decreased among patients that received G-CSF (OR = 0.098,
95% ClI 0.06-0.15 and OR = 0.32, 95% Cl 0.18-0.58, respect-
ively) (Supplementary Table S1). The risk of delay due to neu-
tropenia was decreased by 48% after the policy change (OR =
0.52, 95% Cl 0.32-0.84, p < .01) (Supplementary Table S2).

Dose reductions in relation to G-CSF use were analyzed
only for the standard group, since they were an integral,
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Table 3. Febrile neutropenia, infection with low ANC count and infection with normal ANC with and without G-CSF support.

With G-CSF Without G-CSF Unknown Total 0Odds Ratio
Total cycles % Total cycles %
10,391 2950 93 13,434
Febrile neutropenia Grade 1-2 19 0.18% 6 0.20% 0 25
Grade 3-4 126 1.21% 87 2.95% 5 218 OR 0.40*
95% C.l. 0.30-0.54
Infection with ANC < 1.0 Grade 1-2 167 1.61% 82 2.78% 6 255 OR 0.52*
95% C.I. 0.35-0.79
Grade 3-4 74 0.71% 40 1.36% 2 116
Infection with normal ANC Grade 1-2 525 5.05% 102 3.46% 1 628
Grade 3-4 158 1.52% 24 0.81% 0 182 OR 1.88*

95% C.l. 1.22-3.03

“Fisher's exact test, p<.01.

ANC: absolute neutrophil count; C.l.: Confidence Interval; G-CSF: granulocyte-colony stimulating factor; OR: Odds Ratio.

protocol-defined part of the experimental tdd treatment. A
total of 5705 cycles were administered with planned doses
and reduced doses were administered in 165 cycles. The fre-
quency of dose reductions due to neutropenic fever, infec-
tion, leukopenia or neutropenia was very low regardless of
use of G-CSF.

Discussion

Primary prophylaxis with G-CSF during tdd chemotherapy
was feasible in this trial and limited the frequency of grade 3
or 4 febrile neutropenia to 7% or less, which was similar to
standard therapy. These results are in accordance with
results from a large meta-analysis of randomized trials [23].
Notably, increased frequency of primary prophylaxis in the
control group after the policy change reduced neutropenia-
related events, as expected, and allowed for improved dose
density. The observed absolute reduction of febrile neutro-
penia by 2.2% in the standard group after change of policy
emphasizes the importance of primary prevention in reduc-
ing the risk of neutropenic events, which is considered the
most cost-effective option [24,25]. This observation is further
corroborated by the lower rates of neutropenic complica-
tions in the standard group compared with the similar regi-
men used in the PACS 01 trial [26], presumably due to the
lower use of G-CSF support in the latter compared
to PANTHER.

Escalating and maintaining escalated dose intensity and
density is a critical component of adjuvant chemotherapy for
early breast cancer. The theoretical background of this postu-
late is the Norton-Simon model of cancer cell death being
proportional to the tumor growth rate at the time of chemo-
therapy administration [27]. According to Gompertzian kinet-
ics, tumor cell growth will increase between chemotherapy
cycles, meaning that reducing the meantime will result in
more effective suppression of tumor regrowth and faster
cell-kill [28]. These observations are strongly backed by clin-
ical evidence: lower relative dose intensity than pre-planned
doses during adjuvant anthracyclines and taxanes is associ-
ated with shorter OS, while the administration of dose-dense
chemotherapy improved long term survival compared with
standard treatment according to an individual patient data
meta-analysis [29,30]. In the PANTHER trial, the next evolu-
tionary step of adjuvant chemotherapy was evaluated
[21,31-34], since dose tailoring may overcome the significant

inter-patient variability in terms of pharmacokinetics. This
analysis demonstrates the feasibility of such an approach
and that G-CSF primary prophylaxis clearly allows for
increased relative dose intensity while simultaneously limit-
ing the risk of neutropenic complications.

Limitations of this study that need to be acknowledged
include the initial lack of recommendation for primary G-CSF
support in the standard group. This could introduce bias,
since primary prophylaxis with G-CSF was not standardized
across participating centers but was administered in accord-
ance to clinical guidelines, local practice and physician’s
choice [35]. In addition, the relative contribution of prophy-
lactic ciprofloxacin in the reduction of infectious complica-
tions in the experimental group should also be taken into
consideration when interpreting the results of this study.
Moreover, within group comparison of the efficacy of pedfil-
grastim and filgrastim in preventing neutropenic events in
the tdd group did not show any difference, in contrast to
previous reports [36]. However, these results should be inter-
preted with caution since the population for the analysis was
not randomized. Further limitations are consistent with the
exploratory nature of the analysis and lack of a pre-planned
power calculation to identify statistical differences.

In conclusion, primary prophylaxis with G-CSF reduces the
incidence of neutropenia-related events and G-CSF support
was shown in our trial to be both feasible and effective,
allowing also for dose-tailoring and increased dose intensity
without excess myelotoxicity.
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