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Purpose: Primary prophylaxis with granulocyte colony-stimulating factor can effectively prevent febrile neutropenia (FN)
during breast cancer treatment. The aims of this study were to evaluate the incidence of FN and the ANC profile in patients
undergoing chemotherapy and pegfilgrastim primary prophylaxis.

Methods: Patients receiving 6 cycles of adjuvant docetaxel, doxorubicin, and cyclophosphamide (TAC) chemotherapy were
included in this study. Pegfilgrastim was administered with analgesics 24 hours after treatment. Laboratory tests were
performed on day 0 (before chemotherapy) and ANC was measured daily starting day 5 until it were restored to 1,000/mm”.
Bone pain was checked via the numeral rating scale (NRS).

Results: A total of 61 patients and 366 cycles were evaluated. Mean age was 49.2 + 7.1 years. FN was seen in 5 patients
(16.4%) and 12 cycles (3.3%) with pegfilgrastim. Grades 3 and 4 neutropenia was seen in 91.5% of cycles with FN. The ANC
nadir was most commonly seen at day 7 and the mean ANC nadir depth was 265.7/m’. Age was negatively correlated with
nadir depth (r =-0.137, P = 0.009). Severe pain higher than NRS 7 occurred in less than 20% of patients after the adminis-
tration of pegfilgrastim.

Conclusion: Incidence of FN was low during the chemotherapy by primary prophylaxis with pegfilgrastim. The ANC nadir

was seen on day 7 after chemotherapy. Bone pain with pegfilgrastim was well tolerated during TAC chemotherapy.

[Ann Surg Treat Res 2018;94(5):223-228]
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INTRODUCTION

Febrile neutropenia (FN) is one of the life-threatening
adverse effects of breast cancer treatment. Performance status,
nutritional status, advanced stage, prior episode of FN, and
dose intensity are factors increasing the risk of FN. Prolonged
duration of FN can interrupt chemotherapy treatment or lead
to frequent hospitalization, thereby raising the burden of these

patients. FN can also reduce relative dose intensity, which can
impair the effect of chemotherapeutic treatment [1].

The use of granulocyte colony-stimulating factor (G-CSF) is
helpful in decreasing incidence of FN [2]. Primary prophylaxis
involves using G-CSF in the first and subsequent sessions of
chemotherapy, whereas secondary prophylaxis involves the ad-
ministration of G-CSF to patients who have experienced neutro-
penic complications following a treatment session. Treatment
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guidelines recommend to use G-CSF as primary prophylaxis
during chemotherapy if the risk of FN is more than 20% [3-
5. Use of G-CSF is not considered to significantly increase the
incidence of leukemia during chemotherapy for breast cancer [6].

Docetaxel-containing regimens have been used widely and
adding docetaxel showed increased response to chemotherapy.
However, these treatments have been associated with increased
incidence of FN, 25.2% without G-CSF primary prophylaxis
and 5.5% with primary prophylaxis [7]. Pegfilgrastim is a
pegylated form of G-CSF that has longer half-life than short-
acting G-CSF because of reduced renal clearance; therefore, it
can be given once-per-cycle subcutaneously. In a study com-
paring G-CSF primary prophylaxis with pegfilgrastim (6 mg,
once) versus daily administration of short-acting G-CSF (5 g/
kg/day for 5 days), FN incidence and related complications
were significantly lower in the pegfilgrastim-treated group [8].
FN-related complications were lower with long-acting G-CSF
treatment than with daily administration of short-acting
G-CSF [9,10]. Adding prophylactic antibiotics was the most
effective way to prevent FN during docetaxel, adriamycin, and
cyclophosphamide (TAC) chemotherapy [§]. Although mild to
moderate bone pain is frequently reported during G-CSF treat-
ment [11], it can be managed by analgesics.

Adjuvant TAC chemotherapy is accompanied by high inci-
dence of FN [12]. Primary prophylaxis with pegfilgrastim during
adjuvant TAC and other high risk treatments is now covered by
the Korean National Health Insurance System. In this study, we
investigated the effect of G-CSF primary prophylaxis on ANC
levels, FN incidence, toxicity of chemotherapy, and quality of
life in breast cancer patients receiving TAC chemotherapy.

METHODS

Study design and subjects

Female breast cancer patients who received adjuvant TAC
chemotherapy were enrolled in this study. Doxorubicin (50
mg/m?), cyclophosphamide (500 mg/m®), and docetaxel (75
mg/m’) were given intravenously (day 1) every 21 days for 6
cycles. Pegfilgrastim (Neulasta, pegfilgrastim 6 mg), a pegylated
G-CSF was administered subcutaneously between 24 hours to
48 hours after administration of chemotherapy (day 2). A non-
steroidal anti-inflammatory drug (naproxen, 500 mg, twice
daily) was given for 5 days since day 2 immediately following
pegfilgrastim treatment. Prophylactic antibiotics (ciprofloxacin,
500 mg, twice daily) and nystatin or chlorohexidine gargle
were given in case of grade 4 neutropenia (ANC < 500/mnr’),
in accordance with Common Terminology Criteria for Adverse
Events version 4.0 grading. Patient age at diagnosis, histology of
breast cancer, stage, type of primary surgery, and menopausal
status were recorded. Laboratory tests including complete blood
test (CBC), liver enzyme, and creatinine levels were checked

the day before chemotherapy. CBC was checked daily starting
at day 5 until the ANC restored up to 1,000/mnr’. For the ANC
profile, we defined the lowest ANC level as ANC nadir, and if
the nadir was not seen at day 7, we recorded the nadir day as -2
days, -1 day, or +1 day. FN was defined depending on whether
the patient’s temperature was >38.3°C or remained >38.0°C for
over 1 hour with grade 4 neutropenia.

Severity of bone pain was determined by completion of a self-
reporting questionnaire based on numeral rating scale (NRS)
from days 1 to 5 in every cycle. Quality of life using the Func
tional Assessment of Cancer Therapy Questionnaire for Breast
(FACT-B) questionnaire was evaluated at four time points:
baseline, after 2nd cycle, after 6th cycle, and 4 months after the
completion of chemotherapy. FACT-B total score is calculated
by summation of physical well-being score, social/family well-
being score, emotional well-being score, functional well-being
score, and breast cancer subscale score. Scores of each subscale
were assessed with reversal of negative items and considered
missing items. This study was approved by Institutional Review
Board of Soonchunhyang University Seoul Hospital (IRB No.
2017-11-011). Informed consent was obtained from all patients.

Statistical analysis
The correlation between body surface area (BSA), body weight,

and age and ANC profiles from days 5 to 10 was assessed using
Pearson correlation analysis (<05, weak correlation; 0.50-0.80,
moderate correlation; 0.80-099, strong correlation). Statistical
analyses were performed using IBM SPSS Statistics ver. 21.0 (IBM
Co., Armonk, NY, USA).

RESULTS

Baseline characteristics
A total of 65 patients were enrolled. Data from 61 subjects

and 366 cycles of chemotherapy were included in evaluation,
with 4 patients excluded due to withdrawal of consent. The
electronic medical records were reviewed. The mean age of pa-
tients was 49.2 = 7.1 years. Mean weight was 59.7+1.0 kg and
BSA was 1.6 + 0.1m’. Most of the patients were more than T2
(71.1%). More than half of the patients (55.7%) were N1. The
types of primary surgeries included breast conserving surgery
(41.0%), mastectomy (36.1%), and skin sparing or nipple sparing
mastectomy (23.0%). The clinical characteristics of the breast
cancer patients are summarized in Table 1.

Incidence of neutropenia, febrile neutropenia, and

related events
All patients experienced grade 4 neutropenia during at least

one cycle. A few patients completed some sessions without
experiencing severe (grade 3 or 4) neutropenia (31 cycles,
85%). Mean duration of severe neutropenia was 2.4 * 1.6
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days. Grade 4 neutropenia was seen in 83.3% of the cycles
and mean duration was 1.8 = 1.2 days. FN occurred in 16.4%

Table 1. Baseline characteristics at diagnosis in patients
with breast cancer (n = 61)

Variable Value

Age (yr) 492 £7.1
Weight (kg) 59.7+ 1.0
BSA (m?) 1.6 +0.1
Histology

Ductal carcinoma 58 (95.1)

Lobular carcinoma 2(3.3)

Others 1(1.6)
Tumor size

T1 17 (27.9)

T2 34 (55.7)

T3 7 (11.5)

T4 349
Lymph node involvement

N1 34 (55.7)

More than N2 27 (44.3
Hormone receptor

ER and/or PgR positive 45 (73.8)

ER and/or PgR negative 16 (26.2)
HER-2

Positive 14 (23.0)

Negative 47 (77.0)
Type of primary surgery

BCS 25 (41.0)

Mastectomy 22 (36.1)

SSM or NSM 14 (23.0)
Menopausal status

Premenopausal 35(57.4)

Postmenopausal 26 (42.6)

Values are presented as mean =+ standard deviation or number (%).
BSA, body surface area; ER, estrogen receptor; PgR, progesterone
receptor; BCS, breast conserving surgery; SSM, skin sparing
mastectomy; NSM, nipple sparing mastectomy.
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of patients and 3.3% of all cycles throughout six sessions of
chemotherapy. FN was most frequent in the first cycle (41.7%)
followed by 5th cycle (33.3%). Mean duration of FN was 2.1 =
1.4 days. All patients completed scheduled treatment without
treatment interruption. One patient treated with reduced
chemotherapeutic dose into 80% because of febrile neutropenia.
Neutropenic infection was seen in five patients, which were
anogenital herpes, pneumonia, urinary tract infection, and
chemoport infection. Severe anemia was seen in 3.0% out of all
cycles, with 8 cycles (2.2%) requiring blood transfusion. Except
1 patient who had significantly elevated AST and ALT, most
patients did not present with severe hepatotoxicity and nephro-
toxicity (Table 2).

Table 2. Incidence of febrile neutropenia and chemother-
apy-related events during treatment

Variable Patients Cycles
Neutropenia” 61 (100) 335 (91.5)
Febrile neutropenia 10 (16.4) 12 (3.3)
Neutropenic infection 5(8.2) 5(1.4)
Dose reduction 1(1.6) 5(1.4)
Treatment delay 4 (6.6) 4(1.1)
Treatment interruption 0 (0) 0 (0)
Severe toxicity”

Anemia 7 (11.5) 11 (3.0)
Thrombocytopenia 22 (36.1) 45 (11.3)
AST 1(1.6) 1(0.3)
ALT 1(1.6) 1(0.3)
Acute kidney injury 0 (0) 0 (0)
Total 61 (100) 366 (100)

Values are presented as number (%).
“Grades 3 and 4 toxicity assessed from Common Terminology
Criteria for Adverse Events (CTCAE) ver. 4.0 grading.
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Fig. 1. ANC profiles after chemotherapy. (A) ANC shows lowest value at day 7 after chemotherapy. Panel B shows nadir depth

of all cycles regardless of time after chemotherapy.
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Fig. 2. Severe bone pain related to pegfilgrastim administra-
tion. Day 1 represents the day of chemotherapy. Severe pain
more than numeral rating scale (NRS) 7 was shown less than
20% during days 3 to 5 after pegfilgrastim administration (day
2).

ANC profile and factors associated with nadir depth
The ANC profile is seen in Fig. 1. ANC decreased at day 6, and

reached its lowest point at day 7. The mean ANC at day 7 was
3753/m’ (0-4,860/m’) and the mean depth of ANC nadir was
265.7/m’ (0-4,760/m’). ANC nadir was seen at day 7 in most of
the cycles (243 out of 366 cycles, 66.4%). Nadir at day 6 (-1 day)
was seen in 29.2% of all cycles and nadir at day 8 (+1 day) was
seen in 25%. The proportion of patients experiencing ANC nadir
at -1 day increased as sessions continued (6.6% in cycle 1 and
39.3% in cycle 6). There was a negative correlation between ANC
nadir and age, as determined by Pearson correlation analysis (r =
-0.137, P = 0.009). There was no correlation between BSA or body
weight with ANC nadir depth (r = 0.052, P = 0328 and r = 0.042,
P = 0429, respectively). The duration and nadir depth showed
moderate correlation (r = -0586, P < 0.001). Age was also related
to duration of neutropenia (r = -0.137, P = 0.009), and there
were no relationships between duration and BSA or body weight.

Patterns of bone pain and quality of life
Severe bone pain (>NRS 7) presented was shown at day 1

(chemotherapy) was 0.3 % of the patients and increased at day
2 (pegfilgrastim). Pain reached its highest level on day 5 (18.2%,
Fig. 2). Quality of life measured by FACT-B decreased at mid-
cycle, after chemotherapy, and four months after chemotherapy
(Table 3). Physical well-being score decreased at midcycle (193 +
75 vs. 16.8 = 70), and did not recover to baseline levels until four
months after chemotherapy (155 = 8.7).

DISCUSSION

In this study, TAC chemotherapy with administration of long-
acting G-CSF pegfilgrastim was useful towards completing the

Table 3. Quality of life scores in each time of treatment

Variable Scorea) Mean + SD  Range
range
Baseline
Total score” 0-148 92.4 £19.4 48-133
Physical well-being 028 193+75 1-28
Emotional well-being 024 17.0+4.6 6-23
Functional well-being 0-28 149=+54 4-28
Midcycle
Total score 0-148 87.0+21.0 44-133
Physical well-being 0-28 16.8+7.0  3-28
Emotional well-being 0-24 169+4.4 624
Functional well-being 0-28 14255 4-27
After chemotherapy
Total score 0-148 83.0+21.5 32-127
Physical well-being 0-28 146+73 1-27
Emotional well-being 0-24 16.7+48  4-24
Functional well-being 0-28 14.0+6.0 3-27
Four months after chemotherapy
Total score 0-148 84.5+24.4 20-130
Physical well-being 0-28 155+87  0-28
Emotional well-being 0-24 16.5+4.8 4-24
Functional well-being 0-28 14.0+6.6 3-28

SD, standard deviation.

“Functional Assessment of Cancer Therapy-Breast (FACT-B). "FACT-B
total score is calculated by summation of physical well-being score,
social/family well-being score, emotional well-being score, func-
tional well-being score, and breast cancer subscale score.

planned treatment without significant complications. Except
for one individual, most of the patients received planned dose
intensity. No life-threatening neutropenic infection occurred
during the TAC chemotherapy.

The incidence of FN in this study was markedly lower
compared to the incidence in Korean patients without
pegfilgrastim-based primary prophylaxis (16.4% vs. 63.4%,
respectively) [13]. We found the duration of grades 3 and 4
neutropenia lower (2.1 = 1.4 days) than the previous report
[14] (4.16 days) in Korean women. This was consistent with a
previous report of TAC regimen, showing 17% of FN and 2%
of grade 3/4 thrombocytopenia in TAC chemotherapy [15]. In
a Japanese report, the incidence of neutropenia during TAC
chemotherapy was 96.6%, and the incidence of FN was 3.4% of
total cycles when using pegfilgrastim (6 mg), consistent with
our study [16].

The musculoskeletal pain accompanying G-CSF administra-
tion is known to be related to bone marrow expansion, inter-
action with the nervous system, immune system modulation,
or G-CSF's effect on bone metabolism [11]. However, pain is
manageable with nonnarcotic analgesics [17]. Muscle pain and
joint pain related to G-CSF (either short-acting or long-acting)
presented most severely at days 3 to 6 in a previous report [18].
Our result showed more than 20% of patients had severe bone
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pain during days 6 to 8 (Fig. 2), suggesting that the pain could
be related to the lowest ANC levels rather than pegfilgrastim
injection.

In this study, we found significant correlation of old age with
nadir depth and duration of neutropenia. Age is one of the
characteristics of The Multinational Association for Supportive
Care in Cancer (MASCC) risk index score [19] which is used
in conjunction with other risk factors to predict low-risk FN
patients [20-22]. There has been a tendency to do dose capping
to BSA 2 during chemotherapy in obese patients or applying
ideal weight in overweight patients because of the concern of
FN [23], bring about the lower incidence of FN. Since we did
not modify dose intensity in obese or overweight patients, we
did not find the correlation between body weight and duration
of neutropenia or depth of ANC nadir. ANC nadir was found
at day 7 in most of the cycles, consistent with previous reports
[24-26]. However, we found the proportion of ANC nadir on
day 6 gradually increased as the sessions proceeded. Therefore,
intensive patient education regarding adequate personal
hygiene and food preparation should be required for the
prevention of neutropenic infection.

No significant difference in 10-year disease free survival and
overall survival was found when comparing concurrent and
sequential administration of docetaxel (TAC 6 cycles every 3
weeks versus AC 4 cycles followed by docetaxel 4 cycles, respec
tively). The toxicity profile, however, is different in both arms,
showing more incidence of myalgia and sensory neuropathy
in ACT arm [15]. From the results of Korean patients, TAC
was associated with higher incidence of FN without primary
prophylaxis, but showed similar quality of life compared to ACT
treatment [13]. In Korea, ACT chemotherapy is only reimbursed
during docetaxel sessions as secondary prophylaxis. Therefore,
6 cycles of TAC can provide shorter duration of treatment and
could improve the quality of life during TAC with primary

prophylaxis than without. If the patients are considered low
risk from the MASCC risk index score, therapeutic strategies in
an outpatient setting can be possible.

This study had some limitations. First, although it was a
prospective study, we could not directly compare the effect
of primary prophylaxis and secondary prophylaxis, the drug
efficacy, and the side effects because it was conducted as a
single arm observational study. Second, the sample size was
relatively small so that the patient group of FN was limited
when comparing the severity of bone pain and quality of life.
Finally, we found that the FACT-B total score and all other items
decreased during the treatment and did not recover to baseline
4 months after chemotherapy. However, several patient records
at the 4-month time point were missing, so we could not make
substantial conclusions regarding the recovery of quality of life.

In conclusion, the use of primary prophylaxis through long-
acting G-CSF was associated with decreased incidence of FN
in adjuvant TAC chemotherapy in breast cancer. Age was an
important factor related to the duration of neutropenia and
depth of ANC nadir. ANC nadir was mostly seen in days 6 and
7 of chemotherapy. Therefore, adequate supportive care and
education for patient might be important during this period.
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